ARTICLE

Relationship Between Topotecan Systemic Exposure
and Tumor Response in Human Neuroblastoma
Xenografts

William C. Zamboni, Clinton F. Stewart, Joyce Thompson,

Victor M. Santana, Pamela J. Cheshire, Lois B. Richmond, Xiaolong Luo,
Catherine Poquette, Janet A. Houghton, Peter J. Houghton*

represent their respective histiotype in patients. Support for this
Background: Topotecan is a topoisomerase | inhibitor with notion is based on the ability of xenografts to identify agents of
activity against xenografts of childhood solid tumors and known clinical utility against the respective disease in patients.
established clinical activity against neuroblastoma and rhab- However, there is less compelling data obtained from xenografts
domyosarcoma. We have studied the relationship between of human tumors to assure the value of these models in identi-
systemic exposure to and the antitumor activity of topotecan fying agents that ultimately prove efficacious in human cancers
lactone (the active form of the drug) in the xenograft models. that the models attempt to simulate. In part, failure to rightly
Furthermore, we determined whether the responses seen inpredict the drug response may be due to species differences
these models occur at systemic exposure levels that are tolyhetween mice and humans; mice may be more or less tolerant of
erable in children. Methods: Neuroblastoma xenografts de- an agent_ Thus, if the former condition app"es, the model may
rived from the tumors of six different patients were estab- Overpredict clinical uti|ity (e_g_’ the diary|su|f0ny|urea@); if
lished subcutaneously in immune-deprived mice. Topotecan the latter condition applies, the models may underestimate clini-
was administered by intravenous bolus injection 5 days a cal utility (e.g., doxorubicin and etoposide). Unfortunately, in
week for 2 consecutive weeks, repeated every 21 days formost instances where the clinical activity does not support the
three cycles. The minimum daily doses that induced com- preclinical expectation, retrospective studies are not generally
plete responses (CRs) and partial responses (PRs) were deundertaken to determine why the preclinical data were not ac-
termined. Topotecan lactone pharmacokinetic studies were cyrate. In the work presented, we have undertaken a study with
performed in both tumor-bearing and nontumor-bearing a drug where the preclinical activity has been quite predictive of
mice. Results: The minimum doses associated with CRs and its clinical uti”ty against two pediatric tumor types, rhabdomyo-
PRs in four of the six neuroblastoma xenografts were 0.61 sarcoma and neuroblastoma. The data suggest that for certain
and 0.36 mg/kg body weight, respectively. The topotecan classes of antitumor agents, more detailed preclinical studies, of
lactone single-day systemic exposures associated with thesghe sort presented, may be valuable in the analysis of activity in
doses were 88 and 52 nghr/mL, respectively. There was an clinical trials and valuable in guiding clinical drug development.
approximately sixfold difference in topotecan lactone sys-  \We reported the activity of the camptothecin analogue topo-
temic exposure (290 ng hr/mL versus 52 ng- hr/mL) asso- tecan (9-dimethylaminomethyl-10-hydroxy camptothecin)

ciated with achieving CRs in the least-sensitive and most- against a panel of rhabdomyosarcoma xenog&ftsand topo-
sensitive tumors, respectively Conclusions: Neuroblastoma

xenografts are highly sensitive to topotecan therapy, and
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tecan is currently being evaluated as a single agent in a phasevéry 7 days using Vernier callipers interfaced with a Dell microcomputer.
study against previously untreated patients with advanced—sti@@or volumes were calculated assuming tumors to be spherical using the

. Lo I s . rmula [(w/6)xd*], whered is the mean diameter. Tumor volumes were deter-
disease. Preliminary results indicate significant activity in thfr%ned for at least 12 weeks after starting treatment.

tumor type. Our studies also suggested activity against tumors of

neural origin, such as medulloblastof3s4),and neuroblastoma Tumor Response

(5). AC_t'V|ty has been demonStrat_ed in patients with nel_"'OblaS'For comparison of different treatment regimens, tumor responses were ana-
toma in phase K6,7) and 1l (8) trials. Presented here is thelyzed for the time (weeks) individual tumors required to reach four times their
evaluation of topotecan against a panel of neuroblastoma Xep@dyme at initiation of therapy and tumor regression. The proportion of tumors

grafts established from biopsy material at diagnosis or at relap@ét failed to reach four times their volume at the start of treatment was estimated
éhe Kaplan—Meier methofd.0), where times to reach four-times the original

Topotecan lactone smgle-day systemic exposure in the mo@éume were censored in mice that died for any reason. The exact logrank test

has been related to min!mum doses that induce partial and CQfBs used to assess differences in times for tumors to increase fourfold in volume
plete responses when intravenous topotecan was administefgehg treatment groups versus the control gr¢iip). All P values were two-
using a protracted schedule of administration. To evaluate if thided. No adjustments were made for multiple comparisons. For individual tu-

presence of tumor would alter topotecan disposition in tumdpors. a partial response (PR) was defined as the regression of tumor volume by

. . . ] ) more than 50% but with measurable tumor at all times. A complete response
bearing mice, topotecan pharmacokinetic studies were pg

. . . . . R) was defined as the complete disappearance of measurable tumor mass at
formed in nontumor-bearing mice and mice bearing NB-16483ye point after initiating therapy. Maintained CR (MCR) was CR without

and NB-1691 neuroblastoma xenografts. The results of thigor regrowth within the study time frame (12 weeks).
study may have specific use in developing topotecan treatmerithe overall minimum effective dose of topotecan achieving CR and PR for the
Strategies in patients with neuroblastoma as well as a broaé@ies of human neuroblastoma xenografts evaluated was defined as the dose that

L L . achieved CR or PR in at least two thirds (67%) of the xenograft lines tested,
appllcatlon to deveIOpmemal cancer therapeutlcs. while the minimum effective dose of topotecan achieving CR and PR for indi-

vidual xenograft lines was defined as the minimum dose of topotecan producing
CR and more than 50% regressions in all tumors within the treatment group,
respectively.

Materials and Methods

Immune Deprivation of Mice

Female CBA/CaJ mice (The Jackson Laboratory, Bar Harbor, ME), 4 weeE?rmUIatlon and Administration

of age, were immune deprived by thymectomy and whole-body irradiation (1200Topotecan was generously provided by Dr. R. K. Johnson (SmithKline
cGy). Irradiated mice received marrow harvested from nonirradiated, thymegsecham Pharmaceuticals, Philadelphia, PA). Topotecan powder was dissolved
tomized donors (3 x TOnucleated bone marrow cells) within 6-8 hours ofi, g 994 NaCl (0.25 mg/mL) and administered intravenously (0.05 mL/10 g body
irradiation (1,9). Tumor pieces of approximately 3 ninwere implanted in the weight) at dose of 0.36, 0.61, 1.0, or 2.0 mg/kg as a short injection (duration of
space of the dorsal lateral flanks of the mice to initiate tumor growth. Tumogyministration was <1 minute) into lateral tail vein daily for 5 days for 2 con-
bearing mice were randomized into groups of six or seven prior to initiatingcytive weeks followed by a 9-day rest period, referred to as one cycle of therapy
therapy. Animal care was in accord with institution guidelines. {[(dx5)2]}. Mice received three cycles {[(dx5)2]3} over a period of 8 weeks.

Tumor Lines Drug Administration and Sample Collection

Briefly, all six neuroblastoma tumors were from young patients (1-3 years)tgpotecan exists in pH-dependent equilibrium between the active (lactone)
with advanced disease. Tumor characteristics, tumor stage, site, and previgu$ e inactive (carboxylate) forms. The pharmacokinetics of topotecan lactone
t_reatment received by respective patients are shown in Tak_)l_e 1: With the exc8Bre evaluated after a single dose of topotecan (0.5 mg/kg [1.7 a5
tion of xenograft NB-EB, each tumor _demonstrated 'ampl|f|cat|on of N_'MYQ‘ng/kg [4.2 mg/rd], and 2.0 mg/kg [6.7 mg/Al) administered by direct injection
(Thompson J, Houghton P: manuscript in preparation). Once establishedifi§ 5 |ateral tail vein of immune-deprived nontumor-bearing mice. Since the
xenografts, further transplantations were from mouse to mouse, rather than fiQmamic clearance of topotecan did not change with dose (i.e., linear disposi-
cell culture to mice. For chemotherapy studies, all tumors were used within ﬁlén)’ we chose to conduct our pharmacokinetic studies in tumor-bearing mice
passages of their engraftment in mice. Each tumor grew routinely in more thaq,, 5 single dose of topotecan 1.25 mg/kg (4.2 nfy/eparinized blood
95% of recipient mice and all retained human origin as determined by karyotyggmmes [L mL) were collected by cardiac puncture (three animals per time
(Thompson J, Houghton P: manuscript in preparation). point) before drug administration and at 0.25, 1, 2, 4, and 6 hours after drug
Growth Inhibition Studies admiqistration. All bk_)od sa_mpl_es were handled_an_d processed as previously

described12-14).An isocratic high-performance liquid chromatography assay

All mice bearing bilateral subcutaneous tumors received the chemotherapewtit fluorescence detection was used to determine topotecan lactone plasma
agent when tumors were approximately 0.2—1 cm in diameter. The procedwescentrationg14).

have been reported previous(). Briefly, tumor diameters were measured . . .
P P ) Y Pharmacokinetic Analysis

Table 1. Characteristics of neuroblastoma xenograft derived fiomitro A two-compartment model using maximum likelihood estimation was fit to
cell lines topotecan plasma concentration versus time data (ADAPT1B). Estimated
two-compartment model parameters included the volume of the central com-
Tumor line  Stage Site Previous patient therapy*  partment ¥,), elimination rate constanky, and the rate constantk, k) for

drug transfer between central and peripheral compartments. Pharmacokinetic

NB-1382.2 C Retroperitoneum VCR, VP-16, CTX, CDDP, Carbo ) B -
parameters calculated from these estimates included systemic clearance, volume

NB-1643 D Retroperitoneum None RS )
NB-1691 D  Adrenal AraC, Dauno, 6-TG, VP-16, 5-AzacOf distribution at steady stat&/@J, and area under the plasma concentration—
NB-1771 D Adrenal None time curve (AUC)(16). The relationship between topotecan lactone disposition
NB-EB D Adrenal CTX, DOX, CDDP, VM-26 and time did not differ significantly among tumor-bearing and nontumor-bearing
NB-SD D Bone marrow CTX, DOX, CDDP, VM-26 mice P = .72). Thus, we took advantage of the linearity in topotecan clearance

and extrapolated from the 1.25-mg/kg dose the topotecan AUC associated with
*Patient therapy prior to establishing cell lingsvitro. VCR = vincristine; the minimum dose achieving CRs and PRs. Compartmental pharmacokinetic

VP-16 = etoposide; CTX= cyclophosphamide; CDDR cisplatin; Carbo=  parameters were determined using three mice per sample time point. The con-
carboplatin; AraC= cytarabine; Daune= daunorubicin; 6TG= 6-thioguanine; centration-time profile was modeled by applying linear regression to the log
5-AzaC = 5-azacytidine; and VM-26= teniposide. concentration. R squared was used to examine model fithess.
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responses of all neuroblastoma xenografts were determined at
topotecan doses of 1.0, 0.61, and 0.36 mg/kg administered in-
travenously daily for 5 days per week for 2 weeks repeated every
) 21 days {[(dx5)2]3} (Table 3). Of note, in highly sensitive tu-
Each of the neuroblastoma xenografts grew in more than 9% .« (NB-1382.2, NB-1643, NB-1771, and NB-EB), the rate at
of the recipient mice. Tumors had consistent growth rates \\fhich tumors regressed remained relatively constant between
untreated mice. NB-EB and NB-SD tumors demonstrated t§&, 05 treated with decreasing doses of fopotecan; this may
most rapid growth rates, with volume doubling times of 4.7 anf{yjcate that cell kill per dose did not increase markedly with
7.4 days, respectively. NB-1771 xenografts were slowest groyz e asing dose levels. This would be consistent with celi cycle-
ing with volume doubling times of approximately 18 days. Ahpase.specific activity (i.e., S-phasiiling) of topoisomerase |
the highest dose evaluated (2 mg/kg per administration), thet@initors. For NB-1643, NB-EB, and NB-1382.2 tumors, CRs
was a low incidence of drug-induced lethality (<4%), withyere ghtained at 0.36 mg/kg, whereas CRs were obtained at 0.61
weight loss being less than 10% for the 8-week duration pf /kg in NB-1771. At the 0.36-mg/kg dose, CRs were main-
therapy. Responses for individual tumors in control and treatedoq at week 12 in each tumor except NB-EB. In addition, the
groups for representative experiments are shown in Figs. 1 Qﬂ%-mg/kg dose induced PR of all NB-1691 xenografts but
2, and data analysis is given in Table 2. At the highest dose leyglseq only stable disease in NB-SD tumors. Thus, the overall
(2 mg/kg per administration), CR was achieved in NB-169%,inimum effective dose of topotecan achieving CR and PR for
NB-1382.2, and NB-SD xenografts, and CR was maintained @k neyroblastoma xenograft series evaluated was 0.61 and 0.36
week 12 (MCR) in two of these (NB-1691 and NB-1382.2) 44 respectively. Furthermore, there was an approximately
neuroblastoma lines (Fig. 1). Although NB-SD tumors wergyso|q difference in dose intensity required to induce CR in

quite responsive, masses were detectable in several mice at\{ge1g43 (0.36 mg/kg) and NB-1691 (2 mg/kg) tumors, whereas
end of 8-week treatment period. NB-1643, NB-1771, and NRig_sD tumors were relatively more resistant. '

EB xenografts were more sensitive, and CR was achieved at
1 mg/kg per administration, the highest dose level evaluat?gpotecan Pharmacokinetics

Results

Topotecan Antitumor Response

(Fig. 2).
Minimum Effective Topotecan Dose Achieving Tumor TOpOtecan diSpOSition was evaluated at 05, 125, and 2.0
Response mg/kg in nontumor-bearing mice and at 1.25 mg/kg in mice

bearing NB-1643 and NB-1691 xenografts. Topotecan lactone
To determine the minimum effective dose of topotecan thptasma concentration—time plots after a dose of 1.25 mg/kg in
induced CR or PR in at least four (67%) of six tumor lines, theontumor bearing mice and mice bearing neuroblastoma xeno-
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Fig. 1. Responses of neuroblastoma xenografts NB-1691, NB-1382.2, and NB-SD to topotecan treatment. Tumor-bearing mice were treated with saline (control) o
topotecan at the indicated dose levels given intravenously, administered daily for 5 days per week for 2 consecutive weeks [(dx5)2] repeated every 21 days for thre
cycles as described in the “Materials and Methods™ section.

Journal of the National Cancer Institute, Vol. 90, No. 7, April 1, 1998 ARTICLE 507



Control 1 mg/kg 0.6 mg/kg 0.36 mg/kg
10 10 10 10
NB 1643 1 1 1 1 }s
0.1 ——d— et 01 01 01
0246 81012 02 46 81012 02 468101 02486 8 1012
—
% 10 10 10 10
O
"
®
E F/—\/\/
NB 1771 % 1 1 1 1
>
o
s LV
£ o 01 o1 01
'2 0246 81012 0246 81012 02468101 02 46 81012
10 10 10 10
NB EB 1 1 1 1 t ;?g?
ot 01 01 01
02 46 8 1012 02 46 81012 02 46 8 112 024681012
Weeks

Fig. 2. Responses of neuroblastoma xenografts NB-1643, NB-1771, and NB-EB to topotecan treatment. Tumor-bearing mice were treated with saline (control) o
topotecan at the indicated dose levels given intravenously, administered daily for 5 days per week for 2 consecutive weeks [(dx5)2])2] repeated every 21 days fc
three cycles as described in the “Materials and Methods™ section.

grafts are shown in Fig. 3. No statistically significant differencimtrinsic resistance of NB-1691 xenografts is not a consequence
between topotecan disposition was noted between the tumafraltered systemic disposition of topotecan.

bearing and nontumor-bearing animals at the 1.25-mg/kg dose ]

(P = .72). Moreover, topotecan systemic clearance and half-laiSCUssion

was constant over the dosage range examined in nontumorw h ious| ted th fivity of topot inst
bearing mice, indicating linear dispositioR = .62; Table 4). € have previously reported the activity ot topotecan agains

xenografts derived from several pediatric tum@s4).Notably,
topotecan was active against rhabdomyosarcoma xenografts and
some neural tumors, and preliminary results indicated activity
against a limited number of childhood neuroblasto(B8ab5).
Topotecan AUC associated with the minimum dose achievigubsequently, responses in patients with rhabdomyosarcoma
CRs and PRs were extrapolated from the AUC estimated aftearsd also neuroblastoma were observed in both phase | and I
dose of 1.25 mg/kg in mice bearing NB-1691 and NB-164ials (6—8). However, it is of importance to validate preclinical
neuroblastoma xenografts. Topotecan pharmacokinetics are timodels where responses achieved following drug systemic ex-
ear Ca !’ = .99; AUCr? = .99) over the dose range examyposures are achievable in patients. We therefore re-evaluated
ined (Table 4); therefore, we extrapolated from the data obtainteghotecan in an expanded panel of neuroblastoma xenografts to
at the 1.25-mg/kg dose level. From this extrapolation, the topdetermine how accurate the response data are at systemic expo-
tecan AUC estimated to be associated with the overall minimwsuares achievable in patients. Our objectives were therefore to
effective dose of topotecan achieving CR (0.61 mg/kg) and RRtermine if objective responses in these models occurred at
(0.36 mg/kg) was 88 and 52 ndnr/mL, respectively. To deter- clinically achievable systemic exposures (and thus whether the
mine whether the intrinsic resistance of NB-1691 xenograftsodels accurately paralleled the sensitivity of this histiotype)
could be in part due to altered systemic disposition in mi@nd to further use these models to gain insight into optimal
bearing this xenograft, we determined the systemic exposuresgheduling that could guide future clinical trials design.
mice bearing a sensitive tumor (NB-1643) compared with mice Although, the efficacy of topotecan against human tumor
bearing a resistant tumor (NB-1691). The topotecan lactorenografts has been reported, this is the first study reporting
AUC associated with the minimum effective dose of topotecdapotecan systemic exposures associated with the minimum
achieving CR in NB-1691 (2 mg/kg) and NB-1643 (0.36 mg/kgloses achieving objective responses in the xenograft n{gdel
xenografts were 290 and 52 ngpr/mL, respectively. The similar 4). The clinical importance of these data are underscored by the
systemic disposition in mice bearing these tumors suggests ths¢ of preclinical xenograft models in identifying new chemo-

Topotecan Systemic Exposures Associated With Tumor
Response
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Table 2. Responses of neuroblastoma xenografts to three cycles of topotecan*

Fraction of mice that  Average time (wks) for

Response of
uncensored mice

achieved 4x initial tumor to achieve 4x
tumor volume initial tumor volume Fraction of Fraction of
Tumor Doset Censoredf by week 12 (standard deviation) P§ PRs CRs MCR||
NB-1382.2 0 0 717 3.3 (0.5) 0 0 0
2 [(dx5)2]3 iv 0 o7 — .001 0 717 717
1.0 [(dx5)2]3 iv 0 017 — .001 0 717 717
0.61 [(dx5)2]3 iv 0 0/6 — .001 0 6/6 6/6
0.36 [(dx5)2]3 iv 0 o/7 — .001 0 717 717
NB-1643 0 0 6/6 5.2 (1.5) 0 0 0
1.0 [(dx5)2]3 iv 0 0/6 — .002 0 6/6 6/6
0.61 [(dx5)2]3 iv 1 0/6 — .001 0 6/6 6/6
0.36 [(dx5)2]3 iv 0 o/7 — .001 0 717 717
NB-1691 0 1 4/4 53 (2.1) 0 0 0
2 [(dx5)2]3 iv 0 0/5 — .008 0 5/5 5/5
1.0 [(dx5)2]3 iv 1 4/6 10.3 (1.3) .019 1/6 3/6 2/3
0.61 [(dx5)2]3 iv 1 1/4 9 .024 2/4 2/4 2/2
0.36 [(dx5)2]3 iv 1 4/6 8.5 (1.7) .029 216 1/6 1/1
NB-1771 0 0 4/4 5.5 (1.3) 0 0 0
1.0 [(dx5)2]3 iv 2 0/3 — .024 2/3 1/3 0/1
0.61 [(dx5)2]3 iv 0 0/5 — .008 0 5/5 5/5
0.36 [(dx5)2]3 iv 0 0/4 — .029 1/4 3/4 3/3
NB-EB 0 0 717 1.9 (0.4) 0 0 0
1.0 [(dx5)2]3 iv 0 o7 — .001 0 717 717
0.61 [(dx5)2]3 iv 0 1/6 12 .001 0 6/6 4/6
0.36 [(dx5)2]3 iv 0 27 11.5 (0.7) .001 0 717 27
NB-SD 0 0 717 2.9 (0.4) 0 0 0
2 [(dx5)2]3 iv 3 0/4 — .001 0 4/4 3/4
1.0 [(dx5)2]3 iv 3 1/4 12 .001 1/4 2/4 1/2
0.61 [(dx5)2]3 iv 4 0/3 — .001 203 0/3 0
0.36 [(dx5)2]3 iv 1 2/6 12 (0) .001 2/6 0/6 0

*iv = intravenous administration; CR complete response; PR partial response; and MCR maintained complete response.

tTAdministered (dx5)2 intravenously (iv) every 21 days for three cycles.

FNumber of censored mice. Censored implies the mouse died prior to week 12 and before the tumor grew to 4x initial volume.
8P values were obtained using exact logrank teBtsalues compare each treatment group with the control group for time to 4x initial tumor volume.

|[Fraction of CRs maintained through week 12.

therapeutic agents for the treatment of childhood cancers. Th

use of preclinical translational studies in animals are fundamgn

tal to the design and interpretation of clinical trials in humanp
and direct comparison of drug systemic exposures removes Vhar
ability in dose—response associated with pharmacokinetic differ
ences(7,17-20).This is especially important for anticance
drugs that may have a steep exposure-response relationship|a
narrow therapeutic inded3,17—21).Most important, preclini-
cal drug disposition studies allow for more precise comparison:
of systemic exposures and interpretation of antitumor respomfs
between preclinical models and humans.

Table 3. Topotecan minimum effective dose achieving complete responsg
(MEDCR) and patrtial response (MEDPR) administered to neuroblastoma
xenografts on [(dx5)2]3 schedule*

Topotecan Lactone Cone. (ng/mL)

1000

100

10

0.1

Time (hr)

Tumor MEDPR MEDCR
NB1382.2 =<0.36
NB1643 <0.36
NB1691 =0.61 =2.00
NB1771 =<0.36 =<0.61
NBEB <0.36 <0.36
NBSD =1.00 =2.0

*Administered (dx5)2 intravenously every 21 days for three cycles.

Fig. 3. Topotecan lactone concentration—time profiles after administration of
1.25 mg/kg intravenously in nontumor-bearing mice and mice bearing NB-1691
and NB-1643 human neurblastoma xenografts. Individual data points and best
fit line of the data are represented for topotecan lactone in nontumor mice
(—®), and mice bearing NB-16911(O) and NB-1643 (---A) human neuro-
blastoma xenografts.
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Table 4. Topotecan lactone pharmacokinetic parameters

Nontumor-bearing mice

Pharmacokinetic Mice bearing Mice bearing
parameters* 0.5 mg/kg 1.25 mg/kg 2.0 mg/kg NB-1691, 1.25 mg/kg NB-1643, 1.25 mg/kg
V,, LIm? 5.0 5.7 6.5 6.5 8.5

Ko h™t 35 2.9 2.9 3.2 25

t¥2z, h 11 1.7 1.4 12 1.8

Vd,, Lim? 16.5 11.9 10.7 10.5 14.8

CL, L/Im?perh 17.6 16.5 18.6 20.6 21.1
AUC,_.., ng- h/imL 81.8 227.0 324.7 181.0 181.6

Cinax NG/ML 158.7 498.4 711.4 427.8 358.2

*V, = volume of the central compartmett; = elimination rate constanty, = elimination rate of thed phaseVd;; = volume of distribution at steady state;
CL = systemic clearance; AUG- area under the plasma concentration—time curve;Gpg = maximum plasma concentration.

To test this approach, we initially determined the minimurday cycle) and mice bearing neuroblastoma xenografts (520
effective dose of topotecan achieving objective tumor responses hr/mL per 21-day cycle).
in mice bearing human neuroblastoma xenografts. The rank or-In addition, determining both differences in minimum effec-
der of topotecan sensitivity for this panel of tumors, based on ttiee dose and systemic exposures associated with response in
dose necessary to induce CRs and PRs, was NB-E648B- xenograft models can be used to compare sensitivity of human
1382.2 > NB-EB > NB-1771 > NB-169% NB-SD. Interest- neuroblastoma tumor xenografts to topotecan. Interestingly, of
ingly, although both are highly sensitive to topotecan, NB-1648e six neuroblastoma models examined, CR could be achieved
was established from the tumor of an untreated patient, wher@gadour tumor lines at systemic exposures of 88 -mg/mL,
NB-1382.2 was established from a heavily treated patient. TiMbdereas two tumors were significantly less sensitive, where CR
topotecan doses defined as the minimum dose inducing CR (0d®lild be achieved at greater than or equal to 290mgmL. The
mg/kg) and the minimum dose achieving PR (0.36 mg/kg) refivefold to sixfold difference in minimum dose causing CR be-
resent less than 30% of the maximum tolerated dose in mitween NB-1691 (2.0 mg/kg) and NB-1643 (0.36 mg/kg) tumor
This further suggests, to determine clinically relevant doses axehografts is consistent with topotecan lactone single-day sys-
systemic exposures that are associated with tumor responséemic exposures (290 and 52 nfr/mL, respectively) associ-
xenograft models, the dose of chemotherapeutic agents nadgd with response. Thus, relative inherent sensitivities between
need to be adjusted in mice due to differential species sensitiuitifferent tumor histiotypes and within a single tumor histiotype
to the toxic effects of these chemotherapeutic agents. For toptay be compared by dose and systemic exposure intensity re-
tecan [and other camptothecin analo¢®?)], mice appear to quired to achieve response. Similar topotecan pharmacokinetic
tolerate systemic exposures that are in excess of those tolerga@dmeters and AUC in hon-tumor bearing mice and mice bear-
in humans. Thus, to understand optimal scheduling and efficang NB-1643 and NB-1691 neuroblastoma xenografts would
of combination therapies combining this class of drug, it is insuggest that these tumors do not alter topotecan disposition.
portant that the drug dosage achieves systemic exposures thdh summary, we have demonstrated the sensitivity of a panel
are relevant to patients. of neuroblastomas to topotecan. This new agent induced both

We next determined the systemic exposure of topotecan 88Rs and PRs of advanced tumors derived from both newly
sociated with objective tumor responses in neuroblastoma xed@gnosed or heavily treated patients. Analysis of topotecan lac-
graft models and compared it with systemic exposures toleratede systemic exposures associated with antitumor activity in the
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