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© HISTOZY OF DEVILCPMENT .OF FCLIC ACIT AVTAGONISTS

?1rber and coTlaborato;s (1) during thelr studies on the
leugemias in childhood founﬂ tlat folic apia ezd r919ted cor-ounds
‘such As dionterin p§erov1diglutqwic ac*d a.d pterovltrl lutanic
nacid;'“roducaﬂ a ma*kea byperlqsia of hone narrov and leukenmic
kiﬁfiltrations, "acceleration rhenonpro“.“‘ Teinle and Yelckh(2)
fhctod similar resulus.

§ Little(}) in hiq studies of folic acid defiolent sthtec oh the
‘grqwth‘ox neoplaspic ttsgug: found thed turor rovth weog iv&ibit—
e& 1n chicken sarooma.‘ o

Farber and collaborétorﬂ(l) therefore +hou*ht thet an ethgo-
\}nisﬁ to %olic ac*d ir such’ a.corﬂoun& can be p o&ucei posslblv
might be olble. to 1nhib1t the nrogression of ‘the Fiseqsn or exew
S may checl it._ In collaboretion with i;vestiratore in Leeerle

-1aboratories, they succaeﬁeé in proancin‘ a eeries o_ folic scid
zntagonists includinr a*anDtorin. ' o

‘Experinent with eminopterin on fnimale demonstreteé itv
inbibiting e?fectq on uou«@ tumors and oceasional cure of raf
14arcoma(h 5 6) em?*o‘o sic 1e°ions witb changes in bone nerrow
_and. mucoga of. the intastional tr"ct such as are seen in severe
folie acid deficiencv were noteﬁ 1n nanmals given the Crug. Lice,
rmus, guinea “igs ané éobs shawed reéuctior of he“ ogoietic ele-

‘ ments with destruction of bone narrow(? 8)

che with transplanted 1eukemia vere treeted\with anino ,erin
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By Burchenei and co—workers(9) Survival times were prolonged
altbough cures were not demonstrated |
| ?ranklin and Franklin(l@ 11) found that a folic acid rntego-
5*ﬁ&dt ”kaethylpteroylglutamic‘acid " when fed to rats, mice, and
;1chioks produced an acute deficiency syndrome which was reversed
t“’h;r inoreasiné the dietar; level of folic acid, They sugcested
“tﬁat'the preparation might be used to modify certein dlood
htdyScrasias marked by leukocytosis because in rate the white count
‘ fell to exceedingly Tow levels |

Farber end his co-workers then began to use certsin of these

«compounds in the traatment of acute leukemia(l 12,13). The
vcfirstjarailable compounds were pteroylasparticvacid (An-Fol-A) and
_ methylpteric acid (Met-Fol-B), which they believed helped to pro-
\A long lives of a few chi’dren.
' Beginning Nbvember 19h7 N-aminOPteroylglutaaic (aminopterin)
:became ayeilable and the first impressive remissions in the coursc

of acute Ieukemia vere produced by the drug.

mo'zﬁ'; OF. MOW,PF ACTIQH. OF FOLIC ACID ANTAGONISTS

&

Wooley(;u) advanced a theory that previous experiments with
'anti-vitamin 1s valid for the folic acid antagonists, that is, the
fabsolute emount administrated is of less significance than the
' ratio establiahed.between metabolite and anti-metabolite. Wooiey

has reterre& to tthAas the inhibition index. The antagonist
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_“ggnﬁiné§"with‘the.celluia? enzrne jrotein so firrly that it can-
Aofube‘diéplaced by foliec acid, this leading to a deficlency.
13“Ek§eriﬁentally, folic acid Pntégonisf‘has been found offective
in ﬂivnifiren*ly nrolo bing the %urvivul time of mice vith tle
kv strain o-:trﬂnsrlaLted lewcenta, althongh no direct crtoeidal
effect such aq characterizes the use of nitrolen mmstexrd, hne
been de1on4q¢nted(l5 16), It hes bgen shewn thet crnde antageouist
of folic acld ceused e delay in appearance of immature cells in
eripheréifﬁlood in nornel mice srd in MM leukenic mice it pre-
vvunteé any notable -“cre a8® in eithér‘total wkite count or pro-
,or+ion of biast cells In nice renderedvfolic acid deficlent in
this'way the wmarrow is dancged and tle erytiroblest gisapyear
(17,18 19) ; Using;ﬂrmethonterin Eurchenal(BO)vconfirmeé thes
*findings and showad thet in the usual therspeutic dosage 1t
‘caused a-slxghtnlguk0penia but no chenge in Aifferentinl‘counf'in
normal mice. Iﬁfgicé‘with LM strein of leukenir its use resulted
' 1n a nraldngation of survival time, the leukocyte court reusining:
ap%rOXimataly'no*Lal levels, with rsﬁactiom in nunhers of abnornal
cells and delav in ‘the annearanne of 1euLeuic 5nf11+ratior 1n tre
viscers anﬁ bone marrou;
; In IOUS,,ﬁauberlich and ?anman(ZI) pres°nted a *p*or on t}o
.:relationehtp of’ folic 961& and structurallv siniler antagoniat
}They desc*ibedxa ’actor neceesprv Por grout'1 of orgenien '

Leuoonostoc ¢itrovd?um gogl, and Sauherlich(Ze) indicated a re-
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1atioﬁehip of this facter to folic 5cid

Nichol and.’ elch(?}) have deronstrated that 1n rat-livc“
slices ‘the citrovorun factoriis forned from folie acld in pres-
ence of certain reducing suhstence nartienlerly ascorbic ecld snc
that aminobteriu both inhibits the substence varticularly ascorbic
ascid and that aﬁlnowterin both inhibits the conversion and com-
netes with the nradxcts, These worwers aleo ‘ound that, although
folic acid would not prevent the lethal action o¢ ppiuc“teriv on
rats, ‘the citroVerur: factor completely counteracted the toxic
effects of the antsgonists,

Burchenal(“O) have demonstrated that althouéﬁ the prolonge-
tion of the °urviva1 time of leumemic mice by the sfninistretion
ef éame+hopter1n can be parily rxperirantally‘vreventeﬁ Lo oelnnl-
taﬂeous adminirtration of fclic pcid, the ef ffect of the A
rethopterin is comnletely eholished by a swall amourt of the
¢it;5veruw fpctor. mhe citroverwa factor night thersfore vrove
e*fectiva in ccunteriné t“e toxie effects on the lenkenic cells,

ﬂethel(zs) in studyinv the activity o‘ aminopterin nentioned

interesting observation.. The folic ecid content of centri-

tuged Ieukocytes ves, uxﬁnined ”hey were oﬁtained fren nermal
perﬁons ard. From patienxs vith chroni¢ lvm\hatic leuxnri
chronic mveloid leukemia, ~nte ster cell 1eukemia and acunte
rvgloblastie,lewkemiaw“’or each u&lliter centrifnged leukenic

leukocytes the folic acid oontent vas found to be rQSpectlvelv
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‘hO—ISO microgram (ave. SO)Q 70-160(1CS) ﬁ75~220(1h6), éﬁo_gno(ubo)‘
1"urt:hermore, four ceses of chronic 1eukem there was a distinet
‘faJW in folic acld content of 1eukemic leukocytes in response to
Iray treatnent and this fall was simultaneous with rednctlon in
the ‘murber of immature cel. :

As yet 1t connot be decided whether ybpﬁger éné nore rnpidiy
groﬁiﬁg lenkenic cells reripggigrger anounts of follc acid than
" dothe normal éells or'whethef th;ﬁhigh folic acld content is due
to defective uti‘izatior or some disuurbance of folic acid metab-
'olism; ‘But it may be congfuded fron these obeervatione that the .
,-folic acid content of isukocytes of peripheral Dlood is directly
roportignal to the degree of the inmaturity of thesa cells.

Weber(27) thinks that aminqpterin efcct. on 1eukem1a ig due
t6 productiqn o* folic acid ueficit, ae nerhans the renidlv
1grov1ng mal*gnamt cells arc more seneltive to folic acid defi-
' ciency*than ara normul cells.: Farber(l) -end I@meuheL(26) have
' adVrnced a eimilar theory o

Thi° tbeory' howevar. does not appeaT, q;ite convinciqd 88

i"eber in~cﬁnﬁra§t to Farbe? and IbmeshekihaVe not seen sny ag-
: gravation af&ar thxee to four weeks treabment w&th folic aeicd in
'theqe-patients éu!fering froq£agute 1eukemia.who hed aaveloped
}&hemeto¢ogical amﬁ clinical romissior folloving amihopterin treat-

‘ment, Ibmeshex(&o) claine tiasure dif’ers widely in their re-

u‘sponse hith.folic acid antagonists, and 1eukemic tisaue ray be
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nre‘erentia11v ‘affecteqd, therefore & "toxic reaction" nay rvep-
,reSent simply one or enother aspect of therrpeutic resnonse on

1the cells 1n various perts of the Dody to folic acld sniesonints,
PATTITN OF TESRAPTY

It is impossible‘aﬁiﬁhié'time t§ present a nattern of thersny
a8 definifgvthax coverning the trentment of dirhetes or Addison's
‘disease;:“Ffeedman(27) presented 2 Japer ivins the relative
.effective dq9aga‘ AmlﬂohteV1n is ~iven initinslly iIn dosage of.
.5 to h mum, is given daily; Arme;hOPtérin 2 to 5 hzu,; acino-
an-f ol 25 to 75 nEN, éailv with the ﬁosaqe varving according to
age anﬁ w}ite blood cel] count, Other suthors geve somewhat the
same dosage(l} 23 29) For maintenance therapv aminonterin 0.25
to 1 mgm 1! given daily,‘onti“al naintenance doses of 0,5 mgm,
aminopterin for adults and 0,25 nem. de24ly for children(27),
Farber(lj):atates that the effective dose vhen remission are ob-
tained in ;ﬁildréﬁ‘ﬁith.acute Yewtenia liegs between 3 and § mgm.
a déyffor Armethopterin ond petween 25 to H0 mem, & day For anino-
‘an—fol Secanée there'is'some differential in dose renuired to
ﬂraﬂuce toxic reaction, ag compared to effective dose 1t has been
| pessible to shift frou;One drug to anotber vhen early sisns of
{;toxicitv has becone gpparent’13,29)

Aminopter;n ﬂay be éivan orally 28 well ps by 1njeﬂtion.~“

Oral administration 18 as effective ap parentersl therany(13,26,
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?9,50 31) sm;mgz), . ‘owever feund. ’ohpt uhen the c’mg is riven
orally it is 1ess ~onsistenﬁ in 1ts offcct ’

we‘ber(Eﬁ) in giviné, maﬁrﬁtananca thgra:o*r for acute lel.ker is,
‘used a.n a,rbitxory sgheddle Zenerally denenaing upon leu.koc"
'ccmnt'- count of ,aver 50 000 pai" cnm. 1 mgm. of aninoptering ?ﬂOO

-ita LOOG per o G 5 mgn of aminonterin end vncer 2000 per cmm,

»noné .

'&e tima porioc‘.zand dosggn of tbe dm given T\more ¢lpecn—

tinuance varies each dase(&’{ 32} 'It’ne cbemicel 1s 1njec‘sed or

1

given orallv‘ uﬁ*ﬂ toétj.o rea‘btiopss z»re evii&nt or hematolof-ic rg—.

-actwn eccurs as evida 'ad crieﬂy by a droy i1 white bleod comnt,

i

failo%xsg vhich, the dr'o{; is ﬁiscontinued(].}w, 2‘7 28 29,33},
m E’sually the dmg 1s d,iscontinued' “o* ﬁve é‘zws tc three veeks
wpm appedraime of toxie i‘ePc‘ci'{m. ~ A‘!"cser ’che reus mn m‘hsides or

e o TT count hq,x"b*bcome ét bﬂi‘ec’ at 2 low er level. the E?ug; is

reeimad"in o maiqfenance dose. I’ai.ntppancc therzmv 48 continuoé

'. Jexcept vhen o reﬂcticn talré° "JIace. If- [:3 rel-pnse -0cCNrs '.t.he
therapéﬁtlc pa‘nem 15 reneated, incré&girg, th;e dcsag,e of tre drm;;
vmmitswwa.‘ reacti.on er réaponss(&’? ..8,‘3 ,’4;. ?er rpdnt tenarce |

w T

v ce ,tafn gro’up of workers gev& the e 6nce 6a11;'( 27 ”8)

x"»h&le ot}:er grmm of wWorkers. g,ave the r’frigg mo tg thies, ti".e""":

wwk(”t‘ ’1‘)

i Eﬂmem([;'B, fotmd the tq;tél Qosegs; o prodnce to: e effects

:‘[‘:};‘vax‘ied from to 105 mgm. (mipontnrin} il va.# ‘evidert to him
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tha%?wheﬂréﬁall-doses are vweed initially o lorger cualative dose

- caun be to erated before toxic sptons onpersr.

Since an. ef*ectmve ﬁose usuallv result in toxic reactisn, 1% is

]
pdssible thﬁt‘a-thérapeut;c dose nay requlre an )earaucc o co-
caile& toedd s?mpto:g(2€$27,3¥).

.,

In genéfﬂl 1t may Ye stated that i-nethopterir end enino-en-

Ffml ar less’toxic tlan amiHOﬁtnrin ernctly the sane toxic chonge

nay be ﬁroducec wheu approprinvc lcses ore ennlo"oﬂ(’B)
‘Q
3a11y whitﬂ counts rreqrent ﬁl“°7 2t count, bBleeding ar® clot-
ting time M d ph"sical exaAination should be nafe when the Arns s
£ .

ndministratedflf 27u28‘?9,3}). A metient with p ledkocrtosis of .

70, QPO to 100 000 cells 9€r erny, uneyr suddsrly becone leukopenic.

'wifhi a pcriod o; 2@ to L& hours(32,3G).

that bone nerrovw is uesy relisgble nean of evel-

i~1tz;£33>_ AR

This consideration ir of especial fm-

o*tance because of tie :act tre ner{&Fe 2l vhite hlood count i un-
T A" o .

'treatﬁd leuzemia f Iv*ghoblast is freaueutly norpsl or.

g, Furtharmnore the

bone marrow mayfﬂﬁ erressiv oly i*filtrpteé with 7 riri%;ve cells

u'

whicb n@paaﬁ-in-xhch seant rvmbers in the yerioherﬂl b]ohc ae to be

3 ~1A v‘.}‘ o q b : Y % ,
E ”‘.Ygriéﬁslé&péj !‘sav o”tive ther oy has becn'attemytei vith no
g, e ST i

- defini te valug in p';'e'&enting or slleviating the reaction %o the
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drag; Most group of ‘otlzers agreed that 1'hole blood tranefneion
I effective‘ih"chsokin‘g the hemorrhage, hovever only ternorarily,
Prctonine sziifata,‘ toeluidine vlue(2%, 30, 32), rutirn(3l) feiled to
ston ‘the bleeding, Penlcillin and eulfa wze Found to be nost
effoctive in treating leéicns of tre orsal cavitz(2%,220); other
aronp of workers tried liver exirect, folic 2cid or iits Zerivotives
with no satisfactory results (25,22, 35,27}, Then the lrug is 1ith-

dravn the toxic effect di¢appears,
RESPOYSE OF TIT LEUXZZIIAS TO FCLIC ACIT™ ANTLGONISTS

" The eclinical use of follc acld antagoniet corpounds has been

xtonsively re“phbzz‘%ed in human leul:eria,

-Price(39) treased gleven ~aticnts vith ardinopterTin., Ten of these
wére.children. Ye. obtained courlete renission in five natients vho
had acnté 1enkenia. Two remiscions lasted six weelks and three last-
@d“l ess thanone nonth.

Bmun(jﬁ) treated nine natients with chronie leuhenis Y use of
aminoptern;. He Tound no suh ective 1provenent. iIn these patlerts,
"ﬂueik&sbmﬁf tie drug vas limited by toxic reaction,

"3

!eligh(do) reportaé & series of six patients who were treated

nt‘h mi’noﬂfﬁrin, three were acute or ,Asube.cv.ue nyelogenocus
l@;m_i’remis.; .three early and twe advence chrgric myelogenous lewkeria
anhd .one monocytic lettkenia. There was ne clinical improvenent in

any of thede cases so treated,
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Fdrgérkl) renorted reéulté:obtﬁgnqd by ee of avinonterin in
treatment cf €ixteen children with this diserse, Ten of tlese
showed clinical improvement ancd hematologlcal improveront for -
weriod of at least three monthes, In r3dition to ite effect on the
bone narrow, evidence of n beneflcinl effect cr the lanlke ic de-
posit in the spleen nﬁdvigxyh rodes vere found, Souewhat lnter
Farber(13) reported over 504 of sixty cnses showed significont
effect directly attributed to the Arug,

Jacobson(Hl) reported .z series of “onr patients trectel with
aninopterin and six with A~iethopterin. 3eneficirl clinicel end
henatologieal effects were obtained in one natiert vith erch drug
Wt toxle reaction were encountered in all mrtlerts receivir
aninopterin, He felt that a-methonterin was less toxic then
aminppte:in.

Dameghek(25) reported or the results of treatuent of acute ovd
subacute Yewrenina; four children and thirty adult; elght dled vith-
in five days after therapy started this left twentr-eix ceses of
acute and subacute cases for evaluation of trese nire had inter-
nittent remission from two up to eight and half nuonths. Best re-

"sults were obtaired in relatively subacute’ cases, fulninnting crses
were not effected. Of the subacute cases, tre lyuphotrlastic ceses
Tepbnd the best, and none of the four monocrtic trie resporded.

HWolnan(42) in h;sfpaper on trestriei.t of ten chiliren with scute

" leukenia, with auinopterin over & neriod of two to six nonths;
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~ seven renissiop.s were reported,

Verer(3b) repoz‘tedfort::r--thren= natients treated vith folic
acid entegonists, Of these, four patients showed immroverent in
henatolosical and clinical pictnures. e remainder showed no
changes or were adversely affected. Of the four -ntlents vho shov-
el lmprovement, three vere acnte lymphoid type ond one pente
riveloid tyne. Yo beneficlal results were noted in the adults, e
ceses with Iymaphoid leukeria reszonded Vmore repidly end srecini-
tously with peripheral and bone marrow hypoplasia.

¥1lson(37) in his survef of fortr-eisht hunen sudject vith n-
cute leukemia treated i-ith falic rcid antegronist; there were nire
of the fwen*ty-five subject who resnonded to therepnr vho hed
initial thrombocytopenis. These were acute lymphatic lew'er:ie in
children ten rears and under, Period of renission veried from &)
to 2HO dnye.

Sacks(30) reported a series of fourteen Hatients vith acute
leu.kenia.,j Two ceses had a cormlete rer;ission. Cne ot these vas an
~dult patient with myelold leukenia, the renissfon vne £l days.

The ofher patient had a remissién of 39 days. One monocrtic ful-
minatin;:“c&ie died in eirht dars after begini:-ing of therary.

Weber(25) tremted 24 children, twenty ont of the o1y had
heﬁa.tdlogic or svmtonatic reversal of tl;e leukenic nicture. Te
drﬁgs used»;in‘ the treatnent were;A—n'lethopteri‘n ancé. eningpterin,

-’Seamen(bﬁ)‘_in_ his survey o;.>f sixtee;,n vatients of Ll tre of

tuzors, sapproximately ome—third of edults vith acute and subacute
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1eukemia.had remissions,

Hendricks(}}) recently published a naper on the reults of
treating ten patients, Six of these patiente hed acute Iymrhatic
ieukemis; two had remission, one three months; three had nweloiéd
lenkenies, one adult hed a remiséion of threc nonthss one afult
had fulminating monocytic leukeria »nd died in eizht dars,

It will become evident on reviewing the cases renorted thot
renissions are ertremély variable,

Me initial response was one of depression of bone marrovw with
reduétion of all elenents normal or abnornal, Very often mnlasina
develops after proloﬁg treatment(25.28,33,40), The drus is vith-
drawn folloving the anlestic stage, the totél leuloerte count
rises gradually folloved by o rise in reticulocyte ond ;lrtelet
count, Tils colnside with irprovenent of.tﬂe natient (25,20, 27U z0),
eber(25) found a greater nurmbr of normel cells in perinhersl
blood vas{delayed, often not oécuring‘until zore than 78% of ner-
‘row‘celigwere-abnormal.

"Clinical_signs of remission are diseprearance of generalized
nalainze, fever, weakness, pallor and hemerrhegic vhenomena and re-
pression 6f hepatosﬁleﬁomégaly with the patient feelin; and. appcer-
ihg‘markedly inproved. '

Hématologié indicaticn of remission are development ot nornsl

white count, differentiasl and platelet count: a narked reduction

in blest cells in perinheral blood without transfusion. The
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peripheral blood usuelly shov changes within o fev deve after
treatrent 18 instituted. The white count often arons re-idly frou
hich to lov levels withi; two to three daye(2t,27,32,726), n '
initie) low or normal count is no contraindica*ion to thexrrpy(27, 33),
Some particuiarly sensitive patlents will show improvement in two

to three days other longer(27,44). Price(39) found the effects to
cceur ten‘to twenty days after institutiﬁg therary.

hen the patient has toxic reaction with the drus he will feel
worsf and né apparent improvement cr remission until the resction
sﬁbsides.

If the remission d1d not cccur the »rtient usually felt sorme-
~vhat improved mt the leukemic signs became more nrominent (b)),
According to Farber{l) Diamond fourd spontensous remission was
‘iconsiderabletlower, 10% of leukenic childrern nrior to institution
of sminopterin therapy and in St. Louis hosnital Cooke tound s-on-
teneous remission only in less than 15 of the cases., Jersild(29)
found only 3% of sixty leukemic nrtient had spontaneous renmission,

An outstanding response of the bone marrow was the production
of mégakaryncytea-which were indistinguicshable from these choroc-

terizing the erythropoiesis in Addisonian-pernicious aneriiz in

relgpge(13,34,35,36.a5).
TOXIC HEACTION

Most group of workers stated that under this treatnent

stomatitis and gastrointestinal ulceration are frecuent, often
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accorpanied by hemorrhage and fever(Zs,29, 3o, 37,43). Hills{34)
found euch in more than oﬁe-half of twentyv-one cases treated, It

{ ‘ _ ‘
may be claimed that the gastrointestinsl hemorrhage constitute

part bf the leukemic picture, but the nature »nd extent uéuaiiy
exceed the finding in uhtreated cases oftileukenia(29),

IDiarrheabis not”faré‘hit usually disavpears ranidly when treat-

‘ment is discontinued(27;35,39). 

Instances of alopecia have been renorted(27, 9, 30, 54, 55, 36),
Regrowth of‘hair occﬁ:s even with continuation of therapy(29),

meny workers tound inhipition of marrew with redunction in both
nornal and abnormal marrow element(h,2%,33,uu), Heyer(26) and
Hills(}h) found the hypbplasia of bone marrow most serious toxic
reaction, |

After‘tgging the drug.for several nonths, generalized brownish
pigmentatiqhbof skiﬁ may appear which persist even though the drug
is discoﬁtinﬁed(2?). Wéisman(hb) claimed the hyperpigmentation is
due to a pfécess of melanogensis within the epiderrus,

A hemor}hggié :ash(27,33), an apparent aggrevation of bleeding
tendency ofte§ 'occui-s(zg, 36,38,47).

The toxle reaction usﬁaliy appeered between five day to three
weeks aftgr inftiation of therapy. The first symptoms usually was
stomatitis, thén‘gastrointegtinal disturbance with diarrhea and
ré?tal hemorfage.' Thése symptoﬁs progfess on continue therapy.

The stomabitis wili lead to ulceration of buccal mucosa, 1f
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thérapy 18 contimed(27, 35, 39). {eyer(3b) states that in a few
patients with buccai mucosal lesions appearing early in course of
%herapy and of mild character, the drug was continued and no fur-
ther progreésibn was noted of these iesions,

The "toxic reaction" disappeers vhen the drug is removed,

CAUST OF HEMORRHAGE

In and attempé to.determine the‘cause for bleeding, Yeber(25)
noticed that the bleeding was associated with a thrombocytopegia
.and. d1d not ocecur unleés thrombocytopenia was present, The use of
protaﬁine sﬁlphate or toluidine blue failed to intiuence the bLeed-
ing and was consldered to be evidence that hyperhenarinemis did not
‘contribute to the hemorrhagic tendency. Sacks(30) found that the
prothrombin level remailned normal until the terminal phases. It
was difficult to determine whether the thrombocytopenia was the re-
Sult‘of the.leukenic involvement of vhe bone marrow or result of
platelet production by the antagonist, | |

In contrast to Weber, Allen and Jacobson(l48) showed that in
many childrén‘witﬁ aéute Leukemia the level of heparin-like sub-
stance in nl9od‘1g ﬁefinitely higher than normat. While bleeding
6¢curs'usualiy when thetlevel ot blood platelets 1is léw; throm~
bocytopenia may be present without evidence of bleeding for many
months and occur m&re féaéilj vhen marrow is depressed.

Cereveld(s7) demonstrated that after administration of aminorterin
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there is a decrease of plasma Ac-globulin which i1s the cause for
excessive hemorrhage in patients treated with folic acid antago-

mists,
CRITORION FOR REMISSION

There has been no defiﬁite standard for determining remissions
of leukemia. Various workers have different views concerning the
criter;on fpr remission, WYe will therefore nresent the views of
the different groups of workers.

Freednan(27) felt that continuous improvement should occur for
at least two months before it is considered a definite remissicn.
He also reported that the rise of platelet count to normal when it
is initiélly low is one of the best signs of remission, and they.
are usuglly the last elements iIn the blood to respond.

Milis(}h) definition for a remission is given as one to three
norths of clinicél hématological improvement.,

Daneshek(26) stated that a deéfinite increase on blood platelet
rust be considered as part of criteria in deterninirg vhether or
not 2 remission has occurred. |

Rhoades(49) and Smith(32) suggested that the term remission
prqﬁerly should be reserved for essenfially couplete restoration
of normal hematologic function end health in all other reépect.
Strict application of the term hematologic remiseion therefore in-

plies a restoration from an sbnormal to normal bone marrov pattern



oY)

 end periphersl blocd smears in which "blast" cells appear in
appfeéiable nunbers  cannot be regerded ag indicative of renission.

iShert of these hematologic goal "improvement”,
MECHANISH OF RESISTANCE

There is 2 general agreenient that the remission indﬁced in
‘patients with leukemia by folic aciad antaéonists are only temp-
oréry and that the disease eventually become resistanf to this form
of therapy.

Burchenal(SO) deronstrated an anslogous situstion in mouse
leukenia, althouéh survival tine of the treatéd‘mice nay be more
than doubled, all efentually die of the disease despite continuous
therspy. It has beer possible by methods somewhat similar to these
ﬁsed‘in‘producing drug fast strain of bacteria, to develcp & sub-

: iine qf‘leukegia completely resistance to therapy with folic acid
'antagdﬁisi, \fhis wes accomnlised by several sérial passages of
¢he leukenia through treated mice. .In this subline no signifi-
gaﬁt increase“in survival tine couléd be produced by therapy,

This characteristic resistence has rensined fixed despite ten
passages tﬁreugh ﬁntreated animals,

In conclusion, Burchenal geve three theortical e:zlanstions,
uThey are as folloﬁs: The ability of resiétant leuvkeric cells to
synthesizq 1ts own-pferoyiglutamic acld; to deaminate the anti-
netabolite thus pro&ﬁéing folic acid; an increased ability of host

orgenisn to detoxify the compound,
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A REVIEW, OF THI CASZS OF LEUXITA TREAEED~VITH FOLIC ACID
. ANTAGONIST AT UKIYERSITY OFVEEBHASKA AND CHILDREN'S HOSPITAL
iCase 1.
Patient V.B, white female, age 6 months
idmitted 5/29/50
Chief complaint: Abdominal swelling, two months duration.
Physlcal examination: Thé patient was well developed, well
nourished baby in no apparent distress. There vere sone‘small
nodes in the right suboccipital zrea. The abdomen wasg narkedlr
distenﬁed Qith marked.venous‘congestién eround the wihilicus,
Thevli;ef was palpable below the 1liac crest.. The spleen was
down ﬁ to 5 cm. |
.Labi.“»égz‘mihatipn: On 5/25/50, the wbc, 72,000, stasf 23
_ young 3%, lymphocyte5‘66§, monocyteS'Zﬁ, imméture lyupheeytes 15,
‘ and.brbken cells 25%, rlatelet count 124,000, TheAchild seened
to‘deVglOp.éome dyspnea and was given sone ;adiation which brought
the‘whité blood count down to 24,5C0. On 6/7/50, tre chile re-
ceivéd Uoce. of blood and egain on 6/8/50, The terperature vas
T wery irfatic thréughout'the hospital cours end veried from normel
up to 103.0 practically every dﬁy. . On 6/15/5C, the child wvas
séﬁrted on arinopterin 0.5‘mgm. daily. On 6/15/5C  the wbc. drop-
‘ped repidly to S,OOO'frOmllll,OOO on 6/16/50. The Arvg was dis-
continued the next gay, 6/20/50. The count dropped to 2,500 the

,following day snd continued to run epproximetely 2,800 theredfter.
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The child was glven several moreAtransfusions and excessive bleed-
ing was notéd‘from the mouth, nose and eny wound, Bone marrow wes, .
compatible with subacute leukeniea, Bleediné terndency increased
deily, the platelet decreased to 72,000, 3Bleedlny from nose, mouth

continued and the child dled chiefly from exssnguination 6/27/50,

Case II,
Patient S,Z, vhite Tenele, age &
Adnitted 4/7/50

Chief complaint: Swelling &t the angle of the jaw since 3/2¢/50
and gradually enlarged. The patient was pale, leost apnetite, sore
throat and teuperature 102,0.

Phreical ereminaticn: The pratient éppeared pele, acutely 111,
‘fhrdat'red includigg tonsils and tongue., There was lynrhadenapathy
bilatel, anterior cervical chaln of meck, The-spleen vas pelpated
b ém; ﬁélow the left costel rargin, The liver was palpated just be-
low the‘right costsl nargin, There vas noderste tendor ~dencpethy
in each‘aiilla and in the inguigsl re;ions., Ipltrochleer nodes
vere pa.lpé.ble'.

Glinical!éoufse; The bone marrov ves dingnostic of subneute
lymphatic leukenia and the patient was started on cniropterin
h/il[SO. ghe wag glven 1 ngz. for 7 successive days. On h/eu/go,

she was given 1 arpule vitamin B12 and on 5/2/%0, she vas given
aminopterin égain;‘l mem. daily until 5’8/50 wﬁen it was changed to

1 ngnm, every other day. This was continued untdl &ierissal, 6/7/%0.
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- ke was also g!.ven 2mor- enpule of M2, On afniseler, ter
'tennprpture vag m‘ b ﬂcta‘llr rnC ghe-contirued to cpike a el-2a
"!"' temperature. el:'.ost evex‘? day until disrissel vith ccomrional
eplsoder oﬁ 3 or- “ days ‘hon she weczld be ofebrile +owrrdn +he erd
02 her Rospltel cogr’rse."' ¥or adenopathy s-at1plly decracerd., e
e-leen vas 84111 palpehle though somcvhat emellsr, on fle-.te-2l,
The toric rgwtion vers sore torgue, rrorexin, Mrcroortoeis ves
also noted. On dismiseal, the patient woe m* on rrintensnze
therezy 1 mgp. arinopterin dally, and followed in ouémntfers olfrie,
L&W éx&élﬂatidgsﬂﬁgboglobin on adrission wee 0.0 [-enie rde,
2.78 willion, ”‘mr@e‘n B, 100 lemizoerted vitk 5% eers., 10%
etel?,’ SO; lynpfhoc;;c't‘. 'ﬁ' 2% acnocytes and 2 irritation Ylrurheeytes,
*ere ero:hppxjo‘:’:m;}olfj miclested red dlood cells -er 10N
vhite tlcgod ool:\lu; ;’.&mceuiw count ehoved a gra:'hal dezrerse in
red an? vhite eea": to a low on n/(f.’S €0 of 5.€ greic of l"e.;og'!c‘:ir;,
1.7% a2134on Ted pﬂll, 1,500 lvrp wocytes vitk B% regs., 55 stef?,
894 lynylocrtet lﬁl:oloqtes ard 2 irrigaticn Yuphoctes. This
vas trestedvith ﬁnﬂ end vitsrir B2 with e fevorsMle reeponee,
e leckocrte Afstribition graduslly eirrged uriil on =/2/fC, che
s_hﬁfted ?.dwdf hawoplobin vith 3,22 rillfon ref ¥1oo@ celle,
n.1oa"1e‘uk¢e‘md;umitrndtg‘3£b: 254 gege., 3 staff, tol
Iv@ocsm aiﬂ”}“aphoqwl. , Plptelgt ccunt on U/10/50 vee
115,000 with-retisocyte. cmt gs x% ms vee freernrtly re-
veated and ot hIZBfSO, t}u pbﬂh’f cm' was T1,000 ¢ tre
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i*eticulodv*‘e ws‘ﬂ 25, _ 5.2{‘672/50., t’he{ platelet count vas 120,000
end ﬁh retimloav*e count l 6%, +iie5~e-:?vas no conﬂncin;; »hnormati-
‘ties Saen in the long 'bones by Iray. ‘ ‘s%.e zza.ndible ard adjocent
bqnes showed o evldancea of leukemi.c involvenent

The sternal bone mar&‘owwancomPatible with that of subscute
1vmph~t1c leu:emia L |

Ehb p?tient admitted again on s/11/=o with a relanqe.‘ Miis
- time she VAS treated. with coruiscﬂe and. had tvo subseouent re~

' *ﬂ.ﬁsion on cortisone,

the. patient emired ?/9/51

Caem III.,
;I’atient L L. me;}:'é:,; pgé 10
i;l);.rsti.on of' disease ‘% morths

Clinical ﬁiaénosie' Acute grarulocytic lemkenia, ..
} ‘;»J@’db;«'gtory “763@!‘!18@99_3_ Pez-iphé;g,l blood émear_ :37,000 ube.,
~  224 sers., 116 steff,’ li‘:"z.‘»myelocr‘te's";. 50% blasts, 157 lymphocyte,
14 nonocy'teﬁ, I{g"n}.ﬁ.llidn rbc , 6.1 gr‘mm of hemog_',lcb‘i_n‘, rlatelet
count 18,000, Bone r:arrow ‘ex@iﬁéﬁion_'revealec_l.'diﬁ.ﬁhﬁtio'n'61’ the -
_"'g;eg“aka.roc;:;,rqe_s; ‘depression bf‘.; Verfth_vi"o‘imi\e‘a_'s‘i;si and merked h;,*g,ezplasia
| of gremulopolesis wifc&; inqréésed.blasta. .a‘nd na.tﬁf#tion arreét a.t;";
. the metamyelocﬂe 1eve1
| .Aminopte*in was t‘ae Gmg«ueed 0., ngm, every day. Duration of
"therapy /1150 to 9/1?/50 total duse 6 ngm. -

f‘linical Course' moxtc renction (fonsisted of, anorex‘la and late
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A?ohitingglf§Pﬁ@ortive~t?i;apy cohgiﬁtéd{of vhole ﬁlood during
‘moptefiﬂ;~"!;heféﬁy. Nodefinite ai*ératicn of the course of the
tc’.isense was nc{:ed The patievt died on' 9/22/50 from ‘zsleedinL vit};
By OOO to 15 GQO plateleﬁ cdunt througkout his 111nass. Follow up
mArrow shonld slivht reduotion in cellula*ity and totz-i whe, fell
from»pesk of 70,000 .to L4 000 prior to death. Post mortem revealed

acntelleukeﬁia'with chlqrbmatoué'infiltration‘of-ribs and celverium,

Case 1Y,
?éliaﬂt(?,@, ﬁale,«ége 10"
Duration of disease 11 ‘monthe

Ciinical disgnosis: ;éu%e lymphatie lewlcenta,

Lab, éxgmination: Periphéréi.b1oéd sneer, 2/5??1, henoglobin g
grams, 2.8, m*llion rbe., 7,10§ wbe., 3% sega. | 5 bende, 1%
fmetamyalocytaﬁfulﬁxebsﬁhdphileé,:27,‘3rolymahocybes, 635 lyuphocytes,
'l'hé pil‘g.a‘%eip'{s‘#:wé'fé ‘:.ﬁgrkedly éim'fﬁishgd. Bone naprow examiration
j2/7[51 shawed that ‘the merrov vwas neerly complétely renlaced by
lrmghagytes, prolymphccxteﬂ and, lyrghoblﬁsts,.the lntte" *refowina*e.
Yray, fngust 1951, demonastkated leukemic 1nf11§;ationlin the long
bones of ‘Yower dxtrentties.

- Gq¥ticons 100 mgm.. vise: glven’ dally fron 7]15/51;59‘8/1/517£hen

2 wéeke on tapering:diess.
| matheptertn and M-nethoptérin weve the drugs hsed, Total dose
aninopterin, 51 mgm, A-mmontsrin, e TERy d@fgﬁpn vof"ﬁhgr‘a-p;} )
2f51 ’boll/ﬁlé
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Gl’ix‘;ical coﬁi‘se: Tdiéie"‘:r‘eacti‘bﬁtl\cohs‘ifstec’- of Qlightlv sore ’sori—

‘.g‘ue; occasi.onal anorezia. and ﬂ.* arr‘*ea"macroc"tcsie vas nnteﬁ

Supportive thers.ur consiﬁed o*" v'hd’ hlood and. :m'ciblotics The .

“ptient couz'se sekmec‘ a}.terad as eﬁdenced by the absence of

i

*\etecbin'f hemorrbage and the ﬁreeence bhrorboc"tes. He hoad no,

nletelets zmd hau betechial hemorrbage -st fir t v:.e:.t in ""ebmﬂmr
This cléared u;: and did,not ncccu?b untiz la te 1n .hugust: Tuprove-
jmc'm: occurred #ith cortisome nt this tine." In lm,e Cctober gross
.be‘xorrhcging occurred anc’ he ve.s treated with amiro_p‘rez in end onti-
bi@tic,, mc‘ no blood Aeein the hiaedi;b staned. ,Howevmj, the

ﬂotient develowwc’ a "ulqinatiﬂb 5ne mon‘la and die@ 11/1“ Fl. Yo

'ﬂost mortem was ohtained
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smauTy.

Gii“ical'trialkwi+“ z‘c>"5.t' acid antagoriﬂ+" folloved soon ofter

5

tbe discoverv t%wt folic acid def*ciert state produced cherges 1ﬁ'
3 ‘ . .

s'v.

3
tuwor @rohth 1n amimals and the ﬂCCGWﬂfn*tor of the leukeule pro-
cecv b" o‘ic and- related connouras. Be inring ﬂovember 1517 the

first inressive remisgiong in. the covxse of acute leukenia vere

ool

'wroauce» vy the ‘A, | |

iha theorv o? Pode of actinn of folic ﬂcid antagonist rae not
been dsfinitelv estah1isheé hOVﬂver, the fo‘lowing theories h?ve
bs;n;édvpnced‘ "”onnotitive netsbolic iphibition“ sovewb.t 1ive
:tﬁatfofuéhe theorv gover 1inp the ection o” fa ﬁrv ‘& on ﬁ~cterwa-
;Imukemic ce’]s nre nore »ensit*ve to fo]ic acid éefic*t- TMeoene
differs wiﬁelv iw “eswonse to folie &an tQ;dgiéP and leukenic . tissue
may be nreferentiallv -*fecteu, | ‘

Ehg béttern of t}erepy, thouru ~0T8tht VPrisble, cenersllyr con-
sist ;f %n"e merrﬁw as“ir9t4on Yefore thergp" is bean' deily vhite

arﬂ d f@rential coun red blood cell ﬂrﬂ =latelet count,and

henomlobm .8artﬁb the ﬂL”*niH+"a+ion of ‘*e‘drug T%o drv@ nost

cﬂﬁmonlv usd&¢i§‘pﬁinowt9*ina Tbe dose veries from 0, aS mn.. to

1 mgn daily depe“ding sn age and \eigyt, Cpilaren are;generally‘

1-:5.'<1'::r‘~(') S&mgh dnily.‘ ﬂhe dxue 18 i#én orally 6r»intramusﬁular1v’

A

The: 6ru° is diSCQntinueéhqn first sign o"P toxic ”P"CuiOn since the

\

ef’eet of tha drug ls cumulative or ?han t*ere 1é a ﬂ“ec*ﬂi*omq dr0p. 

.tp 'hite 'bloud. cell ‘count. '.chizh den oocir within 22 ¢p 4 hours,
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ien"the Blood count 1z stablired at a lov level 6,000 to 30,000
ﬁhé ."p‘a_tlent' 1sy'put on maintenance therapy; Bone marrovw astiration
is ma.d‘e‘.wh'eh‘ thé:fé .'1s _&' éhange in pAe:fiyhrereql bloo.d.‘pictur‘e or once.
a week ﬁhen oﬁ méi,ntenaﬁdq;vt'herépy'.i's recoumended ty some group of
'jwblfkers. on méin,téﬁance therapy, chil@réﬁ- are gi;en 0.2% ngi.,
 atult, 0.50.5m.

‘Me toxic effect of the drug 1s the most serlous drewbacl: for
‘. it;nse. Increase fendencv to hemorrhage is the nost corzon toxic
-‘effect S‘bomatitls frequently a,ppears ﬁrst ’chen g,astroi*‘testiml
a*’mytoms accompanied b;' hemorrha,‘,e. Dlarrhee '="c ecle also has
been repoz‘ted On prolqng, thera;,y 1rrqversible eplasis of 1wone
marrow may occur. :

'me re&«onee of the leulremia to the c’rug is variable ené each
.case respondé’ differently. Tbe dmg, 1s most ef ective in subecute
lymphati-c'ienkemis followed by acute 1mphatic leukeria, It is the
least eﬁecbive 1n 'che monocvtic 1eulfemia. Ghronic leukez 1a responds -
occaqunally, however, the response could be due to the netural
+endency for' an oce“asional renisoion tc oceur, Latural remission eg
rego’"ted 'by different {;roup of‘ "'orkers varied frcm 373 to 10,:.

Since the use af folic acid. artagonist remission (vezaf_-,es ‘2bout
730;‘5. on ral‘apse;* ’she leul*emic cellelbeco'ae morevreé*staht'é;ld
eventuallv the len,inemic procese taL.es over and the imt‘lent. dies.

Criterion i‘br r,emission va.ries among woz‘kers, however ﬁos'c

wox‘kers agree’ that: ke pa‘cient shotﬂd subjectively fee], well and
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have a normal hematological picture.
Burchensal presented 2 peper glving seversl'possihle theories

‘#or mechanism of fesista.‘néve‘. - Mese, sre ns follows: e ahility of
resistant leuXewlc cells .to- s;{nthes_i'f?ﬁe’*its o follc azid: o
desminate the anti-motsbdlite thus producing folic acid; .n in-

1

crease:i‘b.ﬁiii‘ty' of hos’c,_“q‘xz'g_‘;é;’:!i,sm to d.eté:::‘ifij(th.e conpound,
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. CoNGIUSIONS

1t is obvious th&t ‘no tWO childrﬂn w&.th scute lenlenie. pre-
jsent strictlv 8, comparable problem. Tess then 10m;have swontﬁneoﬁs
:remission and ehese are of Variable lenghth aVéraging about 10
iweeks;\ Infiltration.in the 1eukenic process 18 generalived ut
;there are great variations in the ‘degree and s1tel of involverent
,Inﬂbne a 1ar e &rbdural accumulation of tumor may a1+e* intrar
‘eranial pressure to an - 1mportant degree; in another the 1eu:eﬂic
‘infiltration 1n the he&rt mar be resnonsib]e for unevpecteé death.
:ther variablgs Are the replacement of bone narrow by leukenmic
vcplls.; It ahqnld nqt be surgrisinb, therefqre if one researdh
grouﬁ reqort five consecutive remisslons, or that anotrer g*onn
obeerves a fatal outcone within two weeks aiter onset of therapy
‘1n~ten coa@ecutiva patients before one remission is observed
gome of the wérkems have been *.’r.ven i.nad.eauate dOSate of the dmg,

*!%w ﬁf‘tha WORKATS hawe used crude folic acld antaéonist Tt is

poseibﬁﬂ tﬁé%*ﬂbrtain cases vere not observed. as ninutely ss ceen

n@bgsew‘.\-a

}teﬁanéé_ﬁhptbygﬁf Elven, .nirelapse dsuglly occurs which‘might not

?rospond"”*"nerﬂase‘doab.

Ehe most_mtriking'flnding 4hthe gtudy were “the unpredictabilitv'
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‘of; the a.etion ef the émgg Both heneficial and toxic ef?ect

;;ou_ld not be controlled nor cm:ld these e*‘*‘ec+s be related to dos-
age oi’ the’ drug aldne or to\ite a.dministration simtltaneouq'l*r with
-.liver extraﬂ‘“*folic acid or other supportive measures,

: 'I’he use Of fgﬁlic acid antag'onist has apprecia'b]_.e altered the
course of leukemia 4n children. ;[t_ has nrolonged the life of many
'patients,‘ a:fford’iyg them'-additional mo'nth'sl oflcon_fortable and fre-
;I_que!'xtly_ nomallife. ' t’ﬁ_ﬁe‘ ul timate ~o'u'te:aomee has\‘ not been influenced.

A 'r:iatiente Iwhb aiad: after treafmeht over -a lorig reriod, an
,,;antonay have ﬁcant 1! any evidences of’ leukemia suggesting aplastic:
anemia rawer than leukemla. | '

Any eve.‘l'aatiqn of treatment of . patients with incurable cancer
must rea!&\xpon a. 80144 foundatiou of knowledge concernings the llfe
history a,nc! Bioldgle Ysehavior of tumorg. Acwte leukemia which run
’an in?eria‘oly ?a’ﬁl course varying; from a few weaks nnually to six

?,x;onths a:?te;r pnste.tﬁ of‘svmptons lends itsel? readily to comparativav

'studlea. Y Rardly the coux'se may 1e.st a long as twelve months end
‘.ieolatetf Anetances of longer 'survivals heve been observed The

-Iend 'ooinbrof’time i'caelf therefore, should serve as a relia'ble

cr:],ﬂeriﬂi of “h;l.u,e of a.ny fbm of therapy.
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