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EFFICACY OF CPT-11 AGAINST HUMAN XENOGRAFTS

Table 2 Response of “juvenile” colon cancers

T TS WS W S S 1

%
Dose Days Growth delay Response
Tumor (mg/kg)* to 4X (days) T:C (day)® PR CR C grade
SIC, 0 14+6
20 33+6 19 0.66 (22) 0 0 0 ++
40 3714 23 0.41(22) 0 0 0 +++
SIC:A 0 25+9
10 >84 >59¢ 0.02 (29) 14 86 79 ++++
20 >84 >59¢ 0.04 (29) 43 57 43 ++++
40 >84 >59¢ 0.02 (29) 0 100 100 ++++++
SIC:B 0 26+7
10 >84 >58¢ 0.05 (28) 29 57 57 +++
20 >84 >58¢ 0.04 (35) 43 57 50 ++++
40 >84 >58¢ 0.04 (42) 57 43 43 ++++
SICy 0 24+4
10 <84 >60° 0.08 (27) 33 50 50 +++
20 <84 >60° 0.04 (34) 16 59 59 +++
40 >84 >60° 0.06 (27) 64 36 38 ++++
“=¢ For response criteria and footnotes see Table 1.
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Fig. 1. Responses of HC, colon adenocarcinoma xenografts to CPT-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); B, 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 (VRCs/TOPO derived from
the VRCs colon adenocarcinoma, and rhabdomyosarcoma, Rh18/
TOPO).

CPT-11 had similar activity against vincristine-resistant sublines
(Rh12/VCR and Rh18/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 VRCs/TOPO colon tumor, where overall CPT-11
maintained a similar level of activity in both parental and resistant
lines. VRCs tumors were more volume-responsive to CPT-11 than
were VRCs/TOPO xenografts, but growth inhibition was greater in the
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Fig. 2. Sensitivity of ELC; colon xenografts to CPT-11. Mice received no treatment (A)
or one cycle at 40 (B), 30 (C), 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 VRCs and VRCs/TOPO, respectively). The effective-
ness of CPT-11 in topotecan-resistant tumors is illustrated by its
“curative” activity against Rh18/TOPO xenografts that are quite re-
sistant to topotecan (Fig. 5). In this experiment mice bearing Rh18
tumors were treated for one cycle with various doses of CPT-11 on an
i.v. schedule (daily for S 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 Rh18/TOPO 10 mg/kg/dose caused complete regressions
of all tumors without regrowth during the period of observation (84
days). The response of Rh18/TOPO xenografts to the most efficacious
schedule of topotecan examined is shown in Fig. SF.

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 SJIC3A colon adenocarcinoma xenografts to CPT-11. Mice re-
ceived vehicle (A) or 40 (B), 20 (C), or 10 (D) mg CPT-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 S days p.o., repeated for 20
courses) resulted in a high frequency of complete regressions in VRCs
colon tumors and Rh12 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 VRCs tumors were achieved at 10 or 5
mg/kg/dose after 3 cycles of therapy. Against Rh12 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 CPT-11 has been compared with
another inhibitor of topoisomerase I, topotecan, currently undergoing
phase I/II clinical evaluation in adults and pediatric 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-11 demonstrated no significant activity
against GC;, ELC, 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 S days per week for 2 courses (one cycle), CPT-11 demonstrated
very significant activity. Given on this schedule, CPT-11 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
HC,, SIC;A, and SJIC3;B 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-11 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 1 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

%
Dose Time to Growth delay Response

Tumor (mg/kg)” 4X (days) (days) T:C (day)” PR CR C grade?
Rhi2 0 277

20 56+8 27¢ 0.22 (30) 29 14 14 ++

40 61 4 35¢ 0.16 (30) 25 8 0 ++
Rh18 0 105

10 52+8 42¢ 0.02 (29) 10 9% 60 ++++

20 >84 >74¢ 0.01 (29) 0 100 100 ++++++

40 >84 >74¢ 0.01 (29) 0 100 100 ++++++
Rh28 0 24+5

10 >84 >60° 0.03 (21) (1] 100 100 ++++++

20 >84 >60° 0.03 21) 0 100 100 +4+++++

40 >84 >60° 0.03 (24) 0 100 100 ++++++
Rh30 0 24+6

20 >84 >60° 0.02 (42) 0 100 100 ++++++

40 >84 >60¢ 0.02 (42) 0 100 100 ++++++
IRS56 0 26+6

40 >84 >58¢ 0.04 (56) 0 100 100 ++++++
IRS 68 0 217

10 >84 >63¢ 0.02 (29) 0 100 100 ++++++

20 >84 >63° 0.02 (29) 0 100 100 ++++++

40 >84 >63° 0.02 (29) 0 100 92 +++++

“=¢ For response criteria and footnotes see Table 1.
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Fig. 4. Efficacy of CPT-11 [(d X 5)2] against parental tumors and vincristine-, mel-
phalan-, or topotecan-resistant sublines. A, Rh12; B, Rh12/VCR; C, Rh18; D, Rh18/VCR;
E, Rh28; F, Rh28/L-PAM; G, VRCs; H, VRCs/TOPO. O, control. CPT-11 treatments
(mg/kg/dose): @, 40; A, 20; A, 10; V, 3 mg vincristine/kg i.p., single administration. (J,
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-11
presented here, and thus for these schedules CPT-11 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 Rh12 and VRCs 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 Rh18, 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 Rh12.

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 Rh12/VCR and
Rh18/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-11 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-11 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-11
retained essentially full activity against topotecan-resistant xenografts.
Although fewer regressions were measured in VRCs/TOPO compared
to parental VRCs 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 Rh18 xenografts. Rh18/TOPO
tumors were quite resistant to topotecan but were more sensitive to
CPT-11, where 0 of 14 tumors regrew at a dose level of 10 mg/kg,
compared to 4 of 14 regrowths in the parental Rh18 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 S 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 efficacy and cross-resistance to topoisomerase I inhibitors

Tumor CPT-11 Topotecan
HC, +4+++ ++4abc
GC; +++ +
VRCs? ++++
ELC, +++ +
sic2 +++ +++
SIC3A ++++++ +++
SIC3B ++++ +++
SIC8 +++ +++
Rh124 ++ +++
Rh18 +++++ +++++
Rh28 ++++++ +++++
Rh30 ++++++ +++++
IRS56 ++++++ +++++
IRS68 ++++++ ++++++
VRCs/TOPO +++ +
Rh12/VCR ++++ +++
Rh18/VCR ++++++ +++++
Rh18/TOPO ++++++ +
Rh28/LPAM +++++ S

“ 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).

? For response criteria see Table 2.

< From Ref. 8 with additional data.

4 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 Rh18 rhabdomyosarcoma and its topotecan-resistant subline (Rh18/TOPO) to inhibitors of topoisomerase 1. Mice received CPT-11 by i.v. administration
[(d X 5).] or topotecan [(d X 5)3] by oral gavage (2 mg/kg/dose). Top: A, control; B-D, responses to CPT-11, 40, 20, 10 mg/kg/dose, respectively. Bottom: 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-11 (10
mg/kg/dose) on this schedule caused complete regression of all VRCs
colon xenografts and most Rh12 tumors. The effect of prolonged
treatment is particularly clear for Rh12 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 VRCj colon tumors, having greater activity than intense ther-
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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,
HC,, ELC,, 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 I
may respond to an alternative agent that acts at the same locus.
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