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Introduction

The search for new drugs with antineoplastic activity or analogs of established cytostatic
dru s with inctreaserl etliv;-ac and reduced toxicity was the ma'or ob’:-ctivc nfUS-National8 Y . J J

(lancer Institute screening p1”0_]CClS. Between l975 and 1985 novel agents were tested in a
‘compound-oriented’ screening system based on initial in viva testing in the mouse leukemia
P388 and subsequent studies in a panel offivc murine and three human tumor xenografts
(10%. This screenin ro ram was successful rimaril ’ in idexltifvin com ounds with, S P E P 3 , E P
clinical activl: ‘ a ainst leukemias and lvm humus r’l6‘.Y S . P . 1

Since 1985, the National Cancer Institute ('N(,‘l'} has develo ed a new ‘dnseasooricnted’. . P
at ) math to dru} screenin based on human rumor cell line )an(*ls re resemative ofl P E gs } P

partrcular tumor types (2). The objertive of this type. olstirer-rnirrg is to idemily compounds
which exert selective effects on particular tumor types and I0 lbllow-up these leads in rizro
utilizing cell lines previously shown to be sensitive.

We have tested 28 com )0unds which dis la ed a(:ti\-‘it’ in the old or the new NC!I P Y 3

primary screen in a combined 17: vzlra/‘m zrivo secondary screen using human tumor xeno-
grafts. First, large scale tests were performed in the clonogeuic assay. Only the most
sensitive tumors were subscq uently studied in nude mice, where the in who pharmacological
behariorrr ofa drug is considered,

Methods

Our in zzifw and in aim 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 ofthc 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 xeuografts,
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 (1 I}. The most sensitive tumors
were subsequently studied in Lrivo. Prirnary in Liitra screening was done in {our highly
sensitive xenografts (small cell and large cell ofthe lung, breast and SIOfl1'clCl1:_l, two resistant
xenografts as well as the P388. Secondary in vitro screening was performed in a total of M
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 in visa in the two most sensitive xenografts transplanted

subcutaneously into nude mice. The comparison of in mftro/in trivo activity enabled assess-
ment ofthe relevant in zzitro dose based on in vino pharmacological behavior ofa compound.
if remission or at least no change was observed in viva, 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, ifit reduced
colony formation oftreated {T} groups to 30% or less of the control group value.

For in ma experiments 6-8-weel-;—0ld female zitliymic nude mice of NMRI genetic
background were used. Tumor slices averaging 33 ><3><0_5~I mm in diameter were
implanted subcutaneously into both flanks ofthe 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~l weeks. Data
evaluation was performed using specifically designed software. Relative tumor size [R'l‘S}
values were calculated for each single tumor by dividing the tumor size day X by the
tumor size day 0 at the time ofrandomization. Median RTS values were used for further
evaluation. Tumor doubling time (Di) of test and control groups was defined as the
period required to reach a relative tumor size of 200%. The efiect of treatment was
classified as complete remission {RTS on day 2l or 28 < 10% of initial value}, partial
remission rfl l—50‘j4',), minimal regression (51-75?/(,), no change (76—l24:“trc;'.,j or progression
2 lQI'7",-ii, A tumor was considered to be sensitive, ilregression or no change was achieved.

Additionally, tumor inhibition was evaluated in contparing the relative tumor size of
treated with the control group. The specific growth delay {SG ') was calculated with
regard to the tumor doubling time (UT) as described by Steel (17).

Results and discussion

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

Hepsulfam ( NSC-32.9680}

The l,7-heptanediol—bis—sulfarnate (Figure 1) was synthesized in an attempt to improve

the antitumor efficacy ofbusulfan through introduction ofa more polar leaving group.
Hepsulfam showed a broader preclinical aeti 'ty than busulfan in the NCI in viva screening
systems. Schedule dependency studies determined a single i.p. bolus injection as the most
effective administrzttion method. Cross-resistance of melphalan and cisplatimresistant
P388—sublines to liepsullarri was observed in z;ia~o (18).

Hepsulfam and busulfan were tested simultaneously in human solid tumor xenografts in
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N -No

(/1
\N N:.:N-—-OH

Pyrazine Dsazohydroxide
(NSC-365456)

Ropamycin (NSC-226080)

FfL'un> 1. Chemical structures ofsclcrrcd US-NCI mmpounds.

zxirro and in Z7‘!-Zll(J4 In the clonogenic assay, both compounds showed broad spectrum activity
and :1 similar response profile. Howcvcer, given the same dose level all pg/ml at continuous
drug exposure {Table 2] , hepsulfam was active in 6/19 xenografts {32‘j/0) whereas busulfan
reduced colony growth to a T1/C € 30% in 2210 tumors (‘20%).

In zrivo both compounds were tested against the large cell lung cancer xcnograft LXFL
52‘). At 21 dose level of I50 mg/kgiday given day l i.p‘, busulfan therapy resulted in ‘no
change’ on day ‘ll. 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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E\"1‘&l,l.l.-\TlOl‘C OF US-~NCl (I().\1l-’(JifI\’1JS

Table 2. In zvitro effect of hepsulfam (NSC-329680) vs. busulfan

Hrtpsulfam (gig/‘ml}> Busuit"z\n mg,-’rnl‘;'l umor »-~-~ -~---V V ~~

l1ismlt:g'/.' ,. l,0 l0.G ().l 1.0 l(.l,0

Xcx1«;,gr;=.l‘1s
Colon 0,13" 0/?) . ‘L 0;? 0;? 0;’!
(iastriv Oil 0,?! . "
Lung — NS(3l.(I (U7 3/7 ' 054 ll“? W4

St ILL“. 0; 1 1_.»‘1 '
U2 :1 rizz n 0;? U;“2 ,' U,’ l C‘; l “fl
Mclzznorna Ujfl 2,’? ' I 0,51 l/l l,‘l
Variuus O53 O13 ',’ Of? 0;‘? OX2

,..x.;m.moe;-.1 one sue 10,19 _m 2,110 4,110
mm, 32¢, 53”.“ 20:, 409“

‘Rcspmxsiw :_'l';'U < I5U’*’4,>/t<)Lal.

Activity of selected US-NCI compounds in human tumor xenugrafzs in the clonogenic
assay in vitro

Xmrxgraftc
l’)<.:*s<-, " * ' -—~-— — B(:ne—xnarmw

Clompound rug;/‘ml_L Rtsspunsivr‘ Total (“"3 mcdi:.m 'l',“(J Wu)"

kl-—lpr,7rn\?;\m)l 1,0 fJ_:‘34 I) I l2 m
10.0 -1141 9 l [5 ——

lU0.0 lllf-13 L36 IOU
l(>()(J.(» 3:}? 100 89

()xan1hraz(‘nlc' 0.l l;'3‘2 3 I23
(L3 9;43 2l 95
l J? 20343 42 4 l
3.0 2’5_i36 69 l

I01] 6;’? 85 l

Rapaniyvin 0.5.100] ’2,"5:’ ('5
0.U(,lU:5 ~l_’f‘l l l3
U.C'Ol Mféll 37
0.003 20,32 53
0.0l ‘23/33 70
003 W] l 73

'’'T;’(} $ f‘l0‘j§(3.
";30"5 é T/C, non-Loxic; + = 30”}, < T,~‘C < 50%, marginally toxic; + v = lU".U $ 'l'_iC < 30‘I‘,,. toxic;

-4 + —~- = T;'C' < lU"',_,, highly mxir.

4-lpanuezzrrm’ { ;\7SC— 349438’)

4~Ipumca11ol (Figure-. lj» L9 21 pulmonary ioxin bioemtivalcd through a lung cytochrome
P450 patlwcay. Because ofits assumed lung specificity, lpomeanul is being developed for
clinical trial by the Lung Cancer Drug Discovery Project of the NC] (5)

lpomcanol was tested in human tumor xenografts of different histologies in the clone-
genic asszty. At a dose level of 10 ugfml ipumeanol was active in 4/4] tumors (f9‘f,»’,:,},
namely 4/5 sma1l—c¢=.ll carcinomas of the lung {Table 3). Bronchogcnic carcinomas oflargc-
cell in = 4), squamous—ccll = I) or adenocarcinoma (n 2 4} subtypes or tumors ofother
histologics did not respond to ipnmeanol, At the high dose of 100 lzgfml, ipomeazml
inhibited Colony?‘ formation in 10,143 xenografts tested (26%). In viva, ipomcanol was tested
in three small-cell lung carcinomas Previously shown to be sensitive in z:z'lra. The maximally
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