METHOD AND DEVICE FOR TREATING BLOOD CHOLESTEROL DISORDERS Background ['IThe
present invention refers to a method and a device for the removal of total cholesterol, low density
lipoprotein cholesterol (LDL) and/or high density lipoprotein cholesterol (HDL) from whole blood. In
particular, the device comprises means for separating blood plasma from red blood cells from said
whole blood. [2] Plasmapheresis is a common medical procedure whereby plasma is separated
from whole blood. It has been used to treat patients suffering from various chronic illnesses involving
an exchange of : g I i olume, when using
plasmapheresis%m%%%g%con |&Or§ggﬂ%)%%§&n2§@%ﬂe%%%e %?ggn the whole blood, the
blood can be returned to the body with replacement fluids, such as fresh plasma and/or an albumin
solution. Plasmapheresis has also been used for the purpose of obtain human plasma donations. In
these cases, the volume extracted is no |&@géethan 880mLs, and the blood can be returned with or
without replacement fluids. [3] When treating patients with therapeutic plasmapheresis, a catheter
is placed in a latle veinTBechesinnivatannTe tandta second cathetéviseplaced immamncithef wweih, such as
a vein in the foot or hand. Blood then passes out of the body via the catheter and through a separator.
Plasma ishe&isisrateld fromsiie inpisiadiode cTiseo bibBY witd suthith sieraith éiplesireth fhidssand optional
replacement fluids can be returned to the body via the second catheter. For plasma donations,
however ZR{onfTat & prasHaphdrasaisipihrtt isusearRisrasidgleverpunblore iMaseguired, as
the blood.is removed and returned through the same site [4]There are several different types of
therapeutid piaSaphErESRCItdiNG Us a exchange in which plasma that is separated and
discarded is replaced with fresh plasma or an albumin solution,double filtration plas apheresis in
which plasma iﬂ%assed Ol LS A A RSP AR perecdive shsebonlameativerpietisdve large
moleculafrg/}/nei‘gg(tﬂgrglt&i)gs tolgia(siiigé:)lasm ?d%or[?tion in Whti plasma flows into a plasma adsorption
column wherein certain SUDStANCES Can be ATabiBag Sntt HRER & b IASIEpHEPES o Hgsfor plasma
donation; ver, uses mostly centrif ion (e.q., Haemoneties blood processing systems) or
centrifuglzr'tvi(t('})gww\xfllv%tﬁ%zrateé{liérhnapﬂ‘J;égfﬁ?e‘?6 e.q. f}tg%vg\llalotglolg 'p%cen ’slllﬁl}é) (s:?/rsl?ér%‘%}fyféo&?t i EnOWKS use
low-density.. fi ofej ' Is.to treat. patients suffering from familial
hypereh?%ﬁe%%%mﬁggé%%?%ﬁ?fg#%ﬁ%%{/g‘-a%égri%gﬁpgﬁ%%?nIiaﬁﬁ%réssfse it %Cfilérr?trsn vt\}llﬁﬁ Severe

Familal HyperghaleRenlemaRelTacion: (A1 st af, LG AYIIog PILg Thetapy, Preventing

the Onset or Progression of Cardiovascular Disease" (2011), School of Physician Assistant Studies.

Paper 2684/5Heh Stidias Dave Myasiwdensit inaRretd Rl apheresisAs. 4t asiHn§hian

lipid-lowering drugs, and the apheresis is administered once every one to three weeks. Id at 10_

Howeveplsedudiaismd. Ith lexelsdsty picallyuaccomnanied by recuciion dadnigh-density dipggrotein
(HDL) levels to varying degrees. Id at 9. Such an effect can be undesirable particularly in patients

having bendetlinemand toitiawHbbulevplscdabAsiisgtussed in Yokoyama, S. et al., "Selective Removal
of Low Density
[3] When treating patients with therapeutic plasmapheresis, a catheter is placed in

a large vein, such as in the arm, and a second catheter is placed in another vein, such as a vein in
the foot or hand. Blood then passes out of the body via the catheter and through a separator.
Plasma is separated from the whole blood. The blood without plasma the desired fluids and
optional replacement fluids can be returned to the body via the second catheter. For plasma
donations, however, automated plasmapheresis equipment is used where a single venipuncture is
required, as the blood is removed and returned through the same site.

[4] There are several different types of therapeutic plasmapheresis including: (i)

plasma exchange in which plasma that is separated and discarded is replaced with fresh plasma



Lipoprotein by Plasmapherens in Familial Hypercholesterolemia”, (1985). Art/whose/mists Vol. 5, No.
6, pp.613-622 Therapeutic plasinaphereis was performed on patients using hollow-fiber membrane
filters or selective adsorption of very low density lipoproteins to selectively remove LDL. Id. at 613. It
was determined that membrane-filter plasma separators are not suitable for hyperehylomieronemie
patients. Id a 616. While LDL levels were reduced, there was no statistically significant change in HDL
levels and slight over-recoveries of HDL was attributed to reconcentration of the plasma. Mat 619.
[7]A treatment regime in which periodic piasmapheresis, requiring smaller volumes than traditional

therapeutic plasinapheresis, shorter duration tune and a single venipuncture that reduces LIN. levels in
' T SO?ﬁt%quﬁ Sl @Fa“"“ ﬁsm%p}ﬁfffﬁ‘ U ?“ﬁﬁé’gac?g}?tésﬁéﬁﬁ‘b%’ﬁéﬁﬁal HDL
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patients havmg altl)norma vels and/orincrease evels

levels would g desiiabie sumiman.of Selected feglues el a sl aspect fiete I8 provided the
use of whole blood cells without plasma, wherein the’plasma is separate fromte Whofé 5166d cells by

plasmapheresis.hi e manciaciiis afamedicanantigLusatng chalestaral disorders, . wherein

. ¢ certain
the medicament is for administration as a first treatmen regime comprising two or more roatmds of

plasmaphgrasis.te s.Raiiepkbavingaheaunal teialehalsstaral.atnopmalk M, IRygls anglor,abnormal

FIDE levels when measured before treatment, wherein the first treatment regime decreases EDI.

levels in patientsiaiingiabaosmal 4, Pladevslsi andiRuipueasss KRG \evels i Ratemshaving

abnormal HDL levels and  wherein each subsequent round of the first treatment regime maintains

the new, lomige fitat Qhalesieralbrvelplowesntddhdepgh. and/or higher 11 DI, level. 1714In a second
aspect, there is provided a system comprising: a) a composition thich consists of whole blood cells

with out plasmajfhe plasinaseing separmtethirarmths whoeobipoehsalisdiy plasmarhe sisand b) a
device comprising: a housing; an entrance port for receiving whole blood from a donor; means for
separatingeptasmsuffomghéroellutanitom pomectisiofithécmiioleEbloed. Katie D., "Low- Density
Lipoprotein Apheresis in Patients with Severe Familial Hypercholesterolemia Refractory to, or
Intolerant of, Lipid-Lowering Drug Therapy: Preventing the Onset or Progression of
Cardiovascular Disease" (2011). School of Physician Assistant Studies. Paper 268. Such studies
have used low-density lipoprotein (LDL) apheresis as an adjunct to lipid-lowering drugs, and the
apheresis is administered once every one to three weeks. /d at 10. However, reduction in LDL
levels is typically accompanied by reduction in high-density lipoprotein (HDL) levels to varying
degrees. /d at 9. Such an effect can be undesirable particularly in patients having borderline
and/or low HDL levels.
[6] As discussed in Yokoyama, S. et al., "Selective Removal of Low Density
Lipoprotein by Plasmapheresis in Familial Hypercholesterolemia", (1985). Artheriosclerosis Vol.
5, No. 6, pp.613-622. Therapeutic plasmaphereis was performed on patients using hollow-fiber
membrane filters or selective adsorption of very low density lipoproteins to selectively remove
LDL. Id. at 613. It was determined that membrane-filter plasma separators are not suitable for

hyperchylomicronemic patients. /d a 616. While LDL levels were reduced, there was no

statistically significant change in HDL levels and slight over-recoveries of HDL was attributed to



and means for returning the cellular components of the blood to thedonor. 17elln a third aspect.
there is provided a device comprising: a housing; an entrance port for receiving whole blood from a
donor; means for separating plasma from the cellular components of the whole blood; and means for
returning the cellular components of the blood to the donor. 17d1In a fourth aspect, there is
provided a use of whole blood cells without plasma, in the manufacture of a medicament for treating
cholesterol disorders. 181e is also provided a method of treating patients suffering from cholesterol
disorders includes administering a first treatment regime comprising two or more rounds of
plasmaphesesisttatapafidniphavingahredimal total cholesterol levels,abnormal LDL levels and/or
abnormal HDL levels when measured prior In treatment. The method decreases LDL levels in patients
having abnormé&TILIN, levélstaaghincreases HD lvlestelsanopatiphtsrhavingabrefmaldHihalevels. The
subsequent round of plasmapheresis could be conducted about 2 to about 14 days after a previous
round of\wlasmapghure sisliForé xdwpevacfityoapibascursingten dayticcouicdheddllewetdp by a
second round on day 4, the third round on day 8, and the fourth round could be on day II. Brief
DescriptiShiBitpeD thatirrgaces LB hUeedlismmevive havie abeerimrtHe i dtridd ofdhe ipresent invention.
1101Figure 2 is a diagram illustrating the separation process from whole blood. Figure 3is a

graph illdStiatfy§itHe eafcatsdrpiasAbapBrEBR ok tetarenbldsidesrablp female donors.

Summary of Selected Features

[7a] In a first aspect, there is provided the use of whole blood cells without
plasma, wherein the plasma is separated from the whole blood cells by plasmapheresis, in the
manufacture of a medicament for treating cholesterol disorders,

wherein the medicament is for administration as a first treatment regime comprising two
or more rounds of plasmapheresis to a patient having abnormal total cholesterol, abnormal LDL
levels and/or abnormal HDL levels when measured before treatment, wherein the first treatment
regime decreases LDL levels in patients having abnormal LDL levels and/or increases HDL
levels in patients having abnormal HDL levels and

wherein each subsequent round of the first treatment regime maintains the new, lower
total cholesterol level, lower LDL level, and/or higher HDL level.

[7b] In a second aspect, there is provided a system comprising:

a) a composition which consists of whole blood cells with out plasma, the plasma being
separated from the whole blood cells by plasmapheresis; and
b) adevice comprising:
a housing;

an entrance port for receiving whole blood from a donor;



[12] Figure 4 is a graph illustrating the effect of plasmapheresis on total cholesterol mg/d ) in male
donors. [13] Figure is a graph illustrating the change from baseline, both estimated and observed,
in total cholesterol for female donors. 114.1Figure 6 is a graph illustrating the change from baseline,
both estimated and observed; in total cholesterol for male donors. [151Figure 7 is a graph illustrating
the change in LDL cholesterol based on the number of days between plasmapheresis treatments for
female donors. 1161Figure 8 is a graph illustrating the change in LDL cholesterol based on the

number of days between pl apheresis freatments ﬁor donors. 1 71 ure 9 |s raph
comparing the obs ed3 a?n? aranaélpe%sﬁrrlna es ot %erﬁﬁgac%tqﬁofﬁrt C?’]F ﬁes 2?0& frgﬁ% aseline for
female donors. [181F|gure 10 is a graph comparing the observed and GEE model estimates of the
change in LDL cholest&r&ifrda sagaline therasibiatenope e jHighweleadisodhgrdprrillustrating the
change in HDL cholesterol for female donors based on the number of days between plasmapheresis
treatments. 1207Figure 19i8 Grebrsnrsstiheisg tREEsA ety DIOBRBEBE 0l based on the

a housing;
an entrance port for receiving whole blood from a donor;

means for separating plasma from the cellular components of the whole blood;
and

means for returning the celiular components of the blood to the donor.

[7d] In a fourth aspect, there is provided a use of whole blood cells without
plasma, in the manufacture of a medicament for treating cholesterol disorders.

[8] There is also provided a method of treating patients suffering from cholesterol
disorders includes administering a first treatment regime comprising two or more rounds of
plasmapheresis to a patient having abnormal total cholesterol levels, abnormal LDL levels and/or
abnormal HDL levels when measured prior to treatment. The method decreases LDL levels in
patients having abnormal LDL levels and increases HDL levels in patients having abnormal
HDL Ievels. The subsequent round of plasmapheresis could be conducted about 2 to about 14
days after a previous round of plasmapheresis. For example, a first round occurring on day 1
could be followed up by a second round on day 4, the third round on day 8, and the fourth round

could be on day 11.

Brief Description of the Drawings
[9] Figure 1 1s a device to be used in the method of the present invention.

[10] Figure 2 is a diagram illustrating the separation process from whole

blood.



number of days between plasmapheresis treatments for male donors. 1211Figure 13 is a graph
comparing the observed and GEE model estimates of the change in HDL cholesterol from baseline for
female donors. 1221Figure 14 is a graph comparing the observed and GEE model estimates of the
change in HDL cholesterol from baseline for male donors. Detailed Description [23]A device for the
removal of low density lipoproteiii cholesterol (LDL) from whole blood is shown in Figure 2. The device
may comprise a housing an entrance port (3) for receiving the whole blood from a donor, means for
separating plasma from the cellular components of the blood (2), and a means for returning the cellular
components of t lood first exit. orté4 from wher the blood cellula nents exit the
device and a se(t:?nlz exitﬁf%)\%%%?sfrgo‘%a >ihlerpeS t{ ten)lﬁlgﬁserﬁgeé?(ft%q 160 \%%rgélﬁpgféor%%r}}fo%%ﬁt rrc?%eans for
separatingng%?ﬁmg from the cellular components of the blood are centrifugation means (i.e.. a
centrifuge). More preferably, said means for separating plasma from the cellular components of the
blood are filtratigpmneans (k. £ifiller-such asdhat usedin.douhledisation Plasmarheiesis)y The d vice
of the present invention can be used in an extracorporeal method for reducing cholesterol as
describedhewinidiguadhéssa schematic representation of the extracorporeal separation of plasma
and red blood cells from whole blood. Whole blood is contained in a blood container (6) and is forced
through the sepgration devigart8) apfignalyiny@punpe(faddhaplasmaiisdhensepaiaiad iiem red
blood cells exiting the device via plasma exit port(9). The red blood cells are optionally sent to the
whole blogdecantaimen{6hahdieaptionadhyslalimgwith a saline solution (10) added after exiting the
device as necessary. [23111A use of whole blood cells without plasma, wherein the plasma is
separated from {hé] whole Bigod ¢eils pyplaimaptiereisis;himtlremnanatactsréah asmedicanant for
treating cholesterol disorders is provided herein, wherein the medicament is for administration as a
first treatRisatvrdgimetebehpldsiengltfoororlentir@rounds of plasmapheresis to a patient having before
treatment, wheretst treatment regime decreases LD1.. levels in patients having abnormal LDL levels
aincreases MI_ [&3kls inlpatentsihayiephbiermantbe kbpels and Wheleitewech sbdeguént round of

the first treatment regime maintains the new, lower total cholesterol level, lower LDL level, and/or
higher HBEGRp! days between plasmapheresis treatments for female donors.

[16] Figure 8 is a graph illustrating the change in LDL cholesterol based on the
number of days between plasmapheresis treatments for male donors.

[17] Figure 9 is a graph comparing the observed and GEE model estimates of the
change in LDL cholesterol from baseline for female donors.

[18] Figure 10 is a graph comparing the observed and GEE model estimates of the
change in LDL cholesterol from baseline for male donors.

[19] Figure 11 is a graph illustrating the change in HDL cholesterol for female
donors based on the number of days between plasmapheresis treatments.

[20] Figure 12 is a graph illustrating the change in HDL cholesterol based on the
number of days between plasmapheresis treatments for male donors.

[21] Figure 13 is a graph comparing the observed and GEE model estimates of the
change in HDL cholesterol from baseline for female donors.

[22] Figure 14 is a graph comparing the observed and GEE model estimates of the



1241A method of treating hypercholes erolemia and other blood cholesterol disorders is provided
herein. The method includes administering a first treatment regime comprising a first round of
plasmapheres s to a patient having abnormal HDL and/or abnormal leyels. Additional rounds of
plasmapheresis would be done to maintain an mproved level of LDL or HDL. Plasmapheresis could be
done twice a week, preferably with at least 2 days between sessions and less frequent
plasmapheresis would be acceptable up to 10 days between treatments. The first treatment regime
can be followed up by a second or more treatment regimes also comprising two or more rounds of
plasmapbriesisapessriRed-berein dheimethad cambs-ysed to reduce LDI., levels in patients having
abnormal LDL levels and/or to increase HDL levels in patients having abnormal HDL levels. 1251As
used herein, the term "cholesterol disorders" denotes disorders in which the total cholesterol, LDL, and
HDL levels are abnormal and includes disorders such as hypercholesterolemia, hyperlipidemia,
dyslipide and/or any other disorder in Wiftleabsempabtotal LDL and/or HDL cholesterol levels are
symptoms thereof {261As used herein the term "hy-perchoiesterolemia” denotes a cholesterol disorder
in which the levéislof chole<teysrifPtreaeneralehighalensin Moprririschelisier bi- ) American Hean
Association. 1271As used herein, the term "hyperlipidemia” denotes a disorder of lipid metabolism
Attinch r8Q9Is TR AbRHARM higaIsRId b ROfSIRROrmBTS Sr YIS BA Al hpBhrataRts PRHIGAY. [281As
used herFin, the tei "qﬁsli idemia" denote- a disorder in which a patient experiences an increase in
LDL and'8 dS&FeA%e | eUﬁEIFe\%Clgfi 1597a8 ALRY-HEFAIR, (e YT AGRIESEH dFledtersiBBRotes total
cholesterol levels of greater than or equal to 240 milligram per deciliter (ing/dL) as defined by the
O RE Ao Nthiar PRI e el BB HEHEts (AIRSS0S | [30] As

American Heart %S?OCIatIOI‘IO&« A) an

used her%iéﬁ qigt [ "bﬁ’r r{ne total cthol terol" denotes a total cholesterol level ranging from about
the 'a Tirst
200 ma/a, to z;\\]bsé)utX12309O m /%roéns ‘gé?lrr?et eb?il?(%ﬂ% %ﬁzﬁc%on PesH ggéglgt%ﬁ}cffffﬁssgg% herein, the

term nlovgi\fp%pe(ﬂlaf%&g%%@%’?g gl%grg!iegxits the device. Preferably, said means for separating

plasma from the cellular components of the blood are centrifugation means (i.e., a centrifuge).
More preferably, said means for separating plasma from the cellular components of the blood are
filtration means (i.e., a filter such as that used in double filtration plasmapheresis). The device of
the present invention can be used in an extracorporeal method for reducing cholesterol as
described herein. Figure 1 is a schematic representation of the extracorporeal separation of
plasma and red blood cells from whole blood. Whole blood is contained in a blood container (6)
and is forced through the separation device (8) optionally by a pump (7). The plasma is then
separated from red blood cells exiting the device via plasma exit port (9). The red blood cells are
optionally sent to the whole blood container (6) and, optionally, along with a saline solution (10)
added after exiting the device as necessary.

[23a] A use of whole blood cells without plasma, wherein the plasma is separated
from the whole blood cells by plasmapheresis, in the manufacture of a medicament for
treating cholesterol disorders is provided herein, wherein the medicament is for administration

as a first treatment regime comprising two or more rounds of plasmapheresis to a patient having



plasinapheresis treatments involving blood volumes of about 1000 mL, preferably 800 ml. or less.
1321As used herein, the tenn "abnormal LIM. levels" denotes LDL leveR that are high (i.e., greater
than about 160 mgtilL as defined by the American Heart Association) or higher than desired (i.e.,
ranging from about 130 to about 159 ing/dll, as defined by the American Heart Association). 1331.As
used herein, the term "abnormal IIDL levels" denotes IIDI. levels that are low less than about 40 tilL for
ales or less than about 50 mg/AL as defined by the American Heart Association) or borderline (i.e.,
about 40 mg/dL to about 60 mg/AL for males or about 50 gt(.1L to about 60 mgiclL for females).

13411 a greferred emaediment the melhadef reating cholesterol diggrders includes, adminjstering a
first treatment regime comprising two or more rounds of plasmapheres s to a patient having abnormal

LDL levels apcior aharrmaLR eV gk e it egiment Breferably, i decreases DI

levels in patientsLig abnormal LDL levels and increases HDL levels in patients‘’having a normal HDL

levels. 13plRreferablyicachsyubseguentrennd efthe first reatment ragime Jsiep g%fsdanacﬁout Sto

clays after a previous round of the first treannent regime. Alterna subsequent rounds of the first

treatmeniiRgime-isicanslugtes: tyieridowark awith-preferablyalleash adaygogtwesn.donatipns.

[36] The method can also include additional eatment regimes, each comprising two or more rounds of

plasmapbrsasisrspreediaheut Bita-abodd-daysappit,1(ed., about 2 to about 10 days, about 4 to
about 8 days, or about 5 to about 7 days). The additional treatment regimes can begin at any time.

[37] In one embjadiment, methacttan abadachedryperthinewitbriegular pinarnsacalagisrktherapy with
statins to the patient before, duringand/or after the first treatment regime in an amount sufficient to

maintain @miBryeduce total dhotestériol andlox L DtilavelsaSumitablastatifsinetuce:-thosgisuch as
LIPITORTe manufactured by Pfizer, Inc. [38] Preferably, each round of the first and/or subsequent
treatmeneqegimves a first round of plasmapheresis to a patient having abnormal HDL and/or abnormal
LDL levels. Additional rounds of plasmapheresis would be done to maintain an improved level
of LDL or HDL. Plasmapheresis could be done twice a week, preferably with at least 2 days
between sessions and less frequent plasmapheresis would be acceptable up to 10 days between
treatments. The first treatment regime can be followed up by a second or more treatment regimes
also comprising two or more rounds of plasmapheresis as described herein. The method can be
used to reduce LDL levels in patients having abnormal LDL levels and/or to increase HDL levels
in patients having abnormal HDL levels.
[25] As used herein, the term "cholesterol disorders" denotes disorders in which the
total cholesterol, LDL, and HDL levels are abnormal and includes disorders such as
hypercholesterolemia, hyperlipidemia, dyslipidemia, and/or any other disorder in which
abnormal total, LDL and/or HDL cholesterol levels are symptoms thereof.
[26] As used herein, the term "hypercholesterolemia” denotes a cholesterol
disorder in which the levels of cholesterol in the blood are higher than normal as defined by the

American Heart Association.

[27] As used herein, the term "hyperlipidemia" denotes a disorder of lipid



comprises a low-volume plasmaphereis in -hich less than about 1000 inL of blood is treated (e.g., less
than about 800 mL or less than about 600 mL). 1391Preferably, the first and/or subsequent treatment
regimes reduce LDL levels in patients having abnormal WI. levels prior to the first treatment regime by
at least about 5 ing/d1, to about 45 mg/dL. (e.g., about 10 mg/cIL to about 35 mg/cl1L, about 15 mg/dL
to about 30 dL, or about 20 ing/dt, to about 25 ing/dL). 140]Also preferably, he first and/or subsequent
treatment regimes increase HDL levels in patientsabnormal FIDL levels priortreatment regime by
about 1 mg/dL to about 5 mg/d1. or about 2 nigidt., to about 4 ingAiL. 1411In the preferred

embodiment, each reatment regime last for at least abqut 2 weeks (e.g, at least ahout 4 weeks, at
least aborlrjltg ébv(\)/%serﬁswehaggtfte fgggt%\%%l@ %végk%k, %tv (fsag%uzca O(%eustt 10 \/\t/%% §?ré% Se%%?a‘ﬁ%%rtoﬁrﬁ/eeks, at
least aboyt, 14 weeks, at least about 16 weeks, at least about 18 weeks, at least about 20 weeks, at
least about 22 weeks or more). 142]Also preferably, the method can include tailoring the first treatment

andfor subsequeyy)treatmiantieqiings hasedhon g oIk enalesierel kB AdlgrHOl Jayele of the

patient. Thus, the treatment regimes can be adjusted to vary the time between rounds’ time between

treatmengiggieness Msaataatinspaddiign ot dietanaxencisg, type of plasmapheresis, plasmapheresis
volume and other such variables depending on the patient, how the patient acts and/or adjust to

treatment and thgylike. MosgoyRl Bach lreatmenteaimatandasidorthesame s diffgrnperiod of
time than the first treatment regime. 1431Unexpectedly, it was found that the method described herein

utilizing lawelvolumetplaismapbaresis Biching ueing M BAgse: raundsiof Riasharhan sigwith about 2
to about 14 days between sessions reduces LDL levels in patients having abnormal LIM levels and
increasesi¢4DAlsvelsiim patientsniavirignabResmalund) ke B d Thesardinexpscied result.s are detailed
below, and the results also serve as evidence that plasmapheresis does not pose a safety risk, only
lowers LDL levdRIbf patfentssbdviragsmbribem@thl Nhoeleaise onyiraibels sl lekelsiaf patients having
abnormal HDL levels and shows that these effects are only found when plasmapheresis is periodic
rather thabrlesmgluiercbvasinigTorboal dabenthale eatsw2psmdpherddgiscdrpthbdionercholesterol
levels of plasma donors, a study was conducted on a variety of patients having abnormal and normal
cholestefdtaBVelEcTHtudy was performed at nine collection centers in the United States and donors

were studied for 16 weeks. .
[31] As used herein, the term '"low-volume plasmapheresis" denotes

plasmapheresis treatments involving blood volumes of about 1000 mL, preferably 800 mL or
less.

[32] As used herein, the term "abnormal LDL levels" denotes LDL levels that are
high (i.e., greater than about 160 mg/dL as defined by the American Heart Association) or higher
than desired (i.e., ranging from about 130 to about 159 mg/dL as defined by the American Heart
Association).

[33] As used herein, the term "abnormal HDL levels" denotes HDL levels that are
low (i.e., less than about 40 mg/dL for males or less than about 50 mg/dL as defined by the
American Heart Association) or borderline (i.e., about 40 mg/dL to about 60 mg/dL for males or
about 50 mg/dL to about 60 mg/dL for females).

[34] In a preferred embodiment, the method of treating cholesterol disorders

includes administering a first treatment regime comprising two or more rounds of plasmapheresis



[45] The protocol specified that participants donate at least once per week during the 16 week period.
Under US guidelines, donations can be made up to 32 times during a 16 week period, however, the
donation patterns varied so as to study the effect of different time periods between donations for
patients having both abnormal and normal total cholesterol, LDI" and HDL levels. [46] Initially,
non-fasting blood samples were collected prim to each donation and each sample was analyzed to
determine the total cholesterol, HDL. level and [DL level. Donors also completed a short questionnaire
on lifestyle factors that could affect cholesterol levels and whether or not they have started

lipid-loweyi e ny. 1%71Th dy.includ 6?]3 don ff%{n king a total of 9,153 donations over
the courgé %%%ﬁg%éﬁ%égﬁ goﬁﬁ?r%%c}:%vgr%t?ﬁgfea irst- |?ri1)e or?g\r/ggo rf)?lé\tﬁc%%ﬁcs)tn%%tvn\} 3 had not

donated farkIaastsix MoRNa-RIRL RIS INIRNRN,01NE Y, JIGTINE S inelyded.both male

and female donors ranging in age from 18 years to 69 years old, who were quali {o donate plasma.

Table | lists the, aumbenakdoners by, agndes.fase radsAndeightane.the percent of each group of

o

the total. Table Number of Donors 'nt0) Gender Male 40761.4 Female

135] Preferably, each subsequent round of the first treatment regime is conducted
about 5 to 7 days after a previous round of the first treatment regime. Alternatively, subsequent
rounds of the first treatment regime is conducted twice a week, with preferably at least 2 days
between donations.

[36] The method can also include additional treatment regimes, each comprising
two or more rounds of plasmapheresis spaced about 2 to about 14 days apart, (e.g., about 2 to
about 10 days, about 4 to about 8 days, or about 5 to about 7 days). The additional treatment
regimes can begin at any time.

137} In one embodiment, the method can also include combine with regular
pharmacological therapy with statins to the patient before, during and/or after the first treatment
regime in an amount sufficient to maintain and/or reduce total cholesterol and/or LDL levels.
Suitable statins include those such as LIPITOR® manufactured by Pfizer, Inc.

[38] Preferably, each round of the first and/or subsequent treatment regimes
comprises a low-volume plasmaphereis in which less than about 1000 mL of blood is treated
(e.g., less than about 800 mL or less than about 600 mL).

[39] Preferably, the first and/or subsequent treatment regimes reduce LDL levels in
patients having abnormal LDL levels prior to the first treatment regime by at least about 5 mg/dL
to about 45 mg/dL, (e.g., about 10 mg/dL to about 35 mg/dL, about 15 mg/dL to about 30 dL, or
about 20 mg/dL to about 25 mg/dL).

[40] Also preferably, the first and/or subsequent treatment regimes increase



256'38.6 Race Caucasian 30445.9 119:17.9 Hispanic African- 88 13.3 Not available 152 22.9 Age
(years)

HDL levels in patients having abnormal HDL levels prior to the first treatment regime by about 1
mg/dL to about 5 mg/dL or about 2 mg/dL to about 4 mg/dL.

[41] In the preferred embodiment, each treatment regime last for at least about 2
weeks (e.g, at least about 4 weeks, at least about 6 weeks, about least about 8 weeks, at least
about 10 weeks, at least about 12 weeks, at least about 14 weeks, at least about 16 weeks, at least
about 18 weeks, at least about 20 weeks, at least about 22 weeks or more).

[42] Also preferably, the method can include tailoring the first treatment regime
and/or subsequent treatment regimes based on the total cholesterol, LDL, and/or HDL levels of
the patient. Thus, the treatment regimes can be adjusted to vary the time between rounds, time
between treatment regimes, use of statins, addition of diet or exercise, type of plasmapheresis,
plasmapheresis volume and other such variables depending on the patient, how the patient reacts
and/or adjust to treatment and the like. Moreover, each treatment regime can last for the same or
different period of time than the first treatment regime.

[43] Unexpectedly, it was found that the method described herein utilizing low-
volume plasmapheresis and including two or more rounds of plasmapheresis with about 2 to
about 14 days between sessions reduces LDL levels in patients having abnormal LDL levels and
increases HDL levels in patients having abnormal HDL levels. These unexpected results are
detailed below, and the results also serve as evidence that plasmapheresis does not pose a safety
risk, only lowers LDL levels of patients having abnormal LDL levels, only raises HDL levels of
patients having abnormal HDL levels and shows that these effects are only found when
plasmapheresis is periodic rather than a singular event.

[44] To evaluate the effects of plasmapheresis on the blood cholesterol levels of

plasma donors, a study was conducted on a variety of patients having abnormal and normal

10



18-24 263139 7 25-34 218'32.9 5-44 103 115.5 >45 79 11.9 ,Weight (113) it200 427 64.4

cholesterol levels. The study was performed at nine collection centers in the United States and
donors were studied for 16 weeks.

[45] The protocol specified that participants donate at least once per week during
the 16 week period. Under US guidelines, donations can be made up to 32 times during a 16
week period, however, the donation patterns varied so as to study the effect of different time
periods between donations for patients having both abnormal and normal total cholesterol, LDL,
and HDL levels.

[46] Initially, non-fasting blood samples were collected prior to each donation
and each sample was analyzed to determine the total cholesterol, HDL level, and LDL level.
Donors also completed a short questionnaire on lifestyle factors that could affect cholesterol
levels and whether or not they have started lipid-lowering treatment.

147] The study included 663 donors making a total of 9,153 donations over the
course of the study. All study participants were first-time donors or previous donors who had
not donated for at least six months prior to the initiation of the study.

[48] The study included both male and female donors ranging in age from 18 years
to 69 years old, who were qualified to donate plasma. Table 1 lists the number of donors by

gender, race, age and weight and the percent of each group of the total.
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level, HDL level and total study donations of the donors involved in the study. Table 2 Group

Table 1
Number of Percent (%)
Donors
Gender Male 407 61.4
Female 256 38.6
Race Caucasian 304 45.9
Hispanic 119 17.9
Africgn— 88 13.3
Not available 152 229
Age (years) 18-24 263 39.7
25-34 218 32.9
35-44 103 15.5
>45 79 11.9
Weight (Ib) <200 427 64.4
200-249 164 247
250-299 49 7.4
>300 23 3.5
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Number of Donors Percent %) Total Cholesterol* (ing/dL) High (>240) 38 5.7 Higher than desired

[49] Table 2 shows the total cholesterol level, LDL level, HDL level and total study

donations of the donors involved in the study.

Table 2
Group Number of Percent (%)
Donors
Total High (> 240) 38 5.7
Cholesterol* Higher than desired 132 19.9
(mg/dL) (200-239)
Acceptable (<200) 493 74.4
LDL* (mg/dL) High (> 160) 41 6.2
Higher than desired 112 16.9
(130-159)
Acceptable (<130) 510 76.9
HDL* {mg/dL) Low (< 40, males; 228 34.4
<50, females)
Average (40-60, 341 514
males; 50-60, females)
Optimal (>60) 94 14.2
Donations 11-20 168 25.3
21-32 199 30.0
* AHA/NHILBI-NCEP classification

[50] The total number of donations was investigated as a relevant variable during
the study.
[51] It was believed that an analysis limited to considering the overall change for

the complete study population could miss interim changes resulting from specific variables such
as number of observations, days between donations, baseline cholesterol levels and others. Thus,
a statistical model was needed that: (a) used information from individuals and their donations;
(b) controlled for unequal contributions of each person; (c) allowed for the estimation of the
independent contribution of each variable; and (d) accounted for the repeated measure among

subjects and different number of observations.
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[52] A multivariable repeated measures regression model using the General
Estimating Equation (GEE) approach was used to analyze the data. Using the GEE approach, the
data set was used to construct a model to estimate the effect of plasmapheresis on cholesterol
levels in donors with varying baseline cholesterol levels. This model takes into account that
cholesterol measures for a given person are likely to be similar and accounts for varying number
of follow up visits. Moreover, the model allows for analysis of measurements taken at different
time intervals within and between donors. This model was interpreted similar to a multivariable
regression model and allowed for the testing of the effect of each independent variable while
controlling for the effects of other variables. Potential variables of interest included gender, age,
weight, race, baseline total cholesterol, LDL, and HDL, time between donations, number of
donations, and lifestyle changes, such as diet and exercise.

[53] All variables of interest were evaluated using the model to determine which
variable had significant effects. The final model employed baseline cholesterol level (3 groups),
days between donations (3 groups), and gender (2 groups), which resulted in 18 different
combinations (3x3x2).

[54] It was determined that donor age, race, weight, and number of prior donations
had little effect on cholesterol change. Moreover, responses on the lifestyle questionnaire did not
show an independent effect on cholesterol change. The validity of the model was checked by
comparing the estimated results of the GEE model to those actually observed in the dataset.

[55] The effect of plasmapheresis on total cholesterol levels in female and
male donors is shown in Figures 3 and 4. As shown in Figure 3, female donors having abnormal
cholesterol levels experienced a reduction in total cholesterol ranging from about 5 mg/dL to

about 50 mg/dL over the course of the study. Female donors undergoing plasmapheresis with 2
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to 4 days between sessions and having abnormal total cholesterol levels experienced the greatest
reduction, ranging from about 20 mg/dL to about 50 mg/dL while those undergoing
plasmapheresis with 5 to 9 days between sessions experienced reductions of about 10 mg/dL to
about 35 mg/dL and those undergoing plasmapheresis after 10 or more days from the previous
plasmapheresis saw a reduction of about 5 mg/dL to about 25 mg/dL.

[56] As shown in Figure 4, male donors having abnormal cholesterol levels
experienced a reduction in total cholesterol ranging from about 1 mg/dL to about 35 mg/dL over
the course of the study. Male donors undergoing plasmapheresis after 2 to 4 days from the
previous plasmapheresis session and having abnormal total cholesterol levels experienced the
greatest reduction, ranging from about 20 mg/dL to about 35 mg/dL while those undergoing
plasmapheresis with 5 to 9 days between sessions experienced reductions of about 8 mg/dL to
about 15 mg/dL and those undergoing plasmapheresis after 10 or more days from the last
plasmapheresis session saw a reduction of about 1 mg/dL to about 20 mg/dL.

[57] Figures 5 and 6 illustrate the change from baseline in total cholesterol and
compare study observations with GEE Model estimates. As shown in Figure 5, females having
high total cholesterol levels (i.e., greater than 240 mg/dL) experienced reductions slightly less
than those that were estimated while females having borderline total cholesterol levels (i.e., about
200 mg/dL to about 239 mg/dL) experienced slightly greater reductions than those estimated by
the GEE model.

[58] As shown in Figure 6, males having high total cholesterol levels (i.e., greater
than 240 mg/dL) experienced reductions slightly less than those that were estimated for all
periods except where greater than 10 days passed between rounds. Males having borderline total

cholesterol levels (i.e., about 200 mg/dL to about 239 mg/dL) experienced cholesterol levels that
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were substantially the same as those estimated by the GEE model except where greater than 10
days passed between rounds of plasmapheresis. In that case, the observed reductions were
slightly greater than estimated.

[59] Figures 7 and § illustrate the effect of plasmapheresis on LDL levels in male
and female donors.

[60] As shown in Figure 7, female donors having abnormal LDL levels
experienced a reduction in LDL levels ranging from about 5 mg/dL to about 40 mg/dL over the
course of the study. Female donors undergoing plasmapheresis after 2 to 4 days from the last
plasmapheresis and having abnormal LDL levels experienced reductions ranging from about 15
mg/dL to about 40 mg/dL while those undergoing plasmaheresis after 5 to 9 days from the last
plasmapheresis experienced reductions of about 10 mg/dL to about 25 mg/dL and those
undergoing plasmapheresis after 10 or more days from the previous plasmapheresis saw a
reduction of about 5 mg/dL to about 30 mg/dL. It is of note that patients having the highest LDL
levels (i.e., greater than about 160 mg/dL) experienced greater losses when treatments were
spaced about 2 to about 4 days apart or greater than about 10 days apart than those being in
which the rounds were spaced about 5 to about 9 days apart.

|61] As shown in Figure 8, male donors having abnormal LDL levels (i.e., 130
mg/dL and above) experienced a reduction in LDL levels ranging from about 0 mg/dL to about
35 mg/dL over the course of the study. Male donors undergoing plasmapheresis after 2 to 4 days
from the last plasmapheresis and having abnormal LDL levels experienced reductions ranging
from about 15 mg/dL to about 40 mg/dL while those undergoing plasmapheresis after 5 to 9 days
from the last plasmapheresis experienced reductions of about 10 mg/dL to about 25 mg/dL and

those undergoing plasmapheresis after 10 or more days from the last plasmapheresis saw a
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reduction of about 0 mg/dL to about 20 mg/dL. It is of note that male patients having the highest
LDL levels (i.e., greater than about 160 mg/dL) experienced greater losses when treatments were
2 to about 4 days after the previous plasmapheresis or greater than about 10 days after the
previous plasmapheresis than those being in which the rounds were spaced about 5 to about 9
days apart. However, male patients having borderline LDL levels ranging from about 130 mg/dL
to about 150 mg/dL experienced negligible reduction in LDL levels when rounds of
plasmapheresis were spaced more than 10 days apart.

[62] Figures 9 and 10 illustrate the change from baseline in LDL levels and
compare study observations with GEE Model estimates. As shown in Figure 9, females having
high LDL levels (i.e., greater than 160 mg/dL) experienced reductions that were less than those
that were estimated. Females having borderline total cholesterol levels (i.e., about 130 mg/dL to
about 159 mg/dL) experienced reductions less than those estimated by the GEE model except
where greater than 10 days passed between rounds of plasmapheresis.

[63] As shown in Figure 10, males having high total cholesterol levels (i.e., greater
than 160 mg/dL) experienced reductions that were slightly less than those that were estimated for
all periods except where greater than 10 days passed between rounds. Males having borderline
total cholesterol levels (i.e., about 130 mg/dL to about 159 mg/dL) experienced cholesterol levels
that were substantially the same as those estimated by the GEE model except where greater than
10 days passed between rounds of plasmapheresis.

[64] As shown, male and female plasmapheresis donors, who had a high, or higher
than desirable baseline total cholesterol levels (i.e., greater than about 200mg/dL) and LDL
levels (i.e., greater than about 130 mg/dL), had an estimated, statistically significant, decrease in

cholesterol when plasmapheresis was conducted after 2 to 4 days from the previous one. This

17



the study. 1511It was believed that an analysis limited to considering the overall change for the
complete study population could miss interim changes resulting from specific variables such as
number of observations, days between donations, baseline cholesterol levels and others. Thus, a
statistical model was needed that: (a) used information from individuals and their donations; (b)
controlled for unequal contributions of each person; (c) allowed for the estimation of the independent
contribution of each variable; and (d) accounted for the repeated measure among subjects and
different number of observations. [52)A multivariahle repeated measures regression model using the
General Er%gmgélr@a%%@ggqa@g@ %)Hyi)ar]f%agh wa sed ia{gglgzertggj Qr?ttat%fséﬂgl gggrqurEl dapproach,
e T e frect oéicpﬁ h h

onors <, pre
the data set was usedto construct mo to es?lmate tﬁe e asmapneresis on € cﬁesterol

levels in AROS IR YAYINGPASEING CORICRIGIA! Igueis: HuIS tipdeligkes IDEa.pccount that cholesterol
measures for a given person are likely to be similar and accounts for varying num of folfow up

visits. MareRuet(ne modehallais faranalisis almeanurements iaken Al diferent ime tgivals within

and between donors. This model was interpreted similar to a multwariable regression model and

allowed fprthasestinginfthr.eirataLsaa indepsadent yasirbigunie.conelingsfarthewsfiects of
other variables. Potential variables of interest included gender, age, weight, race, baseline total

cholestendo kilaigndHDlerjind: heteanr donatiens sninmnherrf denatinnsRnd lifesgiehanges, such
as diet and exercise. [531All variables of interest were evaluated using the model to determine which
variable hashisignificanteffestscllhefinal medel @mgloyadibaseliog chelesierellaveloups), days
between donations (3 groups), and gender (2 groups), which resulted in 18 different combinations
(3x3x2). 154jIt Weg deterfngned thatatbnoridgerarache wisigh fagiesmaphbesief grioiDdonaionshad little
effect on cholesterol change. Moreover, responses on the lifestyle questionnaire did not show an
independesit effettarecholesterol change. The validity of the model was checked by comparing the s
iated results of the GEE model to those actually observed in the dataset. [55] The effect of
plasmapheresid®l totaleheliestersl fagels iH fdmmedés alvdanale dundradsrBhowiin Figlyes.8.and 4. As
shown in Figure 3, female donors having abnormal cholesterol levels experienced a reduction in total
cholestetet fHiffitg bRy apedt-5higrut 00 enarBut Sovngletd avedupiiononrS®bf helstueyiemale
donors undergoing plasmapheresis with 2 to 4 days between sessions and having abnormal total
cholestefBIMe Rk gt idndediny §rastdst oeribsivramafinberiaddasodormgiche ekt 50 mg/dL
while those undergoing Plasmapheresis with 5 to 9 days between se. Otis expe need reductions of
about | O%ﬁ?tbe‘é%%&‘t%% Tt KL e thigsRgeTe PradhABhetb ahouite metibr thabetidys from the
previous l[:I)I:?\d"?mallg)hetrejstis saw a re ucti?_gn%f about 5 mg/dL to about 25 mg/cit. 1561As shown in
Figure 4" Male Y6ROTSHRTIY BBRSTAr chites g /&R BRsuariawr Lhetisidham Beiteholesterol
ranging fé%m %bout I mgf/dp to abrput 35 mg/dL over th?OScS%ur e of the study. Maﬂe donors undergoing
0

plasmapheresis after 2 to'4 days fiom the previous plasmapharesis Seddon snd KSR ABhormal total

cholesterpplevglaierperienard tie.ieate g saiatian (Andiog AMAPBULEN MY/l (B anay! 35

mg/cIL while those undergoing plasmapheresis with 5 to ys between sessions experienced

reductions, af . abeit RBg/ilk19.8hqut, 15 mg/dl_ and those undergoing plasmapheresis after 10 or
more days from the last plasmapheresis session saw a reduction of about | g/d1_, to about O mg/dL.

[571Figures 5 q@q 6 illu%@ﬁow&iﬁhﬂgg‘? f@%a@@ﬁgﬁ&% iﬁJﬁ@LEK&lﬁﬁtﬁﬁb’%&%ls experienced

a reduction in HDL levels ranging from about 0 mg/dL to about 4 mg/dL over the course of the
study, and those having low HDL (i.e., less than about 40 mg/dL) or borderline HDL levels (i.e.,
about 40 to about 60 mg/dL) experienced gains in HDL of about 1 mg/dL to about 5 mg/dL.
Moreover, any losses observed in patients having normal HDL levels (i.e., greater than about 60
mg/dL) were such that the patients still maintained normal HDL levels after treatment.

[68] Figures 13 and 14 illustrate the change from baseline in HDL levels and
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compare study observations with GEE Model estimates As shown in Figure 5 females having high
total cholesterol levels (i.e., greater than 240 mg/dL) experienced reductions slightly less than those
that were estimated while females having borderline total cholesterol levels (i.e., about 200 mg/dL to
about 239 mg/dL) experienced slightly greater reductions than those estimated by the GEE model.
158!As shown in Figure 6, males having high total cholesterol levels (i.e., greater than 240 ing/cIL)
experienced reductions slightly less than those that were estimated for all periods except where
greater than 10 days passed between rounds. Males having borderline total cholesterol levels (i.e.,
about 200mgfdtstaiabour2ade/dliexparianced chiglesteraklevels that orerensubistantialyathe same
as those estimated by the GEE model except where greater than 10 days passed between rounds of
plasmaphkergsisodnithatdksel theoliservetreeductions were slightly greater than estimated, 159]
Figures 7 and 8 illustrate the effect of plasmapheresis on LDL levels in male and female donors.
f601As shown ieBigure Pofernalghdoloersdevingiatbnommairhids lewvelg bapEnendddsa tteduiction in LDL
levels ranging from bo 5 trigiclL to about 40 ing/d1. over the course of the study, Female donors
undergoing Plagndaphtaedisvaite b thnedaysifronthine 4asieplbsmagheresis matddnavitigtabiivrmal LDL
levels experienced reductions ranging from about 15 ing/d1. to about 40 mg/c11., while those
undergofrEifierdth ararasisiaftEPs 1evoltaybifrordiseedaskoriesinapHensesisvikploescddanasiuctions of
about 10 mg/dL to about 25 mg/c1L. and those undergoing plasmapheresis after 10 or more days from
the previBifE plasMaisAsresioti itk dubssnoataBbutsmignal FPAbbUER0 hagiar stigsefote that
patients having the highest LDL Ieve,lsa%e., reater than about 160 mg/dl..) experienced greater
losses wiK kISR dSpRce Pabblt %"tﬂsa%ﬁ‘t s eapRes e s aH BHSBEX0 days
apart th%n tglt%sleﬁtlaeiggsin which the rounds were spaced about 5 to about 9 days apart. 1611As shown
in Figure 8, male donors having abnormal LDL levels ( e., 130 mg/dL and above) experienced a
reduction in LD(g_(r(:'zvels ran in out O n;'lilldl‘ t? 3?&?“{)1%5(19/d|- over thﬁ course of the study. Male

from b
donors underg piasniap Hégrecslcclgé1 Arter 218 %Ialf/lg from the Tast) fﬁ%\ssuﬁ'?a%esr%sitserg%e tlé’lr\?i’ng

abnormal bl IRRls GHBRTIEICRARAHE P PoAING.lam Ahoul Lp gl @ abauL AR f while

those undergoing plasmapheresis afters toaélydgys om the last plasmapherésis exper?en%ed

reductionsofiahout JQmaiel.gaRAuH 25 mgish andihoss, undergoing. lasmaphsresis after 10 or

more days from the last plasmapheresis sawa reduction of about 0 pigAIL to about 20 ingAlL. h is of

note that mple,RBtientadaving ihe hiohestd BEIaVES (k6. greatsrdhanabout 160 mgAlL) experienced

greater losses when treatments were 2 to about 4 days after the previous plasmapheresis or greater

than about 10 gays afterrevieus piasmapheresss thanthose deing i whigh:theounds, were spaced
about 5 to about 9 days apart. However, male patients having borderline LDL levels ranging from

about 130:0g/eifpeiaheutL5%meAtl-experiencrdregligitlencedugtionincblslavelsrwhgrsounds of
plasmapheresis were spaced more than 10 days apart. 1621Figures 9 and 10 illustrate the change
from baskdirbyinddMstieyalsamd cemparedstutycohsesadions ithnGihkeM odel @stichatesseshown in
Figure 9, females having high LDL levels (i.e., greater than 160 mgAIL) experienced reductions that
were lesssbrderthose that were estimated. Females having borderline total cholesterol levels (i.e.,
about 130 mg/c11. to about 159 mgAIL) experienced reductions less than those estimated by the GEE
model except Witire gredter thratisl 0iddys padsetiestvebs rbangssofplasmiapirecess saffects

cholesterol levels in the days following plasmapheresis. The magnitude of the effect observed
depends on baseline cholesterol levels and the time between donations.

73] The recovery of cholesterol levels towards baseline in donors with long
intervals between donations suggests that there are no long-term effects after discontinuing
plasma donation. Thus, the method described herein is intended for long-term and/or intermittent

therapeutic use in treating patients suffering from various cholesterol disorders.
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163]As shown in Figure 10, males having high total cholesterol levels ( e., greater than 160 mgidL)
experienced reductions that were slightly less than those that were estimated for all periods except
where greater than 10 days passed between rounds. Males having borderline total cholesterol levels
(i.e., about 130 mg/(11. to about 159 mgAIL) experienced cholesterol levels that were substantially the
same as those estimated by the GEE model except where greater than 10 days passed between
rounds of plasmapheresis. 1641As shown, male and female plasmapheresis donors, who had a high,
or higher than desirable baseline total cholesterol levels (i.e., greater than about 200mgAli) and LDL
levels (i.e., greatfa,r4}han ago%igssggaglc%%ghglad an &asii O%gedgs(t)%tigtigsalgl significant dec]?%ase in

c WO i “connection _with .
cholesterol when plasmapheresis was conducted after 210 4 days rom the previous one. This

predicted chagas wanlarasr inyfemaledongiIheRrerlciaddseraage i jotal.chigiesierolgnd LIN.

levels was small n donors with longer intervals between donations, which suggests that there is no

long- termsefigatafter discratinying RIiaspa.donation Mersoy aindenorsith.an acreptale baseline
total cholesterol ( e., less than about 200 mg/c1L) and LDL (less than about 130 mg/dL) had a very

small estiratad:chenge @hasprugathatwasRat statistically significant. In addition, the GEE model
estimated results closely paralleled study observed results 1651Figures 11 and 12 illustrate the

effect of plasmapr&resis orHid- feyelsdsomalacsnchiemale-Adanonsethod (66l Asisbawp R Eigure 11,
female donors having borderline HDL levels (i.e., levels of about 50 mg/dL to about 60 mg/c1L)
experiencésbaleeduationfdRhclevelssiangingfiomiabauhereng/dlwio abapphdamaisibrevanarbe sourse of
the study. Those donors haying low HDL, levels (i.e., less than 50 mg/c1L) experienced gains in HDL
of about 2hneffthet edyowus 4limgeli, anvdh ervdiBedrios wet e gidndeb:Ord aysmadtesdhealast phasimapheresis or
greater than 10 days from the previous plasmapheresis. Moreover, any losses observed in patients
having nofiiah S0P tevsisl (Y. dcpgriciater tiraspizibeud 80O mgidhy werstisuch that the patients still
maintained normal HDL levels after treatment [67] As shown in Figure 12, male donors having
abnormal liDL levels experienced a reduction in HDL levels ranging from about 0 mgAIL to about 4
ing/dL over the course of the study, and those having low IIDL (i.e.,s than about 40 mg/cl11_,) or
borderline HDL levels (i.e., about 40 to about 60 mg/c114 experienced gains in HDL of about 1 mg/dL
to about 5 mg/cIL. Moreover, any losses observed in patients having normal HDL levels (i.e greater
than about 60 mg/dL) were such that the patients still maintained normal HDL levels after treatment.
168]Figures 13 and 14 illustrate the change from baseline in HDL levels and

20



compare study observations with GEE Model estimates. As shown the GEE model estimated results
closely paralleled study observed results. 691Donors with a low baseline | IDE (i e., Females having
baselines of less than 50 ntgidL and males having baselines of less than 40mg(dL), had an estimated
statistically significant increase in HDL levels. This predicted change was larger with longer donation
intervals. Moreover, donors with a near optimal, or optimal HDL levels, had an estimated, statistically
significant decrease in EIDE levels. This predicted change was smaller with longer donation intervals.
[70]Routine donor monitoringincluded: blood pressure, pulse, temperature, weight measurement and
monitoringcof miy: changes, hematocrit, total protein and testing for infectious diseases. The results of
the study indicated that there was no direct correlation to the total number of donations and the
number df defetrsdoforteoivdopihdbliewathpli [Alduerseviymptohaspivene: Galyepapoee d-im0iA5% of the
donations. Only 14 donors experienced any adverse effects. No severe symptoms or adverse effects
were reportedhtherdbysagirebtingairatithe ¢seatiment desuibedrherfinisdatenfor tfeatmet of blood
cholesterol disorders. [72] The results of fins study suggest that the plasmapheresis process
affects cholebrdestgeldisqrfithe days following plasmapheresis. The magnitude of the effect observed
depends on baseline cholesterol levels and the time between donations. [73] The recovery of
cholesterol levet&gtsifatifsiisssatr@insdonatainitasng dnteival & remeabredivnatonmsisuggests that
there are nolong-term effects after discontinuing plasma donation. Thus, the method described herein
is intend 8TSFISAYRES A RlrtTgPhstethiferh tricabaer et Peatientsdamerd-$dm various
choleste{ol isorders, numerical values to indicate that mathematical precision of such values is not
intended.“Acth ﬁijfi}’,“i?ri’?%@Rhéﬁvfﬁ%}”&ma%%d@éoﬁifﬁeglﬁfﬁhé? PRfelI S tBRAEREE of plus or
minus 19%1}%3 ntemglai fTrt at.nurqericaijvalue. 75 Wk}\ile the foregoing describes in detail a
method GFtreating cholesterol QisordePd Uit reapen e shllific SliEBdiReReTsra ot Mwill be
apparent to one skilled in the art that s.changes and modifications and equivalents to the method
may he é%%%olf}éﬁl%\?v t?ciﬁ\agén%f] ﬁ%’tﬁ}l{gﬁ% %f"é’f%r%f‘?zm the spirit and scope of the invention. We
Claim: 1.Use ofyhele blacd stz ol P asman P eisiniie RIBRI G ReReAled lom g

total cholesterol level, lower LDL level, and/or higher HDL level.

2. The use of Claim 1, wherein each subsequent round of the first treatment regime is

conducted about 2 to about 4 days after the previous round.

3. The use of Claim 1, wherein each subsequent round of the first treatment regime is

conducted about 5 to about 9 days after the previous round.

4. The use of Claim 1, wherein each subsequent round of the first treatment regime is

conducted about 10 to about 14 days after the previous round.

5. The use of Claim 1, wherein at least one statin is to be administered to the patient before,

during and/or after the first treatment regime.



whole blood cells by plasmapherusis, in the manufacture of a medicament for treating cholesterol
disorders, wherein the niedicament is for administration as a first treatment regime comprising two
or more rounds of plasmaphe esis to a patient having abnormal total cholesterol, ahnoinial LDL levels
and/or abnormal HDL levels when measured before treatment, wherein the first treatment regime
decreases LDL levels in patients having abnormal LDL levels and/or increases HDL levels in patients
having abnormal HDL. levels and wherein each subsequent round of the first treatment regime
maintains the new, lower total cholesterol level, lower LW__level, and/or higher HDL level. The use
of Claim |, wherein each subsequent round of the first treatment regime is conducted about 2 to about
4 days after the previous round. 3.The use of Claim I, wherein each subsequent round of the first
treatmengregimejs candigied ahoutaioR00u S days:alier he.previous raund, d.the use of Claim 1,
wherein each subsequent round of the first treatment regime is conducted about 10 to about 14 days
after the previous round. 5.The use of Claim I, whereinat least one statin is to be administered to the
patient before. during and/or after the first treatment regime. The use of Claim I, wherein each
round of the firstieatnientiggime ¢ABRHSASH MO IHMBNRSIHARARKASISIhWRIGH18ss taan about
1000 niL of blood is treated. 8. The use of Claim 1, wherein the first treatment regime reduces LW,
levels in patientplhavipgeasnamalitiDkslevielsapsiar @ therfissticeatmenitkagime by about 5 mgidl, to
about 45 mgML. 9. The use of Claim 8, wherein the first treatment regime reduces LDL levels in
patients having abnormal LDL levels prior to the first treatment regime by about 10 mg/dL to about 35
mg/dL. 10. The use of Claim 1, where he first treatment regime increases HDL levels in patients
having anormaltidDbclefélspridr tohthefitst tfedtmenteegingmibyrabeat LiigMicto iaheuicbtmuldL. 11.
The use of Claim 10, wherein the first treatmente increases HDL levels in patients having abnormal |
IDL level8ayisr dbntiendir $Fe btrals mrrergim@b firmb et @engvitints ababbdt agidldL 10 abbes dse of Claim

1, wherein t/réi first treatment regime lasts for at least about 2 weeks or
mg/dL.

9. The use of Claim 8, wherein the first treatment regime reduces LDL levels in patients
having abnormal LDL levels prior to the first treatment regime by about 10 mg/dL to about 35

mg/dL.

10. The use of Claim 1, wherein the first treatment regime increases HDL levels in patients
having abnormal HDL levels prior to the first treatment regime by about 1 mg/dL to about 5

mg/dL..

o ~E

11. The use of Claim 10, wherein the first treatment regime increases HDL levels in patients
having abnormal HDL levels prior to the first treatment regime by about 2 mg/dL to about 4

mg/dL.

12. The use of Claim 1, wherein the first treatment regime lasts for at least about 2 weeks or
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more. The use of Claimwherein re aleci plasmapheresis is to he administered o maintain the lower
total cholesterol and 1.D1, levels and/or higher HDL levels. 14.The use of Claim I, wherein the first
treatment regime is to be tailored based on the total cholesterol. LDL, and/or HDL levels of the patien
15.A system comprising: ¢) a composition which consists of whole blood cells with out plasma, the
plasma being separated from the whole blood cells by plasmapheresis; and d) a device comprising: a
housing; an entrance port for receiving whole blood from a donor; means for separating plasma from
the cellular components of the whole blood; and means for returning the cellular components of the
blood to thg.donor. 16.The system of Claim 15, wherein said whole blood cells composition comprises
at least one statin 17.The system of Claim 15, wherein said whole blood cell compositiorther
comprises a saline solution.

13. The use of Claim 1, wherein repeated plasmapheresis is to be administered to maintain

the lower total cholesterol and LDL levels and/or higher HDL levels.

14. The use of Claim 1, wherein the first treatment regime is to be tailored based on the total

cholesterol, LDL, and/or HDL levels of the patient.

15. A system comprising:

¢) a composition which consists of whole blood cells with out plasma, the plasma being
separated from the whole blood cells by plasmapheresis; and
d) adevice comprising:
a housing;
an entrance port for receiving whole blood from a donor;
means for separating plasma from the cellular components of the whole blood;
and

means for returning the cellular components of the blood to the donor.

16. The system of Claim 15, wherein said whole blood cells composition comprises at least
one statin.
17. The system of Claim 15, wherein said whole blood cell composition further comprises a

saline solution.
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The system of Claim 15, wherein said means ibr separating plasma from the cellula components of the
blood are centrifi.tgation means. 19. The system of Claim 15, wherein said means for separating
plasma from the cellular components of the blood are filtration means. 20. The system of Claim 15.
wherein said means for returning he cellular components of the blood comprise a catheter. 21. A
device comprising: a housing; an entrance port for receiving hole blood from a donor; means for
separating plasma from the cellular components of the whole blood; and means for returning the
cellular components of the blood to the donor. The device of claim 21 further comprising a
composition which consists of whole blood cells with out plasma. the plasma being separated from the
whole blood cells by plasmapheresis. 23.device of Claim 22, wherein said whole blood cells

compositien comerisesat igastane statinrcsaking Setutions: 28:Fhe device LECIRIM2dherein said
means for separating plasma from the cellular components of the blood are centrifugation means. 26.
The devigenpbGdaine 2the Woedeire said-ifeamns: ioegaaparating plasma from the cellular components of
the blood are filtration means. 17.The device of Claim 21, wherein said means for returning the cellular
components of the

19. The system of Claim 15, wherein said means for separating plasma from the cellular

components of the blood are filtration means.

20. The system of Claim 15, wherein said means for returning the cellular components of the

blood comprise a catheter.

21. A device comprising:
a housing;
an entrance port for receiving whole blood from a donor;
means for separating plasma from the cellular components of the whole blood;
and

means for returning the cellular components of the blood to the donor.

22, The device of claim 21 further comprising a composition which consists of whole blood

cells with out plasma, the plasma being separated from the whole blood cells by plasmapheresis.

23. The device of Claim 22, wherein said whole blood cells composition comprises at least

one statin.



blood comprise a catheter. 28. Use of whole blood cells without plasma, in the manufacture of a
medicament for treating cholesterol disorders.

24. The device of Claim 22, wherein said whole blood cell composition further comprises a

saline solution.

25. The device of Claim 21, wherein said means for separating plasma from the cellular

components of the blood are centrifugation means.

26. The device of Claim 21, wherein said means for separating plasma from the cellular

components of the blood are filtration means.

27. The device of Claim 21, wherein said means for returning the cellular components of the

blood comprise a catheter.

28. Use of whole blood cells without plasma, in the manufacture of a medicament for treating

cholesterol disorders.
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