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phot ot herapy can be used as an antiviral treatnment for certain bl ood
Conponengigse@qesm s septicemias, pnewnonias, peritonitis, wound infection, viral infections

20 including acute and chronic hepatitis, poliomyelitis, measles, mumps, and mononucleosis.
Phototherapy or light irradiation also includes the processes of exposing photoactivatable or
photosensitizable targets, such as cells, blood products, bodily fluids, chemical molecules,
tissues, viruses, and drug compounds, to light energy, which induces an alteration in or to the
targets. Inrecent years, the applications of phototherapy are increasing in the medical field.

25  These applications include the inactivation of viruses contaminating blood or blood products,
the preventive treatment of platelet-concentrate infusion-induced alloimmunization reactions,
and the treatment of both autoimmune and T-cell mediated diseases. Light irradiation
applications also include the irradiation sterilization of fluids that contain undesirable
microorganisms, such as bacteria or viruses.

.30 Numerous human disease states, particularly those relating to biological fluids such as
blood, respond favorably to treatment by visible or UV light irradiation. Light irradiation
may be effective to eliminate immunogenicity in cells, inactivate or kill selected cells,
inactivate viruses or bacteria, or activate desirable immune responses. For example;

phototherapy can be used as an antiviral treatment for certain blood components or whole



-1 0 8 JAN 1004 blood. (See PCT Application WD 97/ 36634 entitled
* Phot'opheresis Treatnent of Chronic HCV Infections). In this casgf JAN 2004
pat hogenic virus in a donated platelet concentrate can be inactivated by

W 1§ ghtplgspo@es 8CT Apsiasitio 8V O/ 604 ehtittsd RliogdiheresisclieatmenhohErobi
geffective by thenselves, without the 5 introduction of outside agents or
conpoundECVulinfacions)hdn thisragsei mpathogenitdrysip aslnater HIRtEEt CagERtraly nts or

catal ysts. A t latter treatnment techniques is the use of
phot oact'i%ivggeﬁgjyaﬁgglﬁg% PP "Farticul ar application, it is well known that
a nunber of hyABdd, ceftHif FeenSéADS itRNata miebaeffetive bg thamdehes, without the
overproduction of certain types of |eukocytes, includi ngh%ynt]ggocyt es

Hy

I n
conpar i siatroductioniof pujsiisndganisen compoendsswiig ethersapaainvelve uetipngiol e
bl ood. Excessive abnornal | ynphocyt opul.at i . |1, rous adverse
effects Sﬁeﬁ%lﬁég?rgﬁf’gc‘ftg@?ﬁd' P18, e?ﬂ%& ¥ Wghp@%ﬁﬁﬁﬁﬁ%sggggi |y organs,
| eukocyt ghJieiiipitsle A&, ITTAPIGIQilfeppEGtiondt Issuklbkhawi dlath admbeselieias many

of which often ultimtely result in fatality. Uses of photoactivatable
drugs mediséase stRige maydwtdhatpctdrized by dite wferprodndionas gepsainitupes of |

Fo
specific. bl qod .cel | s have becone t hogeni ¢ '’ l.sease
Srare, TherARElsRohSotE f RORREOR R SRR R C I SRR TR Emny bl
cel | gy Shble Bloddy MReSEHEHnomhllIPmphodied pagildtioat adsutt io humercisaldvase effects
psoral en, which is capabl e of form ng photoadducts vevibli(h | ynphocyt e DNA

when expinsadetrtairt]gmdiaﬁﬂmﬂuoﬁioml bpradimang of Yosilyare e [SpkASHE Fipdiated
‘ T grept 4
Cr oot mor RGNS el it disolRpRahf 8t bRRnHads diindtelHealil

t her apy, fa8difet hoxypsoral en (8-MOP), a naturally occurring light-sensitive

conpound, is orally admnistrated to a patient prior to before ECP .
treat ment. mUswg:t%érhetann}at@bleér%mY gy Jyel trEahing ‘Pﬁ&l‘%ﬂﬂr?ﬁar‘ﬁ?ﬁaﬁ?%epaﬁ‘&ﬁ ent,

anti coagu| at ed, . ' i ' and
ool | 05 oithEt Sheqi A0RIobURMIN S fehing pRliSerdC RS BbfEqbihct S e dR! o, o
coat. ThehmMEBdsptecallyemay fnvdhe: théaiag tenpathiogehie hibod eellsl sl asdythpimeylesi

and intercalate Iin its doubl e-st randeai DNA. hel i X. bI n {}Pe ext rhz%ﬁorgorteal
circuit ,W@Walﬁh@Y‘P@"‘i“éﬂtﬂql? é«ageau%&aﬁwor %Wé‘}‘{]\if‘é’ﬁﬂ A SHIBGEPI¥adIRT Sy and
pr onot eswﬁtﬂ{?)érgﬂg{c%@\l‘ﬁ\%h&?eﬁioswﬁ)hﬁ?rrgﬁtati&i'VOD nol ecul es. The

phot oact 1 va al ter the pathogenic |eukocyte by cross-linking to
t he thym di neA specific type of phototherapy is extracorporeal photopheresis (ECP). An

20  application of ECP is for the treatment of cutaneous T-cell lymphoma (CTCL). In an
example of this therapy, 8-methoxypsoralen (8-MOP), a naturally occurring light-sensitive
compound, is orally administrated to a patient prior to before ECP treatment. During the
ECP treatment, blood is withdrawn from the patient, anticoagulated, and the white cells are
separated by centrifugation and collected as a leukocyte enriched fraction, also known as the

25 buffy coat. The 8-MOP molecules in the blood enter the white blood cell nuclei and
intercalate in its double-stranded DNA helix.

In the extracorporeal circuit, UV light is directed at the leukocyte-enriched blood
fraction and promotes the photoactivation of the target 8-MOP molecules. The
photoactivated 8-MOPs alter the pathogenic leukocyte by cross-linking to the thymidine

30  bases and prevent the unwinding of DNA during transcription. The fluid containing the
altered leukocytes is then reinfused back into the patient. The reinfusion induces a
therapeutically significant delayed immune attack that targets antigens on the surface of both
irradiated and unirradiated leukocytes of the same pathogenic clones. See PCT Application

WO 97/36581 entitled Photopheresis Treatment of Leukocytes, which is expressly hereby
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applications since some targets in the fluid will receive light that is attenuated by the non-
transparent material. This attenuation makes it difficult to predict how much light energy
should be delivered to the fluid to provide a desired amount of light energy to targets in the
25 fluid. |
Another source of light attenuation in fluids is stacking. Stacking occurs in a fluid
when material or targets in the fluid are not distributed uniformly on the fluid surface but
rather are located at different depths throughout the fluid. Therefore, for instance, targets in
the outer most layer of the fluid, closest to the irradiating light source, may be exposed to
30 incident light intensity, while the targets below the surface layer may receive attenuated light
energy.
Furthermore, the shapes of non-transparent material in the fluid and their alignment
can be a cause of light attenuation. For example, in photopheresis applications, non-targets in

the biological fluid may include red blood cells, which have discoid shapes with depressions
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non- 4o angped atrreuetd ddcBstdly 888Mkiethe amount of light energy required to deliver to the
fluid, in order to achieve the desired result.

A conventional way to reduce the effect of the attenuation of light in such applications
is to constantly agitate the fluid during irradiation. Agitation assists to produce uniform
exposure of the targets to the light energy, yet it does not directly address all the light

25  attenuating factors present in such applications. See PCT Application WO 98/22164, entitled
Blood Product Irradiation Device Incorporating Agitation, which is expressly incorporated
herein by reference. ,

It is therefore desirable to have a system for determining an effective amount of light

energy to deliver to fluids containing targets for the light energy, in order to deliver an

30 effective amount of light energy to the targets and, more particularly, to have a system
applicable to phototherapy and photopheresis systems for determining an effective amount of
light energy to detiver to a biological fluid containing targets for the light energy where an

effective amount of light energy is desired to be delivered to the targets.
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attenuation of the delivered light energy. In a specific embodiment, the fluid may consist of

saline. More specifically, leukocyte-rich buffy coat targets may be placed in saline and
irradiated to identify a light energy value whereby a desired percentage of the leukocytes will
gradually die over the course of a specified time after exposure to the light energy. In yet _
25  another embodiment, the selected fluid may consist of plasma. Sample biological fluids may
be obtained from donors. The targets in the sample fluids may then be irradiated with sample
light energy values to identify the effective light energy value. In a specific embodiment, a
computer processor may be used to determine the effective light energy value of the targets.
The fluid’s average light energy factor may be determined by accessing a light energy
30 factor table. In a specific embodiment, a computer processor may be used to determine the
average light energy factor.
In another embodiment of the present invention, the average light energy factor may
be calculated from the measurements of an average light energy value at a unit surface area of

the targets in the biological fluid and a light energy value at an incident surface of the
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for red blood cell concentrations in the biological fluid of up to about twenty (20) percent,
and more preferably for red blood cell concentrations of up to about seven (7) to eight (8)
percent.

In one embodiment, theoretical stacking of red blood cells may not occur. In another

25 embodiment, stacking of red blood cells may occur and a factor may be obtained. This factor
may, in a particular embodiment, be between 1 and 2, and more particularly about 1.5.

In a further embodiment, the irradiation time period required by a light energy source
to deliver the FLEV may be calculated once the target’s effective light energy value and the
fluid’s average light energy factor have been determined using one of the methods of the

30 present invention and used to calculate the FLEV. The irradiation time period may be
calculated from measurements of a volume of biological fluid value, a percent of red blood
cells value and a decay life value.

In another embodiment of the present invention, a computer system may be used to

determine the FLEV. This computer system may comprise a processor, memory and a



.said.biological fluid and the thickness for said non-targets. Furt her th
uni form thi ckness for the biol ogi cal fluid nmay be obtai ned by acddk 6]
uni form ness t abl

whi |. t hi ckness for non-tar.gets
obt o nou taBPURERRety More SeaiSraIRe helrompiE Bhacksl Y o B He et i ment
of the peaRitied d\DMih e efflBvANEH SRy Wille SMBE AYpeh Al SYtaiBcon to
cal cul ated fromthe neasurenents of a thickness ra %IO and the red bl ood

cel | per ebtaindhe avtrage hghtishergy dactert of theifldid ziﬂdé:)rraedlelmtbm@Igurqddo celculatee may

?groggﬂ:&e}tﬁ%&a CESSI a gq%g‘a%to&%&ag@ a:t%per ent @qﬁ t?t:: ﬁnogyhﬁ gret hod
measus enestpuedd fonﬁlcumtéafmatimu%mgﬁé éHodth?:r Phhasd FREV Islaeﬁv&e&lé&e @e red

bl ood cell Z0 percentage of the biol ogl cal fluid. The equations u
t hi s net taogetsraVheeadidatablised be cals@dte molFLEéfoknby alsdl cemhin anootdEner tatdbtais ai n

t he bi ol Qqi fl t bout t 2 d
or of er abiighey Je Vel rrabeliBuisPedourer d0F GAIBIr B AN Ea ?p%eef)tot o
ei ght  (8)braiped ¢ilkne okelo%g;ca@ MR TR b n%&rh&l%ﬂ:ﬁ ©Wbtaih @?géi-d%ﬂt Of reki®fodd 00d

cells may not occur. anot her 25 enbodi nent, stacki bIood cells
may occucdhndha factor nay be obtalned Thi s factor may, in a particular

enbodi nent , nor e rti rly abo l . In a

furt Ker errbod \éﬁf%n r&mtaﬁe ‘%IP?FECOEEEWS q &?fﬁ%rt ﬁlﬁ"ta" eqf%!‘\f’“eéﬁér gy
sour ce  auéler ih irgt fuds il ok SO ALk Ntceod RidiR bRy Tactbi @Bkl Ve

| i ght ~energy val ue and lurd's average |1 ght energy factor have been
det er m nbnhmﬁmgn@néumﬁnt,tﬁneohtemhocmf@mm dbtrip thesdfective lightt dnergyaveduaised t o

| cul atg the FLEV.. Th t | at ed, f
e onACEEE TR ar e A POIET b oAl e i rage Rt Sie By Fale OB 0od
cells vah:ues@mée ArcASF W tatdeR, Hﬁbblﬁmelr Boﬁﬁ?ﬁr@@fo &Jmﬁdu@%n&g{wﬁem gsent

i nventi on, Cco ut er syst em nay be used determ ne the
conplf er mggdgti g oEthpidlegical fbndaeé/goa calnelator porfigired toscalcidats Ahe @&mge

conputer ocess eci he co ter ess ri,se an
Coror ner LBl ARESS Bl MERSEHferby o phiel SOIHRE BloBR B B e S b RC of
target, ﬂﬂn@i@lﬁeﬁﬂ duefac€ onfhie %Etﬂ@gicil(ﬂm@ lﬁi@l d%ntaﬂ?mﬁé{&é%? cd)rhfﬂéﬂre@ﬂﬁicﬁkssf@ﬁ or
of the fluid and/or a cal cul at or conflggred to calculate the FLEV. In a

speci f i cavempsdighbenergy relue atl aninaidont ssage obthe didlegiaaldluid sable. mudfeapnal so be
> confi g%y ggo{g r@glufé& Blatcdl ah Eufreaglgéa Il'gl% n%r m':VaRJeralt %tgxﬁﬁce\@rég pclbli he FLEV is

dellver
The obtainer configured to obtain an average light energy factor may contain an

obtainer configured to obtain a thickness ratio, an obtainer configured to obtain a light
transmittance value of a known fluid thickness and/or a calculator configured to calculate the
average light energy factor for the biological fluid. More preferably, the obtainer configured
to obtain a thickness ratio may contain an accessor configured to access a thickness ratio
25  table, and the obtainer configured to obtain a light transmittance value of a known fluid
thickness may contain an accessor configured to access a light transmittance value of a
known fluid thickness table.
In a further embodiment, the obtainer configured to obtain the thickness ratio may
include an obtainer configured to obtain a uniform thickness for the biclogical fluid, an
30 obtainer configured to obtain a thickness for the non-targets and/or a calculator configured to
calculate the thickness ratio. More preferably, the obtainer configured to obtain a uniform
thickness for the biological fluid may contain an accessor configured to access a uniform
thickness table, and the obtainer configured to obtain a thickness for the non-targets may

contain an accessor configured to access a non-target thickness table.
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Methods and articles of manufacture consistent with the present invention may
involve the functions and operations performed by the described systems and the components
thereof.

Other objectives, features, and advantages of the present invention will become

25 apparent from the following detailed description. The detailed description and the specific
examples, while indicating specific embodiments of the invention, are provided by way of
illustration only. Accordingly, the present invention also includes those various changes and
modifications within the spirit and scope of the invention that may become ai)parent to those
skilled in the art from this detailed description.

30 '

BRIEF DESCRIPTION OF THE FIGURES

The accompanying figures, which are incorporated in and constitute a part of the

specification, illustrate embodiments of the invention and, together with the description, serve

to explain the objects, advantages and principles of the invention.
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as non-targets according to an implementation of the present invention.
Figure 9 is a flow diagram 900 of the steps performed by the photoactivation program
314 when using a stacking equation to calculate the average light energy factor for the fluid
according to an implementation of the present invention. .
25 Figure 10 is a graph of the average light energy factors as a function of percent
hematocrit at different fluid thicknesses according to an implementation of the present
invention.
Figure 11 is a table providing an exemplary single lamp decay value over time.

Figure 12 is a graph of average single lamp irradiance measured at a distance of 25

30 cm from the center line of a lamp over time.
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Non-target -- Non-targets include material that attenuates light energy, yet are not

the intended targets for light energy. Non-targets include red blood cells and platelets.

20 Biological Fluid -- Biological fluids include fluids that carry targets and/or non-
targets and that have the capacity to support biological targets. Biological fluids may include
whole blood, plasma, synovial fluid, amniotic fluid, and spinal fluid, in addition to carriers
such as saline or other known media, preferably compatible with biological organisms such
as cells and tissues, and combinations thereof. .

25 Photopheresis -- A type of phototherapy in which fluid is extracted from a donor,
exposed to light energy, and returned to the donor. In a particular embodiment, the extracted
fluid, such as whole blood or portions of whole blood (such as buffy coat), may contain
targets. CTCL ECP is an example of photopheresis.

Photoactivation -- Photoactivation is a process in which a target is changed {(e.g.,

30  manipulated, altered, stimulated, or activated) by exposure to light energy. An example of 2
target undergoing photoactivation is the drug 8-MOP used in CTCL ECP which, previous to
photoactivation, s inert. Exposing thfs drug compound to light energy activates it to a form

that can cross-link lymphocyte DNA.
Light Energy -- Light energy is the form of energy that reacts with targets, such as
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Phot opher'88} Yradiatign ©f gasgess ogsmes: ot herapy in which fluid is extracted froma
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bl ood (s orcaterid thtat i the dominant light a@t@ﬂﬁaﬁin@ non-target material in a fluid.
Thickness Ratio -- The thickness ratio is the ratio of the uniform thickness of the fluid
20 to the average thickness of non-targets in the fluid.

Irradiation Period -- Trradiation period is the time period that the light energy source
irradiates the fluid containing the targets.

Reference will now be made in detail to implementations of the present invention as
illustrated in the accompanying drawings. Wherever possible, the same reference numbers

25 will be used throughout the drawings and the following description to refer to the same or
like parts.

Light irradiation methodologies, as discussed above, involve the delivery of light
energy to a target to achieve a desired result. The targets may be carried in a inedium (eg.,a
fluid) during light irradiation. In a particular context of the present invention, the amount of

30  light energy delivered to targets in a fluid that contains essentially no non-target light
attenuating material, in order to achieve the desired result, is the TELEV. Indeed, non-target
materials may also be present in the fluid, which may result in the attenuation of the light
energy that is desired to be delivered to the targets. Accordingly, the present invention, inter

alia, accounts for the light attenuation of the non-target material present in the fluid by
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i rradiates t h8irkck thedmatenekinmi fhyd iy at@nepe tight energy otherwise desired to be

delivered to targets in the fluid, the fluid requires additional light energy exposure to
maximize the probability that targets in the fluid receive their TELEV. The amount of light

20 energy needed for delivery to the fluid to maximize theiprobability that the targets receive the
TELEYV is referred to as the Fluid’s Light Energy Valué (FLEV). The FLEV is based, in
part, on the light attenuation characteristics of the ﬂuidiand material therein, and may be
determined by the methods and systems of the present invention.

As discussed above, light attenuation in the ﬂuiﬁ may occur for numerous reasons. _

25 For example, attenuation may occur if the fluid being itradiated contains target and/or non-
target material that are not entirely transparent. Also, attenuation may occur if the fluid
sample being irradiated supports layers of targets and/or non-targets. In addition, the shape
and alignment of the individual targets and/or non-targéts may influence the ciuantity of light
attenuation. '

30 - In one embodiment of the present invention, the FLEV can be calculated by
determining the TELEV and the percent of incident ligliilt energy that will be delivered to an
average unit area of fluid. This percent is referred to as the fluid’s Average Light Energy

- Factor (ALE Factor). Once the ALE Factor is known, the FLEV can be determined as

follows:
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are a nunber of conventional approaches that can be uséd t'0 0 he
TELEV. Sone of these approaches are discussed later in nore detail. Indeed,
TELEV val ues En?% lpre=\(,j£t @%m ned and may be 15 available in the nmenory of
a conputer system G€84 Wt h“Phe present invention, e.g., in a | odkDup
table. Since the material in a fluid my attenuate |ight, energy otherw se

desired to be . .
20 The following provides exemplary means for determining the ALE Factor, taking into

consideration the light attenuating characteristics of the fluid and its components. By way of
example, in CTCL ECP applications when a buffy coat suspension with a uniform film
thickness (D) is irradilated by an UVA light with an incident irradiance (fo) at the fluid film
surface (mW/cm?), the Eo delivered at the fluid surface during a given irradiation period () is

25 expressed by equation 1.2:
Eo=1Io*t (1.2)
Buffy coat suspension is partially transparent to the UVA light. Accordingly, this

30 fluid attenuates the irradiance of the light at a given point inside the fluid. The degree of

attenuation is a function of absorptivity of the fluid and the light penetration depth from the
fluid surface.
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‘containing the targets or stacking), the light energy reaching the targets
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ener gy actual l rﬁgfhes the targets. Thus, the 10 ALE Factor is 0.1, i.e.,
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In =Ilo*(T;) (1.6)

20 The average irradiance value (/a) over the whole range of the fluid film thickness (D;)
can be calculated by integrating over the range of the fluid depth and dividing it by the film
thickness:

Ia= ro[(ﬂ {f Ij"d,} an

25  where N = D,/D; and the ratio of [a to lo is:

- Iaflo {(}:}-) { Tl"d,,] : (1.8)



In a, particular enbodi nent of the invention, the ALE Factor may be

determ ned by 15 dividing the |ight energy delivered at the unit ij%:[ﬁ
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given irradiation period (t) is 25 expressed by equation 1.2: Eo =10 * t
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absorptivity of the fluyi d and the Iight penetration depth fromthe fluid
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the fluid betweegn |tsNir1ﬁzl:I)a t surface and a given point in the fTuld at a
di stance (D) can be expressed as: T =10"(-a*c*D,) (1.3) 5 where a is the
| i ght absorptivity of the fluid (cn2/gr) and c¢c is the concentration of UVA
absor bi ng conﬁqnent inthe fluid (gr/cnB). Equation 1.3 can be expressed
as: 10 Twhere ¥@sthegatigohy upifeme fibh thickndse Dicsr) 4o the rondargehnorn-trahsparant
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the fluid filmthickness (Dr) . . i
target is dominant when compared to any other non-targets. It is the predominant light

attenuator. The accuracy of this calculation may be maximized in situations where the target
and dominant non-target material in the fluid are uniformly distributed throughout the fluid,
e.g., by stirring.

15 Equation 2.0 is particularly applicable to partially transparent fluids and, in particular,
can be used in photopheresis applications to estimate the average amount of UV A light
energy delivered to white blood cells in a well stirred buffy coat suspension. In a specific
embodiment, when the application is used with fluids containing red blood cells (with a
thickness of about 2 * 10 cm) as dominant non-target, light attenuating material, equation

20 2.0 becomes:;

1
E/E =— 2.1
af Eo=— 2.1

where A is the hematocrit value of the fluid.
25 An additional exemplary way to determine the ALE Factor, preferably when the fluid
comprises a dominant attenuating non-target such as red blood cells, is to use the following

stacking equation:




can be calculated by integrating over the range of the fluid depth and

dividing it by the film thickness: la =to (N) r T,"d,, 25 where N = Dr/D1
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(::*R’ +2%d*R)*S

2

Y=

(2.3)

where R (cm) is the average radius of the non-target, d (¢cm) is the average thickness of the
15 non-target, and § is the stacking factor.
When red blood cells are the dominant attenuating non-target in a buffy coat

suspension, equation 2.2 becomes:

Eaf Fo=—L 2.4)
Y*H*D
20
where H is the hematocrit value for 1 ml of buffy coat suspension.

The following provides an example of how the stacking equation and stacking factor
may be derived. Tuming to the exemplary CTCL ECP methodology, red blood cells have a
diameter of about 8 * 10 c¢m and thickness of about 2 * 10 cm. There are two extreme )

25  cases of orderly aligned situations for the red blood cell distribution in the buffy coat
suspension. The first is where all RBC’s are evenly distributed in the cube and aligned in
such a way that their interference to the UV A irradiation is maximized. In another words, the
discoid sides of all RBC’s are in perpendicular position against the incoming UV A light rays.
The second is where all RBC’s are evenly distributed in the cube and aligned in such way

30 that their interference to UV A irradiance is minimized. In another words, the discoid sides of
all RBC’s are in parallel position against the incoming UV A light rays.

In the CTCL ECP context, RBC’s are preferably randomly distributed in the

suspension and the effect of the interference could be somewhere between these two



Ea/Eo= 1 N 41 4 .10) , (2.1) where His the hematocrit value of the fluid.
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where C is the RBC concentration (number of cells/ml) in the buffy coat suspension. Thus,
the maximum possible fractional area (Fa) that could block UV A irradiation in a given slice

is:
15 Fa=Ns*r*R* =C*d*n*R? (2.6)

where R is the radius of the RBC.
The theoretically minimum number of slices that is required to block the UVA light

completely in one square centimeter of irradiated surface area thus is 1/Fa. In order to achieve
20 this, no red blood cell should be shielded behind another red blood cell. The total number of

the slices in the cube is 1/d. Therefore, in one cubic centimeter volume of the buffy coat

suspension, there are (1/d)/(1/Fa) times of (1/Fa) slices. It follows that one cubic centimeter

(or unit volume) of buffy coat suspension contains a total number of slices that can

theoretically shield (1/d)/(1/Fa) times of one square centimeter area (or unit area) from the-

25 UVA light. Substituting for Fa in equation 2.6:
(/d)/(1/ Fa) = Fajd = C* z* R’ 2.7)

- In this instance, no red blood cells are shielding other red blood cells from UVA light.
30 For example, if the hematocrit is 5%, the first slice will block 5% of the UVA irradiation and
the second slice will block additional 5%, and so on. The last layer in the 1/Fa slices will
block the last remaining 5% of the UVA light, thereby blocking the light completely. Under
this condition about slightly less than half of the fluid, including the target cells within, is



may be derived. Turning to the exenplary CTCL ECP net hodol ogy, red bl ood
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i .e. no TEUIELE formation, because of |ow hematocrit in buf fy coat
suspgnsions. 5 Considering a situation where light interference by RBC s is
maxi m zed, each cubic centinmeter (m) of the buffy coat suspension could

be sliced i nt{d/d)/Q/Es)=<é&s/deCE nt RE*She thickness of the red KPSdd cells.
Accordingly, the nunber of RBC s in each slice is: Ns=Cl(l/d) =C*d (2.5) 10
where Cis the RBC concentration (nunber of cells/m) in the buffy coat

suspensi.Qn. Thu t.he . maxi 0SS f i I | d
bl onke Ve ahuRE e S RE T AR ER D p iR B8 Indh Rbetfen dlinaiil 1,
where R is t%lfﬁqﬁglﬁsiﬁfilafrﬁﬁalﬁﬁﬁ-eqﬁhﬁoﬁtl.eofeedrhésal | y mini num nunber of

slices that is required to block the UVA light conpletely in one square
centismeter of irradiated surface area thus is I/Fa. In order to achieve 20

this, no redn@bﬁf/gv%\j)lz PQ?&":dCQQ*SﬂEUFd behi nd anot her red bl(ggg cell.

The total nu

where d” =2*R.
Equations 2.8 and 2.9 represent two opposite extreme cases of RBC light attenuation.
20  In practice, RBC attenuation of light is somewhere between these two extremes. If we take

the average of these extreme cases as an estimate for the situation in practice, the equation

becomes:

(Fa/d)ave = ((Fa/d) +(Fayd))/2 = C*((z*R?)+(2*d*R)|*S /2 (3.0)

25
For human blood buffy coat suspensions we can approximate R = 4 * 10*cmandd=
2 * 10™ cm for red blood cells. Accordingly, equation 3.0 becomes:
(Fa/d)ave =33.12*C*S*10° (3.1)
30

Equation 3.1 represents multiples of number of slices, which can block completely the

incoming UVA light through one square centimeter area, in one cubic centimeter volume.



the slices in the cube is |I/d. Therefore, in one cubic centinmeter volunme of

“the buffy coat suspension, there are (1/d)/(1/Fa) tinmes of (1/Fa) (g ixNeHd!

It follows that one cubic centineter Léjor unit. volune) of buffy coat
suspensi dnswaingdhnbully cent suspansior instste thisione subip gentampter volugedel wait volumig) e o

AT R TR P BRI A0 g o S e

R 2 (2. TorlunittdredH winddwMes bexpfeeseddsood cel I's are shiel ding other red
bl ood cells from UVA |ight. 38 For exanple, if the hematocrit is 5% the

first slice will block 5%of the UVA irradiation and the second slice w |
bl ock additional 5% ,and .so on, e t en, in the t/Fa slice i1
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equation 2.7 gﬁ%‘f"é@?@t@ﬁ“ﬁ%%m (1/d)1(I/Fa) = Fad = C*,r*R2 * S
(2.8) The val ye=0fradibGorsireg ity factor, S, in ECP applications, thus may be
bet ween one and two. Following a simlar analysis, equation 2.8 becones:

15 (1/d")"' (1/ Bb=)Buffyrepat flm thigknresgoem d * R * S (2.9) where d'= 2 * R

Equatjons 2.8 an r esent t oppPshi € ,6XL T cases of RBC |ight
atteﬁutati on. cg_oileﬁbz?@g‘ﬁlcfgfm%&gg’f’ténﬁa 0 8o‘f’enl?’{%lht i s somewhere between
these two ext 1EARfemdiberitRf HiRKALfY coat suspension, %

S = Stacking factor, dimensionless number between 1 and 2.

Substituting S = 1.5, the average of 1 and 2, as an estimateand C=1.1*H * 108,

20 equation 3.2 becomes:
Ea = Ev[(54.65* H) (3.3)

Substituting Ev=Eo*A /V and V = A*D: )
25

Ea 1
Eo (5465*H*D)

(3.4)

- Equations 2.0 and 2.4, when applied to a fluid containing red blood cells as the
dominant attenuating material, predict almost identical ALE factors up to a red blood cell
30 concentration of about 20%, as represented in Figure 10. At higher red blood cell
concentrations, where the theoretical condition assumed in the stacking equation deviates

further from the real situation, the difference between the two equations becomes predictably
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delivery system may be made. The delivery system calculation determines what irradiation
time period is needed to deliver the FLEV to the fluid, taking into consideration a variety of
factors related to the light source and its present ability to deliver light. This calculation may

15  preferably take into consideration factors such as the shape of the light source, the lamp
decay over time, the size of the light beam, and the volume of the fluid being irradiated.

The variable L (mW/cm?) accounts for decay of the output of the light source over
time and depends upon the properties of the lamp source used, preferably measured at a fixed
position from the lamp center line. By way of example, L may be determined by taking

20 hourly measurements of an exemplary lamp over the lamp’s lifetime. As time progresses, the
lamp intensity decreases. In a specific embodiment, once the hourly measurements are
plotted, an equation can be created to match the measurements. Then, the equation can be
utilized to determine the value of L by merely knowing how many lamp hours have been
used. In an alternate embodiment, a database containing the lamp life measurements can be

25  directly accessed.

For example, in a particular embodiment of the present invention, Figure 11
represents, in a prototype look-up table, the L value (mW/cm?) over 150 hourly
measurements for a lamp utilized in the UVAR® system taken 25 cm from its center. These
measurements result in the following single lamp trradiance decay equation:

30

L=a+b*x 03 %inx) +c*iInfx) (3.5)

The L value allows one to adjust for lamp life in determining the length of time the



Substituting Ev = Eo*A/ V and V = A*D. Ea 1 Eo (54.65*H*D) (3.4&l !
Equations 2.0 and 2.4, when applied to a fluid containing red bl ooltl§ d&N 7604 ?
as the dom nant attenuating material, predict alnost identical ALE factors
up to apf Qetagfatds tROtaFRRCRNchRVE Bt debireébestilt. 2Biedam theprabesbéd in |
. Figure ilgﬁpsgpl'ﬁ gﬁer red bl ood cell concentrations, wher_egi hg t heoreti cal |
condi t i Gigas$ Uekxiempliry sigkclampgrrediante dnaayieqyatioa ds dgteRpiRed WhETs f aMals, eal

ituati the diff f the t ' 7 odi -19 ‘
o 5 SANCR62E s bmanls 4 TR OBED, pefc B E LIS RO ERARRR AN D00

It may b ADEGAPRARRE f&iRe HiShtUdGrcd Wakid ad e stdked aid aeusdiylelfovexaanldl ood
cell concentrations (e.g.. less than 0.2%, where the attenuati on caused

by the phawstem emmuorpenin afookhe tablepensi on itself is no longer negligible
i i ith th ti duced t

cquati on 3. 4 In ey LEAER et e HiF e Va0l B B e borbeen

cal cul at.g %Fﬁlﬁoef‘tg%ﬁ% Qb d ¢ vl dogEsusPénsTERAS eceieaital thfougha setprfing m

t hi ckness 0 ol ogrc uid’and the red bl ood cell percentage of the
bi ol ogi g;ath infideitieh pHbibeacegatadn dvasbes eBhe Wpod fils thiekness it cheambgrds Bicabl y

of up t GamReoyt | ATIBicEor i APoRULE BieBreraBlY reaech vRE b AT BT
e B0 B et B R B e B 0e o | e Speci1e

the PL onal cal cul ati on based on the specific
light delduiesfUVysstremgyrdsliveesdtadise edthenlod]cirgulating buffy spatsusnssion §an be

determ nes what irradiati t] per.i | ee to deliver the FLEV to
the f1 uicdlcutatad nkhis ¥ °b%£i§|1(?é"'egﬁldﬂt%e ggr"ﬁ%@ﬁysﬂ%‘%‘famors related to the
light source gpdrbhSnes 656V RlitkédotinQhslalrfateiof tedtaiget déllssin tied suspaitsionn may
15 preferabl yﬂ{&aﬁ% ?ﬂto consi%iratior?tgf actors such as the shape of the

li ght sdsnteuatetidytheped Weodgellsiin the light pathh dhsireéblepdcgl 1s 3lFest mamistelyng

t he vol une of the i.d i.ng i.rradi at.ed. . ' ) accounts
for Hecdpagpe tPHEe Hﬁ}tfgﬁr&hgﬁl?‘%é trqu‘éﬁ?mé%?ﬂscg%g%%@{ak%e%gﬁ%ﬂ epends upon the
propertigsnefiohdt theiudiRbé GAniissly pRipphesmablothepabbived ceil cancentxatbn in
position fromthe |anp center line. By way of exanple, L n% be %etlerm' ned
by t aki rthe light path. The concentration of white blood cells is about one order ol magnitude less
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than red blood cells. Therefore, the amount of attenuation caused by the white blood cells

20 will be insignificant and may be ignored in the derivation of irradiation time equation.

The total amount of UVA energy delivered to the each ml of the circulating buffy coat

suspension can be expressed as:

Ev=k*H (3.6)
25
where Ev = Total amount of UVA energy delivered per unit volume, Joules/ml
k = Proportional constant
H = Hematocrit.
_ 30 In the UVAR® system, the value of Ev is 255 Joules/ml and the average hematocrit

value is about 3.5%. Therefore, k = 255/3.5.
UVA energy is delivered through the irradiation chamber and to the surface of the
buffy coat suspension film inside the irradiation chamber while the buffy coat film is flowing

inside the irradiation chamber. The total amount of UVA energy delivered to the total




20 hourly neasurenents of an exenplary |lanp over the |anp's Iifm)[i)m@?
time progresses, the lanp intensity decreases. In a specific e | ,

once the hourly neasurenents are plotted, an equation can be created to

mat ¢ch t ho, NRRVHR BRI Pcoal RePenditie cafibiaddlANated by RRultiplyingitieirddandeaeblabde

_the value of L by nerely know ng how many |anp hours have been used. In an
al t er nat éilre srfatier(émoygheathe gharhberev alintheiimadigtianperiodppd the Bradisted blead Ml can

be 25 directl C ed. For .exanple, in articul.ar ' -of the
o esent  FisFoftio e Y Gumerarsiel g dpls Vol By, GRS sBHEH BT BhiGipe % 1
L val ue {yiWaciuht VOV ALGRr RPUHVEred BB 6B Stal BEffRcbARspEnbioha@thrd) t he
WAR(r) systemtaken 25 cmfromits center. These neasurenents result in
the follow ng single lanmp irradi ance decay equation: 30 L =a+b*(x)

0. 5*1 n(x) +c*| n(x)gvg*. B%) The* L, qujll ue allows one to adjust for lanp life in
determning the | tHOBF AT he -20 0 8 JAN 2004 1 ght sourc?;,)
irradiates thétargets tp achieve the desired result. Based on the L val ues
of Figure 11, an exenplary single |anp irradi ance decay equation is

determ ned where a equals 0.78552878, b equals -0.00059106023, and c

equal s -0.,032384473., Thi s uation, a | | the table for L values for
the Ii ghf”hgli?u%c‘fe_ Hg'ﬁ g gﬂgfregé)c’gtugﬁg\é? e:d%‘/z'%:lcessi ble for exanple, 5 in
syst em menor y [9& (VA drhdifceli? blcval §lm dudfacbanwsenbl ary UVAR(r) system the
photo activation chanber is |ocated between two banks of UVA | anps and the

buf f y0 coat sudpaietaef tleod Sl imadiated inside ivadistion slamhar: 1330 c®yat h i nside the
phot oacti vati gn .ch er. 7T hl filmthickness in the chanber is the
O IARERLRerio e

sane, about 1. 4 bl ood fil mthickness, with hematocrit

val ue at | easty ametuguffp cbftwupssnsidRtvoliri€in the aidiwlationdobl/Anl.i ght i s
conpl etely absorbed by the blood filmand the total. anmount of UV, .energy
del i ver edhe owitiplicatiom tastorsf1090 mad 169; may be ytifized for unik cRrsration frpre yllpatts t

cal cul at %m&@ﬂﬁ%gﬁféﬁo géqnn&:?u' es/m in the UWAR(r) system The

i rradi ance 0 reaching the surface of the target cells in the
suspension is attenuated by the red blood cells in the light path. The red

bl ood cell is alnpst conpletely 15 opaque to.the Alight., U these
condi tions, i Combippgsations 3tandsy frandisphsutytng f%ﬁ@aﬁ %Ao'f ?ﬁcm e
i rradi a”ﬁ?adiﬁidn%%ﬁ%bﬂb@éﬂﬂ%steh%a' to the red blood cell concentration in

loee =0.9128*60*H*(V/A)/Io (3.8)
.20
The equation for the average irradiance value, lo, of the UV A light at blood film
surface inside the irradiation chamber can be derived as follows.
The UVA light reaching the surface of the blood film inside the UVAR® irradiation
chamber comes from a light set consisting of nine (9) lamps. In the instrument light box, the
25  UVA light passes through UV A transparent glass and the acrylic irradiation chamber wall
before it reaches the blood film. Also, the UVA output is not uniform along the length of the
tubular fluorescence UVA lamp. The output is higher in the middle section of the lamp and
lower near the ends of the lamp. Therefore, the average irradiance value of the UVA light
reaching the blood film can be obtained by rrieasuring the irradiance at points along the light
30 set and calculating their average value. However, since lamp output decays over time, it is

extremely difficult to measure all points simultaneously at a given lamp time. As described
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Join Equatlon 3.8 can be expressed as:
15 Jo = k* L*[T/100] (3.9)
where k = Irradiance ratio of the light box and single lamp, 22.9

L = Single lamp irradiance, mW/cm®

T = Percent UVA transmittance of acrylic irradiation chamber, 92%.

20
Substituting equation 3.9 for o in equation 3.8 and actual values for corresponding
varniables, the irradiation time equation 3.8 becomes:
=(259958*V *H)/L 4.0) -
25

where L is the single lamp irradiance expressed as a regression line equation based on
measured data points shown in Figures 11 and 12.
In an exemplary UVAR® system used in CTCL ECP applications, the following
- equation 4.1 is used via the methods and systems of the present invention to determine

30  irradiation times:

_(9128*V *H)
T (Trr*L)

(4.1)
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foo = (4.3)
= (92*239*L)
Collecting constants gives:
249081*V*H
2 i . ) (4.4)

1
Referring to Figure 11, and using the following parameters:
lamp age = 2.7 hours

25 V=210ml

- H=29

The L value at lamp life of 2 hours is 7625 in Figure 11. The L value at lamp life of 3
hours is 7488, Linear interpolation using integer arithmetic gives:

30
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Substituting equation 3.9 for lo in equation 3.8 and actual values for
correspondi nghepéfré:abl es, the irradiation tinme equation 3.8 becones: t =
259958 *V * H'L (4.0) 25 where L is the single |anp irradi ance expressed
as a regression line equation based on neasured data points shown in

Figures 11 and 1 5 dq « f:rrpl ary WAR(r) systemused in CTCL ECP
applications, th 41 Iﬁ@a 23 —egyatdonidsimis used via the nethogs6land
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(91.28*Vv*H) (T*k*L1) (4.1) - 23 0 8 JAN 2004 where tn;n = Irradiation
time, mnutes V = Volune of the fluid in the treatnent/recirculation | oop,

M H = Hemauack v A R@insindferdt “fnld POSHC Lhbodfind, isks 8 RiniPbari8aThE lamKk =

23.9 (a constant ased on a ratio o?i the intensity of one | anp neasured at
one  pOhpds dfithdsB@ariltsuiad differ] ied ihabetisaltyy sotart their émadinton timg tales.iTo t he
UVAR(.r ) acc%%i;[ t%pttiis, the complete calculation is preferably run twice, once for each lamp bank,
10 and the values may be averaged. This value is the photoactivation time. Once the calculation
is run the time remaining is preferably immediately decremented by the amount of time the
UV lamps have already been on in the UVAR® system.
Once the irradiation time period is calculated, the present invention contemplates the
additional step of delivering the light energy, for that period of time, to the fluid containing
15 targets. In a particular embodiment of the present invention, the system then may instruct the
photoactivation device to deliver the FLEV to the fluid for the determined irradiation period.
This may be accomplished via computer or any other known methods. Indeed, the methods
and systems of the present invention contemplate the predetermination of any of the variables
such as TELEV, FLEV, thickness ratio, irradiation period, uniform fluid thickness, non-target
20 thickness, and/or hematocrit value in the buffy coat. Any or all of these predetermined
variables may be accessible by the user, e.g., available in tabular form, and, in a particular
embodiment of the present invention, stored or accessible in computer memory. .
In order to assess the accuracy of the calculated amount of UVA energy predicted by
equations 2.0 and 2.4, an equal number of lymphocytes were suspended in clear phosphate
25 buffered saline and in a buffy coat suspension with 3.5% hematocrit. These two suspensions
were exposed to a UVA light in the presence of 100 ng/ml of 8-MOP. Controls were also
provided in which no 8-MOP was added to the suspensions. The degree of the injury to the
cells by this treatment at the same 8-MOP coxiccntration is dependent on the UVA energy
dosage and can be measured by the cell viability.

30 The irradiation periods were calculated by equations 2.0 and 2.4 to deliver

approximately 1.4 Joule/cm?® of UVA energy to the lymphocytes in the fluids. Since the
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5 of both samples were around 19% or less seven days after the irradiation while that of the

e cells.

untreated control sample was around 85% or higher. This result shows that the lymphocytes
in the phosphate buffered saline and the buffy coat suspension received the same amount of
injury and resuitant cell death. Indeed, the lymphocytes in both samples received the same
amount of UVA energy as calculated by each equation.

10 Equation 2.0 may preferably be used with any partially transparent solutions or
suspensions. It requires an accurate transmittance (T) measurement of a known thickness (D)
of the fluid, preferably under conditions where the materials in the fluid are homogeneous.
Equation 2.4, may be particularly applicable with fluids comprising red blood cells.

Referring to the associated Figures, in a specific embodiment of the invention, Figure

15 1 depicts a extracorporeal photopheresis system 100 as an application of phototherapy
according to the present invention as applied to the treatment of leukocytes. See PCT
Application WO 97/36581. The phototherapy system 100 includes a photoactivatable drug,
8-MOP 110, a patient 120, a biological fluid extraction device 130 for extracting blood, a
centrifuge device 140 to separate out the buffy coat from the blooﬁ, a photoactivation device

20 150, a fluid (i.e., buffy coat ) insertion device 160, and a blood insertion device 170. One
skilled in the art will appreciate that system 100 may contain additional or different devices
and can support a variety of phototherapy applications, as mentioned above. See U.S. Patent
Nos. 4,921,473, 4,838,852, 5,147,289, 5,150,705, 5,383,847, 5,433,738, and 5,459,322, each
of which are expressly incorporated by reference herein and relate to various applications to

25 which the systems and apparatus of the present invention can be utilized.

Figures 2A and 2B depict a flow diagram 200 of the blood in the photopheresis
system in Figure 1. The first step is to mix the patient’s 120 blood with S-MQP 110 (step
202). In the present embodiment, the patient 120 is orally administered the 8-MOP 110 and,
over the course of a few hours, the drug mixes with the patient’s 120 blood. Next, after the

30 drug 110 sufficiently interacts with the blood (step 204) an amount of blood-drug mixture is
extracted 130 (step 206) and transferred to a separator, such as a centrifuge device 140 (step
208).

After the blood-drug mixture is transferred to the centrifuge device 140, the centrifuge

device 140 separates the mixture (step 210). A particular centrifuge device uses an optical
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If the non-target fluid contains the desired hematocrit percentage, then the centrifuge
determines what separated fluid it is processing (step 214). If the centrifuge is processing the
non-target fluid, then the centrifuge combines the remaining separated plasma with the
separated red blood cells and transfers the mixture to the separated blood insertion device 170

25 (step 216). Then, the blood insertion device returns the red blood cell/plasma mixture to the
patient (step 218) and processing stops.

If the centrifuge is processing the target fluid, the centrifuge then transfers the target
fluid to the photoactivation device (step 220). Step 220 and step 216 may happen
concurrently. The photoactivation chamber 150 then irradiates the fluid for a period of time

30 (step 222). Computer 300 controls the photoéctivation chamber 150 as illustrated in Figure 3
and described in the corresponding discussion. The target fluid, now treated, is then
transferred to a fluid insertion device 160 (step 224). Then, the target insertion device returns
the red blood cell/plasma mixture to the patient (step 226) and processing stops.

Figure 3 is a diagram of a computer 300 for controlling the photoactivation device
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fluid containing targets whereby the targets in the fluid will receive an effective amount of

light energy. The first step performed by the photoactivation program 314 is to obtain the
TELEV (step 402). The desired result is previously defined and is based on the phototherapy
application. For instance, when photopheresis is used to treat CTCL, the TELEV applied to

25  the leukocytes preferably causes at least fifty (50) percent of the leukocytes to gradually die
within six (6) days after exposure to the light energy.

The TELEV may be obtained by accessing, for example, a look-up table 315 that
contains TELEV data. In an altemative embodiment of the present invention, the
photoactivation program 314 may obtain the TELEV via the input device 350. Figure 5

30 illustrates how the TELEV may be clinically identified once the desired result is known.

Once the TELEV is obtained, the next step is to obtain the average light energy factor
for the fluid (step 404). The ALE factor is the percent of incident light energy that will be
delivered to an average unit area of fluid. The ALE factor may be obtained by accessing the

portion of the look-up table 315 that pertains to ALE factor data. In an alternative
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pr ocessi . t id, the centrifuge then transfers the target
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photHac (7igad Fh % RAREE S S ASCTHA G LR e, TEATgH Ry ey bé Soilined from
knowing the uniform thickness of the fluid and knowing the percentage of hematocrit or red
blood cells in the fluid. The description that accompanies Figure 9 illustrates such a
procedure for obtaining the ALE factor.
After obtaining the ALE factor, the next step is to obtain the FLEV or the amount of
25 light energy needed to be delivered to the fluid so that the targets in the fluid will receive the
TELEV (step 406). In a preferred embodiment, the FLEV can be calculated by knowing the
TELEV and the ALE factor and using equation 1.0, as described previously.
After obtaining the FLEV, one may then obtain the irradiation time period (step 408).
The irradiation time period is the amount of time needed for the lamp or light energy source
30 to deliver the FLEV to the fluid. The irradiation time period is obtained by accessing the
portion of the look-up table 315 that pertains to irradiation time period data.
In an alternative embodiment of the present invention, the irradiation time period can
be calculated. Factors that might be considered in irradiation time period calculation are

lamp decay or power, the shape of the lamp, or the volume of fluid to be irradiated. In an
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program 314 when obtaining the ALE factor. This procedure for obtaining the ALE factor

may be used for any fluid containing targets. The first step to obtain the ALE factor is to
obtain the average light energy value at the unit surface area of the targets in the fluid (step
602). The average light energy value at the unit surface area can be obtained by accessing the
25  portion of the look-up table 315 that pertains to average light energy value at the unit surface
area data. In an alternative embodiment of the present invention, the photoactivation
program 314 may obtain the average light energy value at the unit surface area via the input
device 350.
The next step is to obtain the light energy value at the incident surface of the
30  biological fluid (step 604), The light energy value at the incident surface can be obtained by
accessing the portion of the look-up table 315 that pertains to light energy value at the
incident surface data. In an alternative embodiment of the present invention, the
photoactivation program 314 may obtain the light energy value at the incident surface via the
input device 350. The ALE factor may then be calculated using equation 1.0 (step 606).
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a known fluid thickness (step 704). The irradiation period can be obtained by accessing the
20  portion of a look-up table 315 that pertains to light transmittance value of a known fluid
thickness data. In an altemative embodiment of the present invention, the photoactivation
program 314 may obtain a light transmittance value of a known fluid thickness. The ALE
factor may then be calculated using equation 1.1 (step 706).
Figure 8 depicts a flowchart 800 of the steps performed by the photoactivation
25  program 314 when obtaining the ALE factor. This procedure for obtaining the ALE factor
may be used for biological fluid that comprises red blood cells as non-targets that attenuate
light energy. The accuracy of this equation may depend on how well the fluid is stirred. The
first step to obtain the ALE factor is to obtain the thickness ratio (step 802). The thickness
ratio is the ratio of the uniform thickness of the fluid and the average thickness of the non-
30  target in the fluid. The non-target is the material in the fluid that attenuates light energy. The
thickness ratio, the uniform fluid thickness, and the non-target’s thickness can be obtained by
accessing the portion of the look-up table 315 that pertains to thickness ratio, the uniform

fluid thickness, and the non-target thickness data, respectively. In an alternative embodiment

of the present invention, the photoactivation program 314 may obtain the thickness ratio, the
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irragiated w g ReNV@edihitg (BERH{ESSn fluid thickness, the next step is to obtain the percentage of
red blood cells or hematocrit per unit of biological fluid (step 904). The red bloed cell
percentage can be obtained by reading, for example, the optical or electromagnetic profile of
the fluid by known means or by accessing the portion of the look-up table 315 that pertains to
red blood cell percentage data. In an alternative embodiment of the present invention, the _
25  photoactivation program 314 may obtain the red blood cell percentage via the input device
350. The ALE factor may then be calculated using equation 1.3 (step 906).
Figure 10 depicts a graph of ALE factors calculated for a fluid comprising red blood
cells as non-targets for three different fluid thicknesses (1 mm, 2 mm, and 3 mm). These
ALE factors were calculated using equations 1.1 (Anaiytical Model) and 1.3 (Stacking
30 Model). The ratio of the average light energy delivered to the targets in the fluid and the light
energy delivered to the incident point is plotted as a function of percent hematocrit at
different fluid thickness.
The present invention is not to be limited in scope by the specific embodiments

described which are intended as single illustrations of individual aspects of the invention and
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t he photoactivation program 314 may obtain the average |ight energy val ue
at the unit surface area via the input device 350. The next step is to
obtain the light energy value at the incident surface of the 30 biol ogical
fluid (step 604). The |ight energy value at the incident surface can be
obt ai ned by accessing the portion of the |ook-up table 315 that pertains
to light energy value at the incident surface data. In an alternative
enbodi ment of the present invention, the photoactivation program 314 may
obtai.n the light energy value at the incident surface via the input device
350. The ALE factor may then be cal cul ated using equation 1.0 (step 606).
-30 0 8 JAN 2006 Figure 7 depicts a flowchart 700 of the steps perforned
by the photoactivation program 314 when obtaining the ALE factor. This
procedure for obtaining the ALE factor nay be used for any bi ol ogi cal
fluid containing targets. However, the accuracy of this equation is
maxi m zed when a honobgeneous m xture of targets and non-targets in the
fluid is 5 provided. In a particular enbodi nent of the present invention, a
honogeneous biological fluid mxture my be obtained by stirring the

bi ol ogical fluid containing the targets and non- targets. To obtain the ALE
factor, one first obtains the thickness ratio of the fluid (step 702). The
thickness ratio is the ratio of the uniformthickness of the fluid and the
average thickness 10 of the non-target in the fluid. The thickness ratio,
the uniformfluid thickness, and the non



target's thickness can be obtained by obtaining these values by, for
“exanpl e, accessing a |ook-up table 315 that contains data rel ati ngﬂrﬁ?
these paraneters. In an alternative enbodi nent of the present inve '%?HM
t he:photlb@limvat i on program 314 nmay obtain the thickness ratio, the
.uniformfluid thickness, and the non-target thickness via the input device
15 350. Once the uniformfluid thickness and the non-target thickness data

are obtained, ; the tlﬁézﬁ&g?&%ef&hmng{c@nuhﬂigﬁleﬁwggt@mem@Hlmieﬁsitragathe

uni form fluid thickness by the non-target ~thickness. After obtainijng the

t hi cknestsiologtdabfluidnentprsimgrasgetshvheneinear ¢ffetive amovnt aftlight encay isdesired to
known fluid thickness (step 704). The jrradi ation period can be obtained by
accessi n@ef%ereﬂdogg?lttwgﬁtsoqor@ SHWBESEGP%BG 315 that pertains to light
transm ttanceua j j @gkedata. In an alternative
enbodi nment ofoqé'%l(lg %isdeﬁfé%?g\ggfﬁ%t?%n&h{t E%&p o?%gbti vation program 314 may
obtai n a |i ghtbthihitipssaid flaidtseaverdge dighf erergonfastorfdndi d t hi ckness. The ALE
factor may then be cal cul ated using equation.l.1l (step.706)., Fi.gure 8
depicts a fl o%dedatingswil G‘F‘dﬁlﬂé‘t CHEDS VHHT ?‘B’r‘ﬁgﬁe%fgtsﬂg%ﬂmﬁ%ﬁlcfﬁl ation 25
program 314 when obtaining the ALE factor. This procedure for obtaining the
ALE factor may be used for biological fluid that conprises red blood cells
as non-targets. thaThaidetodatfelaimilgfurthenemprisimghéieatapiefacy of this equation
may depend on how well the fluid is stirred,,.The. fi.,rst step to obtain the
ALE fact or isdqlﬁ’eﬁﬁggi%ﬁ‘flﬁé‘gkh‘?ﬁg?’e “‘fté‘ts‘ia@?‘g[% C%g%d: The t hi ckness

ratio is the ratio of the uniformthickness of the fluid and the average
thi ckness of the non 30 target in the fluid. The non-tar?et is the materi al
in the fluid 3.hat #h¢ srethmdes cldimhi, wheeaindeteiThiainghthe fned s ight 4nsten ¥aduansi f or m
fluid thicknes and the non-target's thickness can be obtai ned by

accessi n@r{q@eébyﬂﬂgﬁrﬁoq FIMPYELPTORESEA e 315 that pertains to thickness
ratio, the uniform fluid thickness, and the non-target thickness data,
respectively. In an alternative enbodinent of the present invention, the
phot oact i vat i 4n pr Bhe meti®tidfietaimobfusther ¢edmprisingtbest® afati o, the -31 0 8
JAN 2004 uni for(fn fl Bi d thi ckﬁeﬁs . ﬁsﬁﬁ‘i%ax n-target's thickness via the
i nput devi ce BBEAIRERBOERRHINF RIPIOHHE! TS BRYT Ui d thi ckness and the
non-target thickness data, the thickness ratio can be cal cul ated by
dividing the uniformfluid thickness by the non-target thickness. After

obt ai ni ng t he5t hi cFhemsthogiafslaimnle whesgin suid piglagicel fgﬁ@&?lﬁpla%f?é@ﬁfta@ét of red
blood 5 cel.ls or hematocrit per unit of biological fluid (step 804). The

r ed- bl 00®*€Bf} percent age can

6. The method of claim 5, wherein said non-target material attenuates said light

energy destined for said targets.

7. The method of claim 6, wherein said non-target material comprises red blood '
cells.

8. The method of claim 1, wherein said biological fluid comprises leukocyte-rich
buffy coat.

9. The method of claim 8, wherein said biological fluid is treated with a light
energy activatable drug.

10.  The method of claim 9, wherein said drug comprises 8-methoxypsoralen.



be obtained by reading, for exanple, the optical or electromagnetic profile
~of the fluid by known neans or by accessing the portion of the |ook-up
table 315 that pertains to red-blood cell percentage data. In an (g JAN 2004
alternati ve enbodi ment of the present invention, the photoactivation

. program 314 may obfain the red-blood cell [centage via.the input vi ce
10 350. The ALE fa eofrle‘xtl?ag of plapn @, whereiy sz C‘ﬁﬁ‘ &a{?zRf‘Fe&r’f‘“F‘g&(:%ﬁ@B
806) . Fi.gure 9 depicts a flowchart 900 of the steps perfornmed by the

phot oactivation program 314 when obtaining the ALE factor. This procedure

for obtaining the ALE factor nay be used for biological fluid that

conprises red _blood cells as non-targets that attenuate 1ight energy and
have a stackildg fathicopetdpd gbelaah 1) whgrginsal E‘%‘E&ﬁﬁé&/e“ﬁfwg WERBEEYUt s of

15 this %%H%' nd on how well the fluid is stirred. The first
step to'o allhpjtgr%@%ﬁ%?gfact or is to obtain the uniformfluid thickness
(step 802). The uniformfluid thickness can be obtained by accessing the

portion of the |ook-up table 315 that pertains to unifo fluid thickness
data. In an dPt er nthe methedwbelaimAg, Bhererdetirading S?IH\;‘LH‘E H]Etﬁ,en?% value is

photoactiyng 34 W in.the uniformfluid thickness via the
i nput d VT e %%‘g&kﬁ?}&&o al ﬁ?ﬁégegécﬁse uni form fluid thickness, the next

step is to obtain the percentage of red blood cells or hematocrit per unit
of biological fluid (step 904). The red bl,(gocf l{c::]el_l Eﬂercentag_e can be

obt ai ned by rldadi nkhe mgthod ehrlsime |, whereBpiaidcalcoypting Her FORRIYIEt i ¢ profil e of
the fluid by : by k Nioh ; | e
315 that per CA ALt 1o yRAEEEASA Rkl b ghPEnéthy bolRod FREIING: el

. enbodi nmehiid’elightenepgyeesdns. i nvention, the _ 25 photoactivation program 314
may obtain the red blood cell percentage via the input device 350. The ALE
factor may then be cal cul ated using equation 1.3 (step 906). Figure 10

depicts a gragh of e{hﬂ&%@&ﬁ%??%?@ﬁ:ﬁ%iﬂ%tﬁéﬂ%ﬂoﬁonpri sing red bl ood

cells as non-targets tor three urd thicknesses (1 mm 2 nm and
3 M) . These delvé&ingthiedhsd sdight arrgyvduew said bigloginabflushs 1. 1 (Anal yti cal
Model ) and 1.3 (Stacking 30 Model). The ratio of the average |ight energy
delivered to the targets in the fluid and the light energy delivered to

t he incident 1goi NtThSmPIBH LEEaR 13, WHEEH @Acuditingahe ardditpaimepéiodis
different fluid thickness. The present invention is not to be limted in

scope byetfhanedey phe¢ or motrowingmierproetssss.i bed whi ch are intended as single
illustrations of individual aspects of the invention and -32 0 8 JAN 200/ I
17. The method of claim 14, wherein calculating the irradiation time period
COMpIISES:
obtaining a decay life value for said light energy source.
18. The method of claim 14, wherein said non-target material comprises red blood
cells, and wherein calculating the irradiation time period comprises:
obtaining a volume of biological fluid value;
obtaining a percent of red blood cells value; and

obtaining a decay life value for said light energy source.
19. The method of claim 1, wherein obtaining said targets’ effective light energy

value comprises the step of:

accessing a targets’ effective light energy value table.



_functionally equival ent nmethods and conponents are within the SC?JEB?J,@L U;Jpe
I nvention, in addition to those shown and descri bed herein wll 20

Aeeompanyi ng dawi nhe medind Ptataim 1 atheenigobpuing i AR STRGT RefCReR: ne
'scope of \LEiARPRATEALG LAl BBmoRe uflpul@hrd0hrd. Claim 1. A method f or

determ ning a I ght energy value for delivery to a biological fluid
conprising targets, wherein an effective anmount of |ight energy is desired
to be delivered tqg said targets,. conprisjing.the.steps,of: obtaining said
target's effeélive Fﬁ}ﬁ‘d}‘%‘fg%n\/bl“[@em%@ ?ﬁ?@gi‘a&gﬁt%?fﬁ‘?" Vg(ﬁﬁﬁte 6::4
light eng CL Qs ihadieh gal cul ating said fluid |ight energy value for
delivery ?lgxgéllﬁdlﬁﬁgo?og?%a? fluid. 2. The method of claim11 further

conpri si ng t hplasingpaidftargetiahiflogd, iwtgrdih eaifl ltarpets in spid flarbdgyotrataiee t o sai d

bi ol ogi cal fl ui (f 3. The rr&t hod of claim1, wherein determning the fluid's
li ght endttgjipatpdilight $€18%@AE or ned by one or nore conputer processors. 4. The
nmet hod of cl ai o ifivi 1Sl : Raffes. Pproviding a honogenous
bi ol ogi cal f|LrFaéﬂ"‘r%{“ tsure.mg.“%geﬁdr%?}%%eegﬁsggl alties.) Pherein sai d biol ogi cal
fluid conprises non-target material. 6. The nethod of claim5, wherein said
non-target material_attenuates said |ight .ener destined for said
targets. 7. Th& ne@ﬁ%&lengdc?fﬁlwl’MFeéﬁlW‘@gﬂﬂgﬁﬁquﬁéﬁn%teriaI
conprises red blood cells. 8. The nethod of claim1l1, wherein said

bi ol ogi cal fluid conprises |eukocyte-rich buffy coat. 9. The nethod of claim
8, wherein saldl bi Thegiettadd dflakaich 215 wheesn sxdd Wuidcanprsghiplasmar gy acti vat abl e
dr ug.

24, The method of claim 1, wherein obtaining said target’s effective light energy
value comprises the steps of:

placing said leukocytes in fluid comprising saline; and

identifying a light energy value whereby a desired percentage of said leukocytes will

die over the course of a specified time after exposure to said light energy.

25.  The method of claim 1, wherein obtaining said target’s effective light energy
value comprises the step of:

obtaining sample biological fluids from donors;

irradiating said targets in said biological fluids with sample light energy values; and

determining the target’s effective light energy value.

-

26.  The method of claim 1, wherein obtaining said average light energy factor
comprises the step of:

accessing a light energy factor table.

27.  The method of claim 26, wherein obtaining said average light energy factor is

performed by one or more computer processors.

28.  The method of claim 1, wherein the obtaining said average light energy factor

comprises the steps of:



~10. The nmethod of claim9, wherein said drug conprises 8-nethoxypsoral en.
-34°0 8 JAN 7006 11. The nethod of claim 10, wherein said |ight engmamn 2004
conprises ultraviolet |ight energy. 12. The nethod of claim 11, wherein
sai d ul travi odbsminingygn averagedight emgsey velyc atd embsirBce area of timtargeteinghe 13

. The net hod, of aim 12, wherein determining said fluid |light energy val ue
is perf H@ agbu e or nore conputer processors. 14. The nethod of claim
1, wherein sabitainaloCalighticRerg§ivaRicCA AR ihd@ht s\elce BF eel biglogital fluddklad;iagd ti me
period required by a ITght energy source to deliver said fluid s |ight
ener gy val ue. caignlatiigetheravérage bghtisinaigy factor for s¥id targesain saidl thp biptogicad Puigs :
delivering the fluid' s light energy value to said biological fluid. 16. The
nmet hod of claim 14, wherein calculating the irradiation tinme period is
performed by gme OTh@erﬁgoﬁCHm_lﬂiﬁMS?Wﬁ%@lﬁtﬁi;:ﬁr?said'rﬂ%r@li‘ghﬂ eBérg§fadon i3 4,
wherein calculating the irradiation tinme perio conprises: obtaining a
decay | i performied dyfone os mioge tomgputeepmcesgosour ce. 18. The met hod of cl ai m 14,
wherein said non-target nmaterial conprises red blood cells, and wherein
calculating the irradiation tinme period conprises: obtaining a volune of
bi ol ogi cal fl4hd vehdiBetholRIrdIdHn S, WHARNE Shthinitg JafFfataRdiglchérgyahliR at and
obtaining a decay life value for said |ight energy source. 19. e net hod
of cl ai na dgit suréaceiarcaciotginsenthestdpdbit ar get s' effective |ight energy val ue

[ t he st f: ' t ts' fecti |1 ght I
Cabl e, 0.6, J RSO0 oty ok L EGEY SHUE LR WL ST ST ROt ai i ng Sai d

target's effective light energy value is perforned by one or nore conputer
processors. 21. The nethod of claim1, wherein obtaining said target's
i effective |ight. enEhgmethod of claim 28, wherein obtaining said light energy value at an

incident surface comprises the step of:

accessing a light energy value at an incident surface table.

32.  The method of claim 28 further comprising the step of:

providing a homogenous biological fluid mixture.

33.  The method of claim 28, wherein said biological fluid comprises non-target

material.

34.  The method of claim 33, wherein said non-target material attenuates said light

energy destined for said targets.

35.  The method of claim 34, wherein said non-target material comprises red blood

cells.

36.  The method of claim 28, wherein said biological fluid comprises leukocyte-
rich buffy coat. )

37. The method of claim 36, wherein said biological fluid is treated with a light
energy activatable drug.



val ue conprises the step of: placing said targets in fluid, wherein said
"targets in said fluid do not receive attenuated |ight energy; andq |
irradiating said fluid with sanple |ight energy values. 22. The ne HanH" Zﬂp
claim21, wheygei n TRé ghetHodidf cROABY| Wh&remAdald\@rug23mphises Sratettackypsoraleni m 21,
. Wherein said fluid conprises plasma. 24. The nethod of claim1, wherein
obtaining said target's effective |ight energy value conprises the steps

of : placing jd |leukocytes . in.fluid conprisi. i.ne. ' i fyLpng a
' ant ener gy Chi ue inardsy of kPl el TLgR SR Aot HESble: i

di e overepbfps course of a specified time after exposure to said |ight
energy. 25.7The nethod of claim 1, wherein obtaining said target's

effective light energy value conprises the step of. obtaining sanple

bi ol ogi cal flyjd . dj ati ng.said ' ' j.0l ogi cal
{1019 v tn b 61 BiBREE By o8 o iy ioBFRb gl Pl St o °°
ef f ecti q@whJigRt AQngf @Mergy! ue. 26. The method of claim 1, wherein obtaining

said average |light energy factor conprises the step of: accessing a |ight
energy factor table. 27. The method of claim26, wherein obtaining said

ot cossor s 24 TrEe g oeam APy BTk S HERERS il Bage
l'i ght engr@Y¥mbdbY Bhe of BITRE bRSutbl}Ro&seRs. Oof : -36 0 8 JAN 2004 obtaining an
average light energy value at a unit surface area of the targets in the

bi ol ogi cal fluid; obtaining a |ight energy value at an incident surface of

the biological, fluid film, and. cal cul ati.ng. the average i factor
for said targéts i %gxiehlopwgc%iugﬁogfxgrgfn ?tfqg]i“b'fg ﬁaﬁ%e&@hﬁ%@e@?%@% m 28,
. wher ei n QRisBd g skps@raverage |ight energy factor is performed by one or

more conputer processors. )
obtaining a thickness ratio;

obtaining a light transmittance value of a known fluid film thickness; and

calculating the average light energy factor for said targets in said biological fluid.

43.  The method of claim 42, wherein obtaining said average light energy factor is

performed by one or more computer processors.

44.  The method of claim 42, wherein obtaining said thickness ratio comprises the
step of:

accessing a thickness ratio table.

45.  The method of claim 42, wherein obtaining said irradiation period comprises
the step of:

accessing a irradiation period table.

46.  The method of claim 42 further comprising the step of:

providing a homogenous biological fluid mixture.

47. The method of claim 42, wherein said biological fluid comprises non-target

material.



- 30. The nmethod of claim 28, wherein obtaining said average |ight energy

val e at a unit surface area conprises the step of accessing an auvEg #7004
| ight energy value at a unit surface area table. 31. The nethod of claim
28, ' wherei n off. ai NnThgmesthod dfictpivh 490 ehegeinaidisomtargat matermdl deauasasshisidight

- conprises the step of: accessing a Ii,q%]ht energy val ue at an incident

surface §NEEYPsYDE thrpuehdaid bivlegical fliidn 28 further conprising the step of:
provi di ng a honogenous bi ol ogical fluid m xture. 33. The method of claim
28, wherein said biological fluid conprises non-target material. 34. The
met hod of cl ad9n 33Theketidvf kG 430 whtrirgaid neai-eirgalmaetdnoapasesyad Hldoidght
energy destined for said targets. 35. The nethod of claim 34, wherein said
non-t ar g@t“smateri al conprises red blood cells. 36. The nethod of claim 28,
wherein said biological fluid conprises |eukocyte- rich buffy coat. 37. The
met hod of claim 36, wherein said biological fluid is treated with a |ight

energy activasbl eThé tgthoddf clair 42ANh2RA6saiBBiolobieal fiRidenmrises leakoeydd-,
wherein said drug conprises 8-nethoxypsoral en. 39. The nethod of claim 38,
wher ei n B Uy ¢t energy conprises ultraviolet |ight energy. 40. The

met hod of claim 39, wherein said ultraviolet |ight energy conprises
ultraviolet A light energy. 41. The nmethod of claim 40, wherein determ ning

said fluid light eTkeathodlofelaim 50pehbeindit biylapiel duidisteatdnyitt £hight
processors. 42. The nmethod of claim1, wherein obtaining said average |ight
energy fHErHracti¥yablcidses the steps of: obtaining a thickness ratio;
obtaining a light transmttance value of a known fluid filmthickness; and

52.  The method of claim 51, wherein said drug comprises 8-methoxypsoraien.

53. The method of ¢claim 52, wherein said light energy comprises ultraviolet light

energy.

54.  The method of claim 53, wherein said ultraviolet light energy comprises

ultraviolet A light energy.

55. The method of claim 54, wherein determining the desired amount of said

ultraviolet light energy is performed by one or more computer processors.

56. The method of claim 48, wherein obtaining said thickness ratio comprises the
steps of:

obtaining a uniform thickness for said biological fluid;

obtaining a thickness for said non-target; and

calculating the thickness ratio.
57. The msthod of claim 56, wherein obtaining said uniform film thickness

comprises the step of:

accessing a uniform thickness table.



calculating the average light energy factor for said targets in said
bi ol ogi cal fluid. 43. The nmethod of claim 42, wherein obtaining s&jdAN 2004
average |light ener factor is perforned by one or nore conputer

processors. 448 Thelheemptbad of cleimiSh wherermbtaning shidzion-tagget tiickness ckness

*ratio co | step of: accessing a thickness ratio table. 45. The
nmet hod O;U%(F:r}p%?% tjfggtcmg'rei n obtaining said irradiation period conprises

the step of: areasikkRAton-tafdedtidineytapRI i 0d table. 46. The nethod of claim
42 further conprising the step of: providing a honogenous biol ogical fluid
m xture. 47. The method of claim42, wherein said biological fluid

conpri ses non-4sarg erial,..0 JAN 2004, 48. The net hod cl.aim 47,
Sherei p said TS Lo sReed BFFiaim 3P, EANsRe e T G oM B Dlsd dety

t hrough said biological fluid. 49. The nethod of claim48, wherein said
non-target material conprises red blood cells 50. The nethod of claim42,
wher ei n sai d Bi0ol odgibeanethpd pficlotnpPi whereinabkoming saidrthickndss ritjo qetfonrhdd The
met hod ofb coln i0g1 50é vvhertei n said biological fluid is treated with a |ight
energy actiVatafios® FRUEEBrocssi8Shet hod of claim 51, wherein said drug
conprises 8-nethoxypsoral en. 53. The nethod of claimb52, wherein said |ight
energy conprises ultraviolet |ight energy. 54. The nethod of claim53,
wherein sai d @l r adihginesthod ghclaiomdr gheremhtiisiag saidl aveenge dight edergy éator
energy. _Lhe nethod of claim 54, wherein determning the desired anount
of said %gfina??itg‘?ngﬁ?fght energy is perfornmed by one or nore conputer
processors. 5@btaitifg FetibRttsfatlel @l M 48, wherein obtaining said thickness
rati o conprises the steps of

; obtaining a red blood cell percentage for said biological fluid; and

calculating the average light energy factor for said targets in said biological fluid.

62.  The method of claim 61, wherein obtaining said average light energy factor is

performed by one or more computer processors.

63.  The method of claim 61, wherein obtaining said thickness ratio comprises the
step of:

accessing a thickness ratio table.

64.  The method of claim 61, wherein obtaining said red blood cell percentage

comprises the step of:

accessing a red blood cell percentage table.

65.  The method of claim 61 further comprising the step of:

providing a homogenous biological fluid mixture.

66. The method of ¢claim 61, wherein said red blood cells attenuate said light
energy passing through said biological fluid.

67.  The method of claim 61, wherein said biological fluid comprises leukocyte-
rich buffy coat.



~obtaining a uniformthickness for said biological fluid; obtaining a

t hi ckness for said non-target; and calculating the thi ckness rati 08 JRN.-250
The net hod of claim56, wherein obtaining said uniformfilmthickness
conprises the step of. accessing a uniformthickness table. 0 8 JAN 200!

+ 58. The net ho ere bt ai n ai d t t,t S
conprises t he%§ tepclh'fe g%@:gm q‘?&?@%‘ﬂ%ﬂ(ﬂpgﬁﬁl dtlsg%‘?‘ged ‘3’3‘1 I'?‘WE‘?
met hod ofnghalBlivRabiiRlei N sai d non-targets conprise red blood cells. 60.

The net hod claim59, "wherein obtaining said thickness ratio is perforned
by one or nore conmput er processors. 61. The rret hod of claim7, wherein

obt ai ni ng sai d_aver, I t ner factor rises the steps of:
obtaining a t%?ckn %‘b&gofﬁ WF&f%{nF@El rgﬁﬂ“%ﬁeﬁﬁbr@?tbgglf@a@l?rbr sai d
bi ol ogi cal fluid; and cal culating the average |ight energy factor for said
targets in said biological fluid. 62. The nethod of claim 61, wherein
obt ai ni ng sai @0averkgentthghof daier 3, Wiartinsaiddighpendrgy cerdpiies aiteavaoletiighe
conput er l;_2rocessors 63. The nmethod of claim 61, wherein obtaining said
t hi cknes§"¥'&¥i o conprises the step of. accessing a thickness ratio table.
64. The nmethod of claim 61, wherein obtaining said red blood cell
percentage conprises the step of: accessing a red bl ood cell percentage
table. 65. Th&lmet e méthed af otaifil 70, witednein smdmprarsolaglightensaiggoniprises
provi di ng Vg‘ﬁ &ﬁﬁ gus bi ol ogical fluid m xture. 66. The nethod of claim
61, wher SFRVIRIEHA IEHL 1868 cel I's attenuate said light energy passing
t hrough said biological fluid. 67. The nethod of claim®6l, wherein said
bi ol ogi cal fluid conprises |eukocyte-

72. The method of claim 71, wherein determining the fluid light energy value is

performed by one or more computer processors.

73. The method of claim 61, wherein obtaining said thickness ratio comprises the
steps of:

obtaining a uniform thickness for said biological fluid;

obtaining a thickness for said non-target; and

calculating the thickness ratio.

74. The method of claim 73, wherein obtaining said thickness ratio is performed

by one or more computer processors.

75. The method of ¢laim 73, wherein obtaining said uniform film thickness
comprises the step of:

accessing an uniform thickness ratio table.
76. The method of claim 73, wherein obtaining said thickness for said non-target
comprises the step of: -

accessing a non-target thickness table.

77. The method of claim 7, wherein obtaining said average light energy factor

comprises the steps of:



~rich huffy coat. -40 0 B JAN 2:V4 68. The nethod of claim&67, wherein said

biological fluid is treated with a light energy activatable drug. J8oJANTH

nmet hod of claim 68, wherein said drug conprises 8-nethoxypsoral en. 70. The

.ret-hod of cl abmifihg armfoemnhiskneads forghid Molegayl florpri ses ul travi ol et |ight

energy. 71. The .nethod of clajm 70, \/\/n?rei,rg1 s‘gli d. uLér violet |ight energy
oy saidhiglo B

conpri ses u|qbﬁaamn8!aéﬁd_hlq0ﬁgﬁll PefreRigge for 5: e of 'l ai m 71, wherein
determ ning | ARuldiitletnd bileciE BorkP PME Br st ALETASA bRISHON AR,

conput er processors: alm ereln obtaining said
thi ckness ratio conprises the steps of: obtaining a uniformthickness for

said biological fluid; obtaining a thickness for sajd non-ta t; apd

cal cul ati ng tHe t hTkadneded phelagn 974‘6’h¢ﬁ’é‘ tﬁ%‘trﬁ%@?é?acg“&i(’%syé,m‘%ﬁgf’gicﬁﬂs

obt ai ni ' | ckness ratio is perfornmed by one or nore conputer
process%gsgéfgj.CE{Hﬁe met hod of claim 73, wherein obtaining said uniformfilm
t hi ckness conprises the step of: accessing an uniformthickness ratio
table. 76. The nethod of claim 73, wherein- obtaining said thickness for

sai d non-targ® cHgpmeihed of plaim 7égwhsreingaiddaielogical fidshcamprisss up i 2havdss

t abl e. , f LM.7, wherein obtaining said average |ight
ener gy 1}%’8 %E’%r%ggr%??g%sm%%é@séps of. -41 0 8 JAN 2004 obtaining a uniform

t hi ckness for said biological fluid; obtaining a red blood cell percentage
for said biological fluid; and. ..
80. The method of claim 77 further comprising the step of:

obtaining a stacking factor.
81. The method of claim 77, wherein said stacking factor is between 1 and 2.
82. The method of claim 81, wherein said stacking factor is 1.5.

83.  The method of claim 77, wherein obtaining said average light energy factor is

performed by one or more computer processors.

84.  The method of claim 77, wherein obtaining said uniform thickness comprises
the step of:

accessing a biological fluid thickness table.
85.  The method of claim 69, wherein obtaining said red blood cell percentage
comprises the step of:

accessing a red blood cell percentage tabie.

86.  The method of claim 77 further comprising the step of:

providing a homogenous biological fluid mixture.

87.  The method of claim 77, wherein said non-target material attenuates said light

energy passing through said biological fluid.



.calculating the average |ight energy factor for said targets in seﬁid )
bi ol ogical fluid; 78. The nethod of claim 77, wherein theoreti cal ﬁt%kﬁdﬂg

of said red-blgod cells does_not occur. 79. The nethod of claim 77, wherein
sai d bi ol ogi o1 1 it IE‘%}ﬁﬁﬁ* pEelainy 47 wherpgseid iglegicy! thad cemprises l§ukesytd| ood
 cel I's 80.4 0% hod of claim 77 further conprising the step of: obtaining
a stacking factor. 81. The nethod of claim 77, wherein said stacking factor

is between I and 2. 82. The nethod of claim 81, wherein said stacking
factor is 1.5. 83. The nethod of claim 77, wherein obtaining said average
li ght energy f&et orThednethed pbelaisa 8Bywihnreinspidelegicalnibuid dy trepted withoy laght g4
The neth - Al wher ei n obtai ning said uni formthickness conprises
t he step%g?r.%pgg{é@stéql%émg' bi ol ogi cal fluid thickness table. 85. The nethod
of claim69, wherein obtaining said red blood cell percentage conprises
the step of: accessing a red blood cell percentage table. 86. The nethod of
claim 77 furtt$8r cdmsmethedyof ¢laing BRpvigrein spidsligiforapases SnvgdnsyRsomlen.ogi cal
fluid mxture. 87. The nmethod of claim 77, wherein said non-target nateri al
attenuates said light energy passing through said biological fluid. 0 8

JAN 2234 88. 9The mhchashed ofdlaimDF, AvhombialsaidNighbestry obagtisaluldrd bRt light
conprises | eukocyte rich buffy coat. 89. The nethod of claim88, wherein

said biol*BgfE¥al fluid is treated with a Iight energy activatable drug. 90.
The met hod of claim 89, wherein said drug conprises 8-nethoxypsoral en. 91.
The met hod of claim90, wherein said |light energy conprises ultraviol et
l'ight energy. 922. Tihe niehébef @hine b Biwhddin suvdeieiviolsali ghtwhbfog\dodlised | ght

ener conprises ultraviolet A light energy.
i 9y uETtPaviolet A light energy. J %

93. The method of claim 92, wherein determining said fluid light energy value is

performed by one or more computer processors.

94. A computer system for determining a fluid light energy value for delivery to a
biological fluid comprising targets, wherein an effective amount of light energy is desired to
be delivered to said targets, comprising:

a computer processor,

a memory which is operatively coupled to the computer processor; and

a computer process stored in said memory which executes in the computer processor
and which includes: ) .

an obtainer configured to obtain said target’s effective light energy value;
an obtainer configured to obtain said fluid’s average light energy factor; and

a calculator configured to calculate said fluid’s light energy value for delivery

to said biological fluid.

95.  The computer system of claim 94, wherein said biological fluid comprises

non-target material.

96. The computer system of claim 95, wherein said non-target material attenuates

said light energy passing through said biological fluid.



'93. The nethod of claim92, wherein determning said fluid |ight energy
value is perfornmed by one or nore conputer processors. 94. A com:@tﬁr .’
system for determining a fluid |light energy value for delivery to N 200
bi otogical fluid conprising targets, wherein an effective amount of I|ight
+energy is desired to be delivered to said targets, conprising: a conputer

opriezebrpisiel

processor, a fenor YRGFRBPUELSYSISEr af $19id YO.001ErE dada EEbM3 CHPRREE sor ;
and a CopW ctv%;]lgcess stored in said nmenory which executes in the conputer
processor ano‘l1 i'ch includes: an obtainer configured to obtain said
target's effective |ight energy value; an obtainer configured to obtain

said fluid s average light energy factor; and  a calcul ator configured to
cal cul at e sai -f | ulBe sompuyypt sysieat @Sﬁl%la}%WllﬁrelﬂéF‘Fl\Pé‘?IS?glcﬁloﬂ%‘QiC&n}?PéFs()gi cal
fluid. 95, The ¢ ystem of claim 94, wherein said biological fluid
conpri seguk%‘%ﬁq{i%ﬁew&r%#eri al. 96. The conputer system of clai m 95,
wherein said non-target material attenuates said |ight energy passing
t hrough said biological fluid. -43 0 8 JAN 2084 97. .The conputer system of
claim 96, whe?®i n $he eorapiicr systsat ohleiar P& wheseip said diologisal fuigdstreatpd withog,
The conpyj; : L.y 94, wherein said biological fluid conprises
Ieukocyt%il |tc%¥%%9%%§%ah@9. The conmputer system of claim98, wherein
said biological fluid is treated with a light energy activatabl e drug.
100. The conputer system of claim 99, wherein said drug conprises 8-
met hoxypsor al H¥{- 16?1@ coppRutelYSigee § Qgigt 8, vaerain spighdredCompasesid said | i ght
ener gy C@g@l\%@%&ﬂéﬂ-travi olet light energy. 102. The conputer system of

, rern

claim10 I'h"said ultraviolet |ight energy conprises ultraviolet A
‘I'i ght energy.
101. The computer system of claim 100, wherein said light energy comprises
uitraviolet light energy.

102. The computer system of claim 101, wherein said ultraviolet light energy

comprises ultraviolet A light energy.

103. The computer system of claim 94, wherein said calculator configured to
calculate said fluid’s light energy value for delivery to said biclogical fluid includes:
a calculator configured to calculate an irradiation period required by a light energy

source to deliver said fluid’s light energy value.

104. The computer system of claim 103, wherein said calculator configured to
calculate said fluid’s light energy value for delivery to said biological fluid includes:

an obtainer to obtain a decay life value for said light energy source.

105. The computer system of claim 103, wherein said biological fluid comprises
non-target material, wherein said non-target material comprises red blood cells, and wherein
said calculator configured to calculate said fluid’s light energy value for delivery to said
biological fluid includes:

an obtainer to obtain a volume of biological fluid value;

an obtainer to obtain a percent of red blood cells value; and



- 103. . The conputer system of claim 94, wherein said cal cul ator conf iBg g@d !'t o]
calculate said fluid' s light energy value for delivery to said biodl ofé ai’
fluid includes: a calculator configured to calculate an irradiation period
requi red by aarn oltirineetreotyyin asteoackfetvaltelbr yad lighi ehefgyusodie. | | ght ener gy

* value. 104. The conputer system of claim 103, wherein said cal cul ator
configured to calculate said fluid' s light energy value for delivery to

sai d_bi ol 0gi cage.f | tthd chbhs!aierOr QREAONSind-OinaR A RaiRer B AYuk {E oAl e

for said |light energy source. conput er system of ¢

wher ei n said thrixt Gl edfpctied Lightienergg omajueiisededesnon-t arget material, wherein said
non-target materi al corrpéi sgds red bl ood celrlés,_ 1d wherein saicf cal cul at or
configured t oAb#EEICACRNLEHE f01a5PEPs & trrgglseef ﬁtévf‘gf}]g &nergy e ddlevery to
said biological fluid includes: an obtainer to obtain a vol unme of

bi ol ogi cal fluid value; an obtainer to obtain a percent of red blood cells
val ue; and -4#070 BTBAbb@PEér s3tenbbBelnien 94,0vl0dvEiAl saideobtdnarycohtifered & olstafror

said |ight energy source.. 106. The conputer system of claim 94, wherein
sai d obt & #eragedight gngrey factorameludss: said target's effective |ight energy

val ue includeg; %ﬁacg_ss‘%iSﬁﬁ%eﬂctw&%?éﬁ%ﬁﬁgfgﬁﬁf’fqaﬁ@ gets effective |ight

energy value ta e conp claim 94, wherein said
obtai ner configured to obtain an average |ight energy factor includes: an

accessor confjgured to access a light. energy factor table. 108. The .
conput er syst Hffi-of TBE spmpeler sysiear ef dlaign P4 vwisreinfaid ebbunersepbgued tpktaim  an

aver age z%.dém: g%'lgh%nérgfrf&'ioriiﬂﬁh&l%e& an obtai ner configured to obtain an
gy v '

aver age |gh¥-a en ue at a unit surface area of the targets in the
“bi ol ogi cal flan chtamer cdifursrto obtiin guaedagedigitteaengy ¥alueghh unitsugicevataief at
an inci dtgnt surtag_{e} of. the _hiological fluid film and a cal cul ator

conf i gur®g targets it g bielesicpluider age 1 ght energy factor for said biol ogical

fluid. 109. TheEoRQMBHESHTghY S Toiin § iBhBntRA valhekiinnakd seiha dishe
configured to obtain
biological fluid film; and
a calculator configured to calculate the average light energy factor for said biological

fluid.

109. The computer system of claim 107, wherein said obtainer configured to obtain
said average light energy value at a unit surface area includes:

an accessor configured to access an average light energy value at a unit surface area
table.

110. The computer system of claim 109, wherein said obtainer configured to obtain
said light energy value at an incident surface includes:

an accessor configured to access a light energy value at an incident surface table.

111. The computer system of claim 109 wherein said biological fluid comprises

non-target material.

112.  The computer system of claim {11, wherein said non-target material

attenuates said light energy passing through said biological fluid.



said average light energy value at a unit surface area includes: an[]@ JAN 200
n

" accessor configured to access an average |ight energy value at a uni
surface area table. 110. The computer system of claim 109, wherein said
obtai ner conf il Fur edbe gomputr systgnioficlaingihi2,evterey swal non-tatgetmatemal dent

+ surface ‘I: Iudes:d n (icclgsssor configured to access a |light energy val ue at
an inciden p%ﬁfﬂ%c%o? BP&- 111, The conputer system of claim 109 wherein
said biological fluid conprises non-target material. 112. The conputer
system of claim 111, wherein said non-target material attenuates said

| i ght energy pessi he compuighsystind obileino §0% avheir¢inisalid Higlogiahl Ruidlcomptises The
conput er tem.of . claim 112, wherein said non-target material conprises
red bl oo{fﬁ%@i Ie'l.-lglllfﬁ %f?fﬂ%t conmput er system of claim 107, wherein said

bi ol ogi cal fluid conprises |eukocyte-rich buffy coat. 115. The conputer
system of claim 114, wherein said biological fluid is treated wth a |ight
ener gy acti vat Hbl eThe ogmpiteSsysTdne ofdajoul bt, whes¢inmnidfbiclogica f1iiif is tkbeedi n
said drug..co | ses 8- nmethoxypsoralen. 117. The conputer system of claim
116, Meg’b}ﬁﬁr@é}'Ef"‘1f$3@ﬁ$t“’éﬁ’é’?<‘g§'%§onpri ses ultraviolet |ight energy. 118.
The conputer system of claim 117, wherein said ultraviolet |ight energy
conprises ultraviolet A light energy. 119. The conputer system of claim 94,
wherei n sai d bl ai be cooplhtensystan bbclailnt Al 5) wheereineaidalyeg tomirtiseeBer gy f act or
i ncludes; _an_obtainer configured to obtain a thickness ratio; an obtainer
conf i gur@ﬁé‘f’mﬁfﬂ?r’n a light transnittance value of a known fluid film

t hi ckness; and a cal cul ator configured to cal cul ate the average |ight

energy factor for said biological fluid. 120. The conputer system of claim
1119, wherein b d bhe eomputecsysfanyof eaint bl 6 Iwtteerein said light energy comprises

ultraviolet light energy.

118.  The computer system of claim 117, wherein said ultraviolet light energy

comprises ultraviolet A light energy.

119.  The computer system of claim 94, wherein said obtainer configured to obtain
an average light energy factor includes:

an obtainer configured to obtain a thickness ratio;

an obtainer configured to obtain a light transmittance value of a known fluid film

thickness; and

a calculator configured to calculate the average light energy factor for said biological
fluid.

120.  The computer system of claim 119, wherein said obtainer configured to obtain
the thickness ratio further includes:

an accessor configured to access a thickness ratio table.
121. The computer system of claim 119, wherein said obtainer configured to obtain

an irradiation period includes:

an accessor configured to access a irradiation period table.



the thickness ratio further includes: an accessor configured to access a
thickness ratio table. 121. The conmputer system of claim 119, whef8iJANdalid

obt ai ner configured,to obtain an irradiagion period.includes: an accessor
configured to 12@‘%?@5%@?‘%&? ¢BRLS deg’t%@ﬂr%‘?‘ sgd&ng ‘cfg ﬁ“*dlf’?E!P“WFe
‘ conput er ngmgr?ép,ggteﬁilai m 119, wherein said biological fluid conprises

non-target material. 123. The conputer system of claim 122, wherein said
non-target material attenuates said |ight energy passing through said

bi ol ogi cal fI ?2? 4. The conputer, system of claim 123, wherein said
non-target matéti al' ¢ EOMBHCE 8¥isR 1 plagnd 2oarhegein said npRetasgshmatesial syst em of

claiml1l hi i ) i I -] . .| eukocyte-rich buffy
coat . 12%%%%5gég%%?feglcg%)gkggﬁngﬁh@lgﬁh}ﬂi%%@?&n% said biological fluid
is treated with a light energy activatable drug. 127. The conputer system
of claim 126, %er el\_hn sai d dr u%orrpri_ses 8- nmet hoxypsoral en. 128. The
comput er syst &ffof L18F SPHPYISTSY PEFkIm APY whegtin seiddiogytacgstpraterial

ul travi obghplidedd K106 8¥1s 129. The conputer systemof claim 128, wherein
said ultraviolet light energy conprises ultraviolet A light energy. 130.
The conputer system of claim 119, wherein said obtainer configured to
obtain the tﬂ&kn&gs rati o includes: an_obtainer configured to obtain a
uni f orm t hi ckheds f BF C¥EPYep sty PEslaim |1 L7, gvherein seif thaplagicak Bvidicgmpaisest o
obtai n ajdkb&kOAsEbARY cs4i d non-target; and a cal cul ator confi gured to

cal cul-ate the thickness ratio. 131. The conputer system of clai m 130,
wherein said obtainer configured to obtain wuniformfilmthickness

i ncl udes: an ?fbces%gr confilgured t? access a unifarm.thickness table. -47
| . ¢ computer'system of claim 125, wherein said biclogical fluid is treated

with a 'light energy activatable drug.

127.  The computer system of claim 126, wherein said drug comprises 8-

methoxypsoralen.

128.  The computer system of claim 127, wherein said light energy comprises

ultraviolet light energy.

129.  The computer system of claim 128, wherein said ultraviolet light energy

comprises ultraviolet A light energy.

-

130.  The computer system of claim 119, wherein said obtainer configured to obtain

the thickness ratio includes:

an obtainer configured to obtain a2 uniform thickness for said biological fluid;
an obtainer configured to obtain a thickness for said non-target; and

a calculator configured to calculate the thickness ratio.
131.  The computer system of claim 130, wherein said obtainer configured to obtain

uniform film thickness includes:

an accessor configured to access a uniform thickness table.



08 JAN is 114 132. The conputer system of claim 130, wherein saiggslzbt ai ner

configured to obtain said non-target thickness includes: an acc N2

configured to, acce a non-target i ckness table. [133. The conputer system
bf clai m 130, her %C%Plefcwag%ﬁ?égw Lhpthesdn F%@Og@i‘%&o yred tojahtainThe

' corrputersaﬁyﬁgﬁmggtﬂ%ﬂég;&&ud\ggerei n said obtainer configured to obtain
t he average 1ight energy factor includes: an obtainer configured to obtain

a thickness raticspgssancaifigarettto acossk iagionaargbnthivhhedsnatder ed bl ood cel |
percentage for said biological fluid; and a cal cul ator configured to
cal cul ate the average |ight energy factor for said targets in said

bi ol ogi cal fl4xd. I8 ﬁg}g Yo L R ukreth 8l Y i aid
obt ai ner conflwgl)red t%o 0@?3‘? PL‘ZEC{I%*?:LnéSSeF%{‘ ?%H}Iégﬂﬁgég:%gwgﬁﬁegssor
confi gurtddod ezlBccess a thickness ratio table. 136. The conputer system of
cl aim 134, wherein the obtainer configured to obtain the red blood cell

percentage includes: an accessor configured to access a red bl ood cell

per cent age t apise. i(gg@_ . ' 34 i id. red
bl ood cells aﬁtt'enuﬁl?%coﬁa[lk@erc |glﬁ gicﬁéﬁg%f%l%gﬁlﬁéﬁ?%ﬁ%% c§gﬁéﬁ Bﬁé?sg%‘ﬁ%‘m
fluid 1B8aveting: lightenergy faoted iatludés:cl ai m 134, wherein said biol ogical fluid

conpri ses Ieukclﬁg/jt e-rich huffy coat. 139. The conputer system of claim
138, wher ei n ¥RM2IBsHogHREEEd t Phian 2 thieknssgrato; with a |i ght energy

activatabl e Webtai fiy .l ai ' i d,drug
conprises 8- dz’[rlrlet hol)ﬂgégcggﬁgﬁrgﬁqu%ﬁba @@ﬂﬁgfgﬁu ef%f.mg% ﬁfgr %aong{&’?‘gm@ %’t‘%m of
claim l4md wherein said |light energy conprises ultraviolet |ight energy.

a calculator configured to calculate the average light energy factor for said targets in

said biological fluid.

135.  The computer system of claim 134, wherein said obtainer configured to obtain

the thickness ratio includes:

an accessor configured to access a thickness ratio table.
136.  The computer system of claim 134, wherein the obtainer configured to obtain
the red blood cell percentage includes:

an accessor configured to access a red blood cell percentage table.

137. The computer system of claim 134, wherein said red blood cells attenuate said

light energy passing through said biological fluid.

138.  The computer system of claim 134, wherein said biological fluid comprises
leukocyte-rich buffy coat.

139.  The computer system of claim 138, wherein said biological fluid is treated

with a light energy activatable drug.

140.  The computer system of claim 139, wherein said drug comprises 8-

methoxypsoralen.



.142. The conputer system of claim 141, wherein said ultraviolet |ight
energy conprises ultraviolet A light energy. 143. The conputer s ;ﬁf-
claim 134, wherein said obtainer configured to obtain the thickness ratio
i ncl udes: an obtainer configured to obtain a uniformthickness for said

non- targot : anita AP earRPE S Lol TR0 PRk By EpReli®s 311 o

144. Theumnm&tefghwﬁér%ﬁ] of claim 143, wherein said obtainer configured to
obtain the uniformfilmthickness includes: an accessor configured to
access an uniformthickness ratio table. 145. The conputer systemof claim

143, wherein ) d ' i d. i I 2 for said
non- target conbt sab haPle P UL Hn 24 € -l eGSR endlerd
non-t ar gesmpﬁgeelﬁne@solemlﬁght dritbay. The conputer system of claim 97, wherein
said obtainer configured to obtain the average |ight energy factor
conprises the steps of: an obtainer configured to obtain a uniform

t hi ckness for id-biological fluid: an tai ner canfigured o ohtaip a red
bl ood el 1 petEin: ABs PBPuEEratast bl Guft At ot sanpokthEonfigyda s bbtath
conf i gur @ thiclataak eatlAinglutibe average |ight energy factor for said targets in
said biological fluid; 147. The conputer system of claim 146, wherein

t heoretical samehtaingr e¢nitairel oadtaibh opifore thickntse forisayd tielogical fluid, The

conmput er syst f.claim146 rein.said biological fluid conprises up
Co Bbout ¢ nentyofais Bt o s iR Brtaiiciergek B8\ 15 The
conput er syst gpalehlatdrabAfighted folaldudte tHeCthi¢liBéss ratdd) obt ai ner configured to
obtain said stacking factor. 150. The conputer system of claim 146, wherein

'said stacking factor is between 1 and 2. 151. The conputer systemof claim
150, wherein fﬁd %@%&]nﬁgtc; ?}%Ee%r of aai]r'ﬂ ?43, wherein said obtainer configured to obtain

the uniform film thickness includes:

an accessor configured to access an uniform thickness ratio table.

145.  The computer system of claim 143, wherein said obtainer configured to obtain
the thickness for said non-target comprises the step of:

an accessor configured to access a non-target thickness table.

146. The computer system of claim 97, wherein said obtainer configured to obtain
the average light energy factor comprises the steps of:

an obtainer configured to obtain a uniform thickness for said biological fluid; .

an obtainer configured to obtain a red blood cell percentage for said biological fluid;
and

a calculator configured to calculate the average light energy factor for said targets in

said biological fluid;

147. The computer system of claim 146, wherein theoretical stacking of said red-

blood cells does not occur.

148.  The computer system of claim 146, wherein said biological fluid comprises up

to about twenty percent said red blood cells.



152. - The conputer system of claim 146, wherein said obtainer configured to
obtain said uniformthickness includes: an accessor configured ton%c%gs?sua
bi ol.ogi cal fluid thickness table. 153. The conputer system of clai m 146, o
Wherein said obtainer configured to obtain said red blood cell percentage

i ncl udes: an_aqg.es s oMty Men!o? ASAA38 R thdRd cel | percent age

table. 154. The conputer system of clalm 146, wherein said non-target
material att énghtager sanfiglried e oleaiarsgyd spkiigrgetohr ough sai d bi ol ogi cal
fluid. 155. The conmputer system of claim 146, wherein said biological fluid
conprises |eukocyte-rich buffy coat. 156. The conputer system of claim

155, wherein 38pd lhelcegipugd s{dt&h%r’ic&iﬁlrlﬁétxg?ere' ishiy Sﬁ;lé&%c:ﬁp?sr%?e

activatable drug. 157. The conputer system clarm ereln 'sa crllldrug
conpri sedn@2. net hoxypsoral en. 158. The conputer system of claim 157,
wherein said |ight energy conprises wultraviolet |ight energy. 159. The
conputer system of claim 158, wherein said ultraviolet |ight energy

conprises ul tngyi olrgk cAmphPty a8 'bg?flairﬁ g?,%ﬁrgiﬁwai%gtﬁ: facti%‘r Rypsem for

determining a fluid Iight energy val ue elTvery to abiological fluid
conprising targets, wherein an effective anmount of light energy is desired

to be delive to,sald targets, conprising. neans for obtaining said,
target's eff ei?gve%PF 5%‘1’3‘}‘?&?@9‘3‘98?&@?‘“ @zr}’g"‘i‘%‘Fl Sévét%tw?rgcoaﬁgwgﬁ%@am ght
ener gy f a4l Qhiféred thiedn@dsPinelu@gd-cal fluid;, and neans for cal culating said
fluid-light energy value for delivery to said biological fluid. 161. The

syst em of cl amRcEessor whmfigired thacaessiatgologicd]l fladgkicknesetdbdet i ve | i ght ener gy
value conprises: neans for placing said targets in fluid, wherein said
targets in said fluid do not receive attenuated |light energy; and means

for irradiati nss.saTHe tbmptterbystens 8MBlhfn I 46 WnrER Y obRliH&Sonfigured to obtain
said red blood cell percentage includes:

an accessor configured to access a red blood cell percentage table.

154.  The computer system of claim 146, wherein said non-target material

attenuates said light energy passing through said biological fluid.

155.  The computer system of claim 146, wherein said biological fluid comprises
leukocyte-rich buffy coat.

156. The computer system of claim 155, wherein said biological fluid is treated _

with a light energy activatable drug.

157.  The computer system of claim 156, wherein said drug comprises 8-

methoxypsoralen.

158.  The computer system of claim 157, wherein said light energy comprises

ultraviolet light energy.

159.  The computer system of claim 158, wherein said ultraviolet light energy

comprises ultraviolet A light energy.



:162.. -The system of claim 160, wherein the obtaining said average |ight
energy factor conprises: neans for obtaining the average |ight enﬁrgjy n
valuye at a unit surface area of the targets in the biological qui(a; Aelarts
_for obtaining the |ight energy value at an incident surface of the
bi ol ogi cal fl60.d A dystenpfod deRaminih®s flard Idht aﬁérggvme fevVddliveny tbiagﬁ'&logi&ﬁf gy
factor for said targets in said biological fluid. 163. The systemof claim
160, Me?‘é}drf%‘ﬁ%”éif’fﬁ taggetsavierpiioamgidedtivg Bmounteaaf dight enargy is desisetoibzes: neans
for obtajmi t.hi S .. means for obtaining a light transmttance
e SRR ot g

val ue of a known ness; and neans for calcul ating the
average |ight nﬁ:ﬁﬁ@yobtaﬁﬁ%seﬁ@Earg@i'gkffe@ﬁg@ﬁgnieﬁe ivdldet ol ogi cal fluid. 164.
The system of claim 163, wherein said biological Tluid conprises non-target
material , wheP@RRs Bapbtaming amaypeagalight energy fctarfonsaid bivdegicaliflyid; aader gy

passi ng throu | 1.0.00l caly f]ui.d, and er.ei n..obt ai ni .sai d .

t hi ckness rat ﬁ‘%a%?r?gF?lg‘ggélggﬁaéﬁgwdoﬁgkgﬁflgﬁiv € for ARV ED, °tsﬁ\r&gﬂﬂ]§§’ém‘f flpidg 5i ¢
biological fluid; -51 0 8 JAN 22 It neans for obtaining a thickness for
said non-target; and neans for calculating the thickness ratio. 165. The
system of cl ail®h-16@he srstameioficksin d 68, wharginedtaiting said dgpts! effective highterngety
mat eri al ln_said non-target material conprises red blood cells, and
wherein g%lﬁ@afe'gn[ﬁ#llgsegt he average |ight energy factor conprises: neans for
obtai ning a t hieatsfosplatiagiseid tAR@MSn fuid, WHediMk41d tagéts tn D@ PRl EE hot receive
percentage for said biological fluid; and neans for calculating the average
|i ght endfegyated dightenergy; a8d d targets in said biological fluid. 166. The

~system of cl aj -mgr i L ni. sai d.t.hi ckness, rati o conpri ses:
"means for ob?iéﬁ%ﬁgrh unt@@%ﬁ%ﬁﬁg%‘%ﬂp&h%l'gicﬂerlg’r"d'rlag)u&s'cal fluid;

162.  The system of claim 160, wherein the obtaining said average light energy

factor comprises:

means for obtaining the average light energy value at a unit surface area of the targets
in the biological fluid;

means for obtaining the light energy value at an incident surface of the biological
fluid film; and

means for calculating the average light energy factor for said targets in said biological
fluid.

163.  The system of claim 160, wherein obtaining said average light energy factor,
comprises: '

means for obtaining a thickness ratio;

means for obtaining a light transmittance value of a known fluid film Vthickness; and

means for calculating the average light energy factor for said targets in said biological
fluid.

164. The system of claim 163, wherein said biological fluid comprises non-target
material, wherein said non-target material attenuates said light energy passing through said
biological fluid, and wherein obtaining said thickness ratio comprises:

means for obtaining a uniform thickness for said biological fluid;



,means for obtaining a thickness for said non-target; and neans for
cal cul ating the thickness ratio. 167. The system of claim 160, gﬂlerqfr .said
bi ol ogical fluid conprises non-target material, wherein said n #‘a ge

mat éri al at t ef§aRseior eblapung § Huckages Igy spd sentyeethrigh said  bi ol ogi cal
*fluid, wherei Hleﬁﬂtﬂ Eﬂgﬁ&&\ﬁéﬁt‘:ﬂg@ﬁﬁsg ﬁjltiocorrpri ses red blood cells, and
¥ ge T1g [

wherei n obtalnlng e aver enefgy factor conprises: neans for
obtaining a uniformthickness for said biological fluid; nmeans for
obtaining a red bl ood cell Ferpentage for said biological fluid; and neans
for cal cul ati Hep-t hEhesxstemer clrigh d 6@ ryereggin saidthiologisp! fluid gomprisgstaonitargeti d
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bi ol ogical fluid conprising targets, wherein an effective anount of |ight
energy i s desmEd fppobfaining 3 thickagssratigiai d targets, the nmethod conpri sing:
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cal cul ati ng tifears! for €alculhtigthe aneragy li Mitleer Qﬁctéﬁfof&ﬂﬂ!ﬁ&s%éﬁdbie@é@%lcm
fluid. 169. The conputer readable nmedium of claim 168, erei n obtaining
sai d tar%}@fi-' s effective light energy value conprises: placing said targets
in fluid, wherein said targets in said fluid do not receive attenuated

i ght. energy; and irradiating said fluid with sanple |ight energy val ues.

170. The conpliter ThasiabneonEeim 063)fwitkéh sbhiing vdie (ttihebhautiooiphiseg sai d
average light energy factor caonprises: obtaining an average |ight energy

val ue at a unfansfpf eRiaingemuforrygickaesgdersaidbioingicabilyidsgi cal f I ui d;
obt ai ning a lﬁ’g‘mscfgﬂg‘t@iéf‘“%&?ﬁ@&ﬁ&éﬂ&h?‘?‘%ﬁ&um@ce of the biol ogical

flurd film and e average energy factor for the
targets in theecdisdbogladitifg the ¢hickinéds rafibe conput er readabl e medi um of claim
168, wherein obtaining said average |ight energy factor conprises:
obtaining a thickness ratio;

167. The system of claim 160, wherein said biological fluid comprises non-target
material, wherein said non-target material attenuates said light energy passing through said
biological fluid, wherein said non-target material comprises red blood cells, and wherein
obtaining the average light energy factor comprises:

means for obtaining a uniform thickness for said biological fluid;

means for obtaining a red blood cell percentage for said biological fluid; and

means for calculating the average light energy factor for said targets in said biological

,' fluid; .

168. A computer readable medium containing instructions for controlling a
computer system to perform a method, wherein the computer system determines a fluid light
energy value for delivery to a biological fluid comprising targets, wherein an effective
amount of light energy is desired to be delivered to said targets, the method comprising:

obtaining said target’s effective light energy value;

obtaining an average light energy factor for said targets in said biological fluid; and

calculating the fluid’s light energy value for delivery to said biological fluid.
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' non- t ar geffechint dghednesdyt eiluat@eprisas:d | i ght energy passing through said
bi ol ogi cal fluid, and wherein obtaining said thickness ratio conprises:
obt ai ni ng a uplfieesRdirERsas Eluids wherainsaid taraefs amsaid flyiddo pyftrecatyeng a

t hi cknesg, [ i on-target; and calculating the thickness ratio. 173.
The corrp%t%céﬁrﬁtf’égiggb eer%gf' m of claim 168, wherein said biological fluid

conpri ses noNirfadiQkig saRl Mlid aith q@ﬁghts;gé R@Arkar get material attenuates
said |ight energy passing through said biological fluid, wherein said

non-target material conprises red blood «cells, and wherein obtaining the

average |ight er factor conprises.. obtalni a.thi.ckness ratiQ;
obtarnng oo ShecRbfer ERRRL SElind sl Gy M SSHE IR SRale Big,
cal cul até%g]&:h@hwﬁérgﬁ(ﬁadtdr%hpﬁ@@sﬁgy factor for said targets in said

bi ol ogical fluid, -53 0 8 JAN 2' A 174. The conputer readabl e medi um of

clai m 173, whebtainingdn averagedisbhentrgnyaie assunissyréace grgarafsbatargmt withe ng a
uni f or mﬁ.h'ocknfﬁlsl- for said biological fluid; obtaining a thickness for
sai d non-*f Igbc‘g , leflnd calculating the thickness ratio. 175. The conputer

readabl e nmedi shtiRing BEND chBfy WaliRraehR ircaddht Biu@A@Pifeid bibldgidd! NlaRINMl; 268
non-target material, erein said non-target material attenuates said |ight

energy passi eaculpting s averiage bghsicogigyfhcter for dhe targatsinrthe hiodpgiesh fluid get
material conprises red blood cells, and wherein obtaining the average
"light energy factor conprises: obtaining a uniformthickness for said

bi ol ogical fluid; Thtebmpigr @adfle Rle@eh 6£41kind €68,8/tica€ia obiinisgssldhveraggi cal
fluid; and calcul ating the average |ight energy factor for said targets in
sai d bi olighyicaengy fipgipycomprises:

obtaining a thickness ratio;
obtaining a light transmittance value of a known fluid film thickness; and

calculating the average light energy factor for said targets in said biological fluid.

172. The computer readable medium of claim 171, wherein said biological fluid
comprises non-target material, wherein said non-target material attenuates said light energy
passing through said biological fluid, and wherein obtaining said thickness ratio comprises:

obtaining a uniform thickness for said biological fluid,

obtaining a thickness for said non-target; and

calculating the thickness ratio.

173. The computer readable medium of claim 168, wherein said biological fluid
comprises non-target material, wherein said non-target material attenuates said light energy
passing through said biological fluid, wherein said non-target material comprises red blood
cells, and wherein obtaining the average light energy factor comprises:

obtaining a thickness ratio;

obtaining a red blood cell percentage for said biological fluid; and

calculating the average light energy factor for said targets in said biological fluid.
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174,  The computer readable medium of claim 173, wheretn obtaining said

thickness ratio comprises:
obtaining a uniform thickness for said biological fluid;
obtaining a thickness for said non-target; and

calculating the thickness ratio.

175. The computer readable medium of claim 168, wherein said biclogical fluid
comprises non-target material, wherein said non-target material attenuates said light energy
passing through said biological fluid, wherein said non-target material comprises red blood
cells, and wherein obtaining the average light energy factor comprises:

obtaining a uniform thickness for said biological fluid;

obtaining a red blood cell percentage for said biological fluid; and

calculating the average light energy factor for said targets in said biological fluid.



