


EFFICACY OF CRT-II AGAINST HUMAN XKNOGRAFTS

MATERIALS AND METHODS

Immune Deprivation of Mice. Female CBA/CaJ mice (Jackson Labora
tories. Bar Harbor. ME), 4 weeks of age, were immune-deprived by thymec-
tomy, followed 3 weeks later by whole-body irradiation (950 cGy) from a
l37Cs source. Mice received 3 x l()h nucleated bone marrow cells within 6-8

h of irradiation ( 18).
Tumor Lines. Four of the six independently derived lines from previously

untreated rhabdomyosarcoma have been described previously (18-21). Two
additional lines. IRS-56 (alveolar histology) and IRS-68 (embryonal), were

established from tissues obtained through the Intergroup Rhabdomyosarcoma
Study. Characteristics of each xenograft have been summarized (Table 1 in
Ref. 8). SJC8 was established from an 11-year-old male patient and is a
well-differentiated colon adenocarcinoma. Colon tumors designated SJC were
from young patients (11-26 years). For chemotherapy studies, all tumors were

used within 22 passages of their engraftment in mice. Each tumor grows
routinely in over 9095-of recipient mice, and all are human as determined by

karyotype and species-specific isoen/.yme patterns. The chemosensitivity, de

velopment of resistance, and characteristics of xenografts have been presented
previously (18-30).

Topotecan Resistance. To develop resistance to topotecan, mice were
treated daily for 5 days/week for 3 courses, and the least responsive tumor was
transplanted. This was repeated 3 times or until the tumor demonstrated sig
nificantly less sensitivity than the parental line. Tumors were serially passaged
under selective pressure.

Growth Inhibition Studies. Mice bearing bilateral subcutaneous tumors
each received administration of agent when the tumors were approximately
0.25-1 cm in diameter. Procedures have been reported previously (8).

Formulation and Administration. CPT-11 (clinical formulation) was di

luted in sterile saline and administered i.v. (0.1 ml/10 g body weight) daily for
5 days on 2 consecutive weeks. For protracted therapy, this cycle was repeated
every 21 days; thus mice received two courses followed by a 7-day rest period,

which is referred to as one cycle of therapy. Mice received a maximum of 3
cycles, limited by our ability to give a greater number of i.v. injections after this
time. Topotecan was dissolved in water for oral gavage (0.05 ml/10 g body
weight). CPT-11 was generously provided by Yakult Honsha Co.. Ltd. (Tokyo.

Japan) through Laboratoire Roger Bellon (Paris), and topotecan was gener
ously provided by Dr. Randall K. Johnson (SmithKline Beecham).

Statistical Analysis. The results of individual tumor inhibition studies were
analy/.ed with one-way analysis of variance, using the number of days to reach

four times the original tumor volume as the dependent variable. Only tumors
from mice that survived the entire study were included in the analyses, and any

tumor that did not reach four times the original volume was assigned a default
value of the maximum duration of the study.

To compare the efficacy of various courses of treatment, data were col lapsed
across studies, within a tumor line. The percent of tumors showing partial
and/or complete regression and any regrowth were calculated for the individual
tumor lines as described previously ( 18).

RESULTS

Colon Adenocarcinomas. Previous studies with topoteean (8)
demonstrated that prolonged daily administration. 5 days/week, had
greater therapeutic efficacy than drug given in a more intense schedule
(once every 4 days for 4 doses). Given as a single i.v. administration
at the maximum tolerated dose (50 mg/kg), CPT-11 had minimal or no

inhibitory effect against either ELC2 or GC, xenografts (data not
shown). When administered for one cycle i.v. for 5 days for 2 con
secutive weeks CPT-11 demonstrated significant activity against each

of four colon adenocarcinomas derived from adults (which have been
shown to be refractory to most chemotherapeutic agents; Refs. 27 and
28). Data are summarized in Table 1. CPT-11 caused a high proportion

of complete regressions of advanced HC, tumors at dose levels of 10.
20. and 40 mg/kg/dose (Fig. 1) and significantly inhibited growth of
ELC2 xenografts over the same dose range (Fig. 2). CPT-11 also

demonstrated marked activity against colon tumors derived from ju
veniles and young adults, as shown in Table 2 and Fig. 3. The per
centage of individual colon tumors within a dose group that demon
strated partial or complete regressions, drug-induced growth

inhibition, or minimum treated/control (TC) values (and days to reach
this) are presented in Tables 1 and 2.

Rhabdomyosarcomas. The activity of one cycle of CPT-11 ther
apy against xenografts derived from previously untreated rhabdomy-

osarcomas is presented in Table 3. With the exception of Rh 12 tumors,
complete regressions without regrowth during the period of observa
tion (84 days) were obtained at 40 mg/kg/dose in each of the other 5
rhabdomyosarcoma lines. CPT-11 demonstrated similar activity at 20

mg/kg/dose, and at 10 mg/kg/dose against Rh28 and IRS68 tumors.
Cross-Resistance to CPT-11. CPT-11 was evaluated in two tu

mors selected in vivo for resistance to vincristine (Rhl2/VCR and
Rhl8/VCR) and against a subline of Rh28 selected for primary resis-

Table I Responses of "adult " colon cancers

TumorHC,OC,VRC,ELC,"

Dose:*
DaysDose(mg/kg)'01020400102040020400203040Days

to Growthdelav4X
Â±SD'â€¢27

Â±10>84>84>84I4Â±933

Â±1338
Â±2139

Â±2514

Â±570
Â±1071
Â±1436

Â±1474
Â±876
Â±577

Â±6(days)>5.V'>sy19242557*57^38*40*41*MinimumT:C

(day)'0.030.02(35)0.03

(43)0.40(14)0.27(21)0.12(28)0.04(28)0.06(28)0.24(35)0.26(35)0.26(42)PR'2825IS1217106759007<7rCR727582(18303333000Â¡tapÃ³meC

grade''72

+ + ++75
+ + ++X2
+ + ++0

+(I
++0
++33

+ + ++17
+ ++0

++0
++0
++mg/kg

(daily for 5 days for 2 consecutive weeks)i.V.for
tumor to grow to4 times its volume at initiation oftherapy.'

Minimum treated:control (T:C) ratio, day after startingtreatment(/
Tumor response criteriaâ€”+

+ + + +. complete regressionno
growth inhibition: +, >rdi: + + ,^with

subsequent regrowth; + + + + +in

parentheses.2
x /d;>: + + + .growth+
, complete regressioninhibition

>3 x /di;+ + -*-+, grow:thinhibition >3 x HÃŒ2plus volume regression>5()i7r;with

no growth during the period of observation(>H4 days). rd;. mean lime for tumor

volume to double.
f % partial response (>507r regression) (PR); complete response (>907f regression) (CR); C. no regrowth of tumor during period of observation (K4 days).
1Significantly different from control groups (P < 0.05).
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Table 2 Response of "juvenile" colon cancers

TumorSJC,SJCjASJC,BSJC8Dose(mg/kg)"02040010204001020400102040Daysto4XI4Â±633

Â±637
Â±1425

Â±9>84>84>8426

Â±7>84>84>8424

Â±4<84<84>84Growth

delay
(days)1923>59'>59'>59'>58'>5&'>58'>6ir>(ff>60''T:C(day)''0.66

(22)0.41
(22)0.02

(29)0.04
(29)0.02
(29)0.05

(28)0.04
(35)0.04
(42)0.08

(27)0.04(34)0.06(27)PR'00144302943573316649cCR0l)8657100575743505936ResponseC

grade1'(I

++0
+ ++79

+ + ++43
+ + ++100

+ + + + ++57

+ ++50
-t-+ -t-+43
+ + ++50

+ ++59
+ ++38

+ + + +
'"*"For response criteria and footnotes see Table 1.
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Fig. 1. Responses of HC, colon adenocarcinoma xenografts to CRT-11. Mice bearing
advanced s.c. tumors were treated i.V. with CPT-11 (d X 5) for two courses (one cycle).
A. controls (vehicle treated); fl. CPT-11 40; C. 20; D. 10 mg/kg/dose. Each curve repre

sents the growth of an individual tumor.

tance to melphalan that is also cross-resistant to vincristine (25) and to
VP-16 (28). RH28/L-PAM tumors are also completely resistant to

topotecan with 0% partial responses, and no significant growth inhi
bition (8). In addition. CPT-11 was evaluated against two xenografts

selected in vivo for resistance to topotecan (VRC5/TOPO derived from
the VRC3 colon adenocarcinoma, and rhabdomyosarcoma, Rhl8/
TOPO).

CPT-11 had similar activity against vincristine-resistant sublines

(Rhl2/VCR and Rhl8/VCR) and their respective parental tumors
(Fig. 4). There was resistance to one cycle of CPT-11 therapy in
Rh28/L-PAM where CPT-11 demonstrated "curative" activity against

11 of 14 tumors at 20 mg/kg/dose, whereas in the parental line CPT-11
was "curative" at each dose level administered. Also shown in Fig. 4

are data for the VRC5/TOPO colon tumor, where overall CPT-11

maintained a similar level of activity in both parental and resistant
lines. VRC<; tumors were more volume-responsive to CPT-11 than

were VRC5/TOPO xenografts, but growth inhibition was greater in the
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Fig. 2. Sensitivity of ELCi colon xenografts to CPT-11. Mice received no treatment M )
or one cycle at 40 (ÃŸ),30 (O, or 20 (D) mg/kg/dose. Each curve represents the growth
of an individual tumor.

topotecan-resistant line (mean growth delay was 54 days compared to

>70 days for VRC5 and VRC5/TOPO, respectively). The effective
ness of CPT-11 in topotecan-resistant tumors is illustrated by its
"curative" activity against Rhl8/TOPO xenografts that are quite re

sistant to topotecan (Fig. 5). In this experiment mice bearing Rhl8
tumors were treated for one cycle with various doses of CPT-11 on an

i.v. schedule (daily for 5 days for 2 consecutive weeks). At the higher
doses (40 and 20 mg/kg/dose) complete regressions were obtained
without any tumors regrowing during the period of observation. At 10
mg/kg/dose 4 of 14 tumors regrew after complete regression. In con
trast, against Rhl8/TOPO 10 mg/kg/dose caused complete regressions
of all tumors without regrowth during the period of observation (84
days). The response of Rhl8/TOPO xenografts to the most efficacious
schedule of topotecan examined is shown in Fig. 5F.

Prolonged Administration Schedules. It has been proposed pre
viously that the exposure time, rather than concentration per se, may
be more important as a determinant of response for cell cycle-specific
agents (e.g., cytosine arabinoside, VP-16; Ref. 31 ). A similar situation

may pertain to inhibitors of topoisomerase I, which act predominantly
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Fig. 3. Responses of SJC,A colon adenocarcinoma xenografts to CPT-ll. Mice re
ceived vehicle M ) or 40 (B). 20 (C). or 10 (D) mg CFT-11/kg/dose i.v. for 5 consecutive
days each week for 2 weeks (one cycle). Graphs demonstrate the growth patterns of
individual tumors.

or exclusively in the S phase of the cell cycle (32). We have shown
previously (8) that protracted schedules of administration of topotecan
given at low doses ( 1 mg/kg/dose daily for 5 days p.o., repeated for 20
courses) resulted in a high frequency of complete regressions in VRC5
colon tumors and Rhl2 rhabdomyosarcomas, both tumors that dem
onstrated intermediate sensitivity to topotecan and CPT-11. To deter

mine whether prolonged periods of treatment were generally effective
for topoisomerase I inhibitors, CPT-11 was administered as before, but
cycles were repeated every 21 days (i.e., two consecutive 5-day

courses, 1 week of rest) for a total of 3 cycles. The maximum dose
tolerated was 10 mg/kg/dose (one of 13 deaths). As shown in Fig. 6,
complete regressions of all VRC, tumors were achieved at 10 or 5
mg/kg/dose after 3 cycles of therapy. Against Rhl2 xenografts, a
single cycle of CPT-11 (e.g., daily for 5 days for 2 consecutive weeks)

was only modestly active at 40 mg/kg/dose (Table 3), whereas 3
cycles of therapy at 10 mg/kg/dose resulted in complete regression of
12 of 13 advanced tumors (data not shown).

DISCUSSION

The purpose of this study was to evaluate the efficacy of a new
antitumor agent that inhibits topoisomerase I and to determine the in
vivo cross-resistance profile with agents associated with the Pgp-MDR
phenotype. In addition the activity of CFT-11 has been compared with

another inhibitor of topoisomerase I, topotecan, currently undergoing
phase I/II clinical evaluation in adults and pediatrie patients with
malignant disease.

Since inhibitors of topoisomerase I appear to be highly cycle-phase

specific (32), prolonged inhibition of this enzyme was considered to
be an important parameter in causing cytotoxicity. Given as a single
i.v. administration, CPT-ll demonstrated no significant activity

against GC,, ELC2 colon, or Rh28 rhabdomyosarcoma xenografts
(data not shown). However, increased tolerance may be achieved by
multiple (split) administrations rather than a single bolus (13). Given
daily 5 days per week for 2 courses (one cycle), CPT-11 demonstrated
very significant activity. Given on this schedule, CPT-ll was well

tolerated at 40 mg/kg/dose (7 of 175 toxic deaths, 4%). Partial regres
sions were obtained against 5 of 8 colon adenocarcinoma lines, with
a high proportion of tumors regressing completely in studies with
HG,, SJC3A, and SJC3B xenografts. At this time, it is not known
whether colon tumors derived from relatively young patients (age
range, 11-26 years) differ from more frequently occurring tumors in

elderly patients. However, as xenografts this subgroup of tumors has
a histology, growth rate, and chemosensitivity (intrinsic resistance)
similar to those of xenografts derived from more characteristic
(elderly) patients. In comparison to topotecan, CPT-ll demonstrated

somewhat greater therapeutic activity against each of four colon tu
mors derived from patients of advanced age and against several colon
tumors derived from juveniles or young adults (see Table l in Ref. 8
for details of individual tumor lines). Whether this difference repre
sents intrinsic properties of these two agents or differences in optimal
scheduling is unknown. For purposes of comparison, we used data in
experiments where topotecan was administered p.o. (daily for 5 days
for 3 consecutive weeks) (similar results were obtained using paren-

Table 3 Response of childhood rhabdomyosarcomas

TumorRhl2Rhl8Rh28Rh30IRS561RS

68Dose(mg/kg)"0204001020400102040020400400102040Time

to
4X(days)27

Â±756
Â±861
Â±410Â±552

Â±8>84>8424

Â±5>84>84>8424

Â±6>84>8426

Â±6>8421

Â±7>84>84>84Growth

delay
(days)27'35'42'>74r>74'>60-'>6(r">6(T>6(T>60'>58P>63'>63'>63'-T:C(day)*0.22

(30)0.16(30)0.02

(29)0.01
(29)0.01
(29)0.03(21)0.03(21)0.03

(24)0.02

(42)0.02
(42)0.04

(56)0.02

(29)0.02
(29)0.02

(29)PR29251000000000000*CR14g90100100100100100100100100100100100ResponseC

grade''14

++0
++60

+ + ++100
+ + + + ++100
+ + + + ++100

+ + + + ++100
+ + + + ++100
+ + + + ++100

+ + + + ++100
+ + + + ++100

+ + + + ++100

+ + + + ++100
+ + + + ++92
+ + + + +

" For response criteria and footnotes see Table 1.
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Fig. 4. Efficacy of CPT-ll [(d X 5)2] against parental tumors and vincristine-, mel-
phalan-, or topotecan-resistant sublines. A, Rhl2;ÃŸ, RH12/VCR; C. Rhl8;D, RhIS/VCR;
E, RK28; F, RH28/L-PAM; G. VRC5; H, VRC5/TOPO. O, control. CPT-ll treatments

(mg/kg/dose): â€¢,40; A, 20; A, 10; V, 3 mg vincristine/kg Â¡.p.,single administration. D,
2 mg topotecan/kg/dose (d X 5)3 3 p.o. Each curve shows the relative tumor growth for
12 or 14 tumors/group.

teral administration in a limited number of tumors) (8). This was the
most effective schedule examined in this panel of tumors. Toxicity of
topotecan given on this schedule was similar to that for CPT-ll
presented here, and thus for these schedules CPT-ll had superior

therapeutic activity (Table 4). As discussed later, these may not rep
resent optimal schedules of administration for some of these tumors.
For example, given as a protracted course of therapy topotecan (5-day
courses repeated for 20 consecutive weeks) or CPT-11 (daily for 5

days for 2 consecutive weeks for 3 cycles) had significantly more
activity against Rhl2 and VRC5 tumors than the 3-week course
against which CPT-11 has been compared (see Table 4).

CPT-11 demonstrated very significant activity against 5 of 6 lines of

childhood rhabdomyosarcoma on this schedule of drug administration
(Table 3). Of note, also, was the observation that CPT-11 had a broad
range of effective doses, causing complete regression without re-

growth of Rhl8, Rh28, Rh30, and IRS68 tumors at 20 and 10 mg/
kg/dose. Against rhabdomyosarcoma xenografts, CPT-11 and topote

can had similar activity, although CPT-11 caused complete regressions

over a somewhat broader range of dose levels. For both drugs the least
responsive tumor was Rhl2.

Perhaps the major contrast between these two inhibitors of topoi-
somerase I is the cross-resistance profile against a panel of xenografts
where resistance was selected in vivo. CPT-11, like topotecan, had

similar activity against both parental tumors and Rhl2/VCR and
RhIS/VCR xenografts selected for resistance to vincristine. We have
shown previously (8) that there was only slight cross-resistance (1.7-
fold) to topotecan in vitro in KB8-5 Pgp-MDR cells 45-fold resistant

to vincristine. However, others have found more definite association
with the Pgp-MDR phenotype in rodent cells (33). SN-38, the active
form of CPT-11, however, shows no cross-resistance in Pgp-MDR
cells (13). CPT-ll maintained very good activity against Rh28/L-
PAM, a tumor selected for melphalan resistance and cross-resistant to
drugs associated with Pgp-MDR, causing complete regressions of all

tumors at 10 mg/kg/dose. At a dose level of 20 mg/kg, 3 of 14 tumors
regrew, suggesting some cross-resistance to CPT-ll in this line. In
contrast Rh28/L-PAM is completely resistant to topotecan (8),
whereas the parental tumor, Rh28, is highly sensitive to both topoi-
somerase I inhibitors. We next examined the activity of CPT-11 in two

lines of tumor (one colon, one rhabdomyosarcoma) selected for pri
mary resistance to topotecan. As shown in Figs. 4 and 5, CPT-ll
retained essentially full activity against topotecan-resistant xenografts.

Although fewer regressions were measured in VRC5/TOPO compared
to parental VRC5 tumors, growth inhibition was greater in the topo
tecan-resistant subline. However, the most compelling data demon
strating relative lack of cross-resistance between the two topoi-

somerase I inhibitors was obtained in Rhl8 xenografts. Rhl8/TOPO
tumors were quite resistant to topotecan but were more sensitive to
CPT-ll, where 0 of 14 tumors regrew at a dose level of 10 mg/kg,

compared to 4 of 14 regrowths in the parental Rhl8 line at the same
dose level.

As with topotecan, prolonged schedules of CPT-11 proved effective

against tumors of intermediate sensitivity. The schedule used was as
described for other studies (daily for 5 days for 2 consecutive weeks)
but was repeated every 21 days (i.e., 1 week of rest before repeating
the cycle). The rest period was necessary for maintaining the capa
bility of giving the drug i.V., and therapy was limited to 3 cycles

Table 4 Comparison of ejficacv and cross-resistance to topoisomerase I inhibitors

Tumor CPT- 1 Topotecan

HC,
OC,
VRC,"*

ELC2

SJC2
SJC3A
SJC3B
SJC8

Rhl8
Rh28
Rh30
IRS56
IRS68

VRCsTOPO
Rhl2/VCR
RM8/VCR
Rh ISSOPO
Rh28/LPAM

" CPT-11 (daily for 5 days for 2 consecutive weeks) i.v. (one cycle); topotecan (daily

for 5 days for 3 consecutive weeks) p.o. (Ref. 8 with additional data).
h For response criteria see Table 2.
' From Ref. 8 with additional data.
d Comparison of efficacy has not been made, as schedules of administration are known

to be suboptimal for both drugs.
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Fig. 5. Responses of Rhl8 rhabdomyosarcoma and its topotecan-resistant subline (RH18/TOPO) to inhibitors of topoisomerase I. Mice received CPT-ll by i.v. administration
[(d X 5)2] or topotecan [(d X 5).i] by oral gavage (2 mg/kg/dose). Top: A, control; B-D. responses to CPT-11. 40. 20. 10 mg/kg/dose. respectively. Boiiom: E. control; F, topotecan
{2 mg/kg/dose p.o.); G and H, CPT at 40 and 10 mg/kg/dose. respectively. Each curve represents the growth of an individual tumor.

because of technical limitation of i.v. administration. CPT-ll (10

mg/kg/dose) on this schedule caused complete regression of all VRC5
colon xenografts and most Rhl2 tumors. The effect of prolonged
treatment is particularly clear for Rhl2 tumors where repeated cycles
(10 mg/kg/dose) caused complete regressions (12 of 13 tumors).

whereas more intense treatment of shorter duration (40 mg/kg/dose,
daily for 5 days for 2 cosecutive weeks) was less effective (4 of 25
complete response in two experiments). The efficacy of CPT-11 given

as a protracted schedule at 5 mg/kg/dose also caused complete regres
sion of VRC5 colon tumors, having greater activity than intense ther-

Fig. 6. Efficacy of repeated courses of therapy
relative to more intense treatment schedules against
VRCs colon xenografts. Top: A. control; B. CPT-11.
40 mg/kg/dose; C 10 mg/kg/dose given (d X 5)2
i.v. Bottom: D. control; Â£,CPT-ll. 10 mg/kg/dose;
F, 5 mg/kg/dose given id X 5)2 for 3 cycles (heavy
horizontal bars). Each curve represents the growth
of an individual tumor.
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apy at 40 mg/kg/dose (cf. Fig. 6, B and F. Total doses administered
were 400 and 150 mg/kg, respectively.). Thus, protracted therapy with
low-dose CPT-11 had increased therapeutic efficacy over more intense

treatment schedules. For several tumors in this study (for example.
HG,. ELC2, Rh28) there was a broad dose-activity range for CPT-11.

Thus, for these tumors similar antitumor activity was measured at 10
or 40 mg/kg/dose. This could suggest that metabolism of CPT-11 to
the more active metabolite. SN-38, becomes limiting. Kaneda et al.
(34) have suggested that maintenance of plasma SN-38 concentrations

may be necessary for antitumor activity in vivo and that activation
may be a saturable process in rats (35). While the present study does
not address this specifically, it is of note that a similar lack of a
dose-response relationship was found with topotecan (8). Since topo-
tecan does not require activation, it seems probable that this "self-
limiting" dose-response relationship may be a characteristic of drugs

that inhibit topoisomerase I. In tumors such agents may be self-

limiting as a consequence of a low proliferative fraction. Under these
conditions, where adequate cleavable complex concentrations can be
achieved, the duration or "window of exposure" would be of greater

importance than dose intensity.
In summary. CPT-11 demonstrated significant activity against hu

man colon adenocarcinomas and childhood rhabdomyosarcomas
grown as xenografts in mice. Results indicate that therapeutic efficacy
may relate more to the duration rather than the intensity of treatment,
which is similar to results obtained with another inhibitor of topoi
somerase I. topotecan. Of considerable interest is the observation that
CPT-11 maintained essentially full activity against lines selected for

primary resistance to topotecan and maintained very high activity in a
tumor cross-resistant to topotecan. These data suggest that different

mechanisms of resistance may develop in vivo and may indicate that
tumors with acquired resistance to one inhibitor of topoisomerase 1
may respond to an alternative agent that acts at the same locus.
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