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Chapter 13.  Antineoplastic Agents 

Allen R.  Kraska and J.S. Wolff, Pfizer Inc., Croton, Connecticut 06340 

1ntrorluctmn - A survey of the 1077 Iitc.rattire revealed no  truly signific<tnt breakthrough in the 
design or d i s c  ovtary of agents for canter therapy Wi th  thp fax( ept ion of drugs for enzyme and hor- 
rnonal therapy, thc search for new drugs has continued to rely on dntibiotic screening, empirical 
< oinpound s c  rcening. and niolecti lar niodific t i o n s  of c'xisting agents One of t h e  most cornprrhrn- 
sivc trwtises on c henlotherapy p u b l i s h d  to date d i s c  ussed general principles that have led to 
progress ,ind explC3incxtl diff icult ies in achieving d cltiantun, improvc'mt.nt in therapy I 1 he 
mrc hani\ins ot act ion (MOA) ot  the various classes of anti tumor agents were described, wi th  
det'iils covering the most effec tivc. in the c l in ic  C w w r c ~ l  rcwiews on cancer c h ~ m o t h e r a ~ ) y  ancl in1 
munothcrapy'( ' were published, as well  a s  specific rwit 'ws on <inthracyc lines,' antineoplastic 
<igents f rom plrlnts," pharmacokinetics of 5-fluorourat 1 1  ( 5  r U ) , ' ' '  methotr rxate (MTX)," 
leva r n  i sol e,  I b I eon1 y c in, 1 p y r ro l  e( 1.4) bc. 11 z od ia I e 1) I ne a n t i t ti in or a 11 t I b io t ic s, I ' MO A of DNA sy n- 
thesis inhibitors," <ind inhibitors of merc dpto c'niyines I' C l in ica l  results obtained wi th  thr most 
effec tive adjuvant c hemotherapetitic approaches werr  a lso  reviewed I "  I "  A report det,jiling 
cancer survival s t a t i s t i c s  tor p i t ients  diagnosed and treated 'it centers participating in the Cancer 
Surveillanc e, tpidemiology and Fnd Rcsults ( 5 F F K )  program was published by the Department of 
Health, t duc ation and Welfare (DHFW) z'l 

A k y l a t m g  A g r n h  and Nitromirear  - A great d e c ~ l  of research continued to h e  stimulated by the 
c I inical d f i (  a r y  of compounds such a s  cyclophosphamide, L-phenylalanine mustard (1-PAM), b15- 
chloroethyl nitrosourt'a (HCNU, 11, and close analogs W i t h  the development of chlororotoc i n  (2) 
and streptorotocin (3) additional work has sought further decreases in toxicity and advantage5 in 

a (  t ivity prof i le V(2-C hloroethyl)-?-(~-D-glti( o~)yranosyl)- l -n i t rosoi i rca (4) and 5 were synthesized 

and compared w i th  2, H <  NU, and CCNU j 1  z z  The % increased l i fe span ( ILS)  values a t  the ID,,, 
dose (I 1 in mice wi th  I1210 leukemia were 90 (4). 429 (5), 3 32 (2), 260 (HCNU). and 364 (CCNU, 6) 
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When cornparid wi th  RCNU and CCNU. the selective reduc t ion of myc.losuppression by 4 and 2 
was at t r ibut td  t o  the glucose func tionality and not the increased water solubil ity Support for this 
hypothesis was ohtaincd by studying the water soluble nitrosourea 7, which was active against 
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11210 leukemia (492% ILS), but  was also a potent myelotoxin The mechanism of nitrosourea 
action remained unclear, as antineoplastic activity did not correlate w i th  carbamoylating 
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activity, alkylating activity or LLI,, in mice, however, stabil ity appeared inversely proportional t o  
I k y I a t i ng act i v i ty 
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Kibose-containing nitrosoureas 9 and 10 displayed activity against Friend leukemia and L1210, 
rrsptxctively," I' and clinical evaluation of 10 has begun because of its superior therapeutic index 
( T I  -4 )  Based on  reports that the blood-brain barrier prevented access of sucrose to  normal brain 
tissue. but  not  brain tumors, 6,6'-dideoxy-6,6'-di(3-methyI-3-nitrosoureido)sucrose (11) and 1 ',6,6'- 
trideoxy-l'.6,6'-tri(3-methyl-3-nitrosoureido)sucrose (12) were synthesized and tested in  mice at 
doses of 200 mg/kg against both L1210 leukemia [treated/control (TIC) = 137 and 137, respec- 
tively] and ependymoblastoma brain tumor (T ic  = 148 and 133, respectively) l 6  A series of 
substituted cyclohexyl-CNU derivatives were prepared to  investigate the known greater activity 
of the trans configuration of MeCCNU (8)  versus the cis.2' The compounds were active in  L1210 
leukemia wi th  l i t t le differentiation between cis and trans, however, against Lewis lung car- 
cinoniaz8 i t  became clear that maximum activity was observed when substituents were at the 
4-po5ition of the cyclohexyl and trans to the CNU A structural modif icat ion of BCNU, CNU- 
(CH,),,-OH (n = 2-4), designed to give a water-soluble alkylating agent. resulted in  act ivi ty similar 
t o  BCNU against Walker carcinosarcoma 2 y  A quantitative structure activity relationship (SAK) 
c-orrelation equation based on  l ipophil ic-hydrophil ic ta lance (K",) and L1210 activi ty was ob- 
tained for dialkanolamine dialkanesulfonic esters (13) l o  The homeaza-steroidal ester (ASE; 14) of 
phis-(2-~hloroethyl)aminophenylacetic acid was active against L1210 and P388 leukemias, while 
the parent compound. phenestrin, was inactive. This provided the first example of a steroid 
alkylating agent active in  the L1210 system " 

. H  
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A series of Mannich bases were prepared w i th  and without N-mustard groups and their SAK 
btudied in a variety of tumor systems I 2  Base5 w i th  the N-mu\tard as the amine were partici i larly 
active against myeloid leukemia LAJ- I  and Walker 256 Two reports detailed progress toward a 
chemoiinmunotherapeutic approach to  cancer, in which an alkylating agent also 5erved <is a 
hapten, thus producing both a cell-mediated response after binding to  tumor cells and providing a 
means for using a cytotoxic antibody generated against the hapten This effect was similar t o  
the observation that FL4 leukemia and Crobs-virus induced leukemia displayed npw iin 

munogenic proper t ies f o l l o w i n g  t rea tmen t  w i t h  5-(3,3-dimethyl 1 t r i azeno) im ida /o Ie  4- 
carboxaiiiide (DIC) The absolute configuration of ( + )-cyclophosphamide was obtained by x-ray 
dif fract ion and w i l l  allow determination of the absolute configuration at the phosphorus of al l  
c h i ra I me ta bo l  i tes of c y c I op  hos r-1 ha m ide 

Natural Product5 and  Semi-synthetics - Screening of compounds f rom fermentation and other 
natural sources continued to provide the greatest number of new antineoplastic agents Two  an- 
tibiotics striictttrally related to  bleomycin, tallysomycin A and B were identif ied a5 having anti 
tumor activity comparable to  bleoniycin I 7  Antitumor activity ( 5  mg/kg, I v )  against an S180 solid 
tumor in mice was described for a new anti tumor antibiotic, sporamycin A group of 
fermentation-derived ansamycins similar in struc ture to  maytansine and active against a broad 
range of tumor systems, displayed strongest activity against 1'388 leukwnia in  mice at daily doses 
as low as 0 8 25 pg/kg ( I  p )  IY The SAR of septicidin (15)  and close analogs was investigated by 
varying the fatty acid, glycine and amino sugar groups attached to  the adenine uni t  Activi ty 
against inurine P388 leukemia was observed if the fatty acid contained 12 I 6  carbons, the amino 
acid was gycine or B-alanine, and CHI or CH,OH replaced CHOHCH,OH in  the sugar Septacidin's 
abi l i ty t o  inhibit nucleic acid syntheses was assumed not to be due to direct attack on DNA 
because of a negative Arnes test I "  Analogs of sparsomycin (16) were compared wi th  the parent 
compound and found to  require the sulfoxide moiety and a D-configuration at  the chiral cdrbon 
atom for activity against P388 leukemia " However confl ict ing wi th  the above data was a report 

15.R = CHOHCH20H 
16; R = -S--CHZSCH3 
17; R = -S-CHzCH2CH3 

that S-deoxy-S-propyl sparsomycin (17) was active against P388 and was a competit ive inhibitor of 
ptiromycin I 2  Mitoniyc in  C was converted to  N-methylmitomycin A, a less acid-sensitive analog, 
to study the acid catalyzed u i r i d i n e  ring opening I t  gave the same unexpected cis-aminoalcohol 
stercochemistry as mitomycin C and a 180% TIC ( 3  2 mg/kg/day) against P388 murine leukemia 
The total syntheses of mitomycins A and C and porf iromycin were also reported 1 4 1 5  

2-Deaminoactinomycin D was found by a variety of physical measurements to  intercalate into 
DNA as efficiently as the parent compound, b u t  had only 1/100 the abil ity t o  inhibit nu( leic acid 
synthesis The 2-amino group, originally thought necessary for DNA binding. was proposed a s  
slowing displacement by an advancing enzyme during transcription The antitumor protein 
neocarrinostatin, was reported readily purif ied over earlier isolates and found 2x as inhibitory for 
human leukemia (CCKF-CtM) cells and 40x for Sarcina lutea I 7  A new quassinoid glycoside 
bruceoside-A, was identif ied and tested again5t P388 leukemia (1 56% TIC at 6 mg/kg/clay) In 
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Synthetic etforts in  the terpene area have focused attention on vernolepin and vernomenin, 
and a number of synthetic routes t o  them and their analogs were reported 4 9  I* The mechanism for 
inhibit ion of nucleic acid synthesis by the sesquiterpenes helenalin and tenulin was studied and 
proposed as a Michael-type addit ion of sulfhydryl groups of key regulatory enzymes 5 6  The syn- 
thesis and activity of analogs of podophyllotoxin, an inhibitor of the microtubule system, were in- 
vestigated t o  study the dependence of the trans-fused ring system on activity, a necessary feature 
of the parent  omp pound.'^ A semisynthetic podophyllotoxin. 4‘-demethyl-epipodophyllotoxin 
9-(4,6-0-e t h y I ide ne-0-D-g I u copy ra nos ide), was tried aga i ns t 5 m a I I ce I I a na p I as t i c ca rc i n om a 
(SCAC), and gave a SO% overall response rate after oral dosing, thereby, making i t  one of the most 
active single agents against SCAC.60 I n  the area of alkaloid research the SAR of vinca alkaloids 
was studied by correlating LD,,, data and anti-P388 activity w i th  part i t ion coefficients, pKa, and 
binding t o  tubul in.b’ The SAR of 4’-dehydrated vinca alkaloids revealed that a combination of 
3’,4’ double bond and 4-deacetylation in  vincristine resulted in a significant increase in  TI against 
8-16 melanoma b 2  I n  a study of ergot alkaloids, two  prolact in inhibitors, Deprenon and ergocryp- 
tine, proved to  be highly effective against DMBA-induced rat mammary carcinomas 6 J  The anti- 
tumor SAR of cephalotaxine esters was investigated, and particularly active were methyl 
(-)-cephalotaxyl itaconate and fumarate. However, there was a lack of correlation between a(  ti- 
vity and structure of a,@-unsaturated esters, which were SO-I00 times less active than the natural- 
ly occurring esters.“ New syntheses were reported for the alkaloids, trilobine, isotrilobine, 
obaberine,‘, camptothecin,bb and ell ipticine.” b a  

Anthracyclines - Adriamycin (ADR) has continued t o  show dramatic clinical efficacy along wi th  
serious toxicity I n  spite of the drawbacks, its success against solid tumors has led t o  a great deal 
of research centered around the anthracycline nucleus The design, synthesis and SAR of 
daunorubicin (DNR), ADR and their new analogs have been carefully reviewed Labelled DNR 
and ADR have in  the past been prepared by catalytic tr i t ium exchange, which yielded products 
that readily exchanged during drug distribution studies. This problem was circumvented by  syn- 
thesis of [14-’*C]DNR and [14-“C]ADR using ’ * C - d i a z ~ m e t h a n e . ~ ~  4-Demethoxy DNR (i.v.) com- 
pared favorably w i th  DNR and ADR (i.v.) against Gross leukemia and S180 tumor bearing mice, 
however, when given orally (2.55 mg/kg), i t  was effective (50% reduction in  tumor growth and in- 
crease in  survival time), where ADR and DNR were either ineffective or effective a t  large 
multiples of the optimal dose.’O The importance of stereochemistry a t  C-9 was demonstrated 
when 9-deacetyl DNR displayed a 2-fold greater TI over 9-epi-deacetyl DNR against P388 Iym- 
phocytic leukemia in  Studies on prevention and reversal of ADR associated cardiotoxicity 
showed that coenzyme Q reduced tachycardia, ECC and histological changes induced in  long- 
term ADR treated rabbits 7 2  I n  a clinical investigation, treatment w i th  digoxin and diuretics revers- 
ed ADR-associated cardiac failure.” Carminomycin, the 4-demethyl analog of DNR developed in 
the USSR, has been reviewed and reported not  t o  possess the cardiac toxicity associated w i th  
DAR Recent screening has resulted in  a large number of t-pyrromycinone (18) and l - c -  
deoxypyrromycinone (19) analogs w i th  potent L1210 activity.” I7 Only marginal anti-leukemia ac- 
t ivi ty was observed when deoxy sugar glycosides (20) of 19 were synthesized.” 

18; R = OH, R’ = H 

20; R = H; R‘  = deoxysugar 
”/ 0 H 1 9 ; R = H ; R ’ = H  
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Nucleoside Analogs - Ara-CDP-dipalmitin, after conversion t o  ara-CMP and phosphatidyl in 
05itol, '~ increased the l i fe of L5187Y leukemia-bearing mice (173% at 50 mg/kg I p )  Both 
N'-behenoyCI 0-D-arabinocytosine and N4-stearoyC1-~-D-arahinocytosine were more active in 
vivo than I-0-D-arabinocytosine, apparently because the N' substituents protected against 
degradation by cyt id ine deaminase "O New syntheses were reported for  f torafur  
[ l -(2-tetrahydrofuryl)-5-f luoro~raci l ] ,~'  R 2  and no  differences were seen in  biological activities of 
the R and S isomers Tumor regression was seen in  a Phase I study of advanced gastrointestinal 
cancer fol lowing treatment w i th  ftorafur and mitomycin C or MeCCNU " The chemistry and 
biology of 5-aracytidine were reviewed R 4  Addit ional work w i th  5 6-d ihydr~5-azacyt id ine,  the 
stable analog of 5-azacytidine, demonstrated more efficacy than the parent against cerebral 
L1210 and had a better TI 8 5  Several sulfur-substituted analogs of the a and 0 anomers of 2'-deoxy- 
6-thioguanosine had substantial antileukemia activity in mice "b bu t  none was as potent as the 
pa rent corn p o ~ i  nd 

Meta l  Complexes - Wi th  the clinical ut i l i ty of cis-platinum diamminodichloride(PDD) repeated- 
ly r e i n f o r ~ e d , ~ '  "" work has continued toward establishing the M O A  of this compound and the 
growing number of cytotoxic, heavy metal complexes, PDD was found to  be synergistic w i th  
cyclophosphamide in  L1210 leukemiae9 and w i th  2,2'-anhydrcll-~-D-arabinofi1ranosyl-5-fluorcl 
cytosine in  L1210 and 1'388 systems resistant t o  5-FU or MTX 9 "  A series of cis-dichlorobis(1- 
methyl-imidarole-2-thiol)Pt ( I  I) and Pd ( 1 1 )  compounds were complexed wi th  nucleosides to  deter- 
mine the binding properties of the metals. I R  and NMR were used t o  show Pt and Pd bound to N' 
in  guanosine and adenosine and N' in cytidine.y' Acetylacetonate-I ,S-cyclooctadienerhodium(1) 
(AC) and cis-dichlorotetrakisdimethylsulfoxide ruthenium(1 I) (CR) compared favorably wi th  PDD 
in  vivo against Ehrlich ascites carcinoma, however, only AC and PDD were effective in  L1210 9 2  

Cyclic and polymeric amino phospharenes have been reacted w i th  K,PtCI,, resulting in  water- 
soluble complexes wi th  cytostatic activity in  mouse P388 leukemia and Ehrlich ascites tumor 
regression systems 9 1  Partit ion coefficients for rhodium(l1) carboxylates were correlated w i th  ac- 
t ivi ty in mice bearing the Ehrlich ascites tumor The data showed increases in l ipophil icity gave in- 
creases in % I L S  and TI,  unti l  steric factors or too l i t t le water solubil ity lessened the effects " 
Evidence has been obtained for cytotoxic copper and rhodium complexes reacting wi th  enzymes 
containing essential -SH groups y 5 , 9 b  Concentrations of rhodium carboxylates that w i l l  inhibit  -SH 
enzymes have been correlated w i th  maximal survival times of mice bearing E hrlich asrites 
tumors y 7  

Miscellaneous Agents - AntiLL1210 leukemia activi ty was correlated wi th  a l ipophil ic-hydrophil- 
ic balance for a series of 4'-(9-acridinylamino)alkanesulfonanilides 9 u 9 9  Acridines substituted in  
the 3-position w i th  l ipophil ic groups were found more active when further substituted wi th  
hydrophil ic groups. In vivo reduction of nitro derivatives of 4'-(9-acridinylarnino)methanesulfon- 
anil ide (AMSA) had been postulated t o  explain the activity of these weakly basic compounds, 
however, 3 -  and 4-aza analogs of AMSA had similar base strength and were equally active.""' join- 
ing two acridine rings at the 9-amino position by  a varying number of methylene units yielded a 
series of bis-intercalating diacridines, shown t o  have an inverse correlation between % ILS (P-388) 
and agglutination involving S180 cells treated w i th  Con-A l o '  The SAR of a group of N-protected 
amino acids converted to  their vinyl, 1,2-dihaloethyl and cyanomethyl esters was reported, par- 
t icularly active against E hr l ich ascites carcinoma were the esters of N-carbobenroxy-L- 
phenylalanine, glycine, and leucine ' I J 2  l o '  1,8-Di-N-bis-(n-butyloxycarbonylaminornethyl)-L- 
citrull ine was shown to be orally effective against rats implanted wi th  AH 41C ascites hepatonia 
(i.v.) "" I n  a study concerned w i th  homocysteine metabolism in neoplastic tissue, arachidonoyl 
homocysteine thiolactone (HCT) amide decreased growth, and oleoyl HCT aniide increased 
growth of A-10 mammary a d e n o c a r ~ i n o m a . ' ~ ~  I-Formylpyridine thiosemicarbazone has been 
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shown to have the E-configuration,Iu6 and in a series of 5,6-dihydrc-8(7H)-quinoline thiosemicarba- 
,ones, investigation of structural requirements revealed that the E-isomers were slightly more ac- 
tive than the Z-isomers against P388 leukemia l o ’  4-Methyl-5-amin~l-formylisoquinol ine 
thiosemicarbarone (I p )  significantly increased survival time in mice bearing 5180, L1210 and 
P388 leukemia, 616 melanoma or Lewis lung carcinoma ‘ lr8 Analogs of 21 and 22, structurally 
similar to mitomycins and pyrrolizidine alkaloids, were found effective against P388 In vivo I o y  I I o  

5.5-B~s(4-chlorophenyIjl,3-dichlorohydantoin was the most active (190% Tic) of a group ot 
hydantoins tested against P388 leukemia ) I 1  
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Immunotherapeutm - No new significant immunotherapeutic agents have been reported, but 
the approach has been accepted as clinically useful, and BCC, M E R ,  C parvurn, and levamisole 
usage continued to grow The general subject was comprehensively reviewed,”” as well as the 
specific topics, MER-BCC,”’ levarnisole,l’ and clinical trials of immunotherapy in man [ I 4  The 
mechanism of macrophage activation by BCC was studied with respect to lysosomal enzymes 
and the presence of intracellular free radical species ’ I 5  A vaccine of BCC plus x-irradiated L10 
hepatocarcinoma cells eliminated a disseminated tumor burden in guinea pigs 1 1 6  This approac h 
has been extended to the clinic where good results against acute lymphoid leukemia have bern 
observed after chemotherapy followed by active irnrnunotherapy with BCC ! I 7  C parvum ( I  v )  
was found more effective than BCC in reducing incidence of regional lymph node metastaws 
after surgery of adenocarcinoma in rats The mechanism of C parvum antimetastatic activity 
has been expidined as mediation by macrophages with T-cell c ~ o p e r a t i o n ” ~  and a T-cell indepen- 
dent activation IZn Various combinations of C parvum given s c , I v and I p increased survival of 
Fischer 344 rats bearing 13762 adenocarcinoma ’’I Pulmonary, peritoneal, and splenic 
macrophages from these animals were cytotoxic toward target 13762 tumor cells In vitro An ob- 
jective response was seen in human ovarian cancer with C parvum and a program of Cytoxan, 
adriamycin, and 5-FU, where conventional therapy had failed Levamisole was reported to in 
hibit s c malignant neurinoma growth in 80% of treated rats ‘ ’ I  Skin tests, E-rosettes, and CAMP 
levels have been measured in patients with malignant melanoma and squamous cell cancer of the 
head and neck, and improved values correlated with responders to levamisole therapy lZ4 

Drug Delfvery - There has been a persistent effort in increasing selectivity of antitumor dgents 
by altering physical, chemical and biochemical parameters 1 2 $  I Z 7  Emulsions’zu have been ap- 
plied to delivery of agents to lymphatics. and liposomes have been used to enhance the action of 
nitrogen mustard,”O specific tumor cell antibody”’ and a variety of cytotoxic agents I z 7  The p r o  
posed Iisosomal membrane alteration of target cells has been extended to Amphotericin B (AMP 
H), which i s  known to alter membrane permeability I J 1  lJ1 A M P  B has enhanced WCNU uptake into 
tumor cells and stimulated ho5t response to killed cel ls Objective clinical responses were 
observed when A M P  B was used during combination chemotherapy l J i  l l o  M a c  r om o I ec u I a r 
species such as BSA, IgC, poly amino acids,”’ and Con A“’ have been used as carriers of anti- 
tumor agents to increase specificity and TI  M T X  covalently coupled to tumor associated anti 
hodie, (ab) was shown to be more effective against C3H murine ovarian carcinoma thanthe agent 
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alone or a simple mixture of ab and M T X  I J y  Specificity has also been sought by incorporating 
alkylating groups on hydantoin,"" p y r i m i d i n ~ ' ~ '  and ~soqu ino l i ne '~ '  pharmacophores 

Anticcircinogcns - Published reports concerning compounds inhibit ing tumors induced by  car 
c inogens have continued to  grow Dithiocarbamates such as disulfiram (23) and diethyldtthocar- 
hamic 
Selenium supplementation of diet decreased co lon cancer induction in rats by D M H  1 4 4  Similarly, 
incidence of rat intcstinal and bladder tumors induced by bracken fern was decreased by addit ion 
t o  the diet of RHA, PVP, calcit im chloride, and clisulfiram 1 4 '  The most studied c lass  of com- 
pounds in  this area has been the retinoids, thought to act via control of epithelial cell growth 
Retinyl methyl ether was found superior t o  natural retinyl acetate for inhibit ion of DMBA- 

induced mammary cancer in rats Invasive cancer wds prevented or delayed in rats treated wi th  
1 3  cis-retinoic acid fol lowing induction of preneoplastic lejions w i th  either N-methyl-N- 

nitrosourea or N-butyl-N-(4-hydroxybutyI)nitrosamine 1 4 '  Systernic use of the aromatic retinoid 
Ro 10-9 159 (24) succ~s5 fu l l y  treated DMBA-induced skin pnpillomas in Swiss mice 

id prevented 1 ,L-dimethyl hydrazirie (DMH)-induced large bowel tumors in mice 
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