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Introduction

The search for new drugs with antineoplastic activity or analogs of established cytostatic
drugs with increased efficacy and reduced toxicity was the major objective of US-National
Cancer Institute screening projects. Between 1975 and 1985 novel agents were tested in a
‘compound-oriented’ screening system based on initial iz zivo testing in the mouse leukemia
P388 and subsequent studies in a panel of five murine and three human tumor xenografts
(10). This screening program was successful primarily in identifying compounds with
clinical activity against leukemias and lymphomas (16).

Since 1985, the National Cancer Institute (NCI) has developed a new ‘disease-oriented’
approach to drug screening, based on human tumor cell line panels representative of
particular tumor types (2). The objective of this type of screening is to identify compounds
which exert selective effects on particular tumor types and to follow-up these leads in vivo
utilizing cell lines previously shown to be sensitive.

We have tested 28 compounds which displayed activity in the old or the new NCI
primary screen in a combined i vitrofin vive secondary screen using human tumor xeno-
grafts. First, large scale tests were performed in the clonogenic assay. Only the most
sensitive tumors were subsequently studied in nude mice, where the iz vivo pharmacological
behaviour of a drug is considered.

Methods

Our in vitro and in vivo test procedure has been described recently (6-8). Human tumors
established in serial passage in nude mice were used for all experiments. The human
origin of the tumors was confirmed by isoenzymatic and immunohistochemical methods.
Tumor models were selected from a panel of 220 well characterized, regularly growing
xenografts (9).

New compounds were studied in vitro for anticancer activity in human tumor xenografts,
human bone marrow (CFU-GM) and in the leukemia P388 using a modification of the
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clonogenic assay as described by Hamburger & Salmon (11). The most sensitive tumors
were subsequently studied i vivo. Primary in vitro screening was done in four highly
sensitive xenografts (small cell and large cell of the lung, breast and stomach), two resistant
xenografts as well as the P388. Secondary in vitro screening was performed in a total of 14
responsive and six resistant human tumor xenografts and in two to four marrow specimens.
Compounds with a greater or similar effect on tumor cells in comparison to human bone
marrow were subsequently studied iz vivo in the two most sensitive xenografts transplanted
subcutaneously into nude mice. The comparison of in vitrofin vive activity enabled assess-
ment of the relevant in vitro dose based on in vive pharmacological behavior of a compound.
If remission or at least no change was observed in zizo, the new compound undergoes
disease-oriented testing usually in 40-60 xenografts. Drugs were applied by continuous
exposure until the end of the experiment. A compound was considered active, if it reduced
colony formation of treated (T) groups to 309, or less of the control (C) group value.

For in vivo experiments 6-8-week-old female athymic nude mice of NMRI genetic
background were used. Tumor slices averaging 3 x3x0.5-1 mm in diameter were
implanted subcutaneously into both flanks of the animals. Treatment was started after 2—
6 weeks when the median tumor diameter was 6—7 mm. The antitumor effect was evaluated
following maximal tumor regression, in non-regressing tumors after 3—4 weeks. Data
evaluation was performed using specifically designed software. Relative tumor size (RTS)
values were calculated for each single tumor by dividing the tumor size day X by the
tumor size day 0 at the time of randomization. Median RTS values were used for further
evaluation. Tumor doubling time (DT) of test and control groups was defined as the
period required to reach a relative tumor size of 2009,. The effect of treatment was
classified as complete remission (RTS on day 21 or 28 < 109, of initial value), partial
remission (11-509%,), minimal regression (51-75%,), no change (76-1249%,) or progression
(= 1259%,). A tumor was considered to be sensitive, if regression or no change was achieved.
Additionally, tumor inhibition was evaluated in comparing the relative tumor size of
treated with the control group. The specific growth delay (SGD) was calculated with
regard to the tumor doubling time (DT) as described by Steel (17).

Results and discussion

Twenty-eight compounds of interest which have emerged from NCI primary screening
were tested i vitro and in vivo. A summary of the activity in human tumor xenografts in
the clonogenic assay and in nude mice is given in Table 1. Results for hepsulfam, 4-
ipomeanol, oxanthrazole, penclomedine, pyrazine diazohydroxide and rapamycin are
given in detail below.

Hepsulfam ( NSC-329680)

The 1,7-heptanediol-bis-sulfamate (Figure 1) was synthesized in an attempt to improve
the antitumor efficacy of busulfan through introduction of a more polar leaving group.
Hepsulfam showed a broader preclinical activity than busulfan in the NCI ¢n vivo screening
systems. Schedule dependency studies determined a single i.p. bolus injection as the most
effective administration method. Cross-resistance of melphalan and cisplatin-resistant
P388-sublines to hepsulfam was observed in vizo (18).

Hepsulfam and busulfan were tested simultaneously in human solid tumor xenografts in
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Figure 1. Chemical structures of selected US-NCI compounds.

vitro and i vivo. In the clonogenic assay, both compounds showed broad spectrum activity
and a similar response profile. However, given the same dose level of 1 ug/ml at continuous
drug exposure (Table 2), hepsulfam was active in 6/19 xenografts (329,) whereas busulfan
reduced colony growth to a T/C < 309, in 2/10 tumors (209,).

In vivo both compounds were tested against the large cell lung cancer xenograft LXFL
529. At a dose level of 150 mg/kg/day given day 1 i.p., busulfan therapy resulted in ‘no
change’ on day 21. Hepsulfam-treated tumors regressed completely on day 21 and did
not regrow within the observation period of 70 days (Table 4). Further tests will be
performed with this compound.
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Table 2. In vitro effect of hepsulfam (NSC-329680) vs. busulfan

Hepsulfam (ug/ml) Busulfan (ug/ml)

Tumor = —
histology 0.1 1.0 10.0 0.1 1.0 10.0
Xenografts
Colon 0/3" 0/3 0/3 0/2 0/2 0/2
Gastric 0/1 0/1 0/1
Lung —NSCLC ~ 0/7 37  6/7 0/4 14 34
—S8CLC 0/1 1/1 /1
Ovarian 0/2 0/2 12 0/1 0/1 0/1
Meclanoma 0/2 2/2 2/2 0/1 1/1 1/1
Various 0/3 0/3 0/3 0/2 0/2 0/2
Active/total 0/19  6/19 10/19 0/10  2/10 4/10
0%, 329, 33% 0% 209  40%,

*Responstve (T/C < 30%,)/total.

Table 3. Activity of selected US-NCI compounds in human tumor xenografts in the clonogenic
assay in vitro

Xenografts
Dose . — Bone-marrow P388
Compound (ﬂg/ml) Responsive’  Total ( )) median T/C (" i TIC (%)
4- Ipomeanol 1.0 0/34 0 112 - 91 -
10.0 4/41 9 115 — 88 -
100.0 10/43 26 100 - 94 -
1000.0 8/8 100 89 -
Oxanthrazole 0.1 1/32 3 123 - 65 -
0.3 9/43 21 95 -
1.0 20/48 42 41 + 0 +++
3.0 25/36 69 T+ ++
10.0 6/7 85 I +++
Rapamycin 0.0001 2/31 6 I +++ I+ 4+ +
0.0003 4/31 13 2 +++ I +++
0.001 14/41 37 4 +++ I +++
0.003 20/32 63 5 + 4+
0.01 23/33 70 3 +++
0.03 8/11 73 P+ 4+
T/C < 30%.

50% < T/C, non-toxic; + = 309, < T/C < 50%,, marginally toxic; + + = 10%

+++ = T/C < 10%, highly toxic.

< T/C < 309, toxic;

4-Ipomeanol ( NSC-349438)

4-Ipomeanol (Figure 1) is a pulmonary toxin bioactivated through a lung cytochrome
P450 pathway. Because of its assumed lung specificity, ipomeanol is being developed for
clinical trial by the Lung Cancer Drug Discovery Project of the NCI (5).

Ipomeanol was tested in human tumor xenografts of different histologies in the clono-
genic assay. At a dose level of 10 ug/ml ipomeanol was active in 4/41 tumors (9%,),
namely 4/5 small-cell carcinomas of the lung (Table 3). Bronchogenic carcinomas of large-
cell (n = 4), squamous-cell (n = 1) or adenocarcinoma (n = 4) subtypes or tumors of other
histologies did not respond to ipomeanol. At the high dose of 100 ug/ml, ipomeanol
inhibited colony formation in 10/43 xenografts tested (269%,). In vivo, ipomeanol was tested
in three small-cell lung carcinomas previously shown to be sensitive in vitro. The maximally
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