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THE CONTROL OF POLYCYTHREMIA BY MARROW INIIBITION™

A Ten Year Study on 172 Patients

John E. Lewrence
From the Division of'Medioal Physics and
Domnner Laboratory, University of California

Polycythemia vera, first described by Vaquez in 1892 (1) and later by Osler (2),
has been considered g fatal disease with a relatively short duratiom of life after
onset, although an unusually long duration has been observed in some cases. Lee

states, "The prognosis is inévitably fatal, but it must be remembered that this is
a chronic disease, the duration of which varies from several months to many years,"
In the true form of polycythemia, the usual duration even after diagnosis, which is
usually not established for over a year, is a mumber of years (3). Symptomatic
relief end control of the hematologic picture have been poséible‘in.many patients
by means of venesections, phenylhydrazine given orally or roentgén irradiation, but
there has been reported no large series of patients treated and observed for a long
périod in which evidence has been presented that there has been satisfactory control
of the d;éegse and marked lengthening of life,

Richardson and Robbins (4) treated, since 1932, 28 patients with total body
roéntgen irradiation, and they'concluded that their results show theat their method
of therapy is superior to &enesection or éhenylh&drazine therapy, Im the 12 patients
who died, the causes of death weresl pulmonary disease not relaéed to the poly-
cythemia (2), carcinoma of the breast (1), uremia due to prostatic obstruction (1),
arterial thromboses (63 3 coronary, 2 cefebral and 1 cerebral, aortic and sub= |

clavicular), the primary disease (1) and pulmonary embolism (1). In a series

*Based on a presentation before the annual meeting of the American College of
Physicians, San Francisco, April 23, 1948, This work has been supported in part
by the Henry Stevens Kiersted Memorial Fund for iledical Research and by the Harkle
Foundation. During the past three years the P32 used in these studies has been
provided by the Atomic Energy Commissione
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reported by Tinney and his co-workers (5) there was definite evidence that 36 out
. »-of 163 patients survived more than five :;'ears after onset. Common causes of déath
have been thromboses (6) in various arteries or veins, ﬁemorrhage, the development

of leukemia or anemia and infectious, neoplastic or other intercurrent disease.

~ In the absence of methods for preventing the disease, oﬁe is forced to look for

methp&s of keeping the number of red blood cells normal or near normal, If this can
be done, these patients are usually sympton free, and they may be less suéceptible to
thrcmbotic complications., In 1938, after extensive animal and clinical studies with
. radioactive phosphorus, it was found possible to give nonlethal doses of sodium‘radio-
phosphate to animals and cause inhibition of cell production in the marrow (7)s The

_ phosphate containing ps2 (half-life approximately 2 weeks) localized to & narked

~ degree in bone, bone merrow and rapidly growing tissue such as leukemic tissﬁe (8)s
:niand it therefore seemed possible that one might have here a simple method for the
_iinhibition’of red cell production in polycythemia vera. Consequently we administered
" the material to 2 patients with polycythemia vera; their hematologic course since
that time is shown in Figure 1 and 2. These patients were reported in the original
article (9). The doses given were caleulated and extrapolated after extensive ex-
perience with the efféot of P32 on the hematopoietic tissues of animals and human
beings (10)s It is seen that in both of these patients the number of red blood‘
cells has been kept at normal or near normal levels with the infrequent use of P52
and the symptoms and signs of the disease have likewise been controliéd during this
periode

Since the treatment of these first 2 patients we have treated in similar.

fashion 119 more Patients suffering from.polycythemia’vera and have complete follow-
up records on 116 ofbthese patients., TFigures 3, 4 and S are charts showing the
hematologic courses in other representative patients. Other investigators have

confirmed our original observations that the symptoms and signs of the disease can
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be kept under copfrol with fSZQ (11),_butvthé present paper is the first attempt to
evaluate this new form of therap&-w{thfkeference to life expectancy or prolongation
of lifes In the evaluation of any new therapeutic measure, relief of symptoms and
signs and prolongation of life are the important criteria,

Since the beginning of this study of polycythegia, we have had the opportunity
of carrying out numerous clinical and physiclogic studies on 172 patients suffering
from polycythemia from various causes; 134 of them had the clinical and laboratory
picture of polycythemia vera; 26 of them had mild polycythemia of unknown etiology,
and 12 had secondary polycythemia, usually associated with cardiac or pulmonary
disease, There is no cleancut line between primary polycythemia and secondary poly-
cythemia, although most patients with primary pclycythemia dé have the classic pic-
ture and most patients with seconday polycythemia have an obvious cause for the
elevated red count, but there is a group of patients which seems to fall in between
in which the question of anoxia arises, and one wonders whether an anoxic stimulus
may not be a factor in all cases of polycythemia, ﬁhether they be of classic primary
polycythemia vera or secoﬁdary cases such as those seen with heart and pulmonary
disease. In this laboratory we have completed ana have in progress numerous physio=-
logic investipgations directed toward the answer to this and other questions, which
will be reported elsewhere, |

The patients with polycythemia vera varied in ages from 19 to 75 years at the
time of onset, with an average of 50,7 years (Figo 6)s Of these, 56,5 percent were
mele and 43,5 percent female., In the entire gfoup 85.6 percent had received treab-
ment previously with conventionél methods, such as venesections, phenyihydrazine,
and/or x-ray. Palpably enlarged spleens were present in 65 percent. After therapy
the enlarged spleems became smaller or impalpable., Elevated white blood cell counts,
above 10,000, were noted in 68 percent, when first seen by us, and of those having

an elevated white blood cell count, 38 percent had myelocytes or immature white blood
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cellss This is of interest in view of the knovm relationship between polycythemia
vera and leukemia and the frequent occurence of leukemia j;e.s' a c’o'mplication,of poly=-
cythemia vera (15). Of those having immature white blood cells, 69 percent had
received previous therapy (phenylhydrazine, roentgen rays, phlebotomy). After
therapy with P32, immature white blood cells were found in only 27 pe-zd'cent of those
originally having immature cells, TFive patients out of 121 or 4 percen‘t of 'Ehe total
series (5 percent of the group showing initial yeleva'bed white blood cell .count.s) ’
showed myelocytes in the peripheral blood after P92 therapy but not before. In fxo
.patien‘b with a noimal total white cell count when seen here iﬁitia’lly were there
myelocytes in the peripheral blood after P32 therapy but not before, Thirty-three
percent had an elevated blood pressure, and 35 percent of these hﬁd e fall of their

elevated blood pressure after po2 therapy. This is interesting in view of the

- possible relationship of the probably slowed' renal blood flow and consequent renal
hypoxia (12). There was & peptic ulvce‘r or a history of it in 11.5 percent; 14.8
percent had a thrombotic history.

The diagnosis of polycythemia vera was made from the history, physical exam-
ination and the laboratory findings, including sternal marrow examination (teble)
before and after therapy (13). In connéction with the marrow findings, itﬁis:
interesting thé.t there was an inici%r;ased nucleated red cell count which returned to

near normal or normal after therapy.
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Average Differential Count of Sternal Marrow in 94 Cases of Polvcythemisa
Vera (Pretreatment) and 20 Normal Subjects

Polycythemia
Vera Normal
. , (Percentage) (Percentage)
Myeloblasts : . 0,86 . 2.2 .
Neutrophil myelocytes 24,0 20.8
Eosinophil myelocytes 0.8 1.6
Basophil myelocytes ' 0,03 0.04
Nonsegmented polymorphonuclear cells 18,9 24,3
Segmented polymorphonuclear cells 24,7 19,6
Eosinophils : 1.0 0.8
Basophils 0.2 0.02
Lymphocytes 3.1 869
Monocytes 0.2 0.4
Reticulum 0.3 1.6
Hematogones 1.1 2.8
llegaloblasts 0.3 0.2
Erythroblasts 2.0 147
Normoblasts 2245 15,0

When necessary, arterial blood oxygen saturation was done fo rule out secondary
polycythemia (14), as were special pulmonary and cardiac studies if indicateds The
degree of unexplained polycythemia had to be 7,000,000 or above‘befbre the diagnbsis
was made, gnless'there were cleancut evidence of the diagnosis in the past or an
enlarged spleen with a definitely elevated red Blood cell count. In borderline

2

: : 7z . .
cases, the red cell mess as determined by P°“ labelled cells and the measurement

of red cell production with Fe®°

were often helpful in diagnosise

During 1939, 1940, 1941 end 1942, 30 patients were treated. Since that time
this group of patients has received one course (usually two injections of 3 td 6
ﬁillicuries) on the average of every thres yearé. In this series of 121 patients
trested, 47;8 percent received only éne course of therapy, and, in the first group
of 30 treated, 17 percent had remained normal, at the time of reporting, for over

three years after the single course of therapy. In the group treated during the

first five years, 28 percent have had only one course of therapy, some of them
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not needing retreatment after four, five, six, seven and eight years,
There have been 21 deaths. The causes of deathrhavg ‘been as follows:
 generalized arteriosclerosis (5); leukémia (5), neoplastic disease (3), coronary
occlusion (3), cardiac failure (2), portal thrombosis (1), anemia and 1leukopenia
(1) and cerebral thrombosis (1), Excluding the éatieht with portal thrambosis which
had developed prior to our séeing or treating the patient, the average age of death
in this series was 67,*
It is to be noted that there were 5 deaths associated with leukemia, or about
4 percenf of the treated group, The high incidence of leukemia as a complication
~ of polycythemia vera is well Xnown (15), As pointed out by Moschowitz (15), the
tfansition of polycythemia vera into leukemia has been reported by-manyﬂaufhors.
:Minot and Buckman.(ls), for example, feport a series of 15 patieﬁts with polycythemisa
) lvera, three of whom developed this complication. Likewise, Rosenthal (15) reports

h‘such e case where no therapy had been given prior to the_developnent of leukemis,

*Since the writing of this paper, there have been 3 more deaths, 1 from circulatory
feilure following widesoread thromboses which had developed prior to Pe 52, and 2 from
causss urkown, but none from leukemia or the disease. 1tself° '

**Since this article was written, Dr. N, Rosenthal (personal communication to the
author) has observed 8 more patients suffering from polycythemia vera, untreated by
any form of radiation, who developed a marked leukemoid reaction or a leukemia as
a complication. Two of these patients had a blood picture indistinguishable from
chronic myelogenous leukemia, The following are the white cell counts and abnormal
white cells in these patients:

Patient White Cell Count Abnormal White Cells
1 18,100 e
2 189,000 , 25% myelocytes
3 53,600 1% myelocytes and 90% polymorphonuclears
4 46,000 ' 94% polymorphonuclears
5 40,300 : 91% polymorphonuclears
8 8,500 97'myelocytes
7 60,000 ' 2% myelocytes
8. 182,000 25% myelocytes

In our own series of 172 patients, we also have three living patients with poly-
cythemia complicated by a blood and marrow pilcture indistinguishable from chronic
myelogenous leukemia (2 cases) and erythro-leukemia (1 case) Two of these patients
had received no previous x-ray and none had recelved. P2, ’
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XKlumpp and(Hertig (15) report 5 cases in which myelogenous leukemia occurred as a
complication of polycythemia vera. In 3 of these there had been no previous therapy
with x-ray or any other form of radiation, Hansen-Pruss and Goodmen (15) report 2
cases of polycythemia vera under treatment with x-ray who died with the éicture of
acute leukemia. Kraus énd Schiller (15) report a coﬁplicating lcukemia in a patient
polycythemnie vera, The patient had never received any form of radiation. Schoen (15)
reports leukemia developing in polycythemia vera apparently before any radiation ther-
apy was given, Tinney et al., (15) report in a series of 183 patients suffering from
polycythemia vera that 17 percént’of then had a leukemic or leukemoid picture in their
blood smears. = 3ince these patients were under observation for a relatively short

period of time and since the entire course of the disease was not complotely followed,

this figure would undoubtedly be higher if all of the patients could have been studied |

over e period of many years for the development of this complication. .Juring a rela-
tively short period of observation of 14 patients with polycythania vera by Tischendorfl
and Herzog (15), 3 developed the complicating picture of myelogenous lewsemia. Two of
these patients apparently had received previous xz-ray treatment. GStealy and Sumérlin
(15) report a patient, untreated by x-ray or any other form of radiation, but receiving
prolonged treatment with phenylhydrazine, who developed a terminal leukemoid reaction
suggestive of leukemié. Hunter (15) reports a patient with polycythemia vera who, ten
years ;fter spray irradiation theraéy, died/of an acuté, myeloblastic leukemia,
Reifenstein (15) reports a case of polycythémia treated with Fowler's solution termi-
nating in subleukemic myelosis. In a series reported by Grahan (1Sj 24 percént of

the patients developed a leukemic-picture. Two cases of polycythemia vera untreated
by radiation, with transition ﬁo acute myeloblastic leukemia are reported by Herx-
heiﬁer (15) and Jung (15). Hall (11) reported 4 deaths from ecute leukemia in a series
of 124 patients treated with radioacfive phosphorus but no deaths fromx acute leukemia
during the past three years in their increésingly large series of patients treated
with P52 (personal communication).

Although there is no evidence of an increase in the complication in our series,
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this new form of treatment has not caused this serious complication to disappear.

A brief snalysis of the course of the five patients who died with leukemia follows.

Patient F. M. died at age 63 after a 10 year history of polycythemia. He was

first seen;by us 5 years after the onset of his disease. Prior>to the béginhing of
p32 therapy, he had been treated by.venesections,.and on one occasion, 2 years‘after
the onset of polycythemia, he had a white count of 12;300, the differentialrshdwing_a
few immature forms., ¥Then he was fﬁrst seen by us, the red célls‘numbered 8,970,000,
: wﬁite cells 27,950, plaﬁelets 807,300, and there were 1 percent myelocytes in the
blood smeér, The first course of‘radioactive phosphorus (6 doses totaling 20,3 me)
was given over a period of three months. The patient's red cell count returned to
normal and no immature forms were seen in %he blood smear during the ensuing year.
':;Then, occasional myelocytes were again observed, Duringrtﬁe following 4 years the
. éatient éid'well, but during the last two yearsvcf'his life, there was a definite and
'marked_inérease in the number of immature white cells, Two years prior to his death
6 doses of p32 totaling 24.4 mc. were administered. ‘Hi#é‘months prior to his
death,ré doses of P32 totaling 2 mc, Wefe given the patient. A 5100& count taken
just before the patient's death showed 2,740,000 red cells, 68;900 white cells with
8 percent myeloéytes ané»BO percent myeloblasts.
Patient C, H. died at the age §f 783after a 15-year history of polycythemisa.
Previous_treéﬁment includéd x-ray, phenylhydrazine, Fowler’svsolution, and venesections.
His blood picture wﬁen first seen by ué showed 10,730,000 red blood cells, 17;7
grams'hemoglobin, 480,000 platelets, and 11,000 white blood cells but no abﬁormal
cells, He was given 4.87 mc. of radioactive phosphorus over a period of 3 wééks.
The red blood cell count, hemoglobin and white blood cell count gradually fell,
and no abnormal white cells were found in the blood‘anearo Approximatély 18 months

later, an occasional myelocyte was noted in the blood smear, and the red cell count

had begun to rise. Six months later the patient was given 2 doses of 3 mc., each of
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+ Immediately following this therapy th‘e red blood count, hemoglobin, platelet
count, and white blood céunt- gradually fell. A few weeks before the pﬁtient's
death the blood picture showed 3,45 million red cells, ‘55vpercent (8,0 gramsj
hemoglobin, 110,000 platelets and 4,000 white blood cells. Two days before his
death, the peripheral blood smear showed 2 miilion red blood cells, 42 percén’c hemo-
globin and 6,000 white blood cells with 25 percent blast cells, The patient died
with a terminal picture of sub acute myelogenous leukemia, A pos’ﬁ morten examinabion
revealed numerous erythroblasts, myeloblasts, and megakaryocytes in the bone marrow,
and zones of hemopoistic activity in the sinusoids of the liver. The pathologist’s
interpretation was myelogenous leukemoid reaction, )

Patient L.W. died at age 68 of chronic myelogenous leukemia after a history
of polycy’thénia for 12 years. Shortly after the onset of her disease she was
treated by x-ray and phenylhydrazine, ZEight years later her white blood cell count
was around 10,000 and on oné occasion 2 percent myelocytes were noteds Therapy
with P32 was started 9 years after the onset of pblycythemia, and during‘the period
of a year 3 doses were administered totaling 19 mc. At one time during this period
3 percent myelocytes were noted in the blood smear. Six months after the completion
of P32 therapy, 5 percent metamyelocytes and 38 percent myelocytes appeared in the
blood smear, but the white cell counbt: at this tinme vfas not elevated, The patient's
course from this time until her death a little over a year later was s;beadily
downhill with a rapidly developing anemia., MNany myelocytes and blast cells ’cemi-
nelly were found in the peripherai bloode

Patient M.M. was a’ mnen who‘diedk at age 62 after an 8-year history of poly-
cythemia never controlled by venesecfions, One year afbter onset, when he was first
\kseen by us, his blood picture was: red blood cells 9,600,000, hemoglobin 24,8
grams, platelets 1,190,000, white blood cells 13,050, He was given 7 mco of P’52

followed 3 weeks later by a second dose of 5 mc. and a nice remission resulted.




ARCU-456 UCRL 410
Two and one-half years later 1.18 mc. of P52 were administered in the presence of
a rising red cell count and hemoglobin, A fourth dose of p52 (5,35 mc. ) was given

6 months later when his red cell count rose to over 8 million with 12,050 white

cells. At this time, occasional metamyelocytes eppeared in the peripheral blood
smears. The patient remained in excellent remission for three mdre years., At

the end of that time anemia and leukopenia developed. The blood picture

a month before the patient's death was as follows: red cells 2,3 million, hemoglobin

37 percent (5,92 grams), white blood cells 102,400 with many myelocytes and some
myeloblasts; The platélets were markedly reduced and the patient had grown progres-
sively weaker, He died with a terminal sub-acute myclogenous leukemia and the bone
marrow at autopsy showed marked cellularity with complete replacement by leukenmic
cellss

Patient C. G, died at age 67, four years after treatment wifh P52 and 15 years
after the onset of polycythemia vera., Previous treaments ha& included venesectiong,
x-ray, and phenylhydrazine, Vhen we first saw her, the ;ed blood cells numbered
over 10,000,000, but after a course of szltherapy? these were reduced to normal
levels, and the patient‘remained‘in remission until 2 years later when she again
developed an elevated red cell count (8,000,000) with approximetely 20,000 white
cells, HNo immature white cells were nofed in the blood smear. Three doses of
rediocactive phosphorus totaling 9,98 mc. were administered, but the red cell count
remained around 8,000,000 and the white count around 20,000, vOne year later the
red cell coﬁnt was over 8,000,000 and the white cell count had £isen to 44,000, The
patient had 2 venesections at this time., Rare myelocytes andimetamyelocytes begaﬁ
to appear in the blood smear for the first time., The red cells decreased to around
6,000,000, No further PSZ;Was given, but the whité ceil count continued to rise
and conmtinued to show rare myelocytes and a high percentage of polymorphonuclear
cells until the time of the patient's death.

Thus, in summary, all 5 of these patients had typical polycythemia vera of

relatively long duration., Four of them when first scen by us seemed to be
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candidstes for the complication of leukemia becauée of evidence of a very hyper-
active marrow, as shown by the presence of young forms in the blood smear, an@/or
a high white count and high platelet count, In the case of the fifth patient (C.G.)
the records of the original white c611 coﬁhfs.were lost, ’

Thus it segms that there is no significent increase in thé incidence of leukemisa
after-Pszvtherapy. Alsoc, the common ieukaﬁoid reactioh seen at the oubtset of tﬁerapy
diseppeared in over 70 percent of the cases after therapy with P32, Thére is no
evidence of the consistent occurrence of other complications which might be related
to the treatment., For exemple, there is no evidence that neoplesms are being in-
duced Ey this theraéy, the three we observed occurring soon after the beginning of
therapy and probably related to the normal probability of the development of neo-
plastic diséaSe (carcinoma of head of pancreas, carcinoma of prostate and carcinoma
of.kidﬁey) in patients in this age group.

Also of interest are the few thromboses observed so far in this series (4.2
percent).. Hall (11) fbund‘in o series of 124 patients with polycythemia that

82 the

there was a history of thrombosis in 27'@erdent of them, wheréas after P
incidence of thrombosis was only 2.4 percent, This ié probably related to the

fact that the red cell mass, platelets, and bloéd viscosity have been kept normal.
With the present methods for the control of polycythemia and high incidence of
serious thromboses in the past (18), it cen no% be eﬁphasized too strongly that

the numbers of the red cells and piatelets of these patients should always be kept
within notmal limits in ordér to avoid damage to the vascular system. Such éontrol
of the red.cell mass (as neasured by accurate blood volume determinations) can be
achieved only by adequate follow-up andkfrequent observation of all patieﬁts after
they are treated. This applies particulafly to patients in the older age group
with high thrombocyte counts., Radiation is especially effective in controlling

both of these formed elements of the blood. In this connection, it is of interest

- : l 2 .
to observe that many of the patients treated with P§ were previously uncontrolled
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. by vensesections. Approxbnately 60 percent had,a high piatelet counﬁ, and .25

percent had a history of one or more thromboses. -Some patienfé treé’ced only by
venesections have shown & continued high red cell mass or a continued high red cell
count with an abnormally low hemoglobin after this form of therspy. In young vpatie»zﬂ:s
with a nomal platelet count and no tendency toward thromboses, a trial series of
venesections is often performed, and ‘a', feﬁ&' of them can be controlled for loxiger or
shorter period of time in fhis waye During the early part of our work, we did not

combine venesections with ps2

s but dufing recent yesars, we sametihes carry out a
rseries of veneseétions prior to P52 and in some patients immediatély after P52
when we are relu‘ctant to wailt several weeks for the PSZ to take effect. Also,
" in some instances, where several years after the fifét course of PSZ there has
‘>‘been & rise in the number of red cells, infrequent venesections have controlled a
) - previously uncontfollable polycythemia, We have grouped our patients with poly=-
cythemia vera according to the method of treatment‘,v es follows:
66 patients treated with p2 »onlj' A
32 pa’cients. treated with sz followed within 4 months
time by venesections
21 patients treated with P52 followed more than 4 months later
by wenesections R - ‘

6 patients treated exclusively by venesections

9 patiénts treated and followed elsewhere.

Finally, since patients with polycythemia vera are usually not in the child-bearing

age group and since the doses of radiation.are ertrémely small (17), the possible”‘ o

genetic effecfs of irradiation on subsequent generations need not be considered,
Although this series must be extended in_number and then followed for many

more years, certein comments seem in oi‘der. First, the average age of onset of

the paﬁ:ients is 50.7 years, and the average aée of those patients who died was 67
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years., This is nearly a normal life'expeqtancy for persons in this sage group (18).
T It is interesting to compare leukemia,.diaﬁetes mellitus and pernicious anemia with
polycythemie vera with respect to éverage age at onset and duration. In a study of
diébetes Joslin found that the duration was 14.1 years, with an averagé age at onset
of 50.4 yeers and an a#erage age,at death of 64,5 years (15). This latter age is in
excellent agreement with the average gge.at death f?om‘diabétes‘computed from mor-.
tality statistics for the nation for the years 1940-1945 (20)., Hardgrove and his
coaworkers'(Zl) sumarized the data for 80 patienﬁé with perﬁicibus snemia who were
living in 1944, The average age of onset of this group was 57 years, although this
assumes cértain average tendencies for age'aistribution; which is not specifiically
stated in their data in that the ages of onset are giveh in ten years intervals
ranging from 25 through 79 years. Isaacs (22) in 580 cases found the peak of the
age distribution for onset of symptéms to be 55 years. The average age at death of }
persons having pernicilous anemia throughout the years 1940-1945 was 67,1 years as
computed from vital statistics date (20). - Combining thié with Hardgrove's data, ‘
‘one obtains an approximate average dﬁ?a#ion ﬁof perni§ious anemia of ten»years. The
‘mortality of leukemia is on the rise (23), The aﬁeraée age af deathifrom all forms
of 1eukeﬁia for the years 1940-19;;'i§'cémpufed to be 44 years from vital statistics
data (19) and the average duration éf life of chronic leukemia is about five years
(24),
It cén be seen that at the present‘time patiénts with polycythemia vera
propefly treated have as favorable an*ouflook'as do patients with diabetes mellitus
treated with insulin or those with pernicious anemia treated with liver.
The author’wishes.to theank -his varidﬁs associates during the past. 10 years
‘who have observed and assisted in thé care of éhese patients, particularly Dr.
William B, Chew and Dr. Wallace Partch, wh; referred the first 2 patients for trest-

ment, and Dr. B, V. A. Low-Beer; also ﬁr, Robert Austin, Dr. Nathanial Berlin, Dr.

Ezra Bridge, Dr. Bruce Brown, Dr. J,‘W; Carpendef, Dr.\Mofris Dailey, Dr. R. Lowry
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Dobson, Dr. Williem G. Doneld, Jr., Dr. Ellsworth Dougherty, Dr. Lowell Erf, Dr.,
Anne Goetsch, Dr. John Gofman, Dr. J. G. Hemilton, Dr. Louis Hempelman, Dr. Rex Huff,
Dr. Douglas Lund, Dr. Herbert C. befitt,-Jr,, Dr. Hortimer Mﬁseley, Dr.‘Robertk
Rosenthal, Dr. Enrique Strajmen, Dr. Louis R. Wé.sseman, Dr. John Wea%er, and Dr,
Owen Williems. He also wishes to thank Dr, E. H. Hgfﬂman; Dr, Hardin B, Jones, Dr.
Martin Kemen, Dr. E. Lilly, Dr. K. G. Scott, and Dr, C. A. Tobias, who prepared the
p32 solutions,'and_Professor:Wiliiam J, Kerr, whq-lent his interest and supporte.
Finally, the continued interest in and’sﬁéport of this and numerous other biologic
and medical investigations in the Radiation Laboratory by Professor Ernest O.

Lawrence have been invaluable,
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8.P. POLYCYTHEMIA VERA  (Age 42, Female)
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Fig. 1. Hemato%ogic course in a 42 year old woman with polycythemia vera
" treated with P32, The blood picture has been controlled by the infrequent

< adninistration of radicactive phosphorus.
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Fig. 2, Hematologic course in a 57 year old woman with polycythemia vera treated
with P32, Figures 1 and 2 refer to the first two patients with polycythemia
treated by this method.
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E.D. POLYCYTHEMIA VERA (Female, Age 38)
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Fig. 3. Henatg%ogic course in a 58 year 0ld woman with pblycythenia vera -
treated with P A single course of 3 doses of P32 in 1943 has controlled. the -
disease to the present (June, 1949).

J.6. POLYCYTHEMIA VERA (Age 47, Male)
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Fig. 4. HemsBologic course in a 47 year old man with polycythemis vera treated
with P32, Y7V indicates the administration of radiocactive yttrium colloid which

localizes in the bone marrow, spleen and liver and provides beta irradiation
with a8 half-life of atout 3 days.
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V.B. POLYCYTHEMIA VERA (Aga 53, Mals)
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: Fig.ﬁf_ﬁ. Hémtologic course in a 53 year old man with polycythemia vera treated
_ withji;P32. No further P32 has been needed since the first course in 1942. »

POLYCY THEMIA
. . P® RADIATION THERAPY
DISTRBUTION OF €6 MALE AND 48 FEMALE CASES ACCORDING TO AGE AT ONSET.
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Fig. 6. Graph showing distribution of 66 male and 46 female patients with
polycythemia vera treated with p32 according to age at onset (horizontal values).
The vertical column of figures at the left shows the mumber of cases.
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