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BIOLOGICAL STUDIGS WEFH 2RSERIC7O
11T, The Effect of Avsends?? upon the (lirdesl Course of
Patiente with Tumors of the Hamtopoletic Tigsucs
iy
Matthow Block, FieDes MeDey Leon O Jecobsom, Mals, cnd Willism Heal, M.D.

INTRODUCTION

. Sinco both arsenic and irradiation have been used indepeniently in the treat-
ment of tumors of the hematopoletic tissues 1t was thought that it might be mdven-
tagacus to utilize radicarsenic (8s76), a substance that is metsbolized like stable
arsenie, oxorts o similar chemotherapeutic effect, snd 1s, et the same time, 2 source
of .xedietion, In this way it night be possible %o bemefit the petient by simi-
taneous chemotherepy and radiation therapy. |

AsT0, uhich hes & helf-1ife of 26,8 hours end vhich cmits eférgotic bota and
gamma Yays, was prepared hy pile irrediation of ersenic trioxide, end lster in higher
speeific activity by pile irrediation of cacodylic ecid. It was injected intrevenous-
ly a3 sodium arsenite. The stalile arsenic content usually varied from 3 to 10 g
of avsonie per single imjection _of- 1 to 80 me of &976. Cacodylic ocid, as 5btain@d
by plle irtediztior at the Argome Natiomnl Labcratcay, is prepared for injection
by romote cortrol. The operator mist work behird lead chields since the acid crits
pencirating gawse zays. The detailp of the preparation of 287 ard its metabolicm
have been given in wio eaxrlier reporis. 4,2)

METABCLISH OF ARSEWIC

Arsenic is dist&'ibutea repidly to all tissves efier intravenous injections
Highest lovels areo reached within 12 to 24 hawrs in the spieen, liver, and kidney,
Fifty per cent is excroted within 72 hours, primarily by the kiduey, It i estimated
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#hat 1 me of Ag76 will deliver sbout 1 r of total-body irzadistios.
METHODS
“wepty-four patlents with tumors of the heamtopolstic ticsuos, 2 with polyoy-
theria robre vorg, and i with a metastatic carcinema, form the basis of this study.
The disgnosis was substantiated microscopieally in every case. Huny of the patlents
hod vepcated biopsies of bone marrow, liver, lyuphk nede, and spleen, which will be
discussed in & fature report,
The first fow patients in this study were treated with exiremely eumell amounts
of As% as far as specific rediation effect we concerned, although they recelived,
at the same time, encugh steble arsenic to exert & mild chemotherapeutic effect. |
The first doses that were givem were about 0.5 to 2.0 me, but within e short peried
" of time these emounts vere increased, partly Wa of experience with the imade-
quacy of the doses, and partly tecause of the aveilabilily of arsexnic with o higher
_ specific radicectiviiy. As mach as 90 me with ebout 5 mg of stable arsenic were
edministered in e single injection to the most receatly treated patientz, In 2ddi-
tion, each patlent received such supplemental treatment &8 transfusions, antibloties,
dipitanid end mereurdisls, and toluldine blue or protamine sulphate as indiceted.
FESULTS
{Table 1}
Hodgkin's diseaget Rach of 4 patients with Hodgkin's dicease received from
1.0 %0 13.0 ue of A’ and up to 52 mg of stabile avsenic in divided doses. The
longest rezn;ssion, 2 nmonths, was obtained in e patient receiving 52 mg of stable
arsenic and 136 me of A7, Howsver, it was felt that the anowit of stable arsenic '
was cuch as o be suffieient in itself to produce a remlesion, amd that the As’C had
rot been glven an adequate trial in thie group.
Acute leukemizs DBoth patients experienced a sharp drop in the vhite count and
platclets but no significant change in the differential (Figure 1). Case 1 developed
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a severs hemorrhagic process and Case 2 had & terminel rise in the wvhite count to
180,000. Both patients had swn intracteble anemis vhich failed to responé to therepy
of eny mture including masaive transfasions.

It is clear thet these 2 paticnts failed to chow any betier response to 2e76
than has been noted in the past to nret"mne(a), P32(4’ 5), nitrogen mstard(é"g), ‘or
X ray. (10) 14 4s probable that eminopterin(i1:12) w411 be more effective than As76
in the treaiment of acute leukemia.

cukemias Case 4 did not receive enough £876 to exeri a

therapeutic effect. Case 5 had an axtremely short remission but the patient s in
very poor condition when treatment was initiated, The results obtained in Case 3,
“io had 3 Temissions. varying fron about 4 months to 2 ponths in splte of the handi-
cap of a severe mtractable suppurating ostecmyelitis, ers saperior to those reported
following axny of‘the more common therapsutic agents("”"’“m'l?') and redioscdium. Qs)
If this.resultcanbeduplicated in other cases of subacute myelogemous leukemin,
4t would appear that Ae76 15 about as effective as aninopterta®2) in the treatment
of this condition. |

Chronic myelogenous leukemias Four (Cases 6, 8, 9 and 11) of the 6 patients
were proviously untreated, apd 1 (Case '7)_,uho had 1 course of urethane, should also
be clessified as an early case. Tour patients responded with} remissions from 4 to
16 nontbs in duration (Figaze 2) and 2 (Cases 7 and 10) responded in a similar
mammer to a second course of As76. The other untreated patient (Case 11) hed only
slight symptomatic dmprovements, The sixth patient (Case 6), refractory to X-ray
therapy, died of & cerebro-vascular accident However, the pafient‘s anemia failed
to Tespond to transfusions following 43 76 ond he mey be classified as a therapeutie
faslure which is usually the result in patients of the mature, (4)

' Chronic myelogencus leukemin is & disease that shows great vardation in its
course, Patients have been known to live as long 2s 3 %o 5 years without sry sub-
jective eymptoms, 15216) Hovever, orly & misority (16 per cent) of patients have
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spontanocous remissions cmce the disease produces enemda or subjective symploms. (15}
Therofore, any good result obtained in patients who were treated merely on the basis
of a positive diasgnosis may be ageribed to the bernign rature of the disease rather
than to the direct effect of thempy. |

Hith this reservatior in m:‘uzi it uould eppear that even the greater differences
in vesponse reported in previcusly untreated patients following X yay L6<8) - p32(4, 5,38)
aretbane(319) Fouler's solution(®0), and 122404) pay well be Gue to variation in
the biologic nmature of cach paitientls disease, It would, therefore, eppeaz that re-
missions of 4 to 16 months in the untreated cases that were studied represent »no
better than en everage response (Figure 2). Like other generalized methods of therapy,
2876 15 not as efficaciges in reducing the size of & huge spleen as local X-ray ther-
apy @), tut 11xe P32(4:5:18) ang §a(H4), 14 rercly produces any toxic symptems.

Subacute lymphatic lenkemins Two (Cases 13 and 14) of 4 petients weve previously
untreated and had symptoms of comparatively short duration, Case 15 had received X~
ray therepy with very little benefit and Case 12 had received urothane without im-
provement, Three (Cases 14, 15, and 16) responded to therapy with an improvement in
appetite, decrease or absence of fever, decrease in Jymphadencpathy, and lowering of
the vhite count for about 2 months, However, 2 (Cases 13 and 15) of the 3 experienced
the onset of a severe infection, tuberculosis in one, farunculosis in the other.

The fourth patient (Case 12) had a hematologicel response with a drop in vhite
count and a decrease in fever, but beczuse of an assccizted hemolytic anemia con-
timed a8 an imvalid until his death 1 year later following splenmectomy 4im another
institotion. )

These resuits are, in geperal, comparable to thoze reported in the literature
following treatnent with aminopterin. 27 Possitly subscute lymphatie loukemis msy
ghow & betier response to As’C than thet reported after 23245 5), urethane($39), or

nitrogen msterd, @3) The occcurrvence cf 2 severe infections (caaea 13 and 15) at 't.ho
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time of greantest depression cf the white count should warn against the use of Aa%
in the presence of any generalized infectidn, egpecially tuberculosis. We have been
impressed by the occurrence of & flare-up in cases of previously cuiescent tuberen-
"losis following generelized cytocidal therapy such as 4076 and nitrogen mustard in
the treatment of loukemias and lymphomas, (1)

Chronic lymphatic Jeukemia: Four patients were treated with fairly adequate
emounts of Ag76, Only 1 (Case 16) was previcusly untreated. The patient wes in e
severe mentel depression and failed to respond to therapy. Two petients (Cases 17
ard 18), each of whom had been subjected to extensive X-rey therapy in the pasi,
succunbed to complicating diseases, A spectacular result was obtained in the last
paticnt (Case 18) since an intractable anemia was relieved and mesgive lymphadeno~
pethy and splenomegaly were decreased (Iigure 3).

Our results, in general, are not as consistent or favorable as those reported
after X ray(l6’22) or p32(4)’ nitrogen mstarda), urethane(a’lg), or Nazl’. (s)
Particularly discouraging was the complete failure in Case 16, who was previocusiy
untreatod, However, Reinherd has enccuntered a similar result after P> as we havo
after nitrogen mstard, (1) The resprnse of Case 1§. vho had remsined severaly
anemic in spite of massive transfusions and several types of therapy, was most an-
coruraginc since this is tho type ofva.te that is votordously difficult to memage.

Polycythemis rubas veras Theo respsnse of Case 20 was fairly satisfactory and
alse was qualitatively similar to that ceserdibed efter P22(s523) Housver, mech
longer remissions are not ab all umsual after P32 go that Ae7O hes 1little to offer
that is superior to the results aheadya\chiéveabyPg. Another case was wreated
by adninistration of a total of 2.5 mo of A8’ and by phlebotomics. Since this
axnount of 48?0 15 too small to be effectire, the brief remission was probebly due
to phlebotomies.

Multiple myelomas This diseage is altost always chamcterized by a rapidly
progressive dowrhill course and Ly unrelenting pain in untreated cases although -
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oceagionel chronic ceses such ag Case 21 have been recognizeds. (24) Renissions similay
in e&tent to that experienced by Case 22 hove becn reporied after u?et}mne(25) and
stilbapidine, (26, 27)

iycogis Juncoideg: In many respocts the therspeutic resulis in this disease are

similer ito those achieved in Hodgkin's disease, In Case 23, treated 4 months before
death, it was quite clear that the skin and pulmomary lesions were still in part
emeneble to locol X-ray therapy after they had feiled to respopd o As'C or nitrogen
mustard,

Motastatic cayeinomas The results in Case 24, uhohadacarcinomofthestom—
‘ach, ere difficult to interpret. Carcinoms of the etomach may occasionally give rise
to masses thatreapondtox-m;ytherapybyadeereaseinsizeasdidthispaﬁmt's
1iver metestases, There was little else in the patient!s courese to suggest that As76
wouldproveclmative or even beneficial in carcinoma of the stomech,

DISCUSSIOH

It appears, therefore that As'® pecenbles mmerous other therspeutic agents such
es X rey, urethene, nitrogen mustard, rediophosphorus, radiosodimm, and Fowler's solu-
_tiom, in that it has the capacity to produce a remission in certain of the more chronie
and benign tumors of the hematopoletic tissues and that it is not & cure for these
diseases, The more acute forms of the diseases, with the posaible exception of sub-
ecute leukenie, do mot seem to be particularly amensble to As’® therapy.

In evaluating the clinical usefulmess of As'C ome is forced to consider whether
1t is more effective than previously used matariels in producing & remission, uhether
it will produce a remisaion where other agents have failed, and whether the edvantages,
if eny, are sufficiently great to warrant using & substance that is go difficult and
expensive ‘o prepare and so dangercus to handla, Unforturately, because of rmmerouns
factors, such as intercurrent disease, variations in the clinical course of patienmts
with the same diseass, duration of diseese, previous therapy, supplementsl therapy,

- and rest and psychic factors, it is very difficult to compare any series of patients.
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Anyone who has worked with & mumber of these patients cannot but be impressed by the
rot rare patlent who responds to therapy in a monmer that is entirely unexpecﬁed and
inconsistent wi’ciz the usnal response characieristic of those who'have thet disease,

The criteria for evaluating ¢ clinicel remission are mot similar, For ezample,
dépression of the white count has frequently been used as a means of estimating tho
response to 'thm'apy; However, particularly in acute leukemis and the terminel stages
of chronic leukemin, the height of the white count may bear no relation to such re-
spomse. In this study we have followed the tlood counts carefully and have noted a
depression of the white count varying from 20 per cent to 80 per cent of the pre-
treatnent figure in almost every cese treated without there being imvariably e similar
response in the clinical conditinn of the patient, Consequently the ﬁhﬂ.te counts have
mtbeenreéortedindetaﬂ. Thore has been no marked tendemcy of the peripheral blood
differential count to return to nirmal following treatment except in a fow cases of
chronic myelogenous leukems, An alleviation of the anemis is generally scceptable
as an Indication of a good therapcutic respomse, Since prectically every one of the
patients in this study received musercus transfusions, this criterion was repiered
unreliable,

In general we have felt tha’, the ability of the patient to live a more comfortable
and more useful life was the best indication of a response to therepy,

On this bagis our resrlts soam to heve boen umsually good in & single case of
chronic lymphatic leoukemin charecterized by severe anemia, possibly favorable in sub-
ecute lymphatic leukemis, exd worthy of further evalustion in multiple myelome. In
the other disesses twes'ed,the recognized agents such es X ray, Pga, uretharve, and
nitrogen mustard iill ive similor results with fer less expense end with more readily
available and less herardous materials,

I? is of importaice to note that we have not attaired a maximm ssfe clinical
dose level of 4870 mos have we fuliy explored the combination of stable and radio-
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arsenic ner the effect of repented small doses of As%., It is possible that whea such A
"is availsblea better clinical respomse may be achieved. Howewver, the problems of
handling the amounts of Ae’® we have used arve so great thet it herdly seems precti-
cal or vorthvhile to attemps to use larger quantities " on the tasis of the re-
gponse of the patienmts in this study. |
CONCLUSIORS
1, Tuenty-four patients with tumors of the hemutopoictic tiasues, 2 with poly-
cythenie Tubre vere,erd 1 with metestatic carcinoras have been treated with intreve-
nous injections of radioarsenie (As%).
2. This radioisotope, unéer the conditions vsed in this study, appears to cffer
no advantages over the typee of therapy already in use for these conditions,
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