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En relacion con la solicitud contenida en el expediente de la referencia y, en
particular, con el Concepto Técnico No. 671, contenido en su ultimo oficio
proferido dentro del mismo, por medio del presente escrito y dentro del término
conferido, me permito manifestarle:

1. Con respecto a la excepcion a la patentabilidad, con el presente escrito
acompano:

Le solicito se siryé agregar este escrito y su anexo al expedierjte y conceder el
privilegio solicit/ddo.

De Usted Atentamente,




REIVINDICACIONES

Un compuesto que comprende eritropoyetina y un agente citotoxico para
la fabricacién de un medicamento para el tratamiento o reducciéon de

toxicidad pulmonar inducida por la quimioterapia.

El compuesto de acuerdo con la reivindicacion 1 en donde el agente

citotoxico es un agente antineoplastico.

El compuesto de acuerdo con cualquier reivindicacion anterior en donde la
eritropoyetina es para administracién en una cantidad de 1 U/kg a 2000

U/kg.

El compuesto de acuerdo con cualquier reivindicacion anterior en donde la
eritropoyetina es para administracién en una cantidad de 1 U/kg a 200

U/kg.

Eritropoyetina para el tratamiento o reduccion de toxicidad pulmonar
inducida por la quimioterapia inducida por un agente citotxico y para
administracion simultdneamente con, antes o después del agente

citotoéxico.

Eritropoyetina de acuerdo con la reivindicacion 5 en donde el agente

citotoxico es un agente antineoplastico.
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Eritropoyetina de acuerdo con Ila reivindicacién 5 o la reivindicacion 6, y

para administracién en una cantidad de 1 U/kg a 2000 U/kg.

Eritropoyetina de acuerdo con la reivindicacién 5 o la reivindicacion 6, y

para administracién en una cantidad de 1 U/kg a 200 U/kg.

Eritropoyetina de acuerdo con cualquiera de las reivindicaciones 5 a 8

para administracién simultaneamente con el agente citotoxico.

Eritropoyetina de acuerdo con cualquiera de las reivindicaciones 5 a 8

para administracién antes del agente citotoxico.

Eritropoyetina de acuerdo con cualquiera de las reivindicaciones 5 a 8

para administracién después del agente citotoxico.
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Hemotoxicity by Prolonged Etoposide Administration to Mice Can Be Prevented by
Simultaneous Growth Factor Therapy"

Gerald de Haan,? Christoph Engel, Bert Dontje, Markus Loeffler, and Willem Nijhof

Groningen Instizute for Drug Studies, Department of Hematology, University of Groningen, Bloemsingel 10, 9712 KZ Groningen, the Netherlands [G. d. H., B. D, W. N.}, and
Instisute for Medical Informatics, Statistics and Epidemiology, University of Leipzig, Leipzip, Germany [C. E. M. L.}

ABSTRACT cell pool. If a growth factor is administered simuitaneously, amplifi-
cation of the fraction of progenitors which was not killed i3 increased,
In this study, we determined in vivo interections between hemopol- which may result in increased peripheral blood cell production. This

bood eat pmducﬂo;nﬂmm"i'm%umu chemotherapy I 7EUENt assumes that the scasitivity of the remaining progenitors for

the cytostatic drug is not increased by the growth factor.

e T e e ame it e ifforent sioa s A sccond indication for a possible beneficial effect of simulta-
VP-16 In combination with three different doses of erythropofetin neous treatment with growth factors and cytostatic drugs comes
(EPO) or granulocyte colony-stimulating factor (G-CSF). In total, 12 ] from the fact that many cytotoxic agents, acting with different
combinations of VP-16 plus EPO and 12 combinations of VP-16 molecular mechanisms, induce the appearance of apoptotic char-
G-CSF were thus evaluated. Intricate dose-response surfaces of the  acteristics in target cells (1, 2). In addition, it has also been shown
effects of the different treatments on colony-forming units-erythroid, that many growth factors prevent dividing cells from apoptosis

hematocrit, colony-forming units-granulocyte/macroph-  (3_5), The question arises whether in vivo toxicity, resulting from

mnluneons.;:};; wmhé-mv:;:mmm:rm:m from soveral groups that in vitro this is indeed passible. It has beea

production and to protect mice from VP-16 induced neutropents; (¢) demonstrated that the induction of apoptosis in leukemic cells,
vr-nuoumuﬂﬁmrmuwmmwc-mmm treated with several cytotoxic agents (Adriamycin, 1-B-p-arabino-
taneously administered; and (d) no increased myelotoxicity on eryth-  furanosylcytosine, and vincristine), could be prevented by OM-
rald or granuloid progenitors was observed when EPO or G-CSF was  CSF,® G-CSF and interleukin 6 (6). Collins et al. (7) analyzed the
simultaneously administered with VP-16. These results suggest that is  in vitro effect of a prolonged simultaneous coincubation of BAF-3
vivo either lndividual hemopeictic progenitors can become resistant  cells with VP-16 or cisplatin and interleukin 3. Interleukin 3 was

surviving progenitors.

separation in time of cytostatic drug and growth factor trestmentis not  ROMOPpoictic progenitors during chemotherapy.
necessarily_ the optimal schedule with respect to the reduction of I the present study, therefore, we assessed normal hemopoietic
hemotoxicity. cell production in mice treated with several doses of VP-16 simul-
tancously with two widely used growth factors, EPO and G-CSF.
It bas been shown thst continuous administration of VP-16 results
‘ODUCTION in superior responses in patients (8). In the murine system, the
Hemopoietic growth factors are currently being intensively investi- VP-16 dose killing 10% of the mice after a 5-day treatment has
gated to assess their role in hastening the restoration of reduced peripheral  been shown to be approximately 0.2 mg/day (9). Thess reports led
blood cell numbers in chemo- or radiotherapeutic settings. These growth us to design a multifactorial experiment in which mice were freated
factors are, in the vast majority of cases, administered to patients after with 4 doses of VP-16 (0, 0.05, 0.1, and 0.2 mg/day) for 7 days.
they have been treated with enti-neoplastic agents, thus scparating the Concomitantly, thEPO or rhG-CSF, each in three doses, was
cytotoxic and the cytokinetic therapy in time. This strategy is pursued  infused. With this approach, we were able to prevent anemia and

factors and cytostatic drugs. Concemn exists sbout possible enhanced inducing hemotoxicity. By a detailed statistical analysis of the
hemotoxicity when growth factors and cytostatic drugs are sdministered  d8t3, We were able to construct equi-response curves of each
simultaneously, because growth factors may increaso the sensitivity of celtolar parameter. These curves illustrate the intricate behavior of
hemopoietic progenitors for cytostatic drugs. Up to now, however, this  the different parameters.
approach has not been investigated satisfactorily, although there are
reasons to believe that the simultanecus administration of specific hemo- MATERIALS AND METHODS
f‘ﬁ“ffmm"m ““‘;mﬁmim:“f "”yi“",'”lwﬂ Mice. Female CS7BUS mice, aged 12-16 wesks were used in all experi-
ments,
dose escalation. Growth Factors. Recombinant human EPO, a gift from Boehringer Mann-
Theoretically, it can be argued that a certain dose of a cytostatic oy, (Almere, the Netherlands) wes administered et doses of 10 and 25
drug kills a certain percentage of a specific hemopoietic progenitor  ynity/day/mouse. Recombinant human G-CSF, a gift from Amgen (Thousand
Qaks, CA) wes administered at doses of 0.25 and 2.5 pg/day/mouse.
Recelved §/9/94; sccepted 11/11/94. VP-16. VP-16 (ctoposide; Vepesid) was obtained from Bristol-Myers
The costs of publication of this anticlo werc defrayed in part by the psyment of page  Squibb and wes administered at doses of 0.05, 0.1, and 0.2 mg/day/mouse.
charges. This articls must therefore be hereby marked advertisement in accordance with
1 i werk was patlly spomored by s Deatsche * The sboeeviatons ced are: GMCSE
Forschungsgemelnschaft ,
(Lo 342-5/1). factor; G-CSF, granulocyte-CSF; EPO,
2T whom requests for reprints should be addressed, colony-forming unlts-erythroid; VP-16, etopositls,
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SIMULTANEQUS TREATMENT WITH CYTOKINES AND VP16

Table 1 Summary of the statistical analysis of the EPO + VP-16 experimens
mbamamwmmm)mmm«mmmammmdelwﬂchwummmmmmmumm

whether a certain cell stage was

by low EPO or VP-16 doses alone (b and d term), whether this effect was ssturated at high EPO or VP-16 doses alone (c and

was significantly sffected
© term), and whether in the combination of EPD and VP-16 significant interuction ocemred. As an example, the hemstocrit was incressed by low EPO doses. At high EPO doses no
safiration was obfserved. VP-16 reduced tiie fiematocrit ot fow doses, st Higher VP-16 doses tiis lineer inhibitory cffect was satirated (Le., bad reached fis cxaximumi. Furtbiérmore

VP-16 had specifically inhibitory effects on

b (EPO) ¢ (EPO?) d (VP-16) ¢ (VP-16%) { (BPO X VP-16)
Hematocrit + NS - * -
G N N NS N e
Gt epien A N NS NS 2

Osmotic Pumps. In order to ensure constant serum levels, growth fectors
and VP-16 were appropriately diluted end administered by s.c. implanted

esmntic pumps-{Alza, Palo Alto, CA) EPD and VP16 were administered by

the same pump. G-CSF, however, appeared to be inactivated when mixed with
VP-16; therefore, two pumps were implanted in the G-CSF/VP-16 mice.

Cell Suspensions and Assays. Femoral and splenic single cell suspensions
were made using standard procedures. Hemopofetic progenttors were cultured
with the methylcellulose method of Iscove and Sicher (10). CFU-GM/burst-
forming unit-crytlucid caltuios were supplomented with 100 ng/fust recorithi-
nant rat stem cell factor (e gifi from Amgen), 10 og/ml recombinant murine
GM-CSF (a gift from Behringwerke, Marburg, Germany) and 2 units/m]
rhEPO. This resulted in optimal colony formation In our sssay. CFU-E cultures
were supplemented with 500 milliunits/mi EPO. Reticulocytes and neutrophils
were counted on, respectively, brilliant erysol blue or May-Griinwald-Giemsa-
staiued blood smears using light microscopy. The WBC was determined with
a Coulter cell analyzer.

Statistical Analysls, Data as given in the figures are the means of 2-4
mice/datapoint. The EPO/VP-16 and G-CSF/VP-16 experiments were de-
signed in a multifectorial way (3 EPO/G-CSF doses X 4 VP-16 doses). The
statistical evaluation of this-type of experiment involves o regression analysis
to determine whether and how much a certain parameter significantly affects
the shape of the three-dimensional dose-response surface. This type of analysis
is far more powerful than 8 pairwise comparison of selected datapoints and
thereby reduces the number of experimentsl animals needed to detect
significam effects.

We fiste o5S GiIS sty previGusly I cRpcnimons Investgaong the
effects of stem cefl factor plus EPO (11) and G-CSF plus EPO (12). In the
present siudy, we conld not expect simple linear growth factor dose-response
relationships, Therefore the regression mode! had to be specified in a mean-
ingfol way. For both EPO and G-CSF, we have published information showing
dose-response saturation characteristics on a logarithmic scals (13, 14). As the
regression model analyzes the biological effect (response) of a given G-CSF or
EPO dose, these given BPO and G-CSF doses were logarithmically trans-
formed, Thus, EPO doses were coded O units = 0, 10 units = 1, and 25
units = 1.4, Similarly, G-CSF doses were coded as 0 ug = 0, 0.25 ug = 1,
and 2.5 pg = 2. This coding expresses that the biological “distance” (response)
from 0 to 0.25 ug G-CSF Is similar as from 0.25 to 2.5 ug G-CSF. The EPO
coding analogously acknowledges that the effect from 0 to 10 units EPO is
stronger than from 10 to 25 units EPQ. This coding protoco] is similar as
previously published analyses (11, 12).

With the data obtained {n the EPO/VP-16 experiment for the number of each
cell stage (¥), a vegression was performed based upon the model:
Y= a4+ bx EPO+ ¢ EPOP ¥4 X% VP16 4 ¢ X VP-
16* + f X (EPO X VP-16). With the data obtained in the G-CSF/VP-16
experiment, & similar regression was performed, based upon the model
Y=a+ b X G-CSF + ¢ X G-CSF? + d X VP-16 + ¢ X VP-16* + f X (G-
CSF X VP-16). These models are identical as the anes we have previously

published (11, 12). They assess whether: (a) there is a significant linear effect
of low EPO/G-CSF doses (“b” term); () this linear D/R effect is saturated at
bhigher EPEYG-CSF doses (*¢” term);- () thers is g siguificant effect of low
VP-16 doses (d” term); (4) this lincar VP-16 D/R effect reaches saturation at
high doses (“e” term); and (e) there is an interaction between EPO and VP-16
(‘P term).

Estimates for the regression coefficients and the 95% confidence inter-
vals were dstermined. A summary of the results of the regression analysis
is given in Tables 1 and 2. For eacti cell stags, Ik is ndicated whether the
regression coefficient of a term differed significantly from 0 (P < 0.05).
Positive values of the linear terms (EPO/G-CSF and VP-16) should be
interpreted as stimutatory activity; negative values of these terms indicate
inhibitory effects. A negative or posilive value of a quadvatic term (EPOY/
G-CSF? and VP-16° ) indicates flanening of a Hnear effect, which is
saturation of the linear response. A negative value of the interaction term
(EPO/G-CSF X VP-16) indicates that VP-16 has stronger inhibitory activ-
ity in stimulsted than in ponstimulated hemopoiesis. All analyses were
performed using SAS PROC REG.

Visualizing the Regression Anslysis. The regression analysis evaluated
ths shape of the complete three-dimensional dose-response surface mathemst-
ically. The dose-response surface, as described by the regression model, was
graphically depicted in a two-dimensional fashion by filling in all possible
coded EPO/G-CSF and VP-16 combinations in the regression mode! and by
calculating the predicted ¥ value. The contour plots thus obtained give a
quantitative description of the behavior of each cell stage in respanse to BPO,
G-CST, aad VP-16. They evaluaie ai wiilch §ise ranges VF-16 dose-escalation
was feasible and facilitate interpretation of Teble 1. These contour plots show
so-called “equi-response curves,” dose combinations which resulted in stmilar
cell connis.

RESULTS

Simultaneous EPO and VP-16 Administration for 7 Days.
VP-16 administration during 7 days induced a dose-dependent reticu-
locytopenia and anemia (Fig. 1). Reticulocytes were undstectable at a
dose of 0,1 mg/day or mere. This ' was-also reflected in the hematoerit
which was maximaily reduced to about 37% at a dose of 0.1 mg/day
or more. Simultaneous EPQO administration dose-dependently in-
creased both the number of reticulocytes and the hematocrit at VP-16
doses of 0.05 and 0.1 mg/day. At a VP-16 dose of 0.2 mg/day,
however, no protective effect of EPO was absetved anymore. The
corresponding contour plots, which were created by the regression
analysis, flustrate the dose ranges of combined EPO and VP-16
administration which are able to maintain sormal values (Fig. 2). It is
evident from the slopes of the graphs in Fig. 1 that, although EPO was

Table 2 Summary of the satistical analysiz of the G-CSF + VP-16 experiment
m-h-mammmmw)mmmummmammmmwwmummmmnm

whether a certain cell siage was significantly affocted

wmm«w-mmmu(bmem),mmmammumomaw-wmm

(d snd ¢ term), and whether in the combination of O-CSF and VP-16 significant interaction For an example sce legend to Table 1.
b (G-CSP) ¢ (G-CSF) d (VP-16) ¢ (VP-169) £ (0-CSP X VP-16)
Geailssyesianl <5 - -
CFU-GMAenmr + : NS : NS
CFU-GM/splecn NS + * - -




SIMULTANEOUS TREATMENT WITH CYTOKINES AND VP-16

Fig, 3. Effect of simultancous administration of EPO and VP-16 for 7 dsys on CFU-E
umbeesffemur (A) and splsen (B). Shaded area wepresents cormal range.

combination with high-dose G-CSF, however, CFU-GM numbers
sugre affected but ozly of the hishest VP-16 dose, Importzatly bow.
ever, CFU-GM numbers were never found to be below normal values.
Fig. 8 further illustrates the general interactions between G-CSF
and VP-16 on CFU-GM pumbers in marrow and spleen. It ts clear that
the behavior of CFU-GM is primarily regulated by G-CSF. With
varying VP-18 doses, CFlL-GM numhers change anly slightly,

DISCUSSION

Io this study, we wanted to investigate the in vivo interactions
betweer hemopoictic growth fectors amd cytostatic drags. We
demonstrate that the anemia and neutropenia induced by & profonged
VP-16 treatment of mice could be prevented by concomitant admin-
istration of EPO or G-CSF. This prophylactic use of growth factors
«did not result in increased myelotoxicity on immature progenitors and
allowed dose escalation. VP-16 inhibited erythropofesis between the
CFU-E and the reticulocytes; CFU-E were unaffected, but reticulo-
cytes were absent. Simultancous EPO administration could normalize
the production of reticulocytes from CFU-E at several VP-16 doses.
Granulopoiesis was also affected by VP-16, which became apparent in
a severely reduced absolute neutrophil count. This was not due,
however, to reduced CFU-GM numbers, which remained umaffected.
1t appears that VP-16 at the doses used inhibits granulopoiesis at some
stage between the CFU-GM and the mature granulocytes. Simultane-
ous G-CSF administration could restore this defective production and
was able to prevent neutropenia. Granulopoiesis appeared to be more
sensitive to VP-16 than erythropoiesis because, at the lowest VP-16
dose, maRanal Reoitory effects were stremly otnerved, No effecis on
platelet connt were detected (data not shown).

There are several possibilities which may explain the protection
from VP-16-induced hemotoxicity by EPO and G-CSF. The first
option takes into account only populations of cells. A certain dose of
VP.16 may _eliminate a fixed percentage of 2 specific hemaonalatie
compartment. If the surviving cells are stimulated by simultaneous
EPO or G-CSF therapy, this will increase their amplification and may
compensate for the loss of cells induced by VP-16. This implies that
the sensitivity for VP-16 of the surviving fraction of cells is not or not
strangly increased. In this respect. it is important ta consider the in
vivo effect of EPO and G-CSF on their targes cells. It is unknown to
what extent apoptosis regulates in vivo blood cell production (15, 16).
If EPO and G-CSF would act primarily by preventing premature cell
death, saving these cells by exogenous growth factor administration
cycling activity, Le., their sensitivity for a cell cycle-specific drug,
Another mechanism of growth factor activity, however, could be that
in vivo they act by increasing the cycling activity of (dormant) cells
{17, 18). This would increase the sensitivity of target cells for cell
mewmﬂyﬁrmmm
drugs, Bke VP-15; which can  faduce apopiosls In quiescent
thymocytes (19).

10
EPO [U/day]

Fig. 4. Contour piot, resulting from the regression analysis of the data of Fig. 3,
curves of the marrew (A) and splesn (B) CFU-E during combined

equi-response
administration of EPO and VP-16. Shaded area ladlcates
values (2 1 SEM) cap be maintsined.
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