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Among the six laboratory workers who contracted infection with Cox-
sackie viruses three different types of this group were vepresented. To cach
case the virus was isolated from one or more sources and the developmen
of antibodies against the homologous and a related strain was clearly demon-
strable. In each case the virus appeared to have caused the assoctated
illness, and the evidence indicated that infection was probably contracted
the laboratory. The clinical manifestations of illuess varied considerably i
these patients, and in the one on whom a lumbar puncture was done, pleo-
cytosis of the cerebrospinal fluid was demonstrated.
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MULTIPLE MYELOMA: A STUDY OF 24 PATIENTS
TREATED WITH RADIOACTIVE ISOTOPES
(P AND SR™)*

By Joun . Lawrence, MDD, and Louis R, WasserMan, M.D.,
FACYP, Berkeley, California

Ture treatment of mualtiple mycloma has always heen discouraging. As
in other inoperable malignant conditions, x-ray therapy has been vsed wher-
ever indicated, and the use of stlbamidine by Snapper has been successful
in relieving pain duc to mycloma, but no prolongation of life has been ap-
Urethane has recently been used in the treatment of multiple mye-
loma by Loge and Rundles.?  Subsidence of pain and a decrease of abnormal
cells occurred in some cases.  In a series of 83 patients studied by Bayrd
and lleck, the average length of life in multiple mycloma was 19 months,
and the duration scemed to be independent of treatmient.”  In evaluating the
heneficial effects of treatment of multiple myeloma, it must be kept in mind
that this disease varies markedly in its rate of progression, and that tem-
porary naprovement after varions forms ol therapy may oceur.  The rela-
tively benign cases of myelomatons proliferation characterized by solitary
Jocalization are respunsive to locid x-ray therapy.  These tumors, besides
heing highly radiosensitive, may remain focalized at their primary site for
relatively long periods of tinie.  Otlier types of myeloma spread rapidly and
are not so amenable to therapy. Thus, the benefit obtained from various
therapeutic agents mnst be cousidered from these points of view.  The most
favorable results have naturally heen olnained in the cases of “solitary
mycloma which, as a rule, respond well 10 x-ray therapy, and the duration
of life has probably been prolonged in these cases.  In a recent review of
this problem, Gootnick estimated that the duration of life in cases of solitary
mycloma treated by roentgen irtadiation was seven years after the onset
of symptoms.*

Fitz-lugh and Hodes report their experience in onc case of mmliiple
mycloma treated with radiophospliorus in which no benefit was obtained *
Freatment of one case of plasnia cell leniemia and thiree cuses of plasma cell
mycloma with P** was reported by Warren®  In the case of the plasma cell
leukemia, treatment with P had no effect, and of the three cases of plasma

parent.!

'_Reccivcd for publicaton November 7, 1949

 From the Division of Medical Physics and the Donner Laboratory of Medical Physics,
University of Califoruia, Berkeley.

The radioactive materials swére made m the Beskeley cyclotron during the period 1937
to 1945, Thercafter they were furnished by the Atomic Energy Commission from Oak
lfyxlgc. This work has been supported by the Markle Foundation and by the Henry Stevens
Kicrsted Memorial Fund for Medical Rescarch,
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cell myeloma, two were helped.  Bayrd and 1lall have recently veported
an unusnal remission in the case of acute plasma cell leukemia following P*

Yeukopenia:
R g

X-rav anem:a:

G

therapy '

Reinhard, Moore, Bierthaum and Moore analyzed their resulis in cight g
patients with multiple myeloma treated with radioactive pliosphorus, the S
dnsage ranging from 5 mc. to 167 me. with an average dose of 9.6 mc.
Aplastic phenoniena were marked in 5 cases where the white hlood count fell .
below 4000 and in two cases below 2000. They believed that there was §
little doubt that in two patients the rapid lethal outcome was due to bone &
marrow inhibition caused by the radioactive phosphorus.  lmprovement was - I, R
noted in only two cases, both of whom received transfusions in addition to ’
isotope therapy.®

Multiple myeloma is a rare disease, its
' as only 0.03 per cent of all malignant growths,® and it is gencrally con-
sidered to be a disease of later life. Wintrobe ** states that 80 per cent of
the cases occur after the age of 40. Geschickter and Copeland, in a review
of 425 cases of multiple myeloma, found that 73 per cent of the patients had i
an onset of the disease between the ages of 40 and 70, and that it occurred s
more frequently in males than in females.®

The clinical picture of the disease is characterized by pain, often in the |
ribs, back or sacrum, and the involved areas are sometinies extremely tender
to pressure. Pathological fractures of the aficcted bones aud neurological
symptoms are very common. The skull is frequently involved.  Isolated
or multiple tumors may occur and anemia is the usual finding.

The administration of radioactive phosphorus results i its wide dis-
tribution throughout the whole body with its greatest initial concentration
in rapidly metabolizing tissue stich as liver, bone marrow, and tmnor tissue,
and its subsequent deposition in the bony skeleton.™ Radioactive strontium
’ has been shiown to beliave similarly to calcium in the body.**  The hiological
action of these isotopes on tissue is similar to that of other penetrating
radiations, but because of their localization in rapidly growing tissue and
in bone, their therapentic trial in metastatic bone tumors and in multiple
myeloma seemed to be indicated. At the outset, it was realized that since
only a limited amount of irradiation could be adnunistered to the tumor
masses without causing undue damage to the adjacent and normal henia-
topoietic bone marrow,* much improvement over couventional methods of
irradiation could not be expected.  The treatment of multiple mycloma with '
artificially radioactive isotopes was first attanpted by us in 1939, and e
liminary results from this laboratory were reported in 1941 and 1942 on 11 l
patients with muttiple miyeloma treated cither with radivactive phospliorus '
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or radioactive strontium or both.***®  The response of these patients to the,
radioactive elements was not wiform and seemed to be closcly correlated
to the condition of the patient at the time treatment was started. In sonie
patients, there was marked relief of pain and at times a restoration to almost

Case No
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WMM . , normal activity. Ihe present series of 24 patients (14 men and 10 wonien )
£ 34 = o includes st iy all previonsly reported cases from this laboratory."
3 e én Fi " The ages of onset of multiple myeloma in this serics of patients ranged
2 3 . . . .
3 536 g a £= from 29 to 66 years with the average at 519 years. lifteen of the patients
w 4B E « £ s were aver 50 years old at the onsat of the disease. Only 2 of the paticnts
8 3 ! s P . . : ) o o .
8ga’ E 2 28 are still living (Cases 22 and 24y, The clinical and hematological data .
w - . . B ks
.m(.o.m.m 2 S 23 v ouall patients are sunn arized in tables 1, 2 and 3. :
: £2 T S Fifteen of the patients had reccived x-ray therapy before they came under
m.n.m v g o our ohscrvation.  Ancmia, in some instances probably due to previous
Lt 2 . # x-ray thevapy, was noted in 11 cases prior to the begiuning of treatment with .
—j T T - . radioactive isotopes, aml anenna of variable severity developed in 10 of the o
m w P i = other patients while they were under our observation. Leukopenia was
a _ i - ' noted in four cases when first seen by us, and in three additional cases there ‘
] 2 | o o - was a marked [al in the white blood coll count during treatment with P**. .
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MULTIPLE MYELOMA: A sTUDY OF 24 PATIENTS St

(Cases 1, 3, 6, 11 and 21) the patients were first seen in a very advanced
stage of the disease, so that probably no treatment of any kind would have

been beneficial.  Cise 7 had a severe anemia when first seen by us, and treat-

ment with fairly large doses of isotope was unsuccessful. In Case 10, seven
years after the first symptoms appeared, widespread metastases were noted,

although the initial lesion, localized in the left femur, had been solitary for .

many years. This patient, when first seen by us, had a moderate anemia,
and no benefit resulted from isotope therapy. Case 22, treated with col-
loidal radioactive yttrinm, was not benefited by this isotope.

In eight other cases the benefit from treament with radioactive isotopes

was rather anestionable (Cases 8, 9, 12, 15, 17, 18, 19 and 23). Case 8,

a physician , started treatment with P** two and a half years
after the date of onset, telt “much hetter” during the treatment with P** and
Sr*, but the progress of the disease was not influenced and the patient died
three months after beginning therapy. Case 12 had no bone changes at the
onset of treatment, and the therapeutic response wes minimal. Case 15
started treatmient relatively late and felt better for a short time, but his
disease progressed and the patient became bedridden.  Treatment in another
patient (Case 17) was followed by temporary improvement, but because of
the developinent of a severe anemia which required transfusions, therapy
had to be discontinued. Cases 9 and 18 had slight symptomatic improve-
ment, but the progress of the disease was not markedly influenced. Case 19
is interesting in that the patient was thought to have polycythemia vera when
therapy with P was instituted. Later, shortly after the beginning of
therapy with P**, the patient developed definite lesions of the vestebrae and
eventually died with the picture of multiple myeloma which may have been
present from the very begiiming in view of the rare but definite occurrence
of polycythemia and multiple myeloma in the same patient.** During the
perind of about thice years prior to his death, the patient received considerable
benefit from the P* therapy, and the progress of the multiple myeloma may
have been temporarily inhibited. In Case 23, there was some temporary
improvement in 1he subjective symptoms but no clear-cut effect on the
progress of the discase.

In five patients (Cases 2, 4, 5, 13 and 16) the results of treatment with
radicactive isolopes were reiatively satisfactory. Case 2, described by us
m 1942, had an excelient response for about one year. At the start of
treatment, his legs were attophied, he required crutches for any movement,
and he was unable to walk or work. After two months of treatment, his
mmprovement was <o marked that he was able to walk without crutches and

had resumed his work. However, this remission was of only approximately -
a year's duration, and at the end of that time the patient was confined to bed -

with a terminal mild anemia and leukopenia which interfered with the
planned treatment and prevented further radioactive isotope therapy.

Case 4 (1. A. B.) was especially remarkable since the duration of the ,‘
disease, extending over a period of more than seven years, was unuaually g

YT =S P Ty LTI 1P O Y L7

s A

.-
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long and because the patient did exceedingly well nunder treatment with
radioactive phosphorus. H. A. B, a 52 year old physician, slipped in
February, 1940, and developed severe back and root pain.  Ju May, 1940,
x-ray revealed compression fractures of T 8, T 9, and T’ 10 with osteoporosis
and radiolucent areas in the ribs, pelvis and skull. When he was first seen
by us in September, 1940, physical findings were essentially negative. The
blood count was normal with the hemoglobin 103 per cent, red blood cells
4,320,000, white blood cells 9200 with 53 per cent lymphocytes. The urine
was negative for Bence-Jones protein.  Sternal biopsy revealed the presence
of many myeloma cells, and oral P** therapy was started.  The total dosage
of 103 mc. over a period of six and one-half years was as follows:

f
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MULTIPLE MYELOMA: A STUDY OF 24 PATIENTS 53
and one-half years after whiclt the patieat again becanie bedridden because
of collapsed vertebrae and fractured ribs, and she died in coma. The result,
although temporary, was quite striking.

Of the patients wiio were trcated and are now dead, the length of life
after onset of the disease ranged from six months to nearly nine years, with
an average length of life of approximately three years after onset. This is
slightly longer than in previously reported series * but not markedly so.

Dosace

At the beginning of treatnient with radioactive phosphorus, large single
doses at short intervals of two to three days were tried in order to build up
a high radiation level (table 3). Later smaller weekly or bi-weekly treat-
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. In 1940, the patient was in for several months because of severe girdle
pain, but by the next year he had improved sufficiently to drive his car and
go hunting and fishing. He remained well untii 1945 wlien definite pro-
gression of the disease was noted, followed a year fater by a mild degree of
anemia, extensive involvement of the skull, and involvement of the mandible
from which the natient suffered considerably. Treatinent with stilbamidine,
instituted by . produced no marked effect, and the patient de-
teriorated steadily until hie death four months later.

Case 5, a white female had a severe anemia and after each dose of
P* 2 marked diminution of the platelet count occurred (from 160,000 to
45,000). However, after treatment the patient was able to get about casily
and pain was relieved. In spite of pancytopenia, the rate of progress of the
disease was definitely diminished and pain was relieved more cffectively than
by x-ray or opiates.

In Case 13, the benefit obtained by P** and Sr*® was only temporary.
The patient ‘complained of severe pain in the back which had become in-
creasingly severe up to the time of treatment. During the treatment with
P and Sr*, these pains disappeared completely. Ilowcver, at the same

time severe anemia, leukopenia and throuibopenia devefoped and the patient .

ultimately died despite many transfusions. Bone marrow biopsy, performed
shortly before death, revealed hypoplasia of the marrow clements.

Case 16 waa bedridden for almost a year. Treatment with radioactive
phosphorua was followed by marked improvement, so that the patient was
able to be up and about. It seemed almost unibclievable that this patient,
who had been in extreme pain almost constantly and had been unable to move
unaided in bed a year previously, had become pain free and was able to
resumgq her previous occupation as a teacher. This remission lasted for one

ized and the patient carefully followed with special attention directed to the
state of his hematopoietic system. One millicurie of P** intravenously once
or twice a week for four to six weeks, or about 5 to 10 mic. per course, is
suggested.  After three to four months, if the blood picture is satisfactory,
more radiopliospliorus may be given if it is indicated.

The dosage and frequency of therapy of the nine patients who were
treated with radioactive strontium are shown in table 3. Inasmuch as Sr*
treatment was used in a limited number of cases, and since P** was usually
administered also, it is difficult to evaluate the treatment of multiple myeloma
with Sr** from these observations.  There was no evidence that the combina-
tion of Sr** and P** proved more effective than P** alone.

COMMENT

The results of our tyeatment of multiple myeloma with these radioactive
elements were not niarhedly better than those obtained with x-ray and with
stilbamidine.”*  Radiosensitive cases ‘may be influenced equally well by
x-ray or by artificially radivactive clements, although it is not certain thut we
arc influencing the course of the disease by any type of radiation. In view
of the fact, howeyer, that the radioactive: isotopes are more easily applied
than x-ray therapy and have no side effects, this treatment is worth trying
in multiple wyeloma. The symptomatic improvement and the relief of
pain obtained by thie use of artificially radioactive isotopes were in some
cases so striking that the favorable effect of this type of therapy seemed
definite. At times, it sectned to us that a combination of isotope therapy
plus x-ray was more effective in causing improvement. Likewise, it seems
unlikely that radiostrontinm will be a valuable therapeutic agent because of
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its selective deposition and long half life (55 days), and since, as in the case
of P*, the bone marrow is constantly being irradiated during this period.
" Thus, an amount of radiostrontium sufficient to destroy tumor cells would
produce damaging effects on the normal marrow components hefore destruc
tion of the neoplastic lesions could be achieved. More intensive work with
strontium 89 in the treatment of myeloma and other bone lesions is necessary
for its evaluation as a therapeutic agent.
“with P* or Sr*, the diamidine compounds, and urethane would scem to be a
worthwhile approach to the treatment of this disease which has thus far
proved to be such a discouraging problem.  Finally, radioactive stilbamidine,
now being studied in this laboratory, may be of therapeutic value because of
{ts combined chemotherapeutic and possible selective irradiation effects.
There is little doubt in our mlinds that radiation is of some benefit in myeloma,
i+ and if it can be delivered to the plasma cells by some selectively localizing
2+ . radloactive compound, considerable improvement in the results with an in-
" crease inl comfortable life and life expectancy can be anticipated.
. "such a satisfactory therapeutic agent is discovered, the prolongation of useful
" fife must remain an lmportant consideration in the treatment of multipl

Similarly, combination therapy

But, until
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1. Radioactive phosphorus and radioactive strontinm have been used

as therapeutic agents in multiple myeloma. Improvement was noted in
"some cases. The average length of life after the onset of the disease in this
group of patlents was approximately three years.

2. These isotopes are valuable in producing whole body hackground

“irradiation which may in itself afford some relief. The combination of
isotope therapy and x-ray or stilbamidine or urethane is suggested.

The authors wish to thank Dr. Anne T. Goetsch for lier assistance in compiling data

for this report and Mrs. Nancy R. Durning for her help in checking the data and literature
on multiple myeloma.
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