Progress Report: Date: 8/24/15
Project: ASFA Registry Study

To date there has been steady progress since the registry was IRB approved last year. In 2015,
there was an amendment to include patients with leukemia as a study group. Currently there
are currently 137 patients that have been retrospectively added to the database. These include
17 Neuromyelitis Optica (NMO) patients, 10 Wilson’s disease patients, 15 MUSK positive
Myasthenia Gravis patients and 95 leukemia patients. Three abstracts have been submitted,
one on the current status of MUSK positive Myasthenia Gravis patient database, (accepted to
the AABB 2015 meeting), a second on NMO patient database which was presented as an oral
presentation at the April 2015 ASFA national meeting, and a third, presented as a poster, on the
use of hetastarch in patients undergoing leukapheresis for leukemia, at the same ASFA meeting.
The previous data on Wilson’s disease has been as accepted as a manuscript for JCA. We also
anticipate an editorial on the use of the multicenter ASFA registry to gather outcome data in
these patients.

Abstracts

Morgan SM, Cooling L, Kim HC, Sachais B, Schwartz J, Winters JL, Wu Y, Yamada C, Wong EC
(2015) Report of the ASFA Neuromyelitis Optica Apheresis Registry. Presented at the
2015 ASFA National Meeting, San Antonio, TX, (oral presentation).

Pagano M, Mann SA, Schleuter AJ, Cataif G, Pham HP, Hofmann JC, King KE, Delaney M,
Marques MB, Cooling LL, WY, Wong ECC, Winters JL. Use of hydroxyethyl strch in
leukocytapheresis procedures does not increase renal toxicity. Presented at the 2015
ASFA National Meeting, San Francisco, CA, (poster presentation).

Yamada C, Pham HP, Wu Y, Cooling L, Kim H, Morgan S, Schwartz J, Winters JL, Wong E. Report
of the ASFA apheresis, on muscle specific kinase antibody, positive, myasthenia gravis.
To be presented at the AABB National Meeting, Anaheim, CA, October 2015 (oral
presentation).

Papers

Pham HP, Schwartz J, Cooling L, Hofmann JC, Kim HC, Morgan S, Pagano MB,
Schneiderman J, Winters JL, Yamada C, Wong EC, Wu Y. Report of the ASFA apheresis
registry study on Wilson's disease. J Clin Apher. 2015 Aug 14. doi: 10.1002/jca.21396.
[Epub ahead of print]

Amendments since the last continuing review:



The study was amended on 3/31/15 (CNMC) to update inclusion and exclusion criteria
(including leukemia patients), changes to the assent and consent forms, updating new
collaborators involved in study design, data collection and analysis, and updating the name of
the ASFA Rare Disease Registry to the ASFA Research Subcommittee throughout the protocol
and assent/consent documents.

Respectfully submitted,

Edward Wong, MD
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Purpose: Newromyelitis optica (MMO) is an inflammatory new-
mlogic disease in which approximately 85% of patients have an
identified antibody to aguaporin=d. Several anecdotal reports or
small cases serics have shown encouraging mesults with thera-
peutic plasma exchange (TPE), though it has been very difficult
i establish its optmal role, The lack of a consistent and com-
prehensive recording of data can bias or limit apheresis expen-
ences. In onder to collect and repont aphemesis data in oa
gandardized manner, an ASFA REDCap disease registry was
dieveloped with the anticipation of providing treatment and prog-
nostic information for this disease,

Methods: The ASFA aphemsis megistry subcommittes of the
Application committee wsed the REDCap datshase to collect
demo graphiclinical information, aphemesis procedural infoma-
tion, and treatment schedulefoutcomes. Therapewtic  response
was indicated by the degree of improvement in primary relapse
ymptoms, A meview on both prospective and retmospective data
was performed on patients with NMO presenting for TPE at five
instinutions from 2000 to 2013,

Results: This multi-center study includes one pediatric and four
adult centers, Based on Census Bureau defined regions, 40%
{2/5) and 60% (3/5) of the institutions ame located in the Mid-
west and Morntheast, respectively, Seventeen patients have been
entered into the NMO registry. Minety-four percent (16/17) of
patients wene female and six percent (1/17) weme male, The
average age of diagnosizs was 45 years {range 13 to 66). The
average time from diagnosis to first TPE procedure was found
o be 1.9 years {range 0 to 12). The most common clinical
symptom  prior to initistion of TPE was blindness  which
oocumed i 82% {14/17) of patents. All centers reponted 1-1.25
plazma volume exchange for one procedure with 100% fluid
halance and 5% albumin wsed as the primary replacement fluid.
Fresh fromen plasma was used for two cases after kidney biop-
ses and normal saline was wsed as a secondary replacement
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fluid in 16% (26/162) of the pmocedures. The average TPE
course of tmeatment (COT) consisted of five exchanges ({range
three to seven), with patients receiving a mean of 2.5 COT
{range one to six). The most common TPE COT was every
other day including weekends, with one center meporting one
COT of daily TPE, one center reporting one 00T of throe daily
followed by four every other day, and one center meporting two
COTs that were mainenance schedules of once per week. A
clinical status assessment (from pre-TPE baseline to within en
days of last TPE in a series) showed no improvement in 3% (1)
a0y, mild improvement in 47% {14300, moderate improvement
in 40% {12/30, and marked improvement in 10% {3300, Forty-
three percent {13307 of COOTs reported relapses with an average
of ten months {range one to 345) since last TPE.

Condusions: By establishing a multi-institutional registry for
aphemesis, we were ahble to collect a larger amount of data on
aphemesis experiences with MMO patients, This information ena-
hles us to better evalwaie the apheresis practice and evenbwal
efficacy for NMO, MMO is a rare disease, however, with
increasing clinical awareness and new diagnostic techmologies,
we will likely see an increase in apheresizs meguest for these
patients in the future, Having a high quality databaze in which
data i collected in a standandized manmer and carmied owt by
ASFA  a national organization for Apheresiz Medicine, could
facilitate a uniform treatment program and provide prognostic
information for this disease.
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AN EX VIVO CLINICAL STUDY DEMONSTRATES
LIPOPROTEIN APHERESIS REDUCES LEVELS
OF CIRCULATING GALECTIN-3
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Introduction: Gakectin-3, a bets-galactoside-hinding  protein, is
emerging as an important biomartker, prognostic indicator, and
therapeutic target for & wide range of acute and chronic inflamma-
tory conditions and infections diseases, including cardiovascular
disease, awoimmune conditons, diabetes, kidney and liver disease
amd cancer, Galectin-3 activaies inflammatory signaling and stinnu-
lates the development and progression of fibrosis as well as meta-
stafic cancer. Research  indicaies that blocking galectin-3
significantly alters disease progression in target organs and tisswes,
by meducing inflammairyfibmotic damage, and pro-me@static oell
signaling. Themfore, galectin-3 is emerging as an impontant tera-
peutic target. The galectin-3 ELISA is a FDUA approved assessment
tonl and prognostic indicatr for congestive heart failore, with
hroad clinical wtility beyond cardiovascular disease alone.
Purpose: In this presentation, resulis will be presented of e
first pilot clinical study (v =%group) evaluating the ahility of
currently available lipoprotein aphemesis (LA) devices o remove
excess galectin-3 from human plasma.
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Scale from haseline in the two the treament groups and were
comparghle during overall treatment course. The onset of
meoovery was faster in IVDIG group at 2 weeks as oompared
in 4 wecks in TPE group. Health system cost of treatment in
emergency ward was F Rs 19763{3208) por patient ireated
amd F Rz 26T0(44%) per bed day weatment. Totsl owt of
pocket cost including Ancillary charges for IVIG group was
T Rs 2073654 %) and for TPE group was PRz
L0 001734 %) and found i be statistically significant. As
both IWIG and TPE ame effective weatments for acwe Guillain
Bame Syndrome, the wse of plasma exchange offers a consid-
erable oost saving in owt of pocket cost. ICER of treatment
with IVIG as compared to TPE is F 1605282675%), which
implics tha incremental cost of reating GBS patients with
IWIG as compared to TPE was FIGNSIE per unit reduction in
GBS dizability scone.

Condusion: In terms of ICER the treatment of GBS patienis
with TVIG doss not appear to be cost effective in Indian context.
However fuiure research on cost effectiveness of GBS ireatment
wsing DALY as owtcome measune recommendsd for more mbust
oo | usion.
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HEPARIN-INDUCED THROMBOCYTOPENLA
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Purpose: Heparin-induced thrombocytopenia type I (HIT) iz &
potential complicaton from exposure to wnfractionated heparin
{UFH) or low-meolecular weight heparin { LMWH) and is charac-
ierized by thromboeytopenia with an increased rsk for thrombo-
g5 d-14 days following exposure. The condition is mediated by
the formation of gl against platelet factor 4 (PF4)/heparin
complexes which may lead to plabelst activation. We describe
two patients who developed HIT and thrombosis after wnder-
going hematopoietic stem cell-apheresis {HPC-A) collaction for
aubolog ous iransplant.

Methods: The medical records of both patients wene eviewad
rerospectively. HPC-A collection was performed with the Cobe
Spectra Apheresis System. Per protocol, & units UFH per mL
ACD-A was utilized during HPC-A collection in both patienits
snce the pre-procodure platelet count was =50000/ul.. HIT
polyspecific ELISA was uwsed to detect PR4 antibodies, and hep-
arin induced plaelat aggregation was an in-howse laboratory
developed assay.

Results: Patient A is a 63-year-old femalk with IgA multiple
myeloma complicated by a deep venows thrombosis (DVT)
treated with UFH several months prior to HPC-A collection.
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She wnderwent autologous HPC-A collection for 2 days with a
total UFH dose of 9, TED wnits in preparation for transplantation.
Three days following HPC-A collection, she developed severe
thrombocytopenia (8 00pl) and a right internal jugular vein
thrombus, PR} antibodies werne significantly elevated by ELISA
{00 1.8, reference <04), heparin induced platelet agores ation
testing was consistent with the presence of PF4 antibody, and
HIT was diagnosed. Following argatroban and  fomda parin
therapy in conjunction with complete plazlea count recovery
{200,000 L), stologous transplant was perfomued after 4 treat-
ments of therapoutc plasma exchange (TPE) with 1.0 plasma
volume mreplaced with 5% albumin to emove FF4 antdbodies
over an f-day period, washing of the HPC-A product to remove
any heparin, and treatment with intravenows immunoglobulin
and argatroban on the day of tansplant. An 80% reduction of
PF4 antibodies was achieved prior to infusion of the HPC-A
product. Other than delayed engrafiment and engrafiment syn-
drome, her postiransplant course was unmemarkable and doere
was no evidence of thrombosis.

Patient B is a 67-year-old male with lambda light-chain AL

amyloidosis who developed a DVT and was treated with
LMWH several months prior to HPC-A collection. HPC collsc-
tion was performed for 2 days with a total UFH dose of 18378
wnits, He developad thrombocytopenia 2 days after HPC-A caol-
lection {4 1,000VpL) and a DVT 7 days post-collection, was
treated with UFH, and presened with a pulmonary embolus and
numerols venous thromboses 4 days later. He was diagnosed
with HIT hased on elevaied PRI antibodies (0D 2057) and a
positive serotonin release assay. PFR4 antibodies wene undetoct-
able at the time of HPC-A tansplant 5 months later, he did not
roguine peri-transplant TPE, and hiz post-iransplant course was
umeventfl.
Condusion: Both patients disoussed presented with HIT shontly
after receiving UFH during HPC-A collections after having had
exposures to UFH in the past, suggesting that the UFH wsed in
these collections contributed to this complication. Given that
UFH is routinely wsed during HPC-A collection, these cases
emphasize the imponance of considering HIT in patents with
thrombocytopenia and thrombosis following UFH uwse with
HPC-A collection.
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USE OF HYDROXYETHYL STARCH IN
LEUVKOCYTAPHERESIS PROCEDURES DOES
NOT INCREASE RENAL TOXICITY
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Purpose: The FDA issued a “hlack-box™ waming on using
Hydmxyethyl starch {HES) in fluid resuscitation due to
increased nsk of menal replacement therapy (RRT) and
death. We evaluated adverse events associated with HES in
patients  wndergoing  therapeutic  lenkocytapheresis  {TL)
procedures,

Method: We performed a retrospective chart meview of patients
who underwent TL with and withowt HES in the period 2009 -
2013 at three major academic institstions. Data eollzction was
done wsing REDCap (Ressarch Electronic Data Capture). A& dif-
ference in difference regression analysis controlling for patient
characienistics and nephmotoxic factors was wsed to estimate the
average change in creatinine levels inthe HES group melative to
the average change in the non-HES group. A p value <{L05 was
considerod significant.

Results: A total of 75 patients who underwent 98 TL were
audied. Forty eight (63%) patients wnderwent 60 TL wsing
HES and 27 {(37%) patients underwent 38 TL withow HES.
When comparing HES vs non-HES patients, non-HES patients
weme younger (36 va, 48 p=0.05), have higher prodominance
of hlack ethnicity (2% vs. 19% p=0.01) and higher noed for
mechanical ventilation (4% vs. 19% p=0L04). There were o
differences in length of admission (27 vs. 25 days). Acute mye-
loid leukemia was the most common malignancy in both
groups, representing 81% of the cases in the HES group, and
569 of the cases in the non-HES group {(p=0.02). Rashuricaze
was given mome frequently in the non-HES group (13% ws,
33% p=0.03), as it was vancomycin (6% vs, 31% p<0.01).
There were no differences in proportion of patients receiving
chemotherapy or I'V divmetics between the groups, The montal-
ity was higher in the non-HES gmup {11% vs 41% p<0.01).
Patients received an average of 874 +/— 178 mL of 6% HES
per procedune, Eleven patients underwent 2 consecutive TL
wsing 6% HES with an average total infusion of 1739 +/-—
221 mL. Percent change in creatinine before {day ) and after
{day 7) TL in paticnts who underwent | LT vs. 2 LT was not
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significant. Renal function and nead for RRT ame described in
the Tahle. The percent change in average creatinine level from
day 0 to 1 in the HES group melative to the percent change
observed in the non-HES group was 11 2%, and this difference
was significant. There were 3 TL melated adverse events in the
HES group {all mild/moderate severity citrate toxicity) and 2
events in the non-HES group {1 citrate toxicity and 1 vasowvagal
reaction).

Conclusion: [n patients undergoing TL, HES was not associaied
with increased creatinine, increased need for RRT or increased
occumence of adwverse events, There wemne zignificant differences
in the haseline chamcieristics between the HES and no HES
patients, suggesting that more patients should be included in this
study to validate these observations,
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USE OF A MODIFIED BLOOD PRIME WITH THE
THERAKOS" CELLEX® PHOTOPHERESIS
SYSTEM TO MINIMIZE BLOOD DONOR
EXPOSURES AND RED CELL GAIN IN 2
PEDIATRIC PATIENTS
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Purpose: The Therakos ' Cellex® Photopheresis System iz a
single, integraed closed system devios wsed for the delivery of
extracorporeal  photophemresiz (ECP). For pediatric  patients
treated with the Cellex® system, a blood prime is recommended
when the estimated extracorporeal blood volume of the device
exceeds 10-15% of a patient’s tal blood volume, The blood
prime procedure provided by the manufacturer requires a packed
roed cell wnit of at least 300 ml in volume &© perform for each
procodure, At the end of the hlosd prime procedurne, 20 ml of
the retum hag is retumed to the patient that can result inoa vari-
ahle met gain or loss in red hlood cells depending on the stanting
hematocrit of the packed med cell wnit. At Phoenix Childrens
Haospital, two pediatric patients presented for ECP treatment for
complications of GVHD. One with a history of chronic inon
overload, the other with an increased allergic sensitivity to blood
products. Inoan atiempt to minimize exposure to multiple blood
products and have better control over potential red oell gain
from a standard blood prime, both patients received a modified
hleod prime with their procedures. This modified bloesd prime
wtilizes one packed red cell wnit split evenly for two procedures
and its use allows for more control over red cell loss and gain,

Methods: The modification in blood prime was performed on a
13 year old male and 7 year old female with weights of 29 kg
and 20 kg, respeatively. The modified blosd prime procedure
utilized half of a packed RBC unit with volume betwoen 150
225 ml. Split wnits less than 225 ml were browght up i a vaol-
ume of 225 ml with nomeal saline and then a HCT was per-
formed & allow for the calculation of RBC volwme introdeced
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ABSTRACT BODY:

Background/Case Studies: Anti- muscle specific kinase antibody (MuSK Ab) positive myasthenia gravis patients (MG
Pts) are known to have different clinical course compared to acetylcholine receptor (AchR) Ab MG Pts. Therapeutic
plasma exchange (TPE) is reported to be effective for these Pts, however, little is known of the response and of how
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TPE is performed. The ASFA apheresis registry was developed to analyze both outcome and procedural data in
response to TPE.

Study Design/Methods: The multi-institutional ASFA apheresis registry study using a REDCap electronic database
was used to store detailed un-identified patients’ demographic and clinical information, apheresis procedural
information, treatment schedules, and treatment cutcome/complications. The symptomatic improvement was
evaluated by apheresis physicians or neurclogists in each facility. All participating sites had obtained local IRB
approval, and collected data was analyzed in aggregate.

Results/Findings: As of 3/31/15, a total of 15 MuSK Ab positive MG Pts, 13 female/2 male, median age 44, in 3
centers treated for exacerbation of MG symptoms between 2006 to 2013 have been entered into the registry. Two of
the 15 Pts also had AchR Ab and one of them underwent thymectomy. In summary, 30 TPE courses (median 5
TPE/course), a total of 145 procedures, were evaluated. The vast majority of TPE procedures were performed with
albumin (Alb) replacement and citrate anticoagulation with 1-1.25 plasma volume exchange in 100% fluid balance.
Calcium was added to Alb in 2 facilities and given orally as needed in 1 facility. TPE was performed every other day in
55% of courses, twice per week in 28%, daily in 10% and weekly in 7%. Peripheral vein was used in 50% of courses,
central line in 46% and fistula in 4%. 10 Pts (67%) experienced one or multiple relapses after the last TPE with
median duration of 7 weeks. The occurrence of pre-TPE objective symptoms and improvement rate after TPE courses
is shown in Table. Moderate to full subjective improvement was achieved by 1 TPE in 24%, 2 TPE in 38%, 3 TPE in
59%, 4 TPE in 73% and =4 TPE in 55% with poor responders, overall 94% improvement with mild improvement.
Prednisone was decreased after a TPE course in 22% and pyridostigmine in 36%. Adverse events occurred in 3.4%
of procedures.

Conclusion: This is the first multicenter registry study to evaluate demographic/clinical/TPE procedure data in MuSK
Ab positive MG Pts. The overall subjective improvement was 94% after one course of TPE. 4 TPE may be adequate
in one course with additional TPE option. Additional data from multiple other facilities may provide more accurate
information.



