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THE CONTROL OF POLYC YTHH}"IIA BY MARROW INHIBITION

A Ten Year Studonh 172 Patients

John H, Lawrence
From the Division of Hedical Physics and
Donner Laboratory, University of California
Polycythemia vera, first described by Vaquez in 1892 (1) and later by Osler (2),
has been considered a fatal disease with a relatively short éuratiqn Qf life aftef‘"
ounset, althoughran unusually long duration has been observed in some cases. Lee
states, "The ?rognosis is inevitably fatal,’but it must be remembered that this is
& 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 nﬁt established for over a yedr, is a number of years (3)., Symptomatic
relief and coptrol of the hematologic picture have been possibieyin.ﬁany patienté
by means of venesections, phenylhydrazine given orally or roentgen irradiatioﬁ, but
there has;been reported no large series of patients.treated and observed for a long
périod in.which evidence has been presentéd that there has been satisfactory control
of the disease and marked 1engtheﬁing of life,
Richardsén and Robbiﬁs (4) treated, since 1932, 28 patignts with total body
roéntgen irradia%ion, and they"conciﬁded that their results show that their method
of therapy is superior to venesection or'phenylhydrazine therapy.  In the 12 paﬁients

who died, the causes of death were: pulmonary disease not related to the poly-

,cythemia (2), carcinoma of the breast (1), uremia due to prostatic obstruction (1),

arterial thromboses (6; 3 coronary, 2 cerebral and 1 cerebral, sortic and sub-

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

. *Based on a presentation before the annuel 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 ledical Research and by the liarkle

Foundation, During the past three years the P32 used in these studies has been
provided by the Atomic Energy Commission, :
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reported by Tinnéy and‘his(co~workers (5) there Waé definité §viden9e;fhat 36 out
of 165”pafiénts survived more than fivé &gars after onset, Common causes of'death
have béeﬁéfhromboses (8) in various arteries or veins, hemorrhagé9 ﬁhé development
of 1eukeﬁié or anemie and infecfious,'neop}astié or other ihtércu?féﬁffaisease.

In fﬁé absence of methods for preventing the disease{—oﬁe isiféf@ed to look for
methods 6ffkeeping the number of red blédd cells normal or near n@}ﬁéio. If this can
be done”fiﬁéée patients are usually sympton free, and they may be iéss susceptible to
thrombofié?COmplications, In 1938, after extensive animal and clihiéal studies with
radioactive<ph03phorus, it was found possible to give nonlethal doéeslbf sodium radio-
phosphﬁfé to enimels and cause inhibifibﬁ‘of cell production in thé?#érrdw (7)s The
phosphaté eontaining P32 (half-1life approximately 2 weeks) localiééﬁ'fo a ﬁa;ked’
degree in bone, bone marréw and rapidly gfowing tissue such as leuﬁéﬁic tissue (8),
and it therefore seemed possible that one might have here a Simpléﬁméthod for the
.inhibitiéﬁ.pf red cell production in_pollycythemia‘verao Conéequén£¥Y'we administered
the mafé}iél to 2 patienmts with polycythémia veras their‘hematologfgkéourse since
that timé;ié shown in Figure 1 and 2, ‘These patients were répor?é&#ih ﬁhe original
article (§56 The doses given were calcﬁlatedﬁaﬁd extrapolatédvaftg;fextensive ex-
perieﬁéé"w{th the effect of’Psg on the hematopoietic fissues of ani@éls and human
beingsf(iﬁjg It is seen that in both of these éatients the nﬁmber?gf;fed blood
cells haéiﬁeenzkep% at normal or near normal levels with'ﬁhe‘iﬁfréqaéht use of P°2
and the‘éyﬁptoms end signs of the disease have likewise been controlled during this
Period¢ fL; '

'Siﬁqéﬁthe treatment of these first 2 patients we have ffeate@fin*éimilar
fashion lié more patients suffering from polycythemia vera ahd haVé éomp1ete follow=-

up records on 116 of these patients, TFigures 3, 4 and 5 are charts showing the

hematologic courses in other representative patients. Other investigators have

confirmed our originel observations that the symptoms and signs of the disease can
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be kept under control with P52;_(11), but the present paper is the first attempt to

eveluate this new form of tﬁerapi'w{th reference to life expectancy or prolongation

'of life, In the eveluation of any new therapeutic measure, relief of symptoms and

signs and prolongation of life are the important criteria,

Since the.béginning of this study ofqulYCythemia, we have had the opportunity
of carryiﬁg out numerous clinical andAphysiologié studies on 172 patients suffering
from polycythemia from various causes; 134 of them héd the cliniCal and laboratory
picture of polycythemia Vera; 26 of them had mild polycyfhemia of unknown etiology,
end 12 had secondary polycythemia, usually associated with cardiac or pulmonary
disease, There is no clegncut line between primary polycythemia and secondary poly-
cythemia, although most patients with primary polycythemia do hgve 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 Whicﬁ the question of anoxia arises, and one wonders whether an anoxic stimulus
may not be a factor in all cases of polycythemia, whether they be of classic primary
polycythemia vera or secondary cases such as those seen with heart and pulmonary
disease. In this laboratory we have COmpléted and have in progress numerous physio-
logic investigations 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)e Of these, 56,5 percentlwere
male and 43,5 pefoent feﬁale. In the entire éfoup 85.6 percght had received treat-
ment previously with conventioﬁél methods, such as venésectibnsa phenyihydrazine,
ani/or x-ray. Palpably enlarged spleens were present in 65 percent, After therapy
the énlanged spleens became smaller or impalpable, ‘Elevated white blood cell éounts,
above. 10,000, were noted in’68 percent, when first seen by ﬁsg and of those'having

an elevated white blood cell count, 38 Percent had myelocytes or immature white blood



UCRL 410

=Bea

cells, This is of interest invview'?flthé known“rglationéhip_betﬁegﬁ polycythemisa
vera and leukemia an& the frequent occufenoe of 1eukemié as a_compiié#%ion of poly-
cythemia vera (15), Of those having immature white blood cells, 69 béfbenf‘had
‘received previous therapy (phenylhydraZine,,roeﬁtgen rays, pﬁlebdfdg§)§ “After
therapy with P32, immature white blood ceils Were'fbuhﬁkin only Zi béfdénﬁ of those
originally having immature cells, Five.patients out of 121 or 4 percent of the total
series (5 percent of the group showing initial elevated white blood cell counmts)
showed myelocytes in the peripheral blood after P92 therapy but nbf'béfare. In no

.,

patient with & nommal total white cell count when seen here initiaily'were there

’
i

| myelocytes in the peripherﬁl'bIOQdfafter'Psz therapy but not befofe;;’Thirtygthree
percent had en elevated blood pféssureaﬂand 35 percent of these had g'fa11 of their
olevated blood pressure after P°2 therapy, This is interesting in view of the
possible relationship of the probaﬁly slowed‘rengl'blobd flow and consequent renal
hypoxia (12), There wes & peptic ulcer or a history of it in ll,Sl??rcent; 14.8
percent had a thrombotic history.
The'diagﬁosis of polyeythemia vera wes made‘from the'hiStory;?ﬁhyﬁical exem=~
,ination>énd the laboratory findings, including sternal narrow éxamiﬁéfion (table)
before andhaffer'therapy (13). In connection with the marrbw iindiﬁgé, it is
interesting that there was an increased nucleated red cell count whiﬁﬁ'feturned to

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

Polycythemia

 Vera Normel

(Percentage) (Percentage)
Myeloblasts ' . 0.86 262 -
Neutrophil myelocytes 24,0 © 20,8
Eosinophil myelocytes : 0.8 1,6
Basophil myelocytes o 0,03 0,04
Nonsegmented polymorphonuclear cells 18,9 24,3
Segmented polymorphonuclear cells 24,7 19,6
Eosinophils 1.0 068
. Basophils 0.2 0,02
Lymphocytes - 3.1 8,9
Monocytes 0.2 0u4
Reticulum 0.3 166 ,
Hematogones 1,1 268
liegaloblasts 0.3 0.2
Erythroblasts 2,0 167
Normoblasts 2205 15,0

" When neéeééarys arterial blood oxygen eatutafion was done fe rule out secondary
polycyfhemia (14), .as were special pulmonary and cardiac studies ifiindicated. The
degree ef'uneXpleined polycythemia had to be 7 OOOeOOO or above before the diagnesis
was mades unless there were cleancut ev1dence of the diagnosis in the past or an
enlarged spleen,W1th a definitely elevated red blood cell count, In borderline
cases, the red cell mass as determined by P labelled cells and tﬁe'measurement

%9 were often helpful in diagnosiso

-of red ceil'productien ﬁith«Fe
- Durlng 1939, 1940, 1941 and 1942, 30 patlents were treateda Since that time -
this group of patlents has received one course (usually two injections of 3 to 6
millicuries) on the average of every three years, In this series of’121 patients
treated, 47, 8Ipercent received only one course of therapyg and, in the first vroup
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

'
Tt
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not needing retreatment after four, flveﬂ six, seven and eight years,

There -have been 21 deathso The causes of death have been as follow5°
generall§§§ arterlosoler051§ (5)3 1eukemia (5), neoplastic disease”(ﬁ)?'coronary
odciusidn <5)9 cardiac failure (2), portal thfgmbosis (1), anemié‘gﬁd”iéukoéenia
(1) and ééfébrél thrombosis (1), Excluding the patient with portAi éhfombosis which
had developed prior to our sée{ng or ﬁreating the patient, the avefagé'age of death
in this series was 67.%

It is to be noted that there were 5 deaths associated wiﬁh-léukémia, or about
4 percent of the treated group, The high incidence of leukemia 35 5 ‘complication
of polycyﬁhemia vera is well known (15), As pointed out by Mbsohow1tz (15), the
tran81tlon of polycythemla vera into 1eukem1a has been reported by'many authorso
Minot and Buckman (15), for exemple, report a series of 15 patlentsﬁw;th polycythemia
vera, thfée of whom déveloped this comi)lication° Likewise, Rosehﬁﬁél,(15) reports

such a.case where no therapy had been given prior to the developmén%"b%fléukemia,**

Slnce the ertlng ‘of this paper, there have been 3 more deaths, 1 from circulatory
feilure” follow1ng widespread thromboses which had developed prior to P 2, and 2 from
causes - unkown9 but none from leukemia or the disease- 1tse1f°

**3ince thls article was written, Dr. N, Rosenthal (personal communlcatlon to the
author) has observed 8 more patients sufferlng from. polycythemla versa, untreated by
any form. of radiation, who developed a marked leukemoid reaction or a leukemia as
a, comphca.‘blona -Two of these patients had a blood picture indistinguishable from
chronic myelogenous leukemia, The following are the white cell counts and abnormal
'W11te cells in these patientss :

Patlent White Cell Count Abnormel White Cells

- 1_-' 18,100

2 189,000 - 25/ myelocytes :
3 53,600 1% myelocytes and 907 polymorphonuclears
4 46,000 ' 94% polymorphonuclears -

57 40,300 ' 91% polymorphonuclears
6 8,500 9% 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 compllcafed by a blood and marrow picture indistinguishable from chronic
myelogenous leukemie (2 cases) and erythro-leukemia (1 case}a Two of these patients
had recelved no previous x-ray and none had received. P32, "



"UCRL 410
w8

Klumpp and}Hertig (15) report 5 cases in Which myelogenous leukemia occurred as a
complication of polyc&themia vera., In 3 of these there had been no previous therapy
with x-ray or any other form of rediation, 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 and Schiller (15) report a complicating leukemia in a patient
‘polycythamia vera, The patient had never received any form of radiatiom, Schoen (15)
reports leulkemia developing in polycythemia vera apparently before any radiation ther-
apy was given, Tinneyvet al. (15) report in & series of 163 patien%é suffering from
polycythemia wvera that 17 percéntmof them had a leukemic or leuksmoid pilcture in their
blood smears. Since 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 pétienﬁs could have been studied
over a period of many years for the development'of this complication., During a rela-
tively short period of observation of 14 patients withvp01ycythemia vera by Tischendorf
and Herzog (15), 3 developed the complicating picture of myelogenous lewsemia, Two of
these patients apparently had received previoué X-ray tfoatmento' Stealy and Suﬁérlin
(15) report a patient, untreated by x-ray or any other form of radiation, but recei%ing
pfolonged treatoent with phenylhydrazine, who developed a terminal leukemoid reaction
suggestive of leukemia., Hunter (15) report; a patient with polycythemia vera who, ten
years after spray irradiation_theraﬁy, died of an acute, myeloblastic leukemie,
Reifenstein (15) reports a case of polycythemia treated with Fowler's solution termi-
nating in subleukemic myelosis. In a serieévreported by Grahém (153 24 percent of
therpatients developed a Ieukemic-picture. Two cases of polycythemia vera pntreated
by rédiation, with transition to acute myeloblastic leukemia are reported by‘Hérx;
heimer (15) and Jung (15)., Hall (li) reported 4 deaths from acute leutemia in a series
of 124 patients treated with radioactive phosphorus but no deaths from acute leukemia‘
during the past three years in their increasingly large series of patients treated
with P32 (personal communication). '

Although there is no evidence of an increase in the complication in our series;



UCRL 410

e I

this new form of treatment has not caused this serious complication to disappear,

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

Péfient F. M. died at age 83 ;fter a 10 year history of polycythemia, He was
first seeﬁ.by us 5 years after the onset of his disease. Pfior to the beginﬁing’off
- p32 the;apyg he had been treated by venesectionss and 6n one océasions 2 years after

the onset of polycythemia, he had = white count of 12,300, the differential showing A
few immature forms, %‘hen he Was.first seen by us, the red 6ells'numbered 89970,000,-
white cells 27,950, piatelets 807,300, and there were 1 percént myelocytes in the
blood smear, The first course of radioactive phosphorus‘(G déses totaling 20,3 mc)
was given over a period of three months. ~ The patient's réa cell count returned to
normal and no immature forms were seen in %he blood aﬁéar dﬁring the ensuing year.
"Then, oqcasional myelocytes were again observgadc During the following 4 years the
patienﬁ did well, but during the last two years‘of'his life, there was a definite and
marked in¢rease in the number of immature white cells;  TWo years prior to his death
8 doses of P32'totaling 24,4 mc, were adminiétez;edc lNiné,months pridr to his

death, 3 doses of P32 totaling 2 mc, were given the patient., A blood céunt taken
just befgre (the patient®s death showed 2,740,000 red cells, 68,000 white cells with

8 percent myeloc&tes ané 80 perceunt myeloblalsts°

Patient C. H, died at the age df 78 after a 15—year history of polyéythemiao

Previous treatment included x-ray, phenylhydrazine, Fowler's solution, and venesections.
Hisvblood”picture when first seen by ué showed 10,736,000»;ed blood cells, 17;7

grems hemoglobin, 480,000 platelets, and 11,000 white blood cells but no abnormal
cells, He was given 4.87 mc, of radioactive phosphorus over a period of 3 weeks,

The red blddd cell bountp hémoglobin and white blood cell count graduélly fell,

and no abnormal white cells were found in the blood smeérgv Approximately 18 months
later, an occasional myelocyte wasvgoted in the blood smear, and the red cell countv

had begunlto rise., Six months later the patient was given 2 doses of 3 mc., each of
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82, Immediately following this therapy the red blood couht,‘hemoglobin, platelet

P
count, an& white blood cﬁunt gradually. fell. A few weeks befbfe the patient's
~ death the blood picture showed 3.45 million red cells, 55 percent (8,0 grems)
hemoglobin, 110,000 platelets and 4,000 white blood-ceilsq Two days before his
death, the éeripheral blood smear m;cwed 2 million red BloodICells, 42 percént hemo-
globin and 6,000 white blood cells with 25 percent blast'cells,‘ The patient died
with a terminal picture of sub acute myeldgeﬁous 1eﬁkemiao A Posf mortem examination
revealed numerous erythroblasts, myeloblaStsy and megakaryocytes in the bone marrow,
and zones of hem&poietic activity‘in the sinusoids of tﬁe liver. The pathologist's
interpretation was myelogenous leukemoid'reactionf
Patient L.W., died at age 68 of chronic myelogenous.ieukemia after a history

of_polycytﬁemia'for 12 years., .Shortly'after the'qnsef-éf her disease she was
treated by x~ray and phenyihydrazine, Eight yearé laﬁer Ee; white blood cell count
was around 10,000 and on one occasion 2 percent myelécyﬁes were noteds Therap&

‘with Pszbwas started 9 years after the onset bf.pblyCythemia, and dﬁring‘the period
of a year 3 doses wére adninistered totaling 19 mee A£ 6ne time during this period

5 percenf myelocytes were noted in the blood smear. Six_monthsfafter_the completion
of PO? therapy, 5 percent metamyelocyfe; and 38 peréent‘ﬁyglocytes eppeared in the
blood smear, but ﬁhe white cell count at ﬁbis time was not eievaté&;  The patient's
course ffom this time untii her deéth a liftle over a‘year 1a£er wa.s s%eadily
- downhill with a rapidly developing anemia. _Many‘myelbéytes and blast cells termi-
nally‘were found in the peripheral biboda

'?aﬁiént ¥.M. was o man who died at age 62.after an 8¥y§ar history of poly;

cythemia never controlled by veneaectibns. One year after onset, when he was first
seen by us, his blood picture was: red blood cells 9,600,000, hm@glébin 24,8
grams, platelets 1,1995000, white blood cells 15,050,_ He was-giveﬁ 7 mcs of P52

followed 3 weeks later by a second dose of 5 mc, and & nice remission resulted,
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Two and one-half years later 1.18 mc. of PS2 were administered in the presence of
~a rising red cell céunt and hemoglobin, A foﬁrth dose of P°2 (5.35 mc.) was given
6 months later when his red cell count rose to over 8 million ﬁithv12?060 white

cells., At this time, occasional metamyelocytes appeared in the peripheral blood
smear., The patient remained in excellent remission for three'mdre yeé.rs° At

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

a month before the pataeﬂt's death was as follous 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 p#tient had grown progres-
sively wesker, He died with a terminal sub-acute myelogenous leukemia and the bone
marrow at autbpsy’showed marked cellularity with complete replacement by leukemic
cells, | . |

Patient C. G. died at age 67, four jears after treatmeﬁt with P°% and 15 years
after the onset of polycythemia‘vera. Previous treaments/haa'incluaed venesections,
X=ray, and phenylhydrazine° Then we first saw her, the ;ed blood cells numbered
over 10,000,000, but after a course of P52 therapy, these were reduced to normal
" levels, and the patient remained in rem1531on untll 2 years later when she again
developed an elevated red cell count (8,000,000) with approximately 20,000 white
cells., To immature white cells were nofed in the blood smear, Three doses of
radioactive phosphorus totaling 9.98 mc. were administered, but the red cell count
remained around 8,000,000 and the White countvaround ZQ,OOO, One year later the
red cell count was over 8,000,000 and the white cell oodnt had risen to 44,000, The
patlent had 2 veneseot;ons'at this time. Rare myelocjtes end metamyelocytes began
to sppear in the blood smear for the first time. The red cells decreased to around
6,000,000, No further 1"32 was given, but the Whité csll c&unt continued .to rise
and continued to show rare myelocytes and a high percentage of poiymorphoﬁuclsag
cells until the time of the patient's death. | |

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

relatively long duration. Four of them when first seen by us seemed to be
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candidates for the complication of leukemia beéauée of evidence of N very hyper-
active marrow, as shown by the presence of young forms in the blood smear, and/or
& high white count anavh;gﬁ platelet count, In the casg'oflfhe fifth patient (C.G.)
the records of the original‘white ce11 §oﬁnts'were lost, - ’
Thus it ségms thatvthere is nofsignificant increase in thé incideﬁce of leukemis
after.P32.therapy; Also, the gmmnon ieukeﬁoid reaction-séén_at'the oﬁtsét of tﬁerapy
disappeared in over 70 percent of the éases'afﬁer‘?herapy with P32, There is no
evidence of the consistent occurrence of other complications whiéh.might be related
to the tregfbmento For example? there is no evidence that neoplasms are being in-
duced by this theragy, the three We_observeé occur}ing'sodﬁ‘after the beginning of
therapy and probably reiatea'to the normal probagility of the development of neo-
plastic disease (garoinoma of head of papcreas, carcinoma of prostate and carcinome
of kidney) in patients in this age group.
Also of interest are the few thromboses obgerved so far in this series (4.2
percent),. Hall (11) found in a series 6f>i24 pétignts'with polycythemia that

52 the

there wésfé histofyrof thrombosis in 27 percent of them, whereas after P
incidence of thrombosis was only 2.4 percent. This ié probably rélated to the

fact that the red cell massa'plateleté, and blqéd viscosity'have'begn'kept normal.
With the present methods for the control of polycythemia and high incidence of
serious thromE;§es in the past (16), it can not be emphgsized too strongly that

the numbers of the red cells and piateiets of thesg'pafients s@ouid-always be kept
within normal limits in order to avéi&:démﬁgé to”%he %és;ulaf sYStemq"Suqh control
of the fed cell mass‘(as.measurea by accur&té,bquﬁ-voluﬁe'deferminations§ can be
achieved énly by adequate follow-up andbfrequent ohserVgtion of alilﬁaﬁieﬁts after
they are treated, This applies‘particulafiy to patients.in the older age group
with high thrombocyte coﬁntso Radiation is eépeciglly-effective in controlling

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

L : C . 32 o
to observe that meny of the patients treated with P? were previously unconvrolled
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. by venesections. Approximately 60 percent had a high pletelet count, end 25
percent had a history of one or mgrelfhromBOSeso' Some patiénts treated only by
venesections have shown a continued high red cell mass or d‘contihﬁédfhigh red cell
count withian'ébnormally low hemogloﬁiﬁ after this form of therapy. In young patients
with & nomal plaﬁelet’cbunﬁ and‘no.téndeﬂéy toward thromboses, a trial sories of.
venesections is often performed, and a few Bf them can be controlled for longer or
shorter period of time in this way, During the early part of our work, we did not
combine venesections witB'Psz, but dufing recent years, we sometimes carry out a
series of venesections prior to P92 and in some patients immediately after P52
when we are reluctant to wait several weeks for the P32 to take éffeéﬁo Aléo,
in some instences, where séveral years after the first éourSé of'sz there has
been a rise in the number of red cells, infréquent venesections have cphtrolled a
previously uncontrollable polycythemia, e havevgrouped our patients with poly-
cythemia vera accordlng to the method of treatment, as fOlloWS‘

66 patients treated with P°2 only |

32 patlents treated with P32 follcwed within 4 months

time by venesections |
21vpatiéntsvtreated with Pszvfélldwéd mofe-ﬁhan 4 months lafér
v by venesections S ~ e
6 patients treated exéluéivéiyfﬁy %gnesections'

9 patiénts treated and_follbﬁed;élséwhé;e,

Finally, since patients with polycythemla vers aré usualiy not in the chlld-bearlng
age group ‘and since the doses of radlatlon are extremely small (17), the possible
genetic éffects of irradiation onvsubsequent generatipns need not be considered,
AHAlﬁhoﬁgh this series muét_be extended in number and then followed for many
more yéars, certein comments éeem:in bfder, First, the aVeragé agé of onset of

the pﬁtients is 50,7 years, and the average aée'of those péﬁients‘ﬁho died was 67
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years, This is nearly a normal life expectancy for persons in this age group (18),

T It is interestlng to compare 1eukemla, dlabetes mellltus and pernlcioﬁs anemia with

polycythemia verse with respect to a&éfage age et‘qnset and durstion. In & study of
diabetes Joslin found that the dﬁratioh.ﬁas 14,1 years, with an average age at onset
of 50.4 years and an average age at death of 64,5 years (19). » This latter age is in
excellent agreement with the average age at death from dlabetes computed from mor-
tality statlstlcs for the nation for the year° 1940-1945 (20) Hardgrove and his
co-workers (21) summarized the data for 80'petients with pernicious anemis who were
living in 1§44; The everage age of onset.oflthis group was 57 years, although this
assunes certain averagevtendencies for age distribution, which is not specifically
stated in their data in that the ages of onsetiefe given in ten years intervals
ranging from 25 through 79.years, Isascs (22) in 580 cases found the pesk of the
age distribution for onset of symptems.to be 55 years, The average age at death of
persons'heviﬁg pernicioﬁs senemia throuéhout‘ﬁhe years 1940~1945 wa.s 67,1 years as
COmputed'from vital statié&ics data (20) Comblnlng thls with Hardgrove s data,

one obtains en approximate average duratlon for pern1c1ous anemla of ten years° The
mortallty ef leukemia is on the rise (Z%). ‘The ajerege age at death.xrom all forms
of leukemia for the yeare’1940-1945 i;éégmpufed to‘be 44 yeafs.from vital statistics
data (195 and the average duration of life of ehrehic leukemia is about Pive years
(2. o :

It can be seen that at the present time patlents with polycythemia vera
properly treated have as favorable an outlook as do patlents w1th dlabetes mellltus
treated with insulin o6r those Wlth pernlclous anemla treated w1th llver° |

The author wishes to thank hlS varlous asooclates durlng the past 10 years
who have observed and assisted in the care of these patients, particularly Dr.
William B, Chew and Dr. Wallace Partch who referred the flrst 2 patlents for treat-
ment, and Dr° B, V. A Low=Beer; also Dra Robert Austln, Dr, Nathanlal Berlin, Dr.

Ezra Bridge, Dr. Bruce Brown, Dr; J.,’W.o Carpender, DP.-MOTrlS Dalleyg‘Dra R. dery
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Dobson, Drs Williem G, Donald, Jr., Dr. Ellswpr%h Dougherty, Dr. Lowell E#f,fDr.
Anne Goetsch, Dr, John Gofman, Dr. J. G. Hamilton, Dr. Louis Hempelman, Dr. Rex Huff,
Dr. Douglas Lund, Dr. 'ﬁerbe;‘t.C; quf-'f‘i“‘bt,._Jr,, Dry‘l\'«iqrt::l.‘mer‘ Mﬁsgley? Dr, ~'Ro_’bert .
Rosenthai;tDr, Enriqge;Strajmaﬁ;vﬁr, Louisiho ﬁésséfman, Dr. John‘Wéaéer, and Dr.
Qwen Williéms, He glso_vs_risﬁes to "thank'D:._f‘; E. H; Hgfﬂnan; qu; ggfdin B, Jrones,A Qr.
Martin Kemen, Dr. E. Lilly, Dr. K. G. $c6tt, ap& Dr, C. A. Tobiﬁs, WhpAprépared the
PP2 solutions, and Professor William 4, Kerr, who lent his imberest and support;
Finally, the continued interest i'nv and support of this and numerous other biologic
aﬁd mediqaiinvestigations in the Radiation _Laboratory by Professor Brnest 0.

Lawrence have been invalusble,
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Hematologic course in a 42 year old woman with polycythemia vera
treated with PBZO The blood picture has been controlled by the

infrequent administration of radioactive phosphorus.

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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Fige 3. Hematologic course in a 58 year old woman with polycythémia vera
treated with P52, A single course of 3 doses of P52 in 1943

has controlled the disease to the present (June, 1949).

Fig. 4, Hematologic course inva‘47 year old man with polyoythemié vera
treated with P°%2, Y90 indicates the administration of radio=
active yttrium colloid whicl localizes in the bone marrow, spleen

and liver and.provides beta irradiation with a half-life of

about 3 days, : ‘ B
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Figo 5, Hematologic course in a 53 year old man with polycythemia vera
treated with P32, No further P32 has been needed since the

first course in 1942,

: _ -
Figo 6o 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 tThe number of cases,
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