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THE SETROSOUREAS (RCNL COND metha L COND
epresent o new chiss ol antineaphonie agents with o
proad spectrum of antitumor activaty They are cell-evele
ronspecific cvtotoxic agents Postulated mades of action
,nd pharmacology of these nitrosoureas are reviewed
Thetr therapentic effectiveness ay smgle agents and
combimations have been recogmzed in malignant lon-
photnas, mutuple v eloma inelanoma, ghoblastoma
pltforme, gastie and colorectal carcmoma, and
anll=cell carcmoma of the lung, The mitrosoneegs are
mitnstered onan intermttent 6 sawech sehedule
hetatie of deday e and Tregquenty sesere bone nariow

oy whie e may be camudatin e nenabiae
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T
he trosoureas are a group of cell-cycle nogg

specthe antineoplastic wgents which have a ™,

Broad spectonng ol activity against @ number of
animal tumor systems and against human hema-
tologic malignancies and solid tumors.}2 Thev are
svnergistic w combination chemotherapeutic
regimens, have the ability to cross the blood-brain
haerier w hen administered systemically. and may
e adeninstered as single doses at approximately
t-week intervals. Two nitrosoureas, 1.3-bis(2-
chioroetin b= t-nitrosourea ( BONU, Carmustine')
and 1 2-chloroethyD-3-cyclohexyl--nitrosonrea
(CONT, Lomustine ). have recently become
comnercally available. A third nitrosourea, 1-
(2-chloroethyli=3-(4-methylevelohexyl)- - nitros-
onren (methis ] CONUL MeCONUL Semustine ™),
remians inveshigational We have reviewed the
published data on these three nitrosoureas to define
andd nghlight their present and potential future
roles in combimation chemotherapy and te focus
npony their spectrum of aetion and unpredictable
Lietnatedowe tovieity N lourth nitrosourea, strep-
tozotocur has recently been reviewed m detail and
will not be discussed here. 34

Preclinical studies

i 1939 Greene and Greenberg noted that 1-
methy -3-mtro- Fenittosogranidine (MNNGY was
cttedtive mprodonging the hte span of mice re-
cerving mtaperitoneal implants of LE2EO lenke-
mi 7 Ths discovery ded to g systemic search of
componnds structurally related o MANNG T was
abse tved it Emethnd 1 sittosonre (MN U was
ove cHeetive than NINNG i meteasing the host
b span of ouee ineeted intrapentoneally o
sobeutancomsly with L3210 MNU was also of-
feetine agamst itracerebrally implanted 11210

OLI 7150




K7 Wl

-y

M—‘

9% Natresonreas Katy Ghck

ekt Nlh\u(ll“-ul delibetate ssnthesis of othes
Lametha - Fnitrosirea densatives sesealed tha
1oy bt 2 o lbimoctbin ) | eilrosetiren L N bradd
ontative potential in the $8D1, monse implanted
with as mamy as 107 L1210 cols mtrapentonediy
ot 10 L1210 cells ntracerohrahy *

The nittosentvea, -2 chloroetin b 3 ovelolies -
Vi mtrosonres (CCNT Y, produced teone s
thau BONU s the expernmental treatmend of nnee
with L1210 and was active g the Walker caremo-
sarceinia 236 and melanoma BI6 tumor systems
CONUL when used in combination with ¢vtosiue
arabinoside, wuas curative in mice receiving inbra-
venons umplants of 107 L1210 cells even when the
mntiation of treatment was delayed antil 24 hours
‘N"lll'(' IIN' ”“"Il.l“ ‘l,‘\ (Il ‘l",\'li h

U -chloroctiy D=3-CU methy develohioan - -
trosonren cuethvLOCN U was superior 1o BONL
and CONLE e the treatment of mnee implasited
with Lesws g careinoma A aosurgead adjusant,
in cambmation with evelophosphamide. metind
CONU Gred o aigiibicant propoction of BDE
wiiee that recen od subenbioncons inphants of Foewns
o tumor even whien they were treated at o time
when Inng metastises had ocenreed, These timon
were nob enrable at that tisse wath any of the sban-
dard alhy Liting agents, antimetabolites, vinea al-
halowd dactinomsem, evtenine avabinosde. o
Ivdrovvares ' MethvE CONE also possessed si-
pertor activits against the relativ ey nneesponsine
B16 madignant mekanoma and C3H breast earei-
nog, !

Mechanism of antitumor action

The nitrasomreas (Fig e celb evele nonspae
alie agents ' However, there iy a somes hat
greater degree of cell kilbin the M phase and G 'S
phase bowndary of the cell cocde Ak lation and
carbasy Lation have been snggeded as the potentual
medes of achion of the ottosntiegs, but the precse
e s s unelear 100

BONU anhibits DNA sy nthess of Fhelich ascites
tumor cells i vitra™ and 1110 leukenna i
vreo VS Under experimentad conditions, BONU
iv able to intubit the incorporation of VC-onmate
mto prrries of PN A ad BN A Dot greates wibuhi-
ton ol neelew acrd Mmool proden ssathesis oeeis
T Do been starested that BCNU terberes with
the de ot sy nthess of purine rhonucleotides and
with the conversion ol purime nucleotides to DN A

BCNU AND OTHER NITROSOUREAS

i
CICH,CHNCNHR
NO

BCNU: R = CHCHCI

CCNU: R = —O

MeCCNU: R =

CH,

HGURE 1L Stenetoral formuabas for the halogenated \
AN tateosonreas

bases T addition to it postulated role as g al
M Bt agent, BONU mterferes svlw.'uwl:, with
vhe utidization of hastidine or ats metabolites, g
demonstiated i etvo inmee bearing 11210 ascileg
tuor cells and in bman Jeukenie cells 19 ey
e ctee can whibad formmmne transterase, the
cury e s hich trasfers the lormumine group from
formumnnoghiamate to tetrahvdrofohe aeid Y This
songggrests that BONU muan interbere with one-carbon
wetabobisan

CONU Lbeled with PCin the evelohess T moiey
s extensivels teeprotems m the 11200 mogge
1 rieo, oossspensions of 11210 cells i vitro, yng
to nuelee acids and proteins in cure. CONU 4.
beled with MCom the ethylene moiety binds ta both
nucleie ueids and proteins but with far less avidig,
Han CONU dabeled in the evelohesy | mojety
These data suggest that CONU mandities nucl(.'i‘.
avrds by otk bation and protems v evelohex )
cathbuny Lition 112 .

Pharmacology

N tuee mtyosoireas are dipid soluble with
metla L CONU havmg the greatest Tipid sofubiliy
atd BONE e deast 200N and methy L GONU
ateasy metrre molecnles which are more eagily
tadsodabeded than BONU aud were, mopant, de.
veloped o study the pharmacalogre disposition of
e b osonteas

Phsposttions stodies with - abelid nitrosoneeys
saguest Hhiat BONUCONU and micthy FCONU yee
vprdiv abmorbed Trom the gastrointestinal trae
with peak plastog levels of degradation products
appearing U6 hours after adminstration 20 The
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pina lesels ob these degradation products ave
Sdoneedhand the iy everction s maoder atehy
wtTable D

pacholabeled BONU has o halt-hite of 534 hors
petr 2ven ol and 67 hoars w hencen coamtia
,.uusl\ YN I TR al the adiolabed Tros
AU s recovered i the uerae By 96l s wath
dwdly o fecal everetion 2 CONT teadihy
worbedd when wivenorally with peak plasti leveds
et between Fand 4 howes Nomtaet drog s
deetable e plistnacat amy time tollos g an ol
ae ol CONU Urinary exerction ol radiolabeled
CNU varies between 365 and 7770 of an orully
tited N, Jmimistered dose depending upon the location of
w taddiolabel 22N FCONT nndergoes promgt

al :tll\ul\l(luu with o et \ll\lju, dheteciable

San gl deequenthy in the plasma Peak plasma levels
howiyy wnt between S and 6 honrs Approvinutels 6O%
ey, as sracholabeled el LCONU can be recmered in
Vancrles, fe anme by 48 howrs 22
AN Prolongesd |)|;|\|||.| levels of radioaetin it probua-
™ e iy relleeta combination ol plasmu protess bindg
W ram ad active coteroliepatic recirenlation ol the deg-
VPl adeion prodnets The entey o the wittosonres
citrhon peracdabion products into the cevebrosproad Hind
(SEV s prompt o dhiin 3060 mmntes), eloseh
Mingly, wrallels chianges m the concurrent plasing levels
Vs I radinactnaty wnd nan be related o the Tiped
i SAnbility of the ponend ihiososiieas Absolute les el
M.
o bothy TABLE 1
vidiny . - : o 14 .
ety Disposition Studies with '*C-labeled Nitrosoureas
telone n Man
hey Time
10 Pevk
Plasma Plasma
Level Half-lie
_acanon of Radwolabel  (hours) thours)
with NLtigiven po) 1 34
nhiy gven (v 3 67
M _NU iven p o)
aly AT Cachonyl mowety 1 5t pliasie
de- 227 (second phase:
W o) "C-Cyclohexvi moety 3 5 (tirst phase)
227 (secong phase)
Mgy AC.Chinroethyt morely 4 .
Ate Mot CONU e p o )
fact 0 UeCaobeny moety 3 24 (tirst phase)
Hels, 72 1second phase)
Ihe '4C.Chigroethy! moiety 6 36

CaNner s Crante g Trrsey

Wainter, 1974 909

mthe CSE ol manare 179305 ol the simultaneons
phasins lovels BONE CONU and metn [ CONU
canmot he detectod as the inlaet parent compouids
ithe (&1 22 .

|"||' ‘1.”(‘“' il rosingreas (ll‘ ot .\“'“‘.”- ‘l)l“' HH‘
Al .mllln‘u|v|.|~|u aents themselves hecanse
they vand beovecovered o plasia, urme or
cerctnomprnal Thnd alter adinnsteation 24 22 A
number oF degradation products have been pos-
tulate d as the potentiadly active componnds 23 %5
These bave included 2-cdorocthy ] isocvanate and
2-chlovecthn lunine for BCNU and - evelohesy!
mocy ahate and evelohexylamine for CONU The
hepatic mierosamal drug-metabolizing system s
s ohved memtiosonnea (|('gr.u|;|lim|

Drug tovicily and dosage scheduling

Fhie cimeal ase of trosonreas as single agents
ar i mullideng combination regimens has been
Based on the mtenmitient single-dose sehedude aed
the bnoad spectoum ol anlitumon achivity

A sngle apents m patients with good bone
manron reserve and limited prior chemaotherapy
and o radiotherapy . BONU iy administered in-
tavenomsdy i dose ol 2200225 g every 68
weeks (o S0 m me mtrasenously daily X3 every
6 5 weeks), CONE v given aradly i a dose of
1K) I“H) WY s cvery O 8 \\11'k\ and methd
CONU gnenorally wna dose ol 2000 225wy, 1n?
overy 6085 weeks ™ The intermittent dosage
schedule wan developed becase of delay ed mar-
Advocates of BONU fractionation
argue Tor somew hat less rastrointestinad tosicity

row Lovieity

Onalitatively st s ditticolt o discern njor tosiceis
dilterences among these three mtrosonreas,
Delaved and prolonnd bone marrow toxeity is
the tiostsertous sde ettect of the vitrosoureas The
ty pical thated madiv is seen inall patients, naally
occnrnng hebween weeks 3and 5 loe platelets and
werks Fand T or granulocyles and Jasting betw een
Iand 2 wechs This delas ed nadir san advantage
when vsing the mtrosoureas i combinition with
other agents that typreally have ancearlier myelo-
suppressive action sinee the nadirs are not super-
puposed  Ap ey granutoevte and platelet aadir
tas b seen e one fomth o one-thid of the pa-
tients ocennmy 101 Edas s abtes the adimistra-
G of the oitrosurea and lasting 110 davs?™ as
demonstrated m Figare 2 The carly nadir predicts
@ more severe late nadic Approvniately 1-2% of
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Gy 2
i ol feukopenia =

previorsIy natreated pudsents on thess fnst evposte
toa rttosonrea will expenence hle-theatenimyg
perphicral paneytoprema in association with
warked warrow I poplasia The busas tor Uns i
onyteratic reaction s not anderstood.

Cumnlative marrow eHeets are namdested b
bwver nacdhirs ata given dose level, carher appear-
ance of nadirs donger duradion of nariow sap-
pressny and averade oot g dow e leved 0N
prroggessive et gy be neded adter each cotre
with Lalare ol the hemoglobim level to ose back 1o
s haseline: Thisretractory aneana mas be i
pzsd b spacing mtresonres courses Turther apad
v awvechs vathen than b wecksrad nun [EREIIEN ved
Blowd col tamstiaons 10 esential that compl
Plowad conands Tue o Lievhed at kst osee a week drn 1y
ttrenonrea thetapy possibly twice a week i tha
subwroup of paticnts whieh manitests both carly
and Lie nadies I combimation wath other drgs o
(.uhnlhm.\p\ the dosaze of mtrosonr e shondd Te
redueed

Castromtestimad lovcn consisds of nansea aond
oty 2 6 hoves abter adists ation and o
sists b ap o 28 hours Ty besomes it anel
iorated by antiemeticos and fasting This toveity i
not cutntdatis e and appears to be centoaliv med-
rded s that i does not intertere with e adbsorption
ol the oral mtrosonegs 220

Fass hoegquent side ebtects i hinde aopeca s
bt duehea anorevee roverable oo s
o lver dhiemstres b peresthes, dizzimess and

ayvnecorastio <Y T BONE may canse comnre b ol

Heratodome toueimy patternob methind CONU waly donble:

Hishoee A docal philebites wath binning and by
peretnnacad the ste ob wneetion has been noted \\iih
BONU 20 Fadopldebtis associated with each
canre of BONU may canse permianent loss of Veing
abadminstiton sites

O revent concern is the pudmonary twgey of
BONU and probably methnd CONUY, iy -
prosing however hecanse the potential for pre.
dacm Thiross ol the Tone was ioted i thous during
e andnd development of BONU 32 (i
svinptons vl melode progressive daspnea aru)
Chirome nonproductne congh while chiead vy
veveol nterstdnd mfiltaes wineh Tt Iw Pult‘h\
o it bee Patholowe evaninatian of tye ||lllg r¢;.
\('.|]\‘. |u1l|\|N‘( l'l( pllllllnll.ll\ ‘\lllu\h .\Il(l ;ll\(‘n‘ur
cott duaplasie postudated o be secondars to the gl
b Liting actian ol strosonreas on respiratory, ep,.
thelun Praor to the deselopment of Tung tovicity,
|\.|(||'ul\ !M\l' \_;n‘ln‘l‘lH\ T a'l\('(l || ﬂn' (ll’llg(w@r
oot to 4 vears Yhe ehinical outeome 15 van.
ablewath recoceny i sonie patieats and progressive
vespoaton Lndire e others The cale of cortico.
stevonds mnchorating the pubnomary msoffi.
Cienes induaced by ndrasoureas s anclear,

Ntrosotrens have heenimeriminated in the de.
veloprnent of Civome renal Lolure and mterstitial
wephots T A potemnos enerally deluyed angd
et s tided wath I periension, proleinutiag, of
ther nnmeey sedient abnonmahiios Kidnes siye
v decreased whide pathologic examuation often
(]l\( '(l\l'\ u]unn'lllluwlvums s e |Hl)HLH’ ll)“

\\lllr'-]llu_‘ ol [}u '_'lu(m !‘l: 8} ‘».x' the Hll'l,)l‘nl.lm'
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Twu cases of aente nonlvimphoctie lenkerng
hwen H'l)(ill(‘(l i palicnds treatedh with tone-
il Eesoitea ”H‘!,l])\ ton biaan H\.lh\_'l\ Ve
vu")d“l‘lll|l|l'|\l‘|||’i( NU and CONU e othae
penl recenved methy b CONU W hethes the
preseits o saental Dimdimg o pob s bear

prt'*l'”l
wtincoplastic activity by tumor types

soverab comprehiensive ey ews have been pub-
ded comcermne the ettedtivenoss and chinical
ads o BONU PCONUT gnd methn T CGONL

amportant to recognize Uhast votrosonireas are not

RESTIN inlmrl\.muv.lhll-um||nu||u|~ andd it

——

esubstitution of ane mtrosonrea for anothes mas

ind . Cmappropriate i the sanagement ob an ind-
vil vy dnat Lo
h tach Respotese tates Tar ntrosourens alone o i conm-

TRV mition s nsedin Hos eevies e detined as fol-

« Complete vesponse (CRY mcans complete
W

W o appearance tor all chimcdbh measurable -
ST ant disease without the deselopment of new
Mo ©hgnant testons Lastig Tor at least 4 weeks Pa-

Sty RIER ith Brons ne Lesbases st Teove noemliza

e al

apol adlbhone v ras Pantiab vesponse (PR aeans

g . 1 K ' W v D .
e and eater thanov egual o 507 deervase i the paaod-

(

ANE L Creste v Tas s Manter 1979 301
ol an e ol known vzt disease o |||('\||;-
It oi new arcas ol gt disease o
e tnetaslhaw s o |1.||||.|| Loyt telers b g S0
or wieater dectease i the s ol the iver edge
mcastrements tahen Iu-low the l‘u!,hl and felt costal
i o the rospeetive md choaaenkn hnes and
Bl the Lipr e \\|:luml Objeclive TesponiNe
velers bo e s of complete and partol TOS|MOITISeS
Fable 2 reviews the pobhished sosponse rates o the
three dibferam mtrosowreas i a vaneiy of neo-
phisms We il review the commaon timor sites
whete the mtrosoreas have been .ulvqn.ll('l\

cvabiated
Gastrointestinal carcinoma
Coastric carcinoma
Tl median sl Tov gastoe adenocaretiona
w0 months Trorn the e of docmmentation ol

Only 12
AMthoneh 5 Hoovosieacrd 351U bas heen

mcnrabinhiy o ol paticnts are alive w1

vear !
commidered the Standard ™ agent for treating ad-
vanced gastric adenocarcinoma objective response
rates e ooy 13 200 and are short-lnved There
is oo sugicant diftercnee wosoevival ina karge
gronp of patients treated wath S-Huorouraad as
compared toan antreated group although re-
sponders Tive longer " 72 Bath BONU and methy
(AN

ubjectinve tesponse rates ol 185 and 1559 respec-
|

ateacbive aeents insasbioe Coromenia wath

N * ol the lwogreatest perpendicnlies ob a timor - tevele aod median durations of response of
patchy { e Lstone Forat least Tacebs withont the mcrease months 7 COND has noactivily in gastig carei-
My ..

Weolar TABLE 2

the . .

N cal Objective Response Rates to Single-Agent Nitrosurea Chemotherapy

S -

ST ! BCNU CNU Methy! CCNU

o of ' No of No f No of No of No of No of

S ALt Evaluable  Pesponses®  Evaluahle  Responses  Evaluable  Responses

Al Tumor Type Rets Pauents L (_“_:u Patents can ~ P_auc_enls____( s

M. e 45 33 6 18 " 50 15 2 13

AUTIEE il 45 K a0 4 s 15 2 13
el 43, 44 46 09 ; 10 194 14 h 168 18 1t

Lo e a3 43, 44, 47 76 6 2 170 20 12 100 4 4

sitd oM 18 122 218, 113 17 13 108 8 17

dand 3 al heslologies 49 83 5 N 279 46 16 341 33 10

o < nant Gioma 43 44 50 59 32 46 7 277 a7 6 22
N i 148 44 M3 94 a4 A4 40 48 74 19 26
olten n-Hodgkin 5 vmphoma 143 4 107 J0 8 52 s 57 1018

I AL} L DU s T LD O Dy RAC L e Lnaes 1 Whigr in the 1ear
e,
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TABLE 3

Prospeclive Randomized Studies of 5-Fluorouracii
Nitrosourea Combinations in Patients with Metastalic

Gasiric Cancer

G-k
ECNU

HE00 BONY
Moethyt CONUE
G004 methy)

CONY

No of
Evalu-  No of
apie Fe-

Refs  Patients sponses

47 28 8
47 M

th i 14
4¥ 37 .

48 30 12

Per.
cent-
age

23
i
41

[
40

Medn
Snvival
{ iy
fron e
Onset of
Chemo-
therapy
irnonths:

[5, B TR
[= I =N

ot s sipude avents BONU aud et LOONL

hove a sl ipact oo savnead At Mo
Clinic 3-Huorouracd and BONU when used in
combitution prodneed o higher eosponse eage (170
as compared 1o 3-FU wdone 299 o BONU Jlone

AT pabients with adyane ed gatng Carcitumng
and ineasarable inelastatic losions, Mediay sunvpngd
was 35 months for BONUDT 4 monthy for 3L
and T T ol toc the combinatin (Tabie 'N‘
However the combmiation of 3 FU and e\ wa
supenon to 7 U b astabisticaly signilicant leved
only at 1% months Froae the start of therapy wehy
200 ob the patsents seevnomie the combanation alive
connpred o 79 with 3-Huorouracit alone 5
The Faslern Conperative Oucology (Grey

ACOGH compared 3-FU and methvd Gy
combination Chemotherapy versus methy | L
whestie 1o patients wathe advanced measaralyle Uil
catcer aned demonsteated ostatistically szt g g
st b mprovensent and response eute for e
cotabingtion ™ i pationts soth nommeasueabie
metasttre tastewe careison, 3=t uhu\(‘und&l"l.'
plas metha LCCNU produced equivalent supyy o
rates of 63 months from the onset of therapy n,
recenthy reparted FKOCOG study 5 1y dhogld b
crphisized that the elfectiveness of 5-FU.nitgg.
sotinea therapy has been demonstrated only for thy
seleet population of gastric cancer patients whe
i e advanced measurable metastatic dicease

Both the Castrointestioal - Tumor Stud,

TABLE 4

Prospective Randomized Studies of 5-Fluorouracil-Nitrosourea Combinations in Patienis with Advanced Large
Bowel Cancer

et

Median Survival Duration

No of of Ali Pahents from Qnset of
Insntution Evaluanle  No ot Chematherapy
iRets . Chemotherapy® Pahents  Responses Percentage {months)
Mgt E bt (AT 4) 4 19 No
1551 5-+U + MeCONU + VCR 39 17 43 - difference
o Pretona 5-FU 45 10 22 65
104) 3-FU + MeCCNU + VCR 46 17 37 78
“WOG 5FU 42 4 9 - No
(85 5-FU + MeCCNU 152 48 32 - diiference
ECOG 5-FU + MeCCNY &g 9 10 60
1679 S-FUL4 MeCONU H V(T b I N 73
5-+U + MetUUNU + OTIC 83 4 14 91
5-FU + MeCCNU + VCR + DTIC 71 A 15 390
5-FU + bygroxyurea 7 15 M 73
Mo Choue A8 4 MeCUNU KR v "
hY ShU O Mecy  NU 4 MER-BCG 24 k) 10 No
B.EL + MeCONG ¢+ VCR 31 [ 19 ditference
5-FU + MeLUNU + VCR + MER-BCG 32 9 28 -
RN L
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Un’”l’-m TOGEPSG I aned the sl est Onealogn
l;f“lll'-ﬁ WO e convently andving 5 1t
gethv E CONU drug-contaming regunens i pa-
ents with metastabic gastric carcinema to better
gtertnmne the electson patient sarvinal - Ao on
g s a4 GEPSG adiovant siady comparing 5-
p-methn D CONE combination therapy W ne
dditional therapy v wronp of patients unde
antil CuTaliv e sureeny tor gastrie cancer

Colorectal carcinoma

Paticnts with carcinoma of the colon have a
median survival of 70 months trom the time of
arowl ol imenrabilitn 78 Vhe objeetive respanse rate
woattiehe agent 3 U meadsaneed colorectad caneer
o 13- 200 wath a modestimprovement insarvaval
mthe stnadl wronp ol responders *© The titrosoureas
appear Lo e liated therapentie activits when
pedd lone swath abgective response rates ol 104 {or
BONU T toe CONL L and T ot ety
((\l [ RN
(ONU are hgher in previousdy untreated pationts

Objechive response rates to methy |

woltiinarm,

Coaneti Comniosg bvis . Woyner 1979 303
withe colorectad Carenoma than i EURRAIR treated
et il 2 veeas e resprec tinel e
Desprte Toaur mutial stndses reportimg angmented
response rates with 5.0 meth CONU comlne
mation Chestheragn 5 e 5 FL adone, severad
subsequent stadhies v e heen anable o contorm the
ineteased respoose tae ' T P hose studies which
were prospechive and condorzed arne saminanzed
i Table £ e two Mavo Clinge studies are of -
terest because ol the failure of one to support the
tindings of the other, Methy L GONU iy combina-
tion with 3-FU alone or with the addition of vin-
costine ated o nnmoothierapy, AMEFR-BCGH did
nol improve response rates "™ S\WOG comparing
U plos el FCONU 0 5170 plos mitomyem
Coabrerved vesponne talen ol 105 versin 1800
Althongh the 51U was given by aintravenous
wduson, the response rate to 3-FU plus methyl
CONU was hall of what the initial SWOG squdy®s
demonstrated I singde-arm sadsy Iy the Sidney
Farber Cancer fstitite ™ 5250 plus methyl
CONU produced o 4% response rate in 52 patients,
far below that of the other studies Other single-arm

TABLE 5
't Stud o
b Prospective Single Regimen Studies of 5-Fluorouracil-Nitrosourea Combinations in Patients with Advanced Large
Bowel Cancer
Medtan Survival Duration
‘ge No of of all Patients from Onset
—_—— institution Evaluable No of of Chematherapy
ation Refs | Chemotherapy Patents  Responses  Percenlage {months)
Oriser ot idney Farber Cancer Inst 5-FU + MeCCNU 52 2 4 90
Jy -
el
vassachusetts General Hosp  5-FU + MeCCNU 22 2 9 —
vdh
e peisinger Meaical Cir 5-+U + MeCCNU 36 6 16
. ]
{ eorgetown Uniy 5-F + MeCCNU + VCR 25 10 40 80
b66)
vemarial Sloan Kettenng 5-FU + MeCONU tsngle 32 3 9 No
e 173 dose) + VCR
difference
5-FU + MeCCNU (dvided 35 4 1
dose) + VCR
eronl-Sloan Kettering 5-FU + MeCCNU + VCR 54 15 21
T4 t streptozotocn
agerolt Univ 5-FU + MeCCNY + VCR 19 2 I 45
T + miomycin
sWOG 5.0 4 MeCCNU 4 Cuker & 4 6 19
o]l antifol
¢ JALGB 5-FU + MeCCNU 2 5 19 -
—_— o + daunomycin

{

e

vae 4

h———-——:




304 Nitrowreds Ratz Ghick
storchies e spunarized weTable 50and als dean-
onstrate low response rates tor 5-FU mitrosonteg
combination chemotherapy ur paticnts with Large
bowel cuncer

The combinaon of 5-FU phac metin CCNI
shaudeh vt b conmidered Ustand wd teataent Lo
\'UlliH'l |.I| Co o ot |».o||('|||\ IR U L] |l.l\ tiol
heen shiown o |‘(-|)|()(||u ibiv dandrent respotise
rates, has never heen demonstrated tomerease
medan survicad over 31U whone and bas cansed
dieater tovcity than ton stugle<agent 5-11L

The GITSG mian on-going sndy is comparing
the effect of adinvant 3-FU plos methin CONL
versus MER B mmmmotherapn sersas 5-F1
phis methn 0Nt prhas MR BOC 00 o read
ment conttol arnm patients wath Dvkes Hoand €
festons tollosw e carative surgers = With aomedian
Follow -up time of 13 months, there s no statisically
signiheant ditterence in treatment arms with re-
aard to time ol recnrrence o surnnoal Severad otlier
adpvant prospective vandamyzed toals acorpn
ratmg meth FCONU chemotheraps are imdersan
m patients with colorectad carcinoms hut resalts are
not avalable asvet ™

Pancrealic carcinoma

The wiedian svival brom the tine of doen-
mentation of metrabibity ol pancreatic adewodars
cinoma s 3.5 months with only 8¢ of the patients
alive at 1 vear ™ Fluorouraeil produced a 137
abjective tesporse rate and 25-month median
diration ol vesponse W patients with advaneed
Pt reatie conethninag B [T prospectinge controlled
study ol patients with meisueable discase 5 FL
was associated with a 167 objective response rute
BOCNU with no responses, and the combimation of
3-FU and BONU with a 335 response rate 2 The
combination, however. was not sigrabicanthy s
perior as compared to 3-FU alone ¢ither e terms
of tesponse rate or survisal Inanother prospectne
randomized study comparing 3-FU and B8O NI
with or without spironalactone, response rates boe
the two-driug versus the three-drug progrom were
164 veras 107 wath overall median survivads ol 3
and Foomonths not statistieadly ditferent and
Better than the natinal Tustory of e disease ™
Recent vesalts From the 1COG i patents wath
nonmeasurable advanced panereatie cardimoma
revealed 3 3-month median sorvival Tor patients

freated with 5 1 alone or i combination waith

——mi - —— s 2

el CONT Y Adsimgde agents, BOAL CONG
e FCONU B Tittle et P Teeatag

carcinom and are ool asociated with INPRoy e
aivial o

Other gastrointestinal carcinomas

CONL B hnnted actioty v the tregtmeny of
paticnts with squamons el carcinoma of (he
esaphagis and anus 2 Fhe other ntrosonreay e
nol been adeguately evaliated m patierts wyy,
these m-up|.m||s s single agents, NHTOsoNre gy b
noactivey i hepatomad ! bat the combinatyon o
5EE and BONU has shown a 379 objectivg g
sprotse be e ane sevies of 19 putients wath 'n-pa.
tora with thiee patieats tenuining Cothplie
rerssion lor greater than 3 vears ™

Stadies using nitrosoureas in patients with met.
astabie gastrointestinal neoplasms have demon.
strated debinte activity tor these drugs, Sinee o,
jeetive tumor responses are, in general, trangien
with miteosourcas alone or in combmation, nyyp
soureas should not be considered “standard” they.
apy for thes group of malignancies. However, y is
evident that response rates are improved when
nitrosoureas are combined with 5-fluoronray|
Adjuvant trials are thus underway to assess the ef.
fect of nitrosourea chematherapy on disease-fres
survivil and overall suevival in high-risk patiens
undergoing curative surgery tor gastric. colon, o
rectal carcinoma. Such trials are based upon cell
kinctic studies in animal models which show thg
the chanee of cradicating a tumor is greatest when
the tunor poprdation is small

Malignact melanoma

Nitrosoureas have limited bat finite activat,
against malignant melanoma with cumulatie
objective response rates of 17-18% for RO\
P13 for CONUL and 15-17% for methy]
CONU P singde agents BONU and methy )
COAL cotpare luvorably with the 23-24% ¢y
mulative objective response rate of imidazole car.
hovamude (DTIC) and each appears to be superior
o CONG SSUATthongh nitrosoureas have been
vsed 1 combmation wath DU, there s uo ey
denee to show that these combimatians are sttty
cantly superor o YT alone ECOG has dem.
onstrated overall objective response rates of 165
with DTIC wlone 177 wath DTIC plus BONU und
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o wath DVIC phacomethn b o N U S fonan on-
ae tandomized prospective sy 1COG
‘”.i)..rinu methy TCONU oiwa did Terent dosaue
pedisles verss meths L CONU DTG plas by
A PO VOTSUS methn L CONL phis BOG S Irtial
LU tabes are LE 200 with e adsantage Toa
w nple e anin or the metha e S\ plus B¢ G
metinl GO NI the-
GAOG has demonstiaded o 22 250 ahpectine 1e-
RUNTETER wh the coradnnation ol 1Y, BONL,
advineristine with or wathont chlorpromusime

g Adone Sinbah

gients with advanced melanoma, ot statistiealby
stlerent from that of DFPIC alone P Othe
MOG studies have demonstrated response rates
P30 with DTHC BONT ploas Bvdiosy e~
I A 305 with BED phis vicostine™ (BHIDA Y,
al 270 wilh BHD plus BOG ™

Meunoma patients who respond objectivety to
hematherapy live sieniticanthy fonger than non-

B2 Nitrosoureas hunve therr greatest

wpotiders,
iy agtarnst by n||nh node sobecataneons, and <kin
aetastases Howeser despite the biueh e solu-
Aty and abdity ol ntrosonreas to cross the
Aoad=braen barrier there s no evidenee demon-
aratimig the effectiveness ol mtrosonreas i either
§ ;,re\vlllillg or inducing the regression of central

qery s syslen metastases
Breast cancer

Cimdative n‘purhA\l nhjm‘\\\ voresponse fates of
sreast cancer to single-agent nitrosonrea therapy
Jre 210 tor BONU AT 129 for CONU 3 und 4% for
Foethhv FCENU S Netn L CONLU s clearh anoin-
Cetne aent i breast carementa CONU has been

audicdd i cotbuatione withe adiianen prasbients

aith advanced Treast cancer elnatony 1o hun
cquonal mampulation and refractory o chemo-
Vtherapy  with oy clophosphamide,  vincristine,
methotrexate. 3-flunrouracil. and prednisone 591
Ohective response ades of 1o 409 have been
wled with the combination of CONU plus adri-
amvan, but the rate and duration ol response were
cery stk to that seen with adoems coedone 2
hr o hroad phase 1 study the combinabon ol ad-
namycin, BCNU, and eyclophosphamide produced
130% objective response rate *? However, other
alramvem regunens give cquivalent or hettey

Ty g
T TPhe gse of miliosonreascons

respeotise Fates
raning combmation therapy e previonshy un-
treated metastatic breast caneer necds to he ex-

plored further

{

R T B R T IO B R A FTT N I R P {1 K

[ ung cancer

Coomdative do b sggests that the netrosongeas
Bave fmed thoneh defoute activiy i patients
swith g cancer wah overadl response tades of 11
ol BONU o' for CONT
CONE " Whenesponse tales e anahvzed by the

andd 100 o et

sprccihie Bstodowy of 1he pronan bng ||l“‘|)I-|\|”
none o the mtrosoneas s clearly siprenton laam

ather taleomngrea P90

,|L\'\\|\|‘ I'('\‘XHN' tates ‘M’
any sngde mtrosonmn ea e m||m‘||‘-nt amonge the
fone magen histologre sabits pes of ling caneer Phe
(l!\.l|l|)llllllIHL[|\ lon Tesponse pittes hase dod tothe
mcorporalion ot mbrosonrcas into combination
(ST IRTRI TR

The NV eterans Adowmstratem Lo Croup pro-
tocal g1 1 compared eyvdophosphanude alone (o
v elophosphanude plus CONU o adriamycin plis
CONU and toadrnamivein plos ey clophosphamide
i pabients with advanced bronehogeme carcinona

using sl as an endpomtd M Foy patients wth

\“ld“ ("“ Gttt LI'L’.("'('“ CLAare o .lll(l
adenocarcmoma ol the Tung. the tour treatment
arts appear similar m terms ol both abjective re-
sponse rates and median survinal,

¢ O has compared mechlorethamine (nitro-
ven mstard) done o mechlorethamane aned
CONU e prospectively randomized triat of pa-
trents with advaneed sjlkions cell carcinoneand
Luee-celb caremoma of the tong bat was unable to
demonstrate any differences w response rate or
survival hetween the two arms.

Feoa second prospective randomized study,
FCOG compared evelophosphanmide alone 1o ¢y -
lophosphamidi plas CONU i patients wath ad.
Vi 1‘(' \III.I“ celb coemomea and aden SheThotng
of the lang ™ For patients with metastatie smadl-cell
caremoma obective response rates were 43% for
evclophosphamide plus CCNU compared to 22
tor Cvclophosphamide alone Tlow ever, a statisti-
callv sieniieant survival advantage among re-
sponders conld not be demonstrated for the two-
dung corbimation Por patients with advanced
adenocarcmona ol the lunyn ubjective tesponse
rates were the same (124 tor both chemaotherapy
tewimens as was the median sarvival tor the
suberanup ol responders

I Uhied preospectine sy FCOG COMPRITING
i paticats wh localized small-cell caremmna
padiation 1o the promary taror and draining nodes
alone versus radhiation to the primary plus eyelo-




J06 Nitrosonreas Ktz Ghok

phospliamide and CONU versue adiyon 1o tHe
privvary and cranal sadiotion e b thee
modalities (hung and Ganml vradiaton plus Gl
motherapy ™ b resalis sigeest o posable
Denebit for the eadiotherapy anmsan terms ol e
venting hraas metastases bul oecditles e s v
"y H\('I‘.I“ anhibhnm IEAY URTAR R

Caclophosphmide plus imethotresate s been
compared prospeetinel - evdophosphanmde
miethobrevde, and CONU m o Nationad Caneer
shtnte Y A Oneolosy Branch ppotocol Y™ For
paticnts with adenocarcmoma. the three-drug aem
was statistically superior to the tso-drug arm with
regard W objective response rate (38 versus 67)
and medun vnvival 10 T veraas FQananthis) B
pratuents with smalt coll carcmom, e three diog
regunen produced a longer sarsival than tor the
two-drug regimen but this was oot statistiealdly
sgniticant For both adenocaremons and small-
cell carcimon, responders i both arms Ined
longer than nonresponders No treatiment advan:
tagge could he slow e o pateents with sopamons cell
or large-celb unditterentiated carcinoma

OF anterest 1s the peelitgioaey ceport by Pre-
™y s reported onca pidot dady o ampho-
vericin Band CONLU o hronchoweme cancer Cells
treated with amphotericm have enbane ed nptake
ob ions as well as e and siall moleesdes, and thus
theareticadly coabides more ding v enter the cedl
They treated 1L patierts witl gmophotenem plas
BONU and documented tive objective responses
fasting 13 12 months These anthors sulrequenthy
reported o combination of amphotenicm, wdn-
anvan BONU and evelophesphoomide e patients
previonshy resstand o the Littes thnee drones 197 N
tesprosines were seete i three patuents with Ty
cancer hut o complete remnsson was seen imoone
paticnt with acnte mvelomaonoes e lesthema one
prathal pesponse was seen i mdnple v eloma. and
one parfial response wis noted o beeast canee

The optisnal role of niteosonreas wthe treatment
ol hung cuncer remarns 10 he deted, bat the
promistng eessdts i annmal tinor model e ol
Yeerccontirmaed v CONU appears toanercase
response rates insundl-cell caremonma but has not
consistenth been shown 1o prolong aarvival A
wnber ol noeontrolled studies which mehade o
Bhrosotirea as it of atow- o e lllll\,: ey n
have daded to wdentdy the advantages of oatvo-
sottrets i the treatinent of pationts with ads aneed
by caneer Mov

Prinvary brain tumors pattent

ARG,

Mahignant gliomas of the
IR

St the propents of dipid solubnbiy POTIILY the prote
ndvosonreas docross the Dlood faain lli\lri('r ]h,. h\.\hlc-
dines e sndergone mmerons trials R analy s
preveiey cettial nenvons system Lutnors, Y Mostly ,mtl,“

surviv
works
Wow
active

astrocy tormas and malighant ghomas) 97 o Re.
sponse tates of chemotherapy tnals bave been g
sessed i the literatiure by w decreuse intumr tze
ax documented by brain sean tand more recently
In computerized axial tomographvi in COnfinction
with serial newrologic examinations, Jloy over, g
woapperent thal tesponse niles Lo nilrosanregy are
dithieult 1o deteruioe sinee wiany patients gre e~
ceiving concomitant steroids and have feceived
radiotherapy or undergone surgery in close tem.
porid relationsling o the use of o nitrosourey 10
Initial pioncering work at the Usiiversiny o
Califoruin ot San Franeseo (0 CSEFY o patients .With
recurrent mabignant gliomas demoustrated 5
inpresave 31% (227 143) response rate for BCNU
and 1537 (10-23) response rate for CONU iy, une
contiofled triade PO A coported, cumulatiye
literatire vesponse rates are similar. BONU 4.
0 W CONE 3700 mettnd CONU 225 4
Combaation regnmens have abso been eplored i
vnconteobled s ot LCSE i the teeutmeny gf
patienls witlt vecnrrent mabignant gliomas 1

rare u
m(h‘ W
Lrong
ot 1the
ticully
n-snli‘
grHum

15 O

prospe

I responders and “probable” responders, TUSponge
rates of 475 (21 45 patients) have been achiey g
with BONU plas procarhazine, 419007 173 winh,
BONU plos vinenstine, 31019 290 wath BONL
plos 3 Buoroaaarl and 60 008 300 with ¢\
phus vinetistine plas procarhazine Median dyrg,
tions of cesponse v nnequivocal responders gvp
been T LT and 9 months, respectively, bt are p
stpenor o BON alone (9 monthis) or CONU glone
v montha) A the Roswell Park Metnorial lnstitute,
26 ol 50 nonirradinted paticmts with newlhy diag-
nosed ghiomus placed on ¢ombination chemothey. 4
apy with meths T CONUL procarbazine, amd vy, A
combine showed obpective responses VY Thirgegg
paticnts reninn th remission from 6 o 504
montbs

The Bron Tutar Sty Gronp (BTSGY jy !
prospes tive rndownyed trinl compared sapportiy,e
thevapy afone BONU alone whole braom oeradig.
Lot (IO GO0 radds ) done. and combined BONL -—
plus whole o irvadiation (000 G000 rday g, xR

Br.
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arprcitl interyention using sy svid ws the endpoial
Athe studs U CFable 6) Two hundred twenty-two
307 patients entered i the study satishied the
.,rulm‘ul l'l‘('l'il‘('llll'll(\ and wete |'Hl|w|vu'(| [

in,llnlv When the adeguiately Ueated gronp was
aaly zed LRI patients whoey erved D000 raks
qub or Iwo ot more comrses ol 1WCNUE median
aevnvals were 1T 0 wecks bon supporlive care 150
sivks lor BONUU3T 5 weeks lor ndiotheragn and
13 weeks or BONU plos nadiotherapy Al hoee
ative trealment anms were saprenior Lo supportinge
daretone Adthough the median sy abs ol e
rachotherapy alone versus rudiotherapy plas BC N
gronps were nobdifferent the 1Samonth sanvinval
of the tadiotherapy plas BONU goonp was shaln

qeally superior to the radiotherapy group The
anttlls of the second and tard BESG trinds are
amnnnartzed i Fable 6 A towth stidy underwan
weotnparing stancard whaole brain radiotheragn

Trivis  Wanter 1979 307

plus BONE
tazotoc iy, whole bram radiotherapy plos the radi-

whole hra radiotherapy plis sliep-

onetisitizer, misonidhzole, followed by BONU, and
Lastiv saperfractionation radiotherapy,

The FCOC BTOC has reported prelimunan
vesnbts ol prospectve tral whinde vandomized
pabients soth veade 3 aned 1 gliomas fallow g op-
titnad singscal intervention to whole byan radio-
thetaps OO0 vads), whole brain radiotherapy plus
a T000-rad Dooster dose, w hole brain radiotheraps
plus BONU Cand whole brain radiotherapy plus
methndh CONU plas DFIC T Wl short-term
follos-np overadl median sarvivad 5 3% weeks and
wosimilar Tor the tonr treatment arms, but these
tesults are predinnman

Fao addiional vandomezed studies ave sum-
marized v Table 6 and tail to show an advantapge
tor the addition of chemotherapy o surgery plus
rachotherapy in terns ol patient survival  Not
o Tabide 6 s arecently reported coaperative

TABLE 6

prospective Randomized Trials of Nitrosoureas in Combination with Surgery/Radiotherapy in the Treatment of Patients
with Malignant Glioma

R

Relerence Treatment

Bram Tumge Study Group' '
Supportive care only

Surgery tollowed by XRT
BCNU
XRT + BCNU
Bran Tumor Stugy Group''®
XRT

Methyl CCNU
XRT 4 mehyl CUNU
XRT + BCNU

Surgery followed by

Brawn Tumor Study Group ' '®
XRT + procarbazine

XRT + methylprednisolone

XRT + BCNU
XRT + BCNU

Surgery, followed by

+ methylprednisoione

Moo Chinig 'V

XRT
Surgery, followed by CCNU
XRT + CCNU
Mian ' 18
XRT
Surgery followed by XRT + BCNU
XRT + CCNU

Median
No of Survival
Evaluable Cases {weeks)
170
222 373
250
405
360
310
332 110
510
Arms remain
¢oded with
326 median survival
of 40-49
weeks
22 500
22 280
19 520
32 460
34 520
36 69 0

R T ramal arradianon




308 Nitrosoureas katz Glick
Foropean tevad trom the 8O RO Boaam Do
(;lllllq) Cotpng uhmn.\ pratienis b ated watl
SHrUeTYy |)lll\ hul\u(hm.xp) le\( CNE Dvonn Ay
provimatel 3 weeks following sivgeny ey
CONUY with o nutehed group mowhom €O N1
was hegmn ok alter tinor progeesion s ted
e CONU R The e CONT gronpal 12
Ovaliable panecrts Tadd oy nedian sacvacd Lo
surgery of 15 weehs ot statisticdi dillesent Toe
the “late ™ CONL group ol 349 evaluable pateeats
whieh had o mcedian sarvivad of 62 wecks

Currenthy st appears that i the management of
pattients wath mahignant gliomas, treatments that
cnploy surgeny plos cranial ruiotherapy (wath or
withont o nittosostes) are supenor to lrealinents
tht (‘lnplny RUTFLYR Y |)|ll\ aottrosonneg owithoul
radiotherapy s Nlhongh mtiosonreans done are
clearty active i patients with recurrent glioma,
their role i imtad trestment as part of combined
modalty therapy rencons unclear hat hopelully
will he educidated throngh prospectice trials that
control both sterod and radation doses \ higher
proportion of 18-month survivors has been noted
w patients receiving radiotherapy plas BONU

Medulloblastoma and ependy moma

The combinztion ol CONU plus vineristine phis
procarbazine has been med in pudat studies toe the
treatment ol postirradiaztion recierent wedullo
blastoma with a 5%% (T/12) response rate awd
10-month median duration of response '™ 1% G,
vere onvelotoveits has been a magor problea m s
study probably because of the prior extensive ce-
vebital and sprsal s neaddiation

The Chddren's Cancer Study Group 1C0S0 s
presenthy studving the officacy of combined mo-
dality therapy m patients with medalloblastoms
and infratentorial ependyvmomas 20 A itreated
patients receive postoperati e radiotherapy to the
entire cerebrospinal anis with a booster dose af ra-
Jdiation to the posterior tossa Hall of the patients
ket rill"h""iy('(| to concurnenl \\"(‘l\l\ vinerisbine
for 8 weeks followed by et Goweek eveles of
combination chemotherapy with CONUL predni-
sone, e vineristine, Ina second study patients
who bave celapsesd tollosang sareeny and nadio
theeapy are crossed over o treatment with CONL L
vincesbine and procarbuzine, wile these vebpang
abter sirgenyradiotherggn . and clemothenapy are

cromsed ever to treatinent wath procarhazne alone

Vebehtrorat cadhiolheraps is gisen il thee relap by
o crnted vreater o b ovear Trom diag g, To
b there s no dilerence hets een the reg).
mens in tetms o discasesdbree siurvn g or merall

R AY -l}

Multiple mveloma

Nitvesonteas have bheen stndied n mulhpk-
invelotg as part of initiad remision nduction
therapy Cmpatients whio had Jate relapees fnn(mmg
objeetive remisaons with standard athy Lating agent
suchoas | phens kdavme wustard Goelphalan) or
evctophiesphannde and in paticots who by

ey
u.||m-(|

ananital obpeclive response these

drngs

Canceramd Acute Lenkemia Gronp B(C ALGR
comparing BONC plus prednisane to melphul;n.
plus preduisone mduction therdpy . noted an equal
TENEITETY Lot | wronps CIO% versos HEY) withy an
overalb medin sanvivad Tor the responders of 0
tmonths 122 tovcity in the
BONU -predmsone arm in conjunction with the
fower cont and ease al administration of nielpha.

hercised marrow

Lane predisone make the Lelter arm more prefer.
able Fhe recent jomt FCOG Southeast (;rnup
stucdhv comparng. BONU -evelophosphamide.
preduisane agaitnt melphalan - prednisone pre.
vionsh nntreaded patients this Tar has shown pg
supenonts i tenms ol median saronal im e
threesding arm ' Sinilardy s the Canadan \ .
ticwal Caneer Tnstitnte study comparing combhy.
nation metphakon coophosphznaide BONTU g
predosane wduction theraps 1or previoudy o,
Teated i elona ;mlivnh|n|m'||1||.||.m Predunoge
alone hus show oo sigrabicant dibesenge m terme
ol median suevival among, the different treatmeny
droups 1

toan uncontrolled xhul'\ al Memarial Hospata)
s bvesdrog regimen of melphalun, evely.
phospliamide, BCNU, prednisone, and vinerstine
(M protocol), objective remissions were obtaned
B0 N antreated myeloma patients with
L median duration ol response of 204 months and
anevpected median sarvival of 344 months '3 [y,
addition 13 263000 previous “Tailnres™ were
n'[uvll('(l {0 u‘\lullul " llll o Illl‘(ll.lll l('\lmll\!'tll]l'.l-
ton ol 224 nanths

Bensaon mantemance with BONU ar el
phakin tor patients who enter “complete remission”
wletmed s greater than 735 tinor TOUTessSION ) wus

oLl 7161
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andied by Mecran et ad e SW OGS T
potedd that rerission duration and sunvnal were
atistically wdenticalin patients randomiy wsigned
o maintenanee melphalan phis predmsone BN
s predisone. o no further treatinent

I'he respotse tale 1o \m\;lv auent mtrosomea
dietapy o rehactory mveloora s Jited Goan
wecastotial diamatic response Tlowever e com
aatton ob BUNU plos adrians conmay e pron-
ang, This combination was used in g pilot studs to
weal 13 patients who did not tespond initially o

\\Ill' Were L l'('l.ll)\l‘ nl“l'l 1enisslon |)IU(|H(4‘(I |I\

dhvlatmg agent- predimsone therapy 27 Seven ol
e 1Y patients rosponded. two with complete
Jincal renssions and woereaten i 7% sed

gon e tumor celb mass lasting 12016 months Five

- athers had partial remission with lesser dt‘).',l'l'("i of

N ——

mutor muss rednction and inprosement 1 bone
|1.|H|

SWOG i carrently evaluating o lour-diog
citnhuabion regnmen of BONU adiianiy et vin-
crstine, and preduisone e patients who have re-
fapsed on melphalan and o evelophosphanide
therapy and i patients whe never achieycd anhal
etnssion with stndard :llL\l.llllW,(ll‘llL’.\ 2210l
29 patients w ha had |‘v|'.||)\m| on lll('plldl'.lll and ot
aclophosphuande. 9 63190 has e achiesed a partial
renssion as evidenced by 2307 decrense in the
st prieaprodenn or 8 decrease i Benee Jones
s protem tecdess than 2000 pee 2 Hhoms OF
Gy patients tever n-\pnmhnu o cotventional
reatinent one has rospanded o the quad e
4]||'”|“l||l'rdl)\ [N

Lymphomas

Jiontral eports ol the antitnmor actioty of the
mtrosouteas o alicnant linphoma were firgt
poted i 1963 Iy Ded a2 The follow e decads
detined w therapeatic tole for BONU and € ONL
o seconcdary (‘|u'lnnl|u'r;||n'ulit' avents e the
treabinent ol both Hlodehn's and non Hhodehm's
lonphoma Clinieal triads aimed atimncorporatimyg
these nitrosoureas mto bl combination che-
motherapy regimens s e been instituted i pre-
vonshv pntreated pationts, bt the resudts have nog
esbaldshied o detmitn e robe For eather BONL o
(ONL Py reabmentaedgnmens

flodekin's discase

The comnubative reported response rates tor the

Canetr R sty

Triv s Winter, 1979 309
ttrosonarcas i previonsh treated Flodghan's disese
are VE o BONU 218y for CONU U andd 260
lor methvF CONE ' Caneer and Acute Leukemia
Cooup BrOALGR directly compared the efticacy
ol CONU versus BONU i patients with advanceed
Hodehim's discase who were relyactary or iie-
~penesive Lo preecheraotherapy 7 he overall re-

To BONE 250 ol 5 19 patients) wis sigt-
mheanthy fess than CONU T Om 10722 patients)
Twenty -three percent of the patients gnven CCNU
achieved o complete rennsaon Sequential trials of
BONL and metha b CONU by the Sontheastern
Oneologs Gronp (SEG) have demonstrated inferior
single-agent activity for methyl CONU, and this
agent 1y now l:n(-ly used i the treatment of
Hodgkin's diseuse P9 O1 interest s the recent report
by Harrison and Neiman!3t who used BCNU as
ittal simgle-agent chemaotherapy for disserninated
HIB tonse patient) and IVB 10 patients) Hodgkin's
dincase Complete remissions woere achieved in 7,11

\Illlll\l

paticntand thiee are alive and disease-feee after
64,77 and 91 months

MOPE tmtrogen mustard, vineristine, procar-
haine, and predoisone) s the standard therapentic
reginen Tor previonshy untreated patieots with
stage HIB and 1V Hodekin's discase '3 There has
been consderable interest in incorporating the
mtrosoureas into newer combination regimens in
anootempt 1o provude an ellective alternatine to
MOPE FCOG compared MOPP to o tive-drug
BOVDPP BONL

vinhlastite procarbazme and predmaone inad-

Tewninen velophosphamide.
vanced fladukan sdisease 0 There wasno signid -
1eant ditference between the induction programs
niachieving complete remissions (7640 with MOPP,
75 with BOVPP) Two-vear durations of com-
plete remissions were similar (IMOPP 66%, BOCVIPP
T3 O as were 2vear survivils (MOPP 77%, BCVPP
7500 Analyas o the mamtenance phase shows
simtlar 2-vear complete remission durations
(BOCN PP 770 BOGG T0% ) no therapy 69%) and
annlar 2ovear survivals (909 899 and 965 re-
spectively) Severe wastrointestinal loxienty and
nenrotovieity was less with BCVPP induction al-
thoneh hematologic toxicity was similar

The SEG achioved a 684 complete response with
BONPP PO Their initial data suggested that siv
addhtional eveles of BOVEE or MOPE chemo-
thesapy o paticnts achieving complete remission
was advantageous mterms of increasig both dis-
vase-frec survival and overall survival However,
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Torevealed no advantage o

A tecent update!
e nines ('l"'lll”\lll‘l\l')\ OV e tend o
ll“l‘\ \\]l“ Wit l“ll“.ll“l«”'ll'(l lllll"‘l' 'l.l..l 1 |ll|l|| i
the resafts ol a Natonal Cancer Tistitite tal winghy
i not demonstrate o ol Yow pnstenanee baee-
motherapy waith cther MO or with simgde agent
BONC e patients achievisg MOPE grcdicid
complete rempsions H

CONE B also beoen nl‘lll.uli‘ll iter thedon Bron
combimation regimens Tor previonsh antreated
paticnts bt hinal resalts Trong these controlled trads
are pending, Prelimmay resalts ronca prospeaine
CALGB study in patients woth both antreated ad
previowdy treated stage HE and 1V Hoduhan's dis-
ease compating MOPE AN PP Gnitrogen wnstad
sinblastine, procarhisme prednssone), CONU plis
OPP. and CONU plus VPP have suggested o
grealer number of complete remssions thie
“prior therapy ™ group receiving, CONU conda-
pation theraps as conpared o mtrogen mstaad '
I adiibion CONE contanming regitnens were s
socitted wath longer mantaned remissions

v wariehy ol CONU ceontintog combinations
with adram an, bleonnvein doblastine strepto-
sotocin, and predisone have been developed o
pationts with MOPP-resistant Hodgkin s disepse
They achieye partial remissions (n 39 85 of the
palients Ve 12

Non-Hodghin's lvmphomas

Reported overall response rates for the nitro-
sotireas in now-Uodgkus lymphonas are 28% tor
BOSE M8 for CONU S and 15 Lor methnd
CONU TP RONL
Paattod sntal combinaton (“I('lllllllll‘l.lp\ egpens
i presoushy untreated patients FCOG compared
evelophosphaniide predimsone

has been stuched estensively s

induction 1o
BONU predmsone inducthion an pabients with
vodular and ditbuse well or poarhy ditterentiated
himphoeytic lmphoma and  demomtrated oo
sienificant diflerences i complete and partial o
sponse rales, ' Che complete vesponse vate wath
BONU-preduisone of 185 was sigmibcanths nfe-
nior to that achioved with other non-nitrosourea
combimbion regimens ' additon there was no
cross resistanee e Hhose patients who Laled
duction wath either segomen, The o -diong com-
BONT (BC NI
vivcristine, and predeone) appeeared supenor 1o

Isation ol ovcdophospliands

chiloranmibned] alone in the second or maintenanee

l’l""‘" ol s B COG Tl By the hiagrhien p‘-ru.m‘v
ol conrplete vesponses obitamed and few ey relupney
won ot the mtense e BN P arny Vo Ly Pttty with
nochidar and dithuse histioes tie v imphong, g (x;
agan cvadiated BOVE and achweved o 331 com.
plete remssaon vate o these unbavorable histoden
wies U The SEG also studhed the BOVP combying.
ton ni il ose Bashiooy e Iviphon Jl‘h‘l(‘\lll‘.
500 compliete reminstan e (patients were ned
rivoronush restaged meoether the FCOG o SE(,
sudies however) V9 RCOG has reeently com.
pheted protocols utahzngg BEN P inone arm g Lo
e imduction and mamtenanee reguanen for Pabients
swith alb stologie sublypes of non-Hodgh,
‘\ |I||,h“|||.|\

1n o stady of patienls with podidar Pattery
hnphomi of ald histologies and dithuse well.dyf.
lerentiated ympliocytic lvmphomas 145 gevp
vielded a complete response rate of 50% cOMpared
10325 bor CPand 33% for VI phus procarbazine
CCVEPY One-year pereentages ol survival were
TT lor BOVE 93 Lor CF and 86% for Cvpp
sugesting that for avorable non-Hodgkin's 1y .
phomas moderate treatment with (‘y(»l‘,l)hf‘_
phatnde plus predusone is as elfective as the moge
intensive four-drug regimens

tn unfavorable difTuse histology non-Hodgkin'
I mphomas 0 BEVE was compared o CVP plyy,
advsnmven and o CVE plas Bleomyens, e
Bleomy e bemg wiven i twao ditlerent y hediles
Complete responders were then rndomized 1 ng
therapy or BN P for 1 vears Initial resulty .
dicate that the CVP plas adriamy cin induction apm
prowides o bgher percentage ol complete remis.
stops s wellas longer median response duration
and overadl survival compared to the BOVE ey,
ancd one ol the two CVP plus bleomyen wemg
Toxieity was more frequent with BOVP than in the
other three wims The maintenance phase of the
sty s otegomy but ne surnvnal ditferences are s
vet apparent 1 the group of (.-nmplete re-
sponders

Discussion
The nttosonrcas, BONUL CONU LD and awahs |

C N

mudighancies They were sy nlhesized as paart ol the

Bave o owade tange ol setivity e hmag

Nahtonab Caneer Bistiime s dvig s reenimg progran,
and haye undergone estensne esaluation in both

ansal and Buman neoplasms Nitrosoureas mas
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A by nluple mechamsms Thes ane the
Aty e o Lo aet as Wk Lty ageots, 1o e
white protem toanbubit one-carfon metabo
anand o terfere w ith thie syt hiests o puLihe
deotides Phatmacokinetie staches demonstrate
el stromtestinad abrorption prolonged plasina
b and cerebrospimal Hud penctiation The
Jent aatrosonreas appear 1o he inaebive come
aieds b the actice imetabolites et unsden
wid Phe dong duration of action and delayed
clomuppression are unesplained althongh tissue
1 qabe with slow releise of the active metabohites
o heen postndated
Atrosoureas may be administered every 6 8
Lehs masingle-dose schedule onust be stressed
Ctsevere bematologie-related toviets was come-
Ao early clinical and ammal studies Nitro-
Lareas may cause long-duration peripheral ¢yto-
ias. nnpredictable blood commt madirs, and en-
slative marrom tonicits. Complete blood counts
w e monitored at least once aweck duanng ni-
i worttes therapy and preferable twice o week i
Juents demonstratimg, both carly s Bate nadns
wtrosaureas are especialhy my closuppressive i
‘J“l'”l“ previonsh treaded with clemotheraps
o or radiotherapy Recently doeseribed Latal
dmonary toveily, chronie renal badure, and the
dential levhemogenic eHects necd Turther close
rubiney

v ostngde agents atrosonneas Tave then hest
sty Hodghan's disease and mahignant Iy m-
omig They appear o achieve objeetive rentis-
s e paticnts wdh recnrrent malignant gloma
wvionshy reated wath sargery and radiotherapny
fen vole tenains o he detmed as part of natial
Canbined nodaliny theraps in new v diagnosed
i tents wath elioma,

ACNU-prednisone umtial remission induction
erapy in myeloma compares favorably with
wiphalan: prednisone bt s Crought with -
wased tovicity The efficacy of BCNU-containing
~amens i refractory myeloma is under investi-
s but appears promising The nitrosoureas
CNU and methvE CONU can be consdered

at-ltne drags i patients with disemuated ma-
‘,_vmul melainoma and produce response rates

i pivadent to that seen with IYPIC Surprismighy

rromotrreas are nol additive o PYTHC i terms ol
LN e response rates, and as \illgll‘ agents hanve
i

~elfiwcaey m the Beatment ol coential nervoos
et inetastases from melunoma

(

MNORCC i T S e 1T g

Mt ob et i g o by e ol -
tromemirea " Huoran e nnbarations s adpusant
lh(‘mp\ veastrie and «olore tal camer I(m‘num
tales g pralients w ey e g wastrie andd cobo-
tochad cancet are olten mercased s ampared to
\muh- adoend S-tHuoromracd (hvmp\ it ?.n‘ml it
thin obmetvatian cane e tanshated mn veedongeed
sty il [ETITRITERY th a more Tonted dhee e w [
areat toeloosk ol recmence tollow me delimn e
NITRUHRY AL present ntlrosonrea Huoronrag)
combination therapy should not be considered
standard therapy i inelastatic: gastrototestinad
wabienaney hecanse of the Tadure to docament
unproved survival

Nrtrosonteas have their major role as part of
combined modalits therapy in patients with dis-
sernated o advanced localized 7 mabignanoes
In addition, new er analogs of the mtrosoureas are
bewng sy nthestzed and clinieal phase E I teals with
chlorasotoem have vecently been intated P05
This compemnd belones 1o o class of mbyosoures
andogs winel possess glveosidie side groups. 1 has
sivtnbicant antiimor activits agganst 1240 Jens
hemin and produces oaly o minor degree of inhi-
hition of mouse and haman bone marrow DNA
synthesis compared 1o BEND Y The three nitro-
sonreas review ed s pager, phis streptozotogcin
andd now chlorozotocing are major additions to the
ehiemotherapist's arsenal Hopefully, further stadies
will hetter identils the optunal role of nitrosoureas
in the treatment of patients with caneer &
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