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THE CONTROL ()F POIXCYTHEXJIIA BY:M..1l.RROViT IlJIIIBITIOU* 

A Ten Year Study on 172 Patients 

John Eo Lawrence 

Fron the Division of Medical Physics and 
Donner Laboratory~ University of California 

UCRL 410 

Polycythemia vera, first described by Vaquez in 1892 (1) and later by Osler (2), 

" -
has been considered a fatal disease with a relatively short duration of life after 

onset, although an unusually long duration has been observed in some cases~ Lee 

states, VlThe prognosis is inevitably fatal s but it must be remembered that this is 

a chronic diseasel> the duration of "Which varies from several months to many years o" 

In the true form of polycythemias the usual duration even alter diagnosis, which is 

usually not established for over a year D is a number of years (3)0 Symptomatic 

relief and control of the hematologic picture have been possible in many patients 

by means of venesections" phenylhydrazine given orall;y or roentgen irradiation, but 

there has been reported no large series of patients treated and observed for a long 

period in which evidence has been presented that there has been satisfactory control 

of the disease and marked lengthening of lifeo, 

Richardson and Robbins (4) treated 9 since 1932~ 28 patients with total body 

roentgen irradiation, and they concluded that theirresul ts sho1'; that their method 

of therapy is superior to venesection or phenylhydrazine therapyo In the 12 patients 

viho died$ the caUses of death were: pulmonary disease not related to ,the poly-

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

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

clavicular), the primary disease (1) and pulmonary embolism (1)0 In a series 

*Based on a presentation before the annual meeting of the American College of 
PhysiciansI' San Francisco, Apri123" 1948 0 This work has been supported in part 
by the Henry stevens Kiersted Memorial Fund for Medical R~search and by the Thiarkle 
FoundationG During the past three year~ the p32 used in these studies has been 
provided by the Atomic Energy Comrnissiono 
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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 f'ive years a.f'l:;er onset o Common-causes of death 

have been:,~hromboses (6) in various arteries or veins D hemorrhage~the development 

of leukemia or anemia and infectious D neop~astic or other intercurtent'disease. 

In the absence of methods for preventing the diseaseD one is ,forced to look for 

methods 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 less8usceptible to 

thrombotic complications.. In 1938, after extensive animal and cHIrl.cal studies with 

radioactive phosphorus , it was found possible to give nonlethal doses, of sodium radio

phospha.te to animals an.d cause inhibition of cell production in thernarrow (7)0 The 

phosphate containing p32 (half-life approximately 2 weeks) localized 'to a marked 

degree in bone v bone marrow and rapi dly grom ng ti s sue such as I eukemi c ti s sue (8) I 

and it the'refore seemed possible that one might have here a simple, method for the 

inhibition of red cell production inpolycythemia,verao Consequen~~y we administered 

the material to 2 pati ents with polycythemia vera~ their hemato1ogic~'ourse since 

that time .ls shown in Figure 1 and 2.. These patients were reported~inthe original 

article (9)0 The doses given were calculated ~d extrapolated after: extensive ex

periencewith the effect ofp32 on the hematopoietic tissues of anima.ls and human 

beings (ibl& 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 p32 

and the s~ptoms and signs of the disease have likewise been controlled during this 

period. 

Since:the treatment of these f'i rst 2 pati ents we have treated:i..n' similar 

fashion 119 more patients suffering from polycythemia vera and have complete follow

up records on ll6 of these patients" Figures 3»,,4 and 5 are charts showing the 
~. .' .. 

hematologic courses in other representative pati ents. Other investigators have 

confirmed QUI" original observations that the symptoms and signs of the disease can 
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be kept under control with p32:11 . (11) II but the J?resent paper is the fi rst attempt. to 

evaluate this nev. form of therapy vdth referen~e to life expectancy or prolongatio.n 

,'-' . of lifeo In the evaluation of any new therapeutic measure, relief of symptoms and 

signs and prolongation of life are the important criteriao 

Since the beginning of this study of polycythemia, we have had the opportunity 

of carrying out numerous clinical and physiologic studies on 172 patients suffering 

from polycythemia from various causeSj 134 of them had the clinical and laborato~J 

picture of polycythemia vera; 26 of them had mild polycythemia of unknovm etiologys 

and 12 had secondary polycythemia, usually associated vrith cardiac or pulmonary 

diseaseo There is no cleancut line be~veen primary polycythemia and secondary poly-

• cythemia ,l although most patients .nth primary polycythemia do 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, 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 completed and have in progress numerous physio

logic investtgations .directed toward the answer to this and other questions» which 

will be reported elsewhere o 

The patients with polycythemia vera varied in ages from 19 to 75 years at the 

time of onset II with an average of 50 .. 7 years (Fig., 6) 0 Of theses 56., 5 percent were 

male and 43 0 5 percent female" In the entire group 85 0 6 percent had received treat

ment previous1y.nth conventional methods, such as venesections D phenylhydrazine, 

and/or x-ray., Palpably enlarged spleens were present in 65 percento Arter therapy 

the enlarged spleens became smaller or impalpable. Elevated whi te blood cell counts, 

above 10,OOOswere noted in 68 percent, when first seen by uS s and of those having 

an elevated white blood cell count, 38 percent had mye10cytes or immature white blood 
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cells.. This is of interest in view of the knovm relationship between polycythemia 

vera; and leukemia and the frequent occurence of leukemia as a compi:i.cation of poly

cythemia vera (15) 0 Of those having immaturewhi te blood cells, 69 percent had 

received previous therapy (phenylhydrazine~roentgen rays ~ phlebotomy).. "After 

therapy with p32 fJ immature whi te blood cells were found in only 27 percent 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 counts) 

showed myelocytes in theperiphe,ral blood after p32 therapy but not beforeo In no 

patient with a nomal tota~ white cell count when seen here initially were there 
I 

myelocytes in the peripheralbloo,i afterp32 therapy but not before~ Thirty-three 

percent had an elevated blood pressureD and 35 percent of these had a fall of their 

elevated blood pressure after p32 therapy.. This is interesting inV!ew of the 

possible relationship of the probably slowed renal blood flow and consequent renal 

hypoxia (12)0 There was a peptic ulcer or a history of it in 11.,5 percent; 14 0 8 

percent had a thrombotic historyo 

The. diagnosis of polycythemia vera was made from thehistorYephysical exam

ination and the laboratory findings j) inclu~ing sternal marrow examInation (table) 

before and after therapy (13)0 In connection with the marrow ftnctlngs9 it" is 

interesting that there was an increased nucleated red cell count ,vhich returned to 

~" near nomal or normal after therapyo 

'. 
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Avera e Differential Count of Sternal Marrow in 94 Cases of Pol c hemia 
Vera Pretreatment and 20 Normal Sub'ects 

Myeloblasts 
Neutrophil myelocytes 
Eosinophil myelocytes 
Basophilmyelocytes 
Nonsegmented polymorphonuclear cells 
Segmented polymorphonuclear cells 
Eosinoph:i.ls 

, Basophils 
Lymphocytes 
Monocytes 
Reticulum 
Hematogones 
Megaioblasts 
Erythrob~asts 
Normoblasts 

Polycythemia 
Vera 

(Percentage) 
0 0 86 

24 0 0 
00 8 
0,,03 

18 0 9 
2407 
leO 
0 .. 2 
301 
002 
0,,3 
101 
0 0 3 
2 0 0 

22 0 5 

Nonnal 
(Percentage) 

2 .. 2 
200 8 
1 0 6 
0.,04 

24 0 3 
19.,6 

0 .. 8 
00 02 
8 .. 9 
00 4 
1,,6 
2(18 
0 .. 2 
1.,7 

15,,0 
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When necessarYI> arterial blood oxygen saturation 1Ivas done to rule out secondary 

polycythemia (14) I> as were special pulmonary and cardiac studi~s if indicatedo The 

degree of unexplained polycythemia had to be 7,000,9000 or above before the diagnosis 

was made 9 unlessthere were cleancut evidence of the di~gnosis in the past or an 

enlarged spleen with a definitely elevated red blood cell countc In borderline 

cases, the red cell mass as determined by 1'32 labelled cells and the measurement 

of red cell production with,'Fe59 were often helpful in diagnosiso 

During 19391) 1940$ 1941 and 1942, 30 patients were treated" Sinoe that time 

this group of patients has received one course (usually two injections of 3 to 6 

millicuries) on the average of every three years .. In this series or 121 patients 

treated!} 47 .. 8 percent received only one course of therapy,l ol1dj) in the first group 

of 30 treated!) 17 percent had remained normal o at the time of reportingj) for over 

three years after the single course of therapyo In the group treated during the 

first five years!) 28 percent have had only one course of therapYa some of them 
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not needing retreatment after four!) fi vel) sixv seven and. eight years. 

Ther~~have been 21 deaths .. The causes of death have 
I 

been as follows ~ 

generalized arteriosclerosis (5) ~ leukemia (5) 9 neoplastic disease(3) j) coronary 

occlusion ( 3) D cardiac failure (2) ~ portal th~ombosis (IL anemia a,;d'leukopenia 

(1) and cerebral thrombosis (I).. Exclud.ing the patient with porta.ithrambosis which 

had developed prior to our seeing or treating the patients the average age of death 

in this series was 67,,* 

It is to be noted that there were 5 deaths associ ated with leukemia" or about 

4 percent of the treated group" The high incidence of leukemia as .a complication 

of polycythemia vera is well known (15)" As pointed out by Moschowitz(15)1) the 
. ~ 

transition of polycythemia vera into leukemia has been reported by many authorso 

Minot and Buckman (15)0 for example» report a series of 15 patients with polycythemia 

vera" three of whom developed this complication.. Likewise s Rosenthal (15) repol-ts 

. . ~" ** 
such a case where no therapy had been given prior to the development of leukemia .. 

*. . ..... ........ ... . . ..... . 
Since the writing 'of this paper.\> there have been 3 more deathsg 1 from circulatory 

fe.ilurefollowing wides1?read thromboses which had developed prior to p32, and 2 from 
causes urikQwns·but none from leukemia or the disease-itself" 

**Sinceihls article was written, Dro No Rosenthal (personal communication to the 
author) has obser'lTed 8 more pati ents suffering from _ polycythemia vera» untreated by 
any fonn.of radiations who developed a marked leul<:emoid reaction or a leukemia as 
a, complication ... Two of these patients had a blood picture indistinguishable from 
chronicTIlyelogenous leukemia.. The following are the white cell coUnts and abnormal 
white cells in these patients: . 

, _.- .. ; . 

,Patient 

1 
2 
3 
4 
5 
6 
7 
8. 

Whi te Cell Count 

18»100 
1891)000 

53,600 
46,000 
40 9 300 

8»500 
60»000 

'182~000 

Abnormal vVhite Cells 

25;10 myelocytes . . . 
1% myelocytes and 90% polymorphonuclears 

9410 polymorphonuclears 
91% polymorphonuclears . 

9% myelocytes . . 
2$ myelocytes 

25% myelocytes 

In our own series of 172 patients g we also have three living patientswith poly
cythemia complicated by a blood and marrow picture indistinguishable from chronic 
myelogenous Jeukemia (2 cases) and erythro~leukemia (lozcase)" Two of these patients 
had received no previous x-ray and none had received pv2" " .. 
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Klumpp and Hertig (15) report 5 cases in which myelogenous leukeraia 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 Goodman (15) report 2 

cases of polycythenlia vera under treatment with x-ray who died with the picture of 

acute leukemia. Kraus and Schiller (15) report a complicating leukemia in a patient 

polycythemia vera. The patient had never received any form of radiation., Schoen (15) 

reports leukernia developing in polycythemia vera apparently before any radiation ther

apy was given. nnney et a1~ (15) report in a series of 163 patients suffering from 

polycythemia vera that 17 percent of them had a leukemic or leukemoid picture 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 no-c completely followed, 

this figure would 1.L.'1doubtodly bo higher if all of the patients could have been studied 

over a period of many years for the development 'of tllis complication. During a rela

ti vely short period of observation of 14 patients with polycythemia vera by Tischondorf 

and Herzog (15), 3 de",reloped tho complicating picture of myelogenous leukemia" Two of 

tllese patients apparently had received previous x-ray treatment.' StealJ and SU11erlin 

(15) report a patient, untreated by x-ray or any other form of radiation, but recei ;"ing 

prolonged treatment with phenylhydrazine:> who developed a terminal leukemoid reaction 

suggestive of leukemia. Hunter ('15) reports a patient 'with polycythemia vera whoJ ten 

years aft0r spray irradiation therapy, died of an acute, myeloblastic,leuk$.uia o 

Reifenstein (15) reports a case of polycythemia treated with }"'owler's solution termi

nating in subleuk:er:lic myelosis.. In a series reported by Gra..~a.m. (15) 24 percent of 

the patients developed a leukemic picture. Two cases of polycythemia vera untreated 

by radiation, with transition to acute myeloblastic leukemia are reported by Herx

heimer (15) ¥tnd Jung (15)0 Hall ell) reported 4 deaths from acute l'eukemia in a series 

of 124 pati ents treated .... ri th radioactive phosphorus but no deaths from acute leukemia 

during the past three years in their increasingly large series of pati ents treated 

'with p32 (personal conununication) 0 

Although there is 11.0 evidence of DJ:l increase in .:the complication in our Geries s 
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this new form of treatment has not caused this serious complication to disappearo 

A brief analysis of the course of the five patients who died .'lith leukemia follows .. 

Patient F. 11. died at age 63 after a 10 year history of po1ycythe:qliao He was 

c. first seen by us 5 years after the onset of his disease. Prior to the beginning of' 

p32 therapy:> he had been treated by venesections~ and on one occasionD 2 years after 

.' 

" 

the onset of polycythemia, he had a white count of 12»300, the differential showing a 

few immature forms .. 'When he was first seen by usJ> the red cells numbered. 8.9970,000, 

white cells 27,950, platelets 807D300~ and there were 1 percent mye10cytes in the 

blood smear.. The first course of radioactive phosphorus (6 doses totaling 20 .. 3 me) 

was given over a period of three months .. - The patient I s red cell count returned to 

normal and no immature forms were seen in the blood smear during the ensuing year. 
, 

"'l'hen~ occasional myelocytes were again observ-yd. During the following 4 years the 

patient did well o but during ~he last two years of his life,!> there was a definite and 

marked increase in the number of immature white cells.. Two years prior to his death 

32 6 doses of P totaling 24.4 mc. were administered. Nine months prior to his 

death.., 3 doses of p32 totaling 2 mc" were given the patient. A blood count taken 

just before ,the patient's death showed 2,!>740,,000 red cells, 68~OOO 'white cells ,vith 

8 percent myelocytes and 80 percent myeloblasts. 

Patient C. H. died at the age of 78 after a 15-year history of polycythemia o 

Previous treatment included x-ray~ phenylhydrazine» FowlerYs solutionj) and venesections. 

Hi s blood picture vmen first seen by us showed 10,130D OOO red blood cells~ 1707 

gramshemoglobinl) 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 blood cell count 9 hemoglobin and white blood cell count gradually felll> 

and no abnormal white cells were found in the blood smearo Approximately 18 months 

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

had begun to rise.. Six months later the patient was given 2 doses of 3 mc. each of 



UCRL 410 

\ ' -10~ _. 

p32.. Immediately following this therapy the red blood count, hemoglobino platelet 

count~ and white blood count gradually fell. A few weeks. before the patient IS 

" 

death the blood picture showed 3.45 million red cells» 55 percent (800 grams) 
" 

hemoglobin" 1l0~000 platelets and' 41)000 vvhite blood cells.. Two days before his 

deaths the peripheral blood smear showed 2 million red blood' cells s 42 percent hemo-

globin and 6,,000 white blood cells vrith 25 percent blast cells o The patient died 

with a terminal picture of sub acute myelogenous leukemia.. A post mortem exa.'1lination 

revealed numerous erythroblasts, myeloblasts, and megakaryocytes in the bonemarrowa 

and zones of hemopoietic activity in the sinusoids of the liver6 The pathologist's 

interpretation was myelogenous leukemoid reaction .. 

Patient L.W. died at age 68 of chronic myelogenous leukemia after a history 

of polycythemia for 12 years. Shortly after the onset of her disease she was 

treated by x-ray and phenylhydrazine. Eight years later her vihite blood cell count 

was around 10,000 and on one occasion 2 percent myelocytes were notedo Therapy 

. with p32 was started 9 years after the onset ofpolycythemia~ and during the period 

of a year 3 doses were admip~stered totaling 19 mc& At one time during this period 

3 percent myelocytes were noted in~he blood s.mear~ Six months after the completion 

of p32 therapy, 5 percent metamye10cytes and 38 percent my~locytes appeared in the 

blood smearCJ but the white cell count at this time was not elevated" The patient!s 

course i'rom this time until her death a little over a year later was steadily 

downhill with a rapidly developing anemia. Manymyelocytes and blast cells tenni-

nallywere found in the peripheral blood .. 

Patient MoM. was a man who 'died at age 62 after an 8-year history of poly-

cythemia never controlled by vene~ections.. O'ne year after onset» when he was first 

seen by USJ) his blood picture was: red blood cells 9,600,,060 8 hemoglobin 24,,8 

. 32 
grams, platelets 1,190,000, white blood cells 13 8 050. He was given 7 mc" of P 

followed 3 weeks later by a second dose of 5 mc. and a nice remission resulted .. 
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Two and one-half years later 1.18 mc. of P were administered in the presence of 

a rising red cell count and hemoglobin. A fourth dose of p32 (5035 mc,,) was given 

6 months later when hi s red cell count ,rose to over 8 million with 12 11 000 white 

cells. At this time, occasional metamyelocytes appeared in the peripheral blood 

smear.. The patient remained in excellent remission for three more years.. At 

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

a month before the patient! s death was as follows: red cells 2.3 million, hemoglobin 

37 percent (5,,92 gramsL "vhi te blood cells 102,400 with many myelocytes and some 

myeloblasts" The platelets were markedly reduced and the patient had gro1Jvn progres-

si vely weaker" He di<$d lNi th a terminal sub-acute myelogenous leukemia and the bone 

marrow at autopsy showed marked cellularity "vi th complete replacement by leukernic 

cellso 

Patient Co G. died at age 67 a four years after treatment vri th p32 and 15 years 

after the onset of polycythemia vera. Previous treaments had included venesections, 

x-ray, and phenylhydrazine. 'Vi'hen we first saw her, the red blood cells numbered 

over 10 9 000,000 9 but after a course of p32 therapy, these were reduced to normal 

levels, and the patient remained in remission 1.intil 2 years later when she again 

developed an elevated red cell count (8,000,000) with approximately 20s000·white 

cells. No immature white cells were noted in the blood smear.. Three doses of 

radioactive phosphorus totaling 9.98 me. were adrninistered ll but the red cell count 

remained around 8,000 3 000 and the 'white count around 20,000.. One year later the 

red cell count was over 8,000 3 000 and the white cell count had risen to 44J)000. The 

patient had 2 venesections at this time. Rare myelocytes and metamyelocytes began 

to appear in the blood smear for the first time. The red cells decreased to around 

,6,000
9
0000 No further p32 was given, but the white cell count oontinued.to rise 

and continued };o show rare myelocytes' and a high percentage of polymorphonuclear 

cells until the time of the patient! s death • 

. Thus g in summary, all 5 of these patient~ had typical polycythemia vera of 

relati vely long duration. Four of them when first seen by us seemed to be 
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candidates for the complication of leukemia because of evidence of a very hyper

active marrows as shown by the presence of young forms in the blood smear, and/or 

a high white count and high platelet counto In the case of the fifth patient (CeGe) 

the records of the original .... ,rhite cell counts were lost o 

Thus it seems thEj.t there is no Significant iD:crease in the incidence of leukemia 

32 
after P therapyo Also" the connnon leukemoid reaction seen a.t the outset of therapy 

di sappeared in over 70 percent of the ca.ses· after therapy with p32" There is no 

evidence of the consistent occurrence of other complications which might be related 

to the treatment o For example» there is no evidence that neoplasms are being in-

duced by this therapy, the three we observed occurring soon after the beginning of 

therapy and probably related to the normal probability of the development of neo-

plastic disease (carcinoma of head of pancreas, carcinoma of prostate and carcinoma 

of kidney) in patients in this age groupo 

Also of interest are the few thromboses observed so fa.r in this series (402 

percent)o Hall (11) found in a series of 124 patient" "vith polycythemia that 

~ , .. 32 
there was a history of thrombosis in 27perc'ent of them, whereas after P the 

incidence of tlirombosis was only 204. percent. This is probably related to the 

fact that the red cell mass», plateletsJ and blood viscosity have been kept normal. 

With the present methods for the control of polycythemia. and high incidence of 

serious thromboses in the past (16)s it can not be emphasized too strongly that 

the numbers of the red cells and platelets of these patients should, always be kept 

wi thin normal Hmi ts in order to avoid damage to the vascular 'systemo Such control 

of the red cell mass (as measure'd by accurate blood -volume determinations) can be 
, .. 

achieved only by adequate follow.:.up and frequent observation of all patients after 

they are treatedo This applies particularly to patients in the older age group 

with high thrombocyte counts. Radiation is especially effective in controlling 

both of these formed e1 ements of the blood. In this connection» it is of interest 

. ' . " 32 
to observe that many of the patients treated with P were previously uncontrolled 
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by venesections., Approximately 60 percent had. a high plat'elet counts and 25 

percent had a history of one or more thromboses 0 . Some patients treated only by 

venesections have shown a continued high 'red cell mass or a: continued high red cell 

count "nth an abnormally low hemoglobin atter this form of therapyo In young patients 

with a normal platelet count and no tendency toward thromboses ~ a trial seri es of 

venesections is orten performed~ and a f~w of them can be controlled for longer or 

shorter period of time in this way.. During the early part of our wor,k D we did not 

combine venesections with p32, but during recent years, ~e sometimes carry out a 

series of venesections prior to p32 and in some patients immediately atter p32 

when we are reluctant to wait several weeks for the p32 to take effect., Alsos 

in some instances ~ where several years atter the fi rst course of p32 there has 

been a. rise in the number of red. cells, infrequent venesections have controlled a 

previ'ously uncontrollable polycythemiae We have grouped our patientsW1th poly

cythemia vera according to the method of treatment, as follows: 

66 patients treated vnth p32 only 

32 patients treated wi thp32 roll owed vn thin 4 months 

time by venesections 

21 patients treated. with p32 followed more than 4 months later 

by venesections 

6 patients treated exclusively by venesections 

9 patients treated: and followed elsewhere. 

FinallyI' since patients with polycythemia vera are usually not in the child-bearing 

age group' and since the doses of radiation. are extremely small (17) s the possible 
• '"'.!'"' 

genetic effects of irradiation on subsequent generations need not be considered .. 

Although this series must be extended in number and then followed for many 

more years, certain comments seem in order e First» the average age of onset of 
~ .. ... . 

the patients is 50 .. 7 yearsJl and the average age of those patients who died was 67 
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years" This is nearly a nomal lifeexpectaIlcy for per.sons in this age group (18) .. 

It is interesting to compare leukemia:~ diabetes mellitus and pernicious anemia with 

polycythemia vera with respect to avera.ge age at onset and durati on. In a study of 

diabetes Joslin found that the duration was 14 .. 1 years, with a'n average age at onset 

of 50 .. 4 years and an avet'age age at deat~ of 64.5 years (19).. This latter age is in 

excellent agreement with the average age at death from diabetes computed from mor-

tality sta.tistics for the nation for the years 1940-1945 (20).. Hardgrove and his 

co-workers (21) surnmari zed the data for 80 patients vii th pernicious anemia who were 

living in 1944 0 The average age of onset of this group was 57 years@ although this 

assumes certain average tendencies for age distribution, which is not specifically 

stated in their data in that the ages of onset a.re given in ten years intervals 

ranging from 25 through 79 years.. Isaac.s (22) in 580 cases found the peak of the 
,. 

age distribution for onset of symptoms to be 55 years. The average age at death of 

persons having pernicious anemia throughout the years 1940-1945 was 67 "I years as 

computed from vital statis,tics data (20) .. Combining ~hiswith HardgroveVs data, 

one obtains an approximate averageclurationfor pernicious anemia of ten years. The 

mortality of leukemia is on the rise (23hThe average age at death from all forms 

of leukemia for the years 1940-1945 is computed to be 44 years from vital stati stics 
. . 

data (19) and the average duration of life of chronic leukemia is about five years 

( 24) .. 

It can be seen that at the present time patients vdth polycythemia vera 

properly t-reated have as fa.vorable a:o: .out1ook as do, patients wi th diabetes meUi tus 
. . 

treated wi th insulin or those wi th pernicious anemla treat~d with liver .. 
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• Dr. Douglas Lund, Dr. Herbert C .. Moffi tt, Jr .. , Dr .. Mortimer M-oseleYlIDr .. Robert 

-. 
Rosenthal, Dr. Enrique Stra;)man, Dr. L.ouis Ro Wasserman, Dr. John Weavers and Dr. 

Ovven Williams.. He also wishes to thank Dr.E. H. Huffman, Dr. Hardin B. Jones, Dr. 

Martin Kamen~ Dr. E. Lilly, Dr. K. G .. ~cott, and Dr .. C. A. Tobias, who prepared the 

p32 solutipnsJ) and Professor 'William J .. Kerr I 'Who 'lent hi s interest and support. 
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Figo I., Hematologic course in a 42 year old woman with polycythemia vera 

treated with p32. The blood picture has been controlled by the 

infrequent administration of radioactive phosphorus. 

Fig., 2., Hematologic course in a 57 year old woman 'wi th polycythemia yera 

treated with p32., Figures 1 and 2 refer to the first two patients 

vn th polycythemia treated by this method .. 
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Fig" 3" Hematologic course in a 58 year old womah with polycythemia vera 

treated vnth p32" A single course of3 doses of p32 in 1943 

has controlled the disease to the present (June!) 1949)0 

Fig" 40 Hematologic course in a 47 year old man ,vi th polycythemia vera 

treated ,v.ith p32" y90 indicates the admir~stration of radio-

active yttrium colloid which localizes in the ,bone marrowJ) spleen 

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

about 3 days" 
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Fig" 50 llecnatologic course in a 53 year old man yJi th polycythemia vera 

treated with p32 0 No further p32 has been needed since the 

first course in 1942 0 

\ 
Figo 6 0 Graph sho,ving distribution of 66 male and 46 female pati~nts with 

'. .32 I 
polycythemia vera treated vli th P according to age at onset 

(horizontal values)e The vertical column of figures at the left 

shovvs the number of cases 0 

• J 
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