
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 volume of 2.5L or more. Taking into consideration the large volume, when using
plasmapheresis to treat medical conditions once the plasma is separated from 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 larger than 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 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  or an albumin solution,double filtration plas apheresis in
which plasma is passed through a scparator witha small pore size so as to selectively remove large
molecular weight proteins, or (iii) plasma adsorption in which plasma flows into a plasma adsorption
column wherein certain substances can be adsorbed and removed. Plasmapheresis used for plasma
donations, however, uses mostly centrifugation (e.g., Haemoneties blood processing systems) or
centrifugation with a simple filter (e.g, Fenwal blood processing systems). 151It is known to use
low-density ,fipoprotein therapeutic apheresis to treat patients suffering from familial
hypereholesterolemia. Evans, 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 lipoprot (LDL) apheresis as an adjunct to
lipid-lowering drugs, and the apheresis is administered once every one to three weeks. Id at 10_
However, reduction in LI/I. levels is typically accompanied by reduction in high-density lipoprotein
(HDL) levels to varying degrees. Id 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 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
patients having abnormal LDL levels and/or increases HDL levels in patients having abnormal HDL
levels would be desirable. Summary of Selected Features [7a]hit a first aspect, there is provided the
use of whole blood cells without plasma, wherein the plasma is separated from e whole blood cells by
plasmapheresis, i.n the manufacture of a medicament for treating cholesterol disorders,      wherein
the medicament is for administration as a first treatment regime comprising two or more rotmds of
plasmapheresis to a patient having abnormal total cholesterol, abnormal LIM, levels and/or abnormal
FIDE levels when measured before treatment, wherein the first treatment regime decreases EDI.
levels in patients baiting abnormal 1,DL levels and/or increases FIDE: 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 11 DI, level. 1714In a second
aspect, there is provided a system comprising: a) a composition thich consists of whole blood cells
with out plasma, the plasma being separated from the whole blood cells by plasmaphe sis; and b) 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 thedonor. 17e1In 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
plasmapheresis to a patient having abnormal total cholesterol levels,abnormal LDL levels and/or
abnormal HDL levels when measured prior In treatment. The method decreases LDL levels in patients
having abnormal LIN, levels and increases HDL levels in patients having abnormal HDL levels. The
subsequent round of plasmapheresis could be conducted about 2 to about 14 days after a previous
round of plasmaphcresis. For example, a first round occurring on day I 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 II. Brief
Description of the Drawings 191Figure I is a device to be used in the method of the present invention.
1101Figure 2 is a diagram illustrating the separation process from whole blood.           Figure 3 is a
graph illustrating the effect of plasmapheresis on total cholesterol 1 in female donors. 



[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 plasmapheresis treatments for male donors. 1171Figure 9 is a graph
comparing the observed and GEE model estimates of the change in LDL cholesterol from baseline for
female donors. [181Figure 10 is a graph comparing the observed and GEE model estimates of the
change in LDL cholesterol from baseline for male donors. 119]Figure 11 is a graph illustrating the
change in HDL cholesterol for female donors based on the number of days between plasmapheresis
treatments. 1201Figure 12 is graph illustrating the change in HDL cholesterol based on the 



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 the blood to the a first exit port (4) from where the blood cellular components exit the
device and a second exit port (5) from where the plasma exits 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 d *ice
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. [23111A 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  before
treatment, wheretst treatment regime decreases LD1.. levels in patients having abnormal LDL levels
aincreases MI_ levels in patients haying 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. 



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
plasmapheresis as described herein The method can be used 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 which abnormal total LDL and/or HDL cholesterol levels are
symptoms thereof [261As used herein the term "hy-perchoiesterolemia" denotes a cholesterol disorder
in which the levels of cholesterol in the blood are higher than normal as defined by the American Hean
Association. 1271As used herein, the term "hyperlipidemia" denotes a disorder of lipid  metabolism
AttInch results in abnormally high levels of cholesterol, triglyeerides and lipoproteins in blood. [281As
used herein, the tei "dyslipidemia" denote- a disorder in which a patient experiences an increase in
LDL and a decrease in UHL levels. 129]As used herein, the term "high total cholesterol" denotes total
cholesterol levels of greater than or equal to 240 milligram per deciliter (ing/dL) as defined by the
American Heart Association (ABA) and National Heart, Jung. and Blood Institute (NIII.131).       [30] As
used herein, die term "borderline total cholesterol" denotes a total cholesterol level ranging from about
200 ma/a, to about 239 mg/dL as defined by the American Heart Association. 1311As used herein, the
term "low-volume plasmapheresis" denotes 



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 mgicIL for females).
1341In a preferred embodiment the method of treating cholesterol disorders includes administering a
first treatment regime comprising two or more rounds of plasmapheres s  to a patient having abnormal
LDL levels and/or abnormal HD!. levels prior to the first treatment Preferably, th e decreases I DI_
levels in patientsLig abnormal LDL levels and increases HDL levels in patients having abnormal HDL
levels. 1351Preferably. each subsequent round of the first treatment regime is conducted  about 5 to 7
clays after a previous round of the first treannent regime. Alterna 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 eatment 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.
[37] In one embodiment,method can also include combine with regular pharmacological therapy with
statins to the patient before, duringand/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
LIPITORTe manufactured by Pfizer, Inc.        [38] Preferably, each round of the first and/or subsequent
treatment regimes 



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/c1L, 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 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). 142]Also preferably, the method can include tailoring the first treatment
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 acts 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. 1431Unexpectedly, it was found that the method described herein
utilizing low- volume plasmapheresis and including two or more rounds of plasmapher sis with about 2
to about 14 days between sessions reduces LDL levels in patients having abnormal LIM levels and
increases HDL levels in patients having abnormal HDL levels. These unexpected result.s 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 LIN., 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
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, 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-lowering treatment. 1471The 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. 1481The study included both male
and female donors ranging in age from 18 years to 69 years old, who were qualified to donate plasma.
Table I lists the number of donors by gender, race, age and weight and the percent of each group of
the total.  Table   Number of Donors 'nt0) Gender Male 40761.4  Female 



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



18-24 263!39 7  25-34 218'32.9  5-44 103 115.5  >45 79 11.9 ,Weight (113) it200 427 64.4 



200-249 164 124.7 t  250-299 49 7.4  300 23   149]Table 2 shows the total cholesterol level, L.DI.
level, HDL level and total study donations of the donors involved in the study. Table 2 Group 



Number of Donors Percent %)    Total Cholesterol* (ing/dL)  High (>240)  38 5.7   Higher than desired 



(200-239)  132 19.9   Acceptable (<200)  49374.4 LDL* (mgAIL)  High (>160)  416.2   Higher than
desired 



(130-159)  112 16.9   Acceptable (<130)  J510 76.9 HI)(AIL) -4 Low (< 40, males; <50; females)  228
34.4 



Average (40-60, males; 50-60, females)  341 51.4   Optimal (>60)  94 14. Total Study Donations  2-10 



I 296 44.6   ,11-20  T168 i)5.3   21-32  19930.0  * AELAINHLBI-NCEP classrfica o 1501The total
number of donations was investigated as a relevant variable during 



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 Esdmating Equation (GEE) approach was used o analyze the data Using the GEE approach,
the data set was used to construct 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, (he model allows for analysis of measurements taken at different time intervals within
and between donors. This model was interpreted similar to a multwariable regression model and
allowed for the testing of the effect or 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. [531All variables of interest were evaluated using the model to determine which
variable had significant effects. The final model employed baseline cholesterol leveloups), days
between donations (3 groups), and gender (2 groups), which resulted in 18 different combinations
(3x3x2). 154jIt 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 s
iated 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 miming from about 5 mg/c11, to about 50 mglelL over the course of the study. Female
donors undergoing plasmapheresis with 2  to 4 days between sessions and having abnormal total
cholesterol levels experienced the greatest reduction, ranging from about 20 mgicIL to about 50 mg/dL
while those undergoing plasmapheresis with 5 to 9 days between se. Otis expe need reductions of
about I 0 'di. to about 35 mg/c1L 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/cit. 1561As shown in
Figure 4, male donors having abnormal cholesterol levels experienced a reduction in total cholesterol
ranging from about I 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/cIL to about 35
mg/cIL while those undergoing plasmapheresis with 5 to 9 days between sessions experienced
reductions of about 8 mg/ilL to about 15 mg/dl_ and those undergoing plasmapheresis after 10 or
more days from the last plasmapheresis session saw a reduction of about I g/d1_, to about 0 mg/dL.
[571Figures 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.
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 200 mg/dt. to about 239 g/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. In that case, the observed reductions 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 in Figure 7, female donors having abnormal LDL levels experienced a reduction in LDL
levels ranging from bo 5 trigiclL to about 40 ing/d1. 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 ing/d1. to about 40 mg/c11., while those
undergoing plasmaheresis after 5 to 9 days from the last plasinapheresis experienced reductions of
about 10 mg/dL to about 25 mg/c1L. and those undergoing plasmapheresis after 10 or more days from
the previous plasmapheresis saw a reduction of about 5 mg/dL to about 30 mgidf,. It is of note that
patients having the highest LDL levels (i.e., greater than about 160 mg/d1..) 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. 1611As shown
in Figure 8, male donors having abnormal LDL levels ( e., 130 mg/dL and above) experienced a
reduction in LDL levels ranging from bout 0 mgIcIL to about 35 g/dL over the course of the study. Male
donors undergoing piasniapheresis after 2 to 4 days from the last plasmapheresis and having
abnormal LDL levels experienced reductions ranging from about 15 ing/dL to about 40 n dl, while
those undergoing plasmapheresis after 5 to 9 days from the last plasmapheresis experienced
reductions of about 10 mg/c1L to about 25 mgic11, and those undergoing plasmapheresis after 10 or
more days from the last plasmapheresis saw a  reduction of about 0 pigAIL to about 20 ingAlL. h is of
note that male patients having the highest LDL levels (i.e., greater than about 160 mgAIL) experienced
greater losses when treatments were 2 to about 4 days after the previous plasmapheresis or greater
than about 10 days after previous plasmapheres s 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/cif to about 150 mgAIL experienced negligible reduction in LDL levels when rounds of
plasmapheresis were spaced more than 10 days apart. 1621Figures 9 and 10 illustrate the change
from baseline in LDL levels and compare study observations with GEE Model estimates.s shown in
Figure 9, females having high LDL levels (i.e., greater than 160 mgAIL) experienced reductions that
were less than those that were estimated. Females having borderline total cholesterol levels (i.e.,
about 130 mg/c11. to about 159 mgAlL) experienced reductions less than those estimated by the GEE
model except where greater than 10 days passed between rounds of plasmaphe es s. 



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., greater than about 130 mg/c114, had an estimated, statistically significant, decrease in
cholesterol when plasmapheresis was conducted after 2 to 4 days from the previous one. This
predicted change was larger in female donors. The predicted decrease in total cholesterol and LIN.
levels was small n donors with longer intervals between donations, which suggests that there is no
long- term effect after discontinuing plasma donation. Moreover, donors with an acceptable baseline
total cholesterol ( e., less than about 200 mg/c1L) and LDL (less than about 130 mg/dL) had a very
small estimated change or a change that was not statistically significant. In addition, the GEE model
estimated results closely paralleled study observed results       1651Figures 11 and 12 illustrate the
effect of plasmapheresis on HDL levels in male and female donors.       [66] As shown in Figure 11,
female donors having borderline HDL levels (i.e., levels of about 50 mg/dL to about 60 mg/c1L)
experienced a reductionHDL levels ranging from about 0 mg/dL to about 5 mg/df. over the course of
the study. Those donors haying low HDL, levels (i.e., less than 50 mg/c1L) experienced gains in HDL
of about 2 mg/ff. to about 4 ing/di, when treatm s were done 5-9 days after the last plasmapheresis or
greater than 10 days from the previous plasmapheresis. Moreover, any losses observed in patients
having normal 1-1DI: levels (i.e., greater than about 60 mg/dL) were such 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/c11_,) 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 



compare study observations with GEE Model estimates. As shown the GEE model estimated results
closely paralleled study observed results. 691Donors with a low baseline I 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
monitoring of any 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 of deferrals for a given individual. [71[Adverse symptoms were only reported in 0.15% of the
donations. Only 14 donors experienced any adverse effects. No severe symptoms or adverse effects
were reported thereby suggesting that the treatment described herein is safe for treatment of blood
cholesterol disorders.         [72] The results of fins study suggest that the plasmapheresis process
affects 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 nolong-term effects after discontinuing plasma donation. Thus, the method described herein
is intended for long-term andior intermittent therapeutic use in treating patients suffering from various
cholesterol disorders.  numerical values to indicate that mathematical precision of such values is not
intended. Accordingly, it is intended that where "abo sed with a numerical value, a tolerance of plus or
minus 10% is contemplated for that numerical value. [75]While the foregoing describes in detail a
method of treating cholesterol disorders with reference to a specific embodiment thereof, it will be
apparent to one skilled in the art that a ous changes and modifications and equivalents to the method
may he employed, which do not materially depart from the spirit and scope of the invention.  We
Claim: 1.Use of whole blood cells without plasma, wherein the plasma is separated from he 



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 I, 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
treatment regime is conducted about 5 to about 9 days after the previous round. 4The 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 first treatment regime comprises low-volume plastnapheresis in which less than about
1000 niL of blood is treated.  8. The use of Claim 1, wherein the first treatment regime reduces LW,
levels in patients having abnormal LDL levels prior to the first treatment regime 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 abnormal HDI, levels prior to the first treatment regime by about 1 mgMl, to about 5 muldL.  11.
The use of Claim 10, wherein the first treatmente increases HDL levels in patients having abnormal I
IDL levels prior to the first treatment regime by about 2 mgML to about 4 mg/dL.  12. The use of Claim
1, wherein the first treatment regime lasts for at least about 2 weeks or 



more. The use of Claimwherein re aleci plasmapheresis is to he administered o maintain the lower
total cholesterol and I.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: c) 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 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 compositiorther
comprises a saline solution. 



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
composition comprises at least one statin.  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. 17.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. 


