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Materials

20-CSJ-Camptothecin (CAM), a plant alkaloid, was tested against 13
human cancer xenograft lines carried by immunodeficient (nude) mice.
The drug, formulated in 20% intralipid and given i.m.. was more effective
than any other clinically available drug tested. It was found that: (a)
CAM, at nontoxic doses, suppressed growth and induced regression of
cancer of the colon (3 lines), lung (4 lines), breast (2 lines), stomach (1
line), ovary (1 line), and malignant melanoma (2 lines); (b) the drug was
equally effective administered i.m. or p.o. Both routes are significantly
better than i.v. administration; (c) CAM is substantially more effective
and less toxic than its sodium salt, which was unsuccessfully tested in
cancer patients. CAM should be further tested against responsive cancers
as a drug which is easy to isolate and formulate for large-scale studies.

Nude Mice. Swiss immunodeficient (nude) mice of the NIH-I high
fertility strain, bred and maintained in a pathogen-free environment,
were used for the experiments (17).
Human Cancer Xenografts. All lines, established as heterotransplants
into nude mice using surgical specimens of cancerous tissue, were
maintained by serial passages in nudes. The type and histology of
xenograft lines are listed in Table 1, as well as a review of the line
sensitivity to chemotherapy by nine clinically available chemotherapeu
tic agents and three analogues of camptothecin, (9-NC, 9-AC, and
10,11-MDC). For an implant, approximately 50 mg, wet weight, of
finely minced tumor tissue in 0.5 of Eagle's minimum essential medium

Introduction
CAM,1 a plant alkaloid, was isolated in 1966 from Camptotheca acuminata of the Nyssaceae family and tested for anticancer activity (1). Following preclinical research, its water-soluble
sodium salt (CAM-Na+) was used in phase I and phase II
clinical trials (2-5). Although early tumor-specific effects were
reported in some studies (2, 3), the general consensus, based on
detected toxicities (discussed in Ref. 6), led to discontinuation
of the clinical application of the sodium salt.
More recent developments, namely preparation of semi- and
fully synthetic analogues of CAM (7, 8), and studies on the
mechanism of their action have paved the way for further
exploration. It was established that a cellular enzyme, DNA
topoisomerase I, was the target for the cytotoxic action of the
parent drug as well as its analogue (9-12). Among CAM
analogues screened for their antitumor potential, 9-AC and
10,11-MDC were selected for further tests against human colon
cancer xenografts (6, 13). Unlike other chemotherapeutic drugs,
the two analogues induced long-term disease-free remissions.
Drug toxicity was low and allowed for repeated courses of
therapy. Recently, both drugs were tested using xenograft lines
of six main human cancer types ( 14). The results are overviewed
in Table 1.
The purpose of this study was to evaluate the efficacy of
CAM in the treatment of various human cancer xenografts, to
compare the effects of CAM to those of CAM-Na+, and to find

and Methods

(Gibco, Long Island, NY) were injected under the skin over the right
dorsal chest region on Day 0. Tumor-implanted animals were randomly
assigned to drug-treated or control groups. The treatment started on
Day 7 and continued once or twice a week for the indicated time
periods. The tumors were measured in three dimensions using a caliper,
and their volumes were calculated. Responses to chemotherapy were
evaluated in terms of partial growth inhibition, growth inhibition, PR,
and CR, as defined in the legend to Table 1. Control tumor-bearing
mice were given injections of the drug-formulating vehicle at the same
intervals as the treated ones.
Camptothecin Formulation and Administration. 20-fSJ-Camptothecin
was purchased from the Institute of Materia Medica, Academia Sinica,
Shanghai, China, and purified to homogeneity as determined by ana
lytical methods (12). Camptothecin sodium salt was prepared as de
scribed (7).
Finely ground drug was dispersed in intralipid 20% (Kabil Vitrum,
Inc., Alameda, CA) by sonication, 3 pulses for 30 s each (Ultrasonic
Processor, Model GE600, Sonics and Materials, Inc., Danbury, CT) at
1 mg/ml. The volume injected was adjusted to 0.1 ml/25 g of body
weight. For i.m. injections, a 27-gauge needle was inserted into the
deep muscles of the posterior leg. Injections were also given i.v. through
a 27-gauge needle into a tail vein. In none of the experiments was an
adverse reaction registered during the injections or thereafter. For p.o.
administration, the required amount of the drug, formulated in intra
lipid 20%, was mixed with a dietary supplement (whole wheat bread
saturated with milk and mixed into a paste). Once a day the mice were
fed a 1-g supplement containing the required dose of the drug, followed
by 5 g of autoclavable mouse food. By itself, this feeding regimen had
no adverse effects on the health of experimental animals; this feeding
regimen can be continued indefinitely for at least 6 months.

the best way to administer camptothecins.

Results and Discussion
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Currently, numerous studies are available which demonstrate
that human tumor xenografts retain the histolÃ³gica!, biochem
ical, and antigenic characteristics (reviewed in Refs. 18 and 19),
as well as drug sensitivity pattern of the original tumor tissue.
At the maximum tolerated dose, treatments of various human
cancer lines in nude mice by a chemotherapeutic agent correlate
well with its clinical effectiveness (15). Based on these and
related studies (19), the predictive value of xenografts in chemo
therapy testing is well established.
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Abstract

GROWTH INHIBITION OF HUMAN CANCER XENOGRAFTS BY CAMPTOTHECINS
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CAM Treatment of Human Cancer Xenografts. Thirteen hu
man cancer xenografts lines were treated with CAM adminis
tered i.m., i.v., or p.o. (Table 2). These lines were resistant to
most of the chemotherapeutic agents available to the oncologist
(Table 1). The treatment of a colon carcinoma line CASE with
CAM, 4 mg/kg of body weight (twice a week schedule) injected
i.m., had optimal effectiveness and minimal toxicity (Table 2).
Doses of 3 mg/kg and lower were less effective, while 6 and 8
mg/kg were toxic. CAM i.v. had no inhibitory effects on the
growth of CASE cancer line, and this route of application
resulted in toxic deaths. In contrast, all i.m. CAM treatments
were well tolerated, and the overall toxicity was acceptable.
Consequently, an i.m. dose of 4 mg/kg, delivered twice a week,
was selected for most of the experiments. The weight loss of
mice treated with 53-232 mg/kg did not exceed 15% of the
initial body weight. The treated animals regained the weight
during the late phase of the treatment or shortly thereafter.
CAM induced complete remission in the majority of the
treated animals bearing 10 of 13 tumors studied. The lines
included cancer of the colon (CASE), lung (DOY, HAR, SPA,
and DIL), breast (CLO, MUR), ovary (LAN), and stomach
(BRE) and a malignant melanoma (BRO). Breast carcinoma
CLO was highly sensitive to the treatment, and a once a week
schedule, 116-mg/kg total dose, sufficed in the induction of
CR. The CR lasted at least 3-4 weeks following the termination
of the treatments. Mice implanted with the rest of the tested
cancer lines responded either with CR in some and PR in others
or with PR in all animals. The poorest responders were mice
implanted with colon cancers SW 48 and SQU or with mela
noma SCH. Treatment p.o. was tested in mice carrying SPA
lung adenocarcinomas. Four to 8 mg/kg on a daily schedule
resulted in CR. The remissions were maintained with minimal
toxicity during the whole course of treatment. An important
difference between CAM and derivatives, however, was that
after 6 months of continuous treatment, we observed regrowth
of 5 of 7 lines treated with CAM, but no regrowth of any of the
4 lines treated with 9-NC. This suggests that resistance to CAM

can become a problem under prolonged treatment.
Table 3 compared CAM with its sodium salt (CAM-Na+).
Consistent with results shown in Table 2, CAM i.m., 4 mg/kg
body weight, was highly effective against CASE colon cancer
xenografts. CAM-Na+ was ineffective in this tumor line, which
otherwise was sensitive to CAM and analogues 9-AC, 9-NC, or
10,11-MDC. Dose escalation of CAM-Na+ was accompanied
by severe toxicity and did not improve the antitumor efficacy.
These results were consistent with the early clinical trials which
were conducted with the less effective and more toxic form of
CAM. Low effectiveness was also observed in treatments with
9-AC sodium salt, while another water-soluble drug, 10,11MDC sodium salt, was highly toxic.4 This is in sharp contrast
with the high efficacy of lipophilic congeners 9-AC or 10,11MDC.
Several conclusions resulting from the presented studies can
be suggested: (a) CAM appears by far more effective against 13
human cancer xenograft lines than any other clinically available
drug tested; (b) CAM formulated in intralipid 20% i.m. is
almost equally effective p.o. as it is i.m., and both forms of
application are significantly more effective than the i.v. route;
(c) in several treated lines (SW 48, BRE, DOY, DIL, and
BRO), a pattern of emerging drug resistance is encountered;
and (d) in view of the very low anticancer activity and toxicity
of CAM-Na+, it is not surprising that it failed in clinical tests.
When compared to CAM, 9-AC or 10,11-MDC achieve the
onset of CR with lower total dose and within a shorter time
period (14). Both analogues can be used for a second course of
treatment, without signs of an apparent secondary drug resist
ance. Unlike CAM, 9-NC, 9-AC, and 10,11-MDC induce CR
in several tumor lines such as SW 48, DOY, or DIL. Finally,
the treatment with the three analogues often has long-term
curative effects. Under these conditions, CAM should be further
tested against selected human cancer types as a drug which can
be isolated and formulated with relative ease and cost effective-

3053

4 B. C. Giovanella. M. E. Wall, and M. Potmesil, unpublished observations.

Downloaded from http://aacrjournals.org/cancerres/article-pdf/51/11/3052/2443238/cr0510113052.pdf by guest on 28 September 2022

" Adenocarcinoma of the colon or stomach: P, poorly differentiated; M, moderately differentiated. Lung: non-small cell carcinoma: UN. undifferentiated carcinoma;
EP, epidermoid; AD. adenocarcinoma; SC, small-cell carcinoma; ID, infiltrating duct carcinoma of the breast; U, undifferentiated ovarian carcinoma.
' Chemotherapy by maximum tolerated doses (mg/kg body weight/dose x 8-12): ADR, doxorubicin (1 mg); 5-FUra 5 fluorouracil (20 mg); MTX, methotrexate (8
mg/kg), CYT, cytoxan (20 mg), ALK, alkeran (1 mg): VCR, vincristine (0.2 mg): VBL, vinblastine (0.3 mg): MCCNU, methyl-l-(2-chloroethyl)-3-cyclohexyl-lnitrosourea (0.4 mg); BCNU (0.4 mg); 9-NC (9-nitrocamptothecin (4 mg)l; 9-AC. 9-aminocamptothecin (10 mg); 10.11-MDC, 10,11-methylenedioxycamptothecin
(10 mg). Doxorubicin was injected i.v. 9-Aminocamptothecin was injected i.m.; all other drugs were injected s.c.
c 0. no response to treatment or tumor growth inhibition <80%; pi, partial growth inhibition of 80-99%; gi. 100% growth inhibition; PR. partial remission defined
as 50-100% tumor regression followed by regrowth within 1 month posttreatment; CR. complete remission, i.e.. tumor disappearance in all treated mice sustained
for >1 month.
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Table 3 Treatment of CASE xenografts with a 20-(S)-camptothecin or 20-(S)camplothecin sodium salt, twice a week schedule
Table 2 20-(S)-Camptothecin treatment
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i.m.

0/0
1001/22
0/02/44
1/01

-6Â¡.m.

4/88

fi3/66
lf*f,

484/36
O/O
-86/54
-34i.v.

8/72
O/O
O/O4/36

O/OSW48

-8SPA

-8BRO

O/O

Â¡.m.

O/O
904/84

7/3
7/7

O/O
O/O

Day

Â¡.m.
-14i.v.

O/O
1306/180

5/2
5/5
5/5

O/O
0/5"
5/0

Day

6/180
i.m.

O/O
1464/168

6/0
6/6

O/O
0/6'

Day

i.m.

1674/164
O/Od

4/3
5/4

O/O
0/4

Day

Â¡.m.
-5p.o.

O/O
1534/188

6/0
6/5

O/O
0/5

Day

564/204
O/O
-86/306
-14g/408

12/11
4/4
4/4
4/4

O/O
0/4
0/3
0/4

Day

i.m.

O/O
1454/128

6/6
6/6

O/O
0/6'

Day

i.m.

1874/1
O/O
<-54/232
16r
<-5O/O

6/0
6/5
6/5

O/O
0/5
0/5

Day

554/56

5/5
5/5

O/O
0/5

Day

Â¡.m.

O/O
1804/220

6/1
6/5

O/O
0/5

Day

i.m.

O/O
834/108

8/1
8/8

O/O
0/8

Day

i.m.

1304/148
O/O
-15O/O

7/0
7/5

O/O
0/5'

Day
Day

i.m.

54A/T)

6/3

O/O

â€”17**/
IL

f\/ft
O/ O

Ci
/ft
U/D

O/O
604/100

6/2
8/8

O/O
O/O

T/A"
0/0
0/0

Table1)
However, the data available thus far (summarized in
ofcamptothecin,
showed an unprecedented effectiveness of three analogues
humancancer 9-NC, 9-AC, and 10,1 1-MDC, against all
thesehighly
xenograft lines tested. Further development of
mayprovide
potent CAM analogues is warranted. These drugs
therapy-resistantcancers.R
a potential tool combating major
Day

ILSCH

-13Â°

-22

O/O
7/0
7/0

-10MUR
-12LAN

5/0
4/0
5/2
5/3

(mg/kg)

Day

6/7
7/7
7/7

-10DIL
-8CLO

0/0
0/5
0/5
0/5

â€”5
0/3

1004/53*
O/O
<-54/116

â€”15DOY
-12HAR

4/1
5/5
5/5
5/5

PR/CRi.m.,
Route and vehicle

0/0CAM
intralipid 20%
0/0
6/2
Na*
i.v.. saline
4/52
6/4
CAM Na*
i.v.. intralipid 20%
4/52
6/2
CAM Na*
0/0CAM
i.m., intralipid 20%
4/52
6/4
0/0CAM
i.v.. intralipid 20%
4/52
6/5
0/5"
i.m.. intralipid 20%
4/52
6/5
remission/complete
T/A, total number of experimental animals/alive; PR/CR, partial
regression.ness.
remission. Day 60. Evaluated in animals with total tumor

Day

i.m.
-5SQU
-6BRE

0/0

Maximumdecrease
in
body wt*
(%)

f1.

Day

chemothera-peutic
See Table 1 for tumor type, histology, and senstivity to various
agents.Decrease
in body weight evaluated in mice with total tumor reduction or with
a stable
size.c tumor
implantation.''T/A,
Day when efficacy data obtained; Day 0 = tumor
remission/complete
total number of experimental animals/alive; PR/CR, partial
remission.'
treatment.^Once
Regrowth of some tumors during
a week schedule.EfficacySmglp/rntul

Wall,
andSlim,
M., Wani, M. C., Cooke, C. E.. Palmer. K. H., McPhall. A. T..
G. A. Plant antitumor agents. I. The isolation and structure of camp
Campto-theca
tothecin, a novel alkaloidal leukemia and antitumor inhibitor from
1966.2. acuminata. 3. Am. Chem. Soc.. 88: 3888-3890.
Gottlieb,
B.Preliminary
J. A., Guarino, A. M., Call, J. B., Oliverio, V. T., and Block, J.
sodium(NSC pharmacological and clinical evaluation of camptothecin
1970.3. 100880). Cancer Chemother. Rep., 54: 461-470.
Muggia,
Selawry,D.
F. M., Creaven. P. J.. Hansen. H. H.. Cohen. M. N., and
camptothecin(NSC
S. Phase I clinical trials of weekly and daily treatment with
Rep.,56:515-521;
100880). Correlation with clinical studies. Cancer Chemother.
1972.4.
Gottlieb,
withcamptothecin
J. A. and Luce, J. K. Treatment of malignant melanoma
1972.5.
(NSC 100800). Cancer Chemother. Rep., 56: 103-105,
Moertel,
IIstudy C. G., Schutt, A. J., Reitemeier. R. J.. and Hahn, R. G. Phase
of camptothecin (NSC 100880) in the treatment of advanced gastroin
1972.6.
testinal cancer. Cancer Chemother. Rep.. 56: 95-101.
Potmesil, M., Giovanella, B. C., Liu, L. F., Wall, M. E., Silber, R.,
Stehlin,J.
S., Hsiang, Y-H., and Wani. M. C. Preclinical studies of DNA topoisom
erase
M.Potmesil
I-targeted 9-amino and 10. 1l-methylenedioxy camptothecins. In:
NewYork: and K. W. Kohn (eds.). DNA Topoisomerases in Cancer.
1991.7. Oxford University Press, in press,
Wani,
agents.Synthesis
M. C., Nicholas, A. W., and Wall, M. E. Plant antitumor
Med.Chem..and antileukemia activity of camptothecin analogues. J.
1986.8.
29: 2358-2363;
Wani,
Plantantitumor
M. C., Nicholas, A. W., Manikumar. G.. and Wall. M. E.
Asubstitutedagents. 25. Total synthesis and antileukcmic activity of ring
Med.Chem. camptothecin analogues. Structure activity correlations. J.
1987.9.
JO: 1774-1779.
Hsiang.
inducedprotein-linked
Y-H.. Hertzberg. R., Hecht, Sâ€ž
and Liu. L. F. Camptothecin
Biol.Chem.,
DNA breaks via mammalian DNA topoisomerase I. J.
1985.10.
260: 14873-14878.
Hsiang. Y-H. and Liu, L. F. Identification and mammalian topoisomerase
Ias
Res.,48:
an intracellular target of the anticancer drug camptothecin. Cancer
1988.11. 1722-1726,
Jaxel,
Y.Structure-activity
C, Kohn, K. W.. Wani. M. C.. Wall, M. E., and Pommier,
study of the actions of camptothecin derivatives on mam
relationto
malian topoisomerase-I. Evidence for a specific receptor site and for a
antitumor activity. Cancer Res.. 49: 1465-1469. 1989.
12. Hsiang,
W.,Manikumar.
Y-H., Liu, L. F., Wall, M. E., Wani, M. C., Nicholas, A.
DNAtopoisomerase
G., Kirschenbaum, S.. Silber, R., and Potmesil, M.
camptothecinanalogues.
I-mediated DNA cleavage and cytotoxicity of
1989.13.
Cancer Res., 49:4385-4389.
Giovanella.
F..Silber,
B. C.. Wall. M. E., Wani, M. C., Nicholas, A. W., Liu, L.
targetedchemotherapy
R., and Potmesil, M. Highly effective topoisomerase-I
(WashingtonDC),
of human colon cancer in xenografts. Science
1989.14. 246: 1046-1048.
Potmesil, M.. Wall, M. E., Wani. M. C.. Silber. Râ€žStehlin. J. S.,
andGiovanella,
B. C. 9-Amino |NSC 629971, 9AC| and 10.1 l-methylenedioxy

3054

Downloaded from http://aacrjournals.org/cancerres/article-pdf/51/11/3052/2443238/cr0510113052.pdf by guest on 28 September 2022

6/54
O/O8/72

PR/CR

4/2
4/1
4/1
A
4/2
4/3

HnÂ«pDrug

GROWTH INHIBITION OF HUMAN CANCER XENOGRAFTS BY CAMPTOTHECINS

[NSC 606174. 10.11-MDC] camptothecins in the treatment of human cancer
xenografts. Proc. Am. Assoc. Cancer Res., 32: 337. 1991.
15. Giovanella. B. C.. Stehlin. J. S.. Shepard. R. C.. and Williams. L. J.

17. Giovanella. B. C., and Stehlin. J. S. Heterotransplantation of human malignant tumors in "nude" thymusless mice. I. Breeding and maintenance of
"nude" mice. J. Nati. Cancer Inst., 5/.-615-619, 1973.

Correlation between response to chemotherapy of human tumors in patients
and in nude mice. Cancer (Phila.). 52: 1146-1152, 1983.
16. Lockshin. A., Giovanella, B. C, de Ipolyi, P. D., Williams. L. J., Jr..
Mendoza, J. T.. Vim, S. O., and Stehlin, J. S.. Jr. Exceptional lethality for

18. Boren. E.. Winograd, B.. Fodstad. O., el al. Preclinical phase II studies in
human tumour lines: a European multicentre study. Eur. J. Cancer Clin.,
Oncol. 24: 567-573, 1988.
19. Winograd. B., Boren. E.. Lobbezoo, M. W'., et al. Human tumor xenografts

nude mice of cells derived from a primary human melanoma. Cancer Res.,
45: 345-350, 1985.

in the nude mouse and their value as test models in anticancer drug development. In Vivo (Athens). /: 1-14. 1987.

Downloaded from http://aacrjournals.org/cancerres/article-pdf/51/11/3052/2443238/cr0510113052.pdf by guest on 28 September 2022

3055

