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ABSTRACT

The purpose of this paper is to study the G-CSFaf@Glocyte-Colony Stimulating Factor) treatment of a
simulations and data fit mathematical modeling of (Cyclical Neutropenia) with neutrophil count. $hhodel is
useful to account for the features of untreated &-Clt is also useful for treatment of dogs with. CRerefore this
model is considered as an accomplished one. Thdiing parameters for 3 days and not for 4 démysestimation

or evaluation. It is also essential and necessargnbdel the more samples for increase in Neutraghiplification.
The proposed interventions are practical. It magluee the amount of G-CSF. It required potential ntexiance.
Sometimes, it may even improve the treatment effeat This model gives us good result in treatmiEmé changes
would be practical and reduce the risk side as waslthe cost of treatment in G-CSF. By using a f80rs (grey
collies) and ANC (Absolute Neutrophil Count), weabkksh some new sufficient parameters which enthateevery
solution of this mathematical modeling for diseksel decreases to maximum.
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INTRODUCTION

In this analysis of G-CSF treatment of ‘Neutropg&nige get ‘data’ from CN. They are grey collies.[They are
usually used to build an extended model of it.riduces the dynamics of circulating blood cellseylare found
from the dogs with and without daily G-CSF therd@¥. It is a model which is very useful for collemt of

laboratory data. This mathematical model helpougproduce the large variation of data too. Theguo from one
dog to another [3]. It has long term effects on dseillations when the frequency of drug delivesyniade. It
reviewed different modeling approaches in hematglagainly based on the study of periodic hemataali
disorders. In particular, modeling of CN and analys its dynamical properties has provided insgbr the origin
of the disease and potentially helped in the desifgnew G-CSF treatment regimens [4]. Indeed, theyposed
alternative G-CSF treatment strategies for cyclivalitropenia using a combination of analytical amodnerical

tools. However, their model did not account for giermacokinetics of G-CSF and did not considerplagelets
and erythrocytes, in which oscillations are alsseasized in CN. In this paper, we resolve these &byeroposing a
comprehensive mathematical model of the mammal@anatopoietic system that couples the pharmacokseti

G-CSF to the hematopoietic stem cell, neutrophdtgbet, and erythrocyte dynamics. We then stu@ystfiects of
varying the treatment initiation time, and whethgections are given daily, every other day, orrgvaree days [5].

All blood cells are derived from hematopoietic steefls. These stem cells are called ‘undiffereatiatells’. They
have high proliferative potential in nature. Thisultipotent stem cells which often regulates cytekin
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erythropoietin, erythrocyte, thrombopoietin, platslas well as granulocyte colony stimulating faeted regulates
leukocyte numbers [6]The mathematical form of “hematopoiesis” is presanthe stem cells and it is examined in
simple analysis here. Several hematological diseagich display dynamic and potential nature, whish
characterized by “oscillations” and one or morewating cell lines are analyzed in this investigiat[7]. This
analysis reveals cyclical neutropenia, periodiconfe myelogenous leukemia, cyclical thrombocytopeand
periodic hemolytic anemia.

We examine cyclical neutropenia which is rarelydle#é hematological disorder characterized by ‘ltzimins” in
the circulating neutrophil count. Sometimes theltzdion level may fall [8]. The period of oscilian time may be
of 19 to 21days in humans, even though it has heeserved to 40 days. These ‘oscillations’ are gaher
accompanied by platelets, lymphocytes and retigtiésc Cyclical neutropenia also occurs in greyieslivhen the
periods on the order may be of 11 to 16 days. iBhizlled ‘animal model’. It has provided extensesgperimental
data too [9]. It enriched our understanding of malneutropenia.

The cyclical neutropenia have been mostly idertifie the “gene”. This dynamic origin of gene is tly
understood by us time to time. Many of the mathéabtmodels have been formulated by this method. [IBe
analysis of cyclical neutropenia lies in destahtiian of the combined HSC and neutrophil contreltes [11]. This
analysis presents the CN oscillations in generiaé TN oscillations also present the platelets atidulocytes. The
CN in humans are often treated using granulocytielwis known as ‘apoptosis’ [12].

The treatment protocols typically call for dailyosutaneous injection of G-CSF at 3 tpdper kg of body weight.
This cost over US$ 45,000 per year for a 70kg adufew alternative strategies in humans have bieported and
various administration schemes have been used IfL8je two compartment models, HSC compartment wsas|

and to hide the dynamic behavior of the hematomosgstem under G-CSF treatment, the neutrophihtoauld be
stabilized or to show large amplitude oscillatiomkis model G-CSF treatment schemes are effectitewsing

less G-CSF [14]. This model includes either erythte or platelet dynamics even though clinical datiicates
oscillations or neutropenia patients [15]. This mlodvould be consistent with observed platelet ameeg
reticulocyte data. After same time the stimulatians not taken into account. We present a new melieh effects
G-CSF treatment for cyclical neutropenia. Henceewieance this model of the hematopoietic systenobyparing

it with two compartment modes of G-CSF kineticseTdetails of the mathematical models are presenteetail

[16].

EXPERIMENTAL SECTION

2.1 Simulations and Data Fit M odeling

We used data on seven grey collies generously imappy Dr. David C. Dale (University of Washingt&chool of
Medicine, Seattle) and previously analyzed in [19BAll of these dogs showed statistically significagtling in
neutrophils and/or platelets, according to the Lgahodogram analysis carried out [1The Lomb periodogram is
equivalent to power spectrum analysis but is taddior unevenly sampled data sets. It is used tectperiodicity
in the blood counts before and during treatmenbh V@tCSF. Data for neutrophils, erythrocytes andepgss were
available both for untreated dogs as well as degsiving daily G-CSF [18]. We have developed ahreatatical
model that couples the pharmacokinetics of G-CSRh® hematopoietic stem cell, neutrophil, plateeid
erythrocyte dynamics. Briefly, it consists of nomar differential equations each describing theetawolution of
one of the cell types, coupled equations repreasgtitie changing levels of G-CSF in the subcutan&esise and in
the circulation. The G-CSF compartment adds 10mpatars, which are estimated from the literatureqI® In the
hematological portion of the present model wa®ditto observed data for cyclical neutropenic days lauman
patients, both untreated and receiving G-CSF treatnTo do this, a simulated annealing optimizatisethod was
used to minimize the least squares difference lmiwbe simulation and the data [19]. Both the patand
neutrophil counts were matched for dogs with uméecyclical neutropenia, and for dogs undergoigyd
treatment with G-CSF injections [20].

The results were that three of the model’s parammetere identified as the most crucial in simulgtihe effects of
cyclical neutropenia and its treatment with G-C8fe amplification in the proliferating neutrophilggursors, the
rate of apoptosis in the proliferating HSC's, aha@ tmaximal rate of differentiation from the HSCi#d the

neutrophil line. Interestingly, it was consistentigcessary to change all of these to account tofdhatures of the
data [21].
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Here, we used the fits for 7 dogs without G-CSkttreent from CNFor three of these, we then used the simulated
annealing procedure to minimize the least squafférehce between the simulation and the treated, ddanging
only the three most critical parameters. We théimesed, without fitting, the treated parametenstf@ remaining

4 dogs. At this point, the parameter sets succlgshatch the model simulations to data, without thew G-CSF
compartment [22].

We now add the pharmacokinetic G-CSF compartmerabtain our full model. The quality of the fitspseserved,;
in other words, the polynomial fit difference betmethe model and simulations is as good, as ocethetith the G-
CSF compartment than without, though the parameters estimated for the model without it. At th@m, having
determined both the untreated and treated paramelees we are in a position to use simulationxplae the
effects of different treatment strategies. We expent with simulating treatment every day, evergosel day, and
every three days, for each of the dogs [23]. We aleamine the effect of changing the time in thelewhen
treatment is first initiated.

2.2 Mathematical Modeling

The model we have developed includes the hematiipsiem cells, the neutrophils, platelets andrendytes, as
well as tissue G-CSF levels and circulating G-C$Ehe blood. The model has four distinct cellulampartments
and two compartments representing G-CSF [24]. Tieen scells are pluripotential and self-renewing, arah
differentiate into the leukocyte, erythrocyte oratglet lines. Alternatively, the stem cells mayerger the
proliferative phase of the stem cell compartmeatirdy which they undergo a random loss via apoptatirate/ .

The stem cell compartment model is based on thginati work [25]. The neutrophil, erythrocyte andchtellet
compartments are modeled after earlier efforts.[8TSF, meanwhile, is injected into the tissue gartment and
enters the circulation from there. It is clearedinirthe circulation by two processes: a random lass, a linear
neutrophil mediated clearance representing thetfettneutrophils take up circulating G-C8Fvery high G-CSF
levels the neutrophil mediated clearance is salterélot at the concentrations relevant here, atim@proximation
is accurate [27].

Our notation is as follows. The hematopoietic stegtls (HSC’s) are denoted by Q (units -° Klls/kg). The
circulating neutrophils, erythrocytes and plateksts denoted N (units i@ells/kg), R (units - 18 cells/kg) and P
(units - 18%ells/kg), respectively [16]. Each of the differiation rates from the stem cell compartment inedhll
lines depend on the number of circulating cellshef relevant type, so there is a feedback betweeritculating
cell numbers and the rates of differentiation. Ehese negative feedback functions, so when the eurmb
circulating mature cells of a given line decreasks,corresponding differentiation rate c increasesompensate.
The rates of differentiation (units - day)sfrom the HSC'’s into the three circulating cefids are denoted by, @
and g, respectively. Tissue levels of G-CSF are denstédnits -pg/kg), and circulating G-CSF concentration is G
(units - pg/mL). The effects of G-CSF on the system (injectdth a temporal schedule I(t)) are ultimately
represented by changes in the parametgrétife effective amplification in the neutrophil éirbetween the HSC'’s
and the circulating neutrophilsy/ (the rate of apoptosis in the HSC compartment). [0@ly the circulating, and

not the tissue, G-CSF has these effects. Thesiydarteffects are isolated and these were the gsirparameter
changes that were found necessary for model sirontato match the observed and analytic approactdgs and
humans with cyclical neutropenia undergoing G-C&atment108]. With this notation, and the convention that

X, = X(t —7), the model equations are

D=-po-(5+¢+G) Q2675 Q
dN _
o WN+AGQ
‘Z—T=—VR+ A{cQ-¢ ¢q
d _
AT CORLY
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dXx

Ezl(t)-FkTVBG_kBX
dG _ kg

Ly _kG-(aN+)) G
at v, k-G-(a N+y)

2.3 G-CSF Model

As it can be seen from the previous equations, n@nthe parameters in the system depend on the B-CS
concentration G(t). Indeed, G-CSF regulates théesysn several different ways and, in particulaisiknown to
regulate the neutrophil production through a negaftedback mechanism [12]. It is a two-compartrmeotiel that
accounts for subcutaneous G-CSF injections. Thatiootis as follows: X denotes the tissue level&eLSF and G
denotes the circulating G-CSF concentration. Nbte instead of using concentrations for both tissneé blood
compartment, we used per body weight levels fortidsie compartment. Since it is easier to expiessnput I(t)
in terms of quantity, this allows us to get ridtbé parameter representing the volume of tissuepaaiment. Of
course, the corresponding terms need to be scatedingly by the volume of the blood compartmesti order
to make units of G and X agree in both equation€SF is injected into the tissue compartment artdrerthe
circulation from there. It is eliminated throughceeable and unalterable mechanisms. The securabbddanism
involves the G-CSF receptors on neutrophils whettleasinalterable process mainly involves kidneyq.[One can
write down the dynamic equation for the G-CSF cortipant:

dG Ky X
2 =G*+22 -k G—(y+oWP G
dt V, KG=(y+oWh

The first equation represents the rate of chang8-GfSF in tissues. I(t) is the input from exogen@i€SF given
subcutaneously, ¥is the volume of the blood compartment andakd kg are rate constants for exchange between
the blood and tissue compartments. The rate ofgghah G-CSF concentration in blood is expressetthénsecond
equation, where G is the fixed G-CSF production thredclearance is given by

(y+oWF)G
Next, we derive expressions for G-CSF clearancetlamthput function I(t) that models subcutaneajsdtions.

2.4 G-CSF I nput Function

We must also specify an input function I(t) thapresents the subcutaneous G-CSF injection [1, 2,1D,We
assume that this input is brief in duration, anat tthe total amount of G-CSF added correspondfedadesired
dosage, namely:

]o I (t)dt =dosage

Note that ifo is small, a Gaussian-like input approximates a@rfunction, and we can write
[ae/” ot = ao/n
Therefore to simulate periodic injections, we let
2
- (tmodT)—I a?
() =H (t-d)as "

where H(t) denotes the Heaviside step function
H(t)=0t<0
H(t)=1t>0

The day on which treatment is initiated is dendtgdl, and the Heaviside function simply turns thigétions on.
The term “t mod T” ensures periodicity, and we liegthat T > g so that the approximation to the integral remains
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valid. Finally, we ensure that Equations holds bgasing the parameter thataa/n = dosage. It remains only to
describe how the G-CSF acts on the hematologiceiopoof the model. Because we believe from presiou
modeling efforts that A ys, and § are the parameters that need to change under G4@S&Hnodel G-CSF

injections as causing fluctuations in these thimmeters:

A, = A (1= H(t-d))+ H(t- d)(( m( G Q)+ ’N*)
o=y (1-H (t=d))+ H(t=d)((m (&~ §)+)
6,28 (1-H (t-d))+ H(t-d)((m( o~ T +&)

The superscripts “t” and “u” respectively indicatalues corresponding to values that, in the modtiout the
dynamics of G-CSF, match treated and untreatedreafgectively. The parameters,nm, and mare slopes that

specify how much 4, ys, and §, change in response to a given change in G-CSF ntatien, G.G is the average

G-CSF concentration for each data set. These wempuated using the G-CSF model alone, and usingitkeage
neutrophil levels in each data set [14].

RESULTSAND DISCUSSION

These results are in agreement with those repantdd]. It suggests that late G-CSF administration follogvi
treatment should be efficient in reducing the repgnic period, provided that neutropenia does ootioprior to
the start of treatment. Since the ANC increaseglippfter CN administration, this suggests thaCSF could be
efficiently used as supportive treatment, i.e.tstgrG-CSF only at the onset of neutropenia. Moegpthis could
result in a more stable ANC response and avoidyghieal decrease in neutrophil count. However, wendt take
into account the use of antibiotics in this moaeijch is a criterion that was in favor of a proaetireatment in the
study by [6] Also, in a clinical setting, there are severatdas to consider when administering G-CSF to p#ien
such as the type of cancer, the intensity of theraitherapy, the age and general health of the dulije history of
febrile neutropenic episodes, etc. All these factan influence the response to CN treatment. Tdrexeour results
should be looked at from a qualitative point ofwi€ur model suggests that two different typesesponse (large
amplitude followed by low base and a relativelyo##aANC) can be obtained by G-CSF administratio Mélieve
that this may be due to the existence of multipdble solutions in the system

In this section, we study the effects of varying tturation of G-CSF treatment. Since clinical gliiges suggest
starting on day 1 and stopping its administratidremthe neutrophil levels are back to normal vafabewing the
expected base, we chose to always simulate the aftéreatment on the day and only vary the endse€SF
treatment. Fig.1 shows the simulation when treatrigegiven for 4, 8 and 12 days. When startingttnest on day
1, one can see that a rapid rise in neutrophil mcdollowed by the decrease and a second incliea&dlC. The
amplitude of this second increase as well as tip¢hdef the expected base varies with the lengttiezitment. For
each, duration of treatment from 1 to 14 days, ammputed the base and maximum neutrophil countsesécond
ANC increase over 2 cycles of G-CSWe found that the longer the treatment, the higimer the maximum
neutrophil levels.

More interestingly, depths of the nadir are simiflar treatment duration of more than 8 days. Whits tmodel,
administering for 8 days correspond to stoppirjgst before the expected neutrophil nadir whereatng G-CSF
when ANC are back to a normal after the base cporeds to duration of 12 days of treatment. Thessfour
simulations suggest that the duration of treatneentd be reduced by stopping treatment when the izaseached,
instead of waiting for the ANC to get back to nottesels. It is worth noting that only one day ofatment given
the day method leads to a reduced increase of M@ &nd a higher neutrophil base, as shown in Fifslin the
case of delayed treatment discussed above, the Addfonse remains relatively stable around normhlega
without falling down to very low neutrophil levels.
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Table 1 Parametersused for GCs

Parameter Dog Dog Dog Dog
Name 100 118 101 113

488.00 | 73.400 135.8? 51.0Q00

912.40 | 866.40 900.0(|) 200.90

0.3600 | 0.3600( 0.360 0.36Q0

2.0000| 4.1000| 4.000 4.00Q00

0.0300| 0.0300( 0.050 0.01Q90

0.1700| 0.1500( 0.180 0.055

2.8000| 20.800] 2.5200 2.45Q
1.4500| 1.2100{ 1.0300 1.50
0.3000| 0.6900] 0.8100 0.48Q
5.6300 | 5.6300{ 5.800 5.630
7.0000| 7.0000{ 6.9000 5.270
21.630 | 49.380| 91.74 6.150
1.3800| 1.1600{ 0.3200 3.48(
3.4100 | 10.820 | 8.0100 | 11.6€0

0.0080| 0.0038 0.008(1) 0.01d

qxggé tﬁ:(ﬁ"‘% l—'%?:?»

—
N

OO0 o o0o~Yo O

DOlo|F
o

We make the hypothesis that this reflects the enxest of another stable solution in the system. Fagnathematical
point of view, many factors influence the respoaotéhe model, among which the historical valueslbivariables
(stem cells, precursors, neutrophils) as well asctivice of parameters. Therefore, even thoughmmael predicts
the existence of such solution and suggests thist @me day of treatment could be successful in rgema
neutropenia, further investigation would be needinte, to our knowledge, no data on this is avhdlab the
literature.

Fig.1 Serial neutrophil data and simulations for Dogs 100, 101, 113, and 118.The top panel shows G-CSF data
(Green color) and Neutrophils (Wine color). The figmel shows data and simulations for dogs undér @aCSF
treatment. Neutrophil units are®ells-kg ™.
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As one can see in Fig.1, the bases and maximunmewsalith respect to the duration of treatment hawelar
behavior for both cycles, except that the basesoarer and maximums are higher for the second cyde do not
have a clear explanation for that difference. Hosvegince we are mainly interested in the dynanpcaperties of
the model, we believe that this quantitative aspeof less importance and focus on the fact thatsame types of
variations in bases and maximum values hold foh logtles.

We study the effects of ANC administration followiG-CSF. Recall that clinical guidance for treattnzails for a

6 mg dose no earlier than 24 hours treatment. Usiagparameters listed in Tablevle integrated the model and
looked at the effects of a bolus subcutaneous ddtration of 100ug/kg (corresponding to the standard 6 mg dose
for a 60 kg subject). As with CN, we found that rfgidg the starting day of the treatment may chatige
qualitative response of the ANC levels. This wageeted since a number of studies have shown th& A&k the
same effects as G-CSF for treating neutropeniahénfirst panel of Fig.1, CN is given 1 day afthe tG-CSF
treatment, resulting in a large ANC response. tngbcond panel, G-CSF is administered 8 days ¢fide) and 5
days (second cycle) after the CN treatment. The AlNease is of less amplitude in the first cydlaus, as for
CN, the model predicts that delaying G-CSF admmiaigin may result in different qualitative behaisoand
potentially abolish the base typically observeeérathe large ANC rise.

The parameter sets for the first three dogs arengin the first three columns of Tablel in the motieeach case,
we found that the neutrophil amplification increasebstantially under G-CSF treatment, as doesatieeof stem
cell apoptosis, and the differentiation into thetnephil line. We therefore predict similar chandessthe remaining
dogs. There is some redundancy in the model, initiceeasing the neutrophil amplification and thifedentiation
into the neutrophil line from the stem cells hawikir effects. This is not unexpected, since thenary effect of
both changes is to raise neutrophil levels. Figdws the fit of the untreated and treated dat®fays 100, 101 and
118. This confirms that the new model, with the SFCcoupled to the cell population dynamics, is bépaf
reproducing the data. The least squares differemegeen the analysis and the data were not signiily less than
the reported values. Fig.1 shows the data and sisdiyr the other four dogs (Dogs 101,100, 113 Hbgl), again
with daily treatment. Recall that these were théregted, not fitted, values for the treated pararseand note the
quality of the fits. Thus, we are able to matchested data without automated parameter fitting tdasmply on an
examination of the treated data and the parambgerges for Dogs 100, 101 and 118.

For each dog, we performed simulations comparinly tt@atment, treatment every other day, and eterye days.
We find that particularly for Dogs 100, 101,118 &3, changing the period of the treatment canifsigntly
affect the nature of the oscillations. It shows ttbgults of treating Dog 118 every other day, nathan every day.
We have also explored the effects of changingithe &t which the treatment is initiated. In mostes this did not
significantly change the long-term behavior. Howevior Dog 113 the amplitude of the oscillations swa
significantly reduced when the treatment was itetlain the latter half of the cycle. More specifigameasured
from day 1, we find that smaller oscillations ocdureatment is initiated on day 8 or afterwardspn days 2 or 5.
When treatment was initiated on other days, laggsillations in the model resulted. It should atsonoted that
increasing the G-CSF dosage in the model sometimalped to stabilize oscillations (Dog 118), buséveral cases
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(Dogs 100, 118 and 101) a dosage increase fragike to a dosage in the range 15ti28kg caused some analysis
to fail. In that analysis, the differentiation ratet of the stem cells was so high, and the ap@ptase in the stem
cells was so high, that the stem cell populatios wa longer able to maintain itself. For the ottlegs, there was
always a dosage that was sufficiently high to teaté the mathematical analyze, but it was sometarfestor of
10 higher than the actual dosage given (see app@atile Al).

The result of combining a simulation input with heripheral feedback control of granulopoiesishisven in Fig.1.
We used an exponential decreasing feedback witklay df 3 days within the context of the model oB@/
peripheral control presented. We used the samé&edunction for simulating the ANC in GC 118 a8 101.
For an input with small amplitude, the predictedilbetions in the neutrophil compartment are cles€FT and fit
the ANC of GC 113. When the amplitude of the inuincreased, the shape of the oscillations incihailating
neutrophils is transformed by the feedback functmiming the characteristic two peaks observedchrieutrophil
counts of GC 118 to 100. The correlation betweenrtivdel’s prediction and the fit of the ANC usingabysis is
0.9 for GC 100, and 0.96 for GC 101.

Data for neutrophils, erythrocytes and plateletsenavailable both for untreated dogs as well assdegeiving
daily G-CSF [2]. We have developed a model whghdlled ‘hematopoietic’ system. It includes pharokdnetic
model of G-CSF. It is dynamics in tissue and ircuation. This model helps us to account for thatdee of
untreated and G-CSF treated data for dogs withicalaheutropenia [4]. This is accomplished by pasters for 3 or
4 dogs. There was an increase in the rate of apigpio the stem cell compartment during G-CSF ineat.
Therefore, fit observed data for cyclical neutrdpetogs and human beings are treated by G-CSF mbdehg G-
CSF treatment there is an increase in neutrophilifioation [8].

The treatment schedules indicated that changingénied from daily to other day, and then to thitay almost
change the nature of the oscillations. G-CSF islyols causes undesirable side effects [11]. Ipéssible to this
option further in humans. We found in one case thanging the time of onset of treatment result:iich smaller
amplitude oscillations in the treated simulatiomalgsis. It had more effects on the oscillationsitda changing the
dosage was not viable for an analysis. It is fratiyeled to the termination of the simulation rathtban the
stabilization of oscillations.

The observed data are highly viable from one dognmther. The stimulations can be individualizekisTpresents
the possibility of using ‘real time’ data for modahalysis. It makes predictions about the effedtslifferent

treatment schedules. Earlier findings revealededkffit behavior that would result from different GFCtreatment
schedules. Our model substantiate that the questiifects the realistic G-CSF dynamics and yigldinalysis that
are directly comparable to observed data [8]. Gamtral result revealed in the G-CSF model is sigaift. The

changing time of treatment initiation or the periofitreatment may result in equally good or betteng-term

outcomes. It may require less G-CSF. These chamngakl be practical to implement in treatment arss16-CSF
is required. It would reduce the risk, of side effeas well as the cost of treatment.

In our analysis we widely discussed hematologicalcgsses and related dynamical diseases. It powage
understanding into hematopoietic regulatory systeltnkelps us clinical treatment of G-CSF. Furthee have
examined different G-CSF treatment and methodsOhir using a model approach. Therefore we used two
dimensional nonlinear differential equations modesely, neutrophils and stem cells. Two sets odpaters CN
and G-CSF have been illustrated and three parasnetene modified to the effects of treatment. Thesemeters
are amplification, rate of apoptosis and the makiai@ of differentiation from the hematopoietierst cells and the
neutrophil line.
CONCLUSION

We have developed a mathematical model that coupiegharmacokinetics of G-CSF to the hematopo&ttm
cell, neutrophil, platelet and erythrocyte dynamitgonsists of nonlinear differential equatiorgle describing the
time evolution of one of the cell types. The G-G@impartment adds 10 parameters, which are estinfraedthe
literature. A simulation analysis method was usethinimize the least squares difference betweeratiatysis and
the data. Both the platelet and neutrophil courdgsewnatched for dogs with untreated cyclical ngagnia, and for
dogs undergoing daily treatment with G-CSF injewdioFor three of these, we used the analysis puoeeid
minimize the least squares difference between itnelation and the treated data, changing only titree most
critical parameters. We then estimated, withoutinfit the treated parameters for the remaining gsddt
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determined both the untreated and treated parawedtezs we are in a position to use explore thecedfof different
treatment strategies. We found that a large nehtrdtqecome a greater level and followed by a deegitipn or a
smaller ANC in high level. It remains stable anaéslmot go to lower levels. There is a change anpatignts in
several parameters. It may sometimes influencéntiea.

APPENDI X

TableAl: NORMAL STEADY STATE PARAMETERS

Parameters | Value Unit
S 1.1 X1G cells /kg
| A 0.07 days'
Z'S 2.8 days
Ko 8.0 days’1
0, 0.5 X108
S 4 (none
N- 5.¢ X10°cells /k¢
JA 2.4 days®
Tun 35 days
An 752 100"
0, 0.36 X1Gcells /kg
n 1 (none)
R 3.5 X10*cells /kg
W 0.001 days'
TRM 6 days
Tsum 120 days
[ 2.8 days
Ar 5.63 10,000's
ks 0.5 days’
K, 0.0382] (X16'cells /kg)*
Mme 6.9¢€ (none
P 2.14 X16%ells /kg
% 0.15 days'
TPM 7 days
Tpg 9.5 days
Ap 28.2 1000's
Kp 1.17 days'
Kop 11.66 | (X10cells /kg)!
r 1.2¢ (none
X+ 0.1 pg/kg
G- 0 pg/ml
ke 0.07 hours’
ks 0.25 hours'
Vg 76 mL/kg
a 0.03 kg/hr
)4 0.07 hours*
a 2.2 ug *hours / kg
g 0.02 hourg
T 24 hours
G 0.01 ug/mi
m 1 (none
by 0.002 (none)
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Parameters | Value Unit
k 0.01 Hour
Vs 0.05 Day*
Tp 3.27 Days
T, 7 Days
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