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Excerpt from lotter Dro B.Vah. Low-Beor to Dr. J.Gi Hamilton, April 2, 19464

“In accordance wi{h.jbur rcquest of statistical fiéures‘fgr lcukemia;'lymphd-.
sarcoma and polycythemia vera in this»department, I wish to inform you as folloqs:

In the poriod from January 1943 to December 1945 73 paticents ﬁero'tréﬁted for

chronic, myelogenous and lymphatic leukemia, In the period from January 1943 to

December 1945 23 paticnts were treated for polycythemia vera. In the period from
January 1943 to Deccmber 1945 49 pationts were treated for different types of |
mrlignent lymphones, ' : _ ~ . o

.From thesc data the polycythemia vera ecscs appear most significant because*
in these cases radioactive phosphorus exclusively wes used as method of treatment,
in 1943 1 patient, in 1944 & paticnts, and in 1945, 13.. At the present time, that
is, April 1946, I have 5 patients lined up for treatment., None of the lcukemia or

. 1ymphosarcoma cases vere treated cxclusively with radioactive phosphorus, On"tho
- contrary, I would say that most of the poticents have becn treated with x-ray

therapy because of insufficiency of the amount of radiozctive phosphorus supply.

In addition to the above mentioned discase groups we are using raéiéadtivd-

. phosphorus for topical application in skin lc¢sions, namely basal cell carcinoma,

hyperkerstosis, worts cnd hemangioma, In the peried from 1943 to 1945 we have

+ treated approximztely 350 lesions.

‘As to my opinion about the officiency'of redioactive phosphorus in different
types of lesions, I should like to state that in lcukemia the treatment with
radiocactive phosphorus is a very convenient type of troatment and is a very good
means to keep in control the blood disorder, However, radioactive phosphorus does
not provent the ultinmate fdtality of the disense.  Neither does any othor type
of treatment. It is rather difficult to meke a comparison between radicactive
phosphorus and totel body x~ray trcotment. It hes been my expericnce that in some
instgnces whore control with onc type of treatment covld not be achieved, the
other typc of treatment brought about the intended remission of the disease p?o—
cess., However, it can be steted thot radioactive phosphorus in the treatment” of
leuwkenis plays as important a part ‘as docs total body x-ray treatment, It°i8

‘accepted by our hematologists that these two types of radiation are superior’ to

any other type of trecatment for lcukemia.

As to malignont lymphores, agein a combination of both.types of radiation
trcatment is preferable to local treatment with x-rays only. :

In polycythcmia vera treatment with radioactive phosphorus is superior to any
other type of trcatment. I have patients with complete remission since January
1943. Although we know that rcdioactive phosphorus is not a "cure" for poly-
cythemia verz, we do know that a complete remission has been almost invariably
achieved with 2 .courses of trcatment, 4 weeks apart, and lasting for 4 ycars
or longer, and also this method of treatment approcches the strictest criteria
concerning control of an incureblec discase, I T

Finally, the troatment of skin lesions with topical application of radioactive‘
phosphorus has proven 90% of the cases, including the skin malignancies, a curative
mehtod of troatment,

From our statistical deta it is cvident thet the number of reforred patients
for radiozctive phosphorus trcatment is on a rather rapid increase; therefore I be-~
liovo that for the next 6 months thic rcguest for 1.2 to 1.5 curics per month will
just cover the requircments, #Fdkxx ' -
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" 'Excerpt from letter J. G.'Hamiifbh to P. C. Aebersold April 4, 1946 - gia"

I have spent some little time discussing with both Doctor B. V. Iow-Eee‘ and
Doctor John H, lawrence the situation in respect to P 32 and its use in the San
Francisco Bay Area., I think that a brief discourse of the experiences whithin
this local area, in & sense, may serve as a small scale model for the ultimate
situation in regard to the nation as a whole. I am enclosing a letter from
Doctor Low-Beer which gives in considerable detail, their experiences with

radioactive phosphorus. Homever, I thirk it is of value to summarize in this:
communication both the experiences of the University of California Medical
School as well as those of the Radiation Laboratory. )

At the University of California Medical School, under the direction of
Doctors B. V. Low-Beer and Robert S. Stone, a total of approximetely 150
patients suffering from various types of blood_§gx§3335%§§ were treated with
radioactive phosphorus. This embraces an interval exte ing through the years
1943, 1944, and 1945. In addition, they have developed a very interesting and.
successful technique of treating superficial malignant skin leslons by a sur-
face application of radioactive phosphorus and during the same three year .
interval, a total of 350 lesions were treated with P 324 It may be of interest
to break down the patients treated for various types of chronic blood disorders:
of the total of approximately 150 irdividuals, 73 were suffering from various
types of leukemia, 49 had different types of malignant lymphomas, and there
were 23 cases of pelycythemia vera.

hY

Doctor Low-Beer appraises the value of P 32 in the treatment of leuke@;a Leb#;
in the following manner. He feels that it is an excellent method for keeping ”;
the blood disorder urder temporary control although it must be clearly under-

stood that the radioactive phosphorus dces not prevent the ultimate fatal

outcome of this condition. A comparison of radiophosphorus with the most

effective metheds of x-ray treatment for the control of leukemia indicates

that not infrequently adequate control of the disease can be secured temporarily
where the results from x-ray have been satisfactory. In addition, he irdicates

- that a combination of x-ray and radioactive phosphorus for certain of the i
lymphomas is significantly superior to treatment with x-ray alone. o y";koﬂ

The situation with polycythemia vera is quite different. Here, the raolo’})’
phcsphorus is the only method of treatment thus far developed that will 0,?¢r
adequately induce complete although temporary recovery. This temporary recovery
of remission has extended in their small group of patients through a period in
excess of four years, ard as he states, P 32 therapy approaches the strictest
criteria of control of an incurable disease.

'\”A.‘?\\/

The surface or topical application of P 32 for the treatment of skin malig- gz&.
nancies has proven curative in approximately 39% of the .cases. This of course, oy
is not a comparable situation to the other conditions described above imasmuch g,
as these skin lesions can be successfully cured in a high proportion of cases ﬂ%
by x-ray ard surgery. However, Doctor low-Beer feels that there are many :
advantages in using P 32 over the older methods of treating these skin condxtlons.

4 brief summary of the work done here at Berkeley by Doctor John H. Iawrence
end his associates reveuls that a total of 570 petients have been treated with
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E#cerpt from létter'Jw G. Hagil@on.to P.-C. Aebersold April 4, 1946 (Conbinued} -

P 32 since 1938, Of this group, there were 340 loukemias, &0 patients with
lympho~sarcomas, and 150 patients with polycythemia vera. It is also of interest
to note the increase in new patients treated per year; starting in 1938, there
were 10 patients, 20 in 1939, 40 in 1940, 90 in 1941, 100 in 194%, 150 in 1943,
200 in 1944 and 250 in 1945, = L. ) :

Doctor Lawrence's appraisal of the'significance of P 32 in the treatment
of leukemia, lymphomas, and polycythemia vera parallels very closely the views
held by Doctor Low-Beer. Doctor lawrence feels that P 32 is superior to X-ray.
for the control of leukemia ard lymphomas. From his records, it is certain
that life expecctancy with P-32 as the therapeutic agent is equal to and possibly
greater than with x-rays. In the case of polycythemia vera; there is no question
that the life expectancy with radiophosphorus treatment is much greater than
the results that have been reported by other investigators using x-rays, drug
therapy, bleeding, etcetera, in ag/gttempt to control this condition,

.~ ""In brief, it seems to be:the»opinion both in Berkeley and at San Francisco

‘that P32 is significantly superior to the treatment of leukemia, and lymphomas
.40 other standard methods of therapy and in the case of polycythemia vera, P 32

is-truly a life-saving agent. :

The demands for botﬁ San Francisco and Berkeley during the next six months

" “for P 32 are as follows: 1,2 curies per month for the Medical School and 600

microcuries per month for Doctor Iawrence's group., ¥hile the latter group has

had significantly larger numbers of patients under treatment per year, I feel
that the more abundant reguest for the Szn Francisco group is by virtue of the
fact that they now only are treating a relatively small proportion of the

patients with radiocactive phosphorus due to the limited supply. Ilioreover,

in San Francisco, a significant fraction of the P 32 is beipg used for the
treatment of skin lesions amd for study of tumor metabolism using clinic materials

With an adeduate supply of P 32, the annual number ofbpafients treated be-

 tween Berkeley and San Francisco would probably total about 500, exclusive of

therapy of skin cancer and tracer experiments, The average patient, during the
year interval, will require from 10 to 25 millicuries of radio-phosphorus, as-
suming ‘a rather generous anmual average level of 20 millicuries per patient.
This leads to a valuc of 10 curies per year or slightly less than 1 curie per
month, However, the material has becn made available roughly once a month,
Therefore, this figure should be multiplied by at least a figure of ‘2 to allow
for decay of a portion of the P 32 during the month, since it is neither practi-

. cal rior desirable to treat all of the patients during the first few days of each

month.

On this basis of an cstimatec -of the past snd futurc consumption as Berkeley,
I belicve that a reasonable prediction of the amount of P 32 required for the
nation as a whole can be made insofar as the troatment of leukemia and 21lied
conditions is conccrned. The estimated annual incidence of chronic myelogpnous
and lymphatic leukemia, togethcr with the malignant lymphomzs which do respond
noderately well to P 32, notably lympho-sarcoma, amounts to roughly 5,000,

. ¥hile the total amount of radiophosphorus required to treat cach new patient

will range from 15 to 40 millicuries, it is observed that at least twice this

~amount of P 3« must be produceddue to the factors of decay arising from the

causes related above,  With thiis consideration in mind, it would appear to me
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“;Elicerpt from letter J. G, Hamilton to P. C. Aebersold April 4, 1946 - (Continued)

that 50 millicuries would be a reasonable amount to allocate to each new patient
at the time the material is sont to the clinics using it. In addition, 500

to ‘1000 new case per ycar of polycythemia vera may be anticipated and here again
tho average amount required for cach patient during his life span will be of the
order of 25 millicuries. '

Therefore, a total of 300 curies per year would represent a reasonable
estimate of the national requircment of P 32 oncc this material could be dis-.
tributed to appropriate and suitably qualified medical centers for their effect~-
ive usec, ' '

I would suggest as a possible method of starting a nation-wide program in
distribution of radiocactive phosphorus, that during the first six months, say
from July 1946 to January 1, 1947, that five to ten large medical centers who
have had experience in the use of P 32 be supplied with adequate amounts for
full scale therapeutic use. Such centers might include Washingion University
at St. Louis, Billings Hospital in Chicago, Mayo Clinic, Rochester, Minnesota,
the University of Ohio Medical School, the University of Michigen at Ann Arbor,
the University of Rochester Medical School, Harvard Medical School , Memorial
Hospital in New York, thc University of Pennsylvenia Medical School, Jefferson
Medical College, and the University of California at Berkeley and San Francisco.
In addition to this list, Western Reserve and the Swedish Hospital at Seattle
might also be included, in that at the former institution, it is my understanding
that Coloncl Friedell is shortly to join the faculty there in the Division of
Radiology and thet Doctor Simcon Cantril is in charge of the Tumor Clinic at
the Swedish Hospital.

While it is difficult for me to appraisec the numbcr of leukemia patients
these institutions might anticipate during such a six months interval, I am.
surc that amounts ranging from 100 to 500 millicuries and possibly more could
be effectively utilized per month. Certainly a total ef from 30 to 50-curies
of P 32 could be used during the 6 months interval ending Januery 1, 1947.
4 prediction of the rate of increcasc of consumption of P 32 cduring 1947 is
difficult to make with any degrec of accuracy., The best I cen estimate is a ™
guess that it will fall between 100 to 200 curies during the twelve months periode

* *® * % * *
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Excerpt from Dr;nE..E..Zirklé to. P, €, Acborsold, April 9, 1946 -

This is a partial enswer to your letter of March 26 concerning national demand
for P 32 for therapy.. Bccause of abscnces. from the campus, I, have not yet secured.
all of the oxtractable informetion from the local group.. However, Dr., Jacobson
estimates that tho University of Chicago Clinics:would.use; if available, 1 curie
during the year 1946-46, and 2% curics during tho-year 1946-47. Thosc cstimates
mekes no allowance for losses duc to radioactlve decay during storage, *#¥i¥

l

Excerpt fron lcttcr Dr.. Shorlood Moorc to P C Apbcrsold Aprll 12, 1046 -

It is ny cons 1dorcd Judgonont huv1ng rccelvcd numorous Wil requcsts for
P 32 following o publication in a popular magazine;. that the usc of P.32 ard any-
other isotopes should be restricted to-medical schools or class 4 hospitals. This
docs not mecan that the patients need be hospitalized, | Isotopes should be supplicd
from sope central source, whother by government or commercial concerns mkes no
differcnce, Certainly tho developrmont of isotope treatment amd research hzs gone
far cnough that cducational 1nst1tutlons should not bc burdoncd with the expense
of their production, . L _

As to thc amount of P 32 for jus$i£iableAthCrapeutic usc. for the nation, this
question cannot be answered because there arc no rcliable data-on the number of
cases suitable for this form of-thorapy availeble 1in the United States. I speak
advisadly on this-statistical gucstion bocause, asa member of the Netional Advisory
Cancor Council,'I can tcll you there sre 'no reliable figures for the number: of
ccses of cencer in the United States, this without reference to one of the sub~
divisions of mlignant diseasc such as lOUanlD is. S :

-~

Excerpt from Ictter Dr, F. A. uodgcq to P C Acbyrsold Aprll 9, 1946

As to the ostimatos vhich you quoted concprnlng the probable total amount of
P 32 vhich might be deranded for the treatment of leukemic- paticnts, I-can only say
that the word ¥guess® was adviscdly choscn. Perhaps if with the aid of F,.B.I.. agents
cvery paticnt known to be suffering from scme form of leukemie could be epprchended | -
ard dragged into a2 hospital, the amount of P 32 mentioned in your letter might
actually bc administered to humens for therapcutic purposes in one twelve months
period. The amount scems utterly fantastic to ne, however, particularly in vicw
of what I understand to be present thought regarding the officacy of radioactive
phosphorus, Unlcss I an greatly mistaken all of the observotions to date boil
down to the belief that P 32 can acgoiplish ovurythlng that external radiation doos
and porhops a. little nore °ur01t1y.

It sccms to us thet the wido varicty of ideas which various investigators
who never before have .used isotepes, cither stable or unstable, arc presenting for
discussion indicates thet it would be much more profitable to moke 2 wide varicty
of isotopcs ev0ilablc rether than astronomical quantitios of phosphorus only.

I no“rly nuglcctcd to nontlon in ansvcr to your sp001flc guostion other locali-
ties where I belicve interost will be found. You have not mentioncd Dr. Doan of
Ohio State University at Columbus, He has been active with P 32 in the past. You
did not mention the Unlvvr31ty of Rochester although I an cortain that Dr. Dowdy is
cooperating with you.

Both Innmpe and I have grave concerns regarding the unlimited and uncontrolled
distribution of randiocctive moterizls. Certainly it would scem wisce to us to lindt
the distribution voery stringently to 2 fow closcly controlled institutions, at loast
until dcfinitc plons bas.d on experience and careful thinking can be duvclopod.
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Excerpt from letter Dr. R.D. Evans to Prof, Lec DuBridge, April 10, 1946,

~ You must have some mechanism for judging the competence of thos who -request
radioactive material. This problem has turned out to be less difficult than we
originally imagined it would be,., The:great bulk of applicants divide quite sharply
between those who are competent and thosc who arc nots Therc are very fow inter-
‘mediate cascse Re-cxaminction of the cascs which we have regretted show that thoy
were usually duc to bad judgment on our part or to political pressurc.

In the case of foreign shipments we deliver the radioactive material to a
consul or cmbassy, and require that they take full responsibility for foreign de-
livery and proper usc. - ' . :.

The informetion required on the request card gives a pretty good first order
" estimatc of competence, because the worker must know something about radioactive
units, must bc able to compute radioactive decay, and must be able to explain their
projcct clearly. The professional sfanding of new applicants can usually be
judged from their description of their project, from their previous rescarch pub=
lications, from their sponsorship by .foundations or groups administering grants-
in-aid, or by the physicists whom they may cite as collaborators.. The amounts of
radioactive material nceded arc usually smll, but the applicant should be made
aware both of hecalth safeguards end of the hozards of ‘general rodlcactive eontaii=
asticn of hiz ¢.n loboratories throuvgh cereless nancling or spilling of the metcrinl,

The Federal Food, Drug, and Cosmetic Lct, in Scction 505(h), Regulation 2,111,
restricts the use of new drugs to thosc who have adequete facilitics for investi-
gation, anmd who will mrke full rcports of their findings to the Food ard Drug
Administration. The medical direcctor of the Food and Drug Administration has
ruled that Section 201 of the Act places 2ll artificially radiocactive substances
used for mcdical rescarch or for therapy under the classification of "new drug.”
This autoratically places a Federal restriction on your distribution plans, and
requires that the motcerials be supplied only to competcent investigators, In the
casc of cach radiocctive substance the Food ard Drug Administration is willing to
meke rcecormendations concorning specific types of biological cxperiments, on a
basis of which they will scnsider peclassification of the isotope from '“new drugh
to "drug." Experiments of this sort are now urder way for 12-hour iodine and 8~-day
iodine, - o ) A

I fcel rather strongly thot any recipient of materials from Clinton Iaboratorics
should be required to heve radioactivity measuring cquipment available, cither
counters or clecetroscopcs. This is cssentizl beeczuse even the therapeutic appli-
¢ations require deose and trceer monitoring.

% Tho question of beta ray starmdards is being worked on intensively by the
Gommittee on Standards of Radioactivity of the Nationzl Research Council and in
the rcasomably near futurc stendard sources will be available through the National
Burcau of Standards, who will also test and cvaluate commercially manufactured
counting cquipmcnt and clectroscopes. o

In all cascs I belicve that 2 charge should be made for radiocactive materials
supplicd, Even surplus Government property is sold, not given away, The neccessity
of paying for the radioactive material will act &s an important filter to scrcen
out casual requests. Even the production costs of therapoutic quantitivs of:

IR P g 14
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;xcornt from letter Dr. R.D. Evans to Prof. ILec DuBridgd, -April 10, 1946 (ContinUcd)

)hQSphorus and iodine isotopes by cyclotron bombardment -is often cheaper than
squivalent X-ray or surgical treatment, Pile production should rcduce these costs
svon further. The Cormittce on Growth is allocating funds for the pruchase of
tsotopes, ond. it is in accord with the policies of those who administer grants-in=-
1id to provide for payment for chemical supplics. The MNational Institute of Health
wnd I belicvo the Navy Office of Rescarch and Inventions are also willing to allo-
xate funds 1o thelr contractors for the purchasc of radioactive suppllos.

Ve hhvo found 1t highly" d031rablo to have a fixed minimum charge, in our case
20 for any shlpmont of radioactive material however small.

There are a numbcr of actual and potential industrial uscs of radiocactive
isotopcs which are very important. Provision should be mde for distributing
tsotopes to competent industricl concerns who may wish to use them in plant process
jeveloprmont, quality control of products, trade marking, as well as in basic
cescerchs  Industrial concerns who have well-developed plans for the large scale
1sc-of radiozctive isotopes on problems vhich cannot be solved in any other way:
include Du Pont, Republic Stcel, Owen Cornlng, American Viscoso, Bausch and Lomby,
‘nd N. E. Coke, :

Thc futurc application of radiocactive isotopes in the ficld of industrial
aygicne.is cxtremely important., Goodmen and Irvine did some pioncer work herc
jeveral years ago on mercury poisoning using radioactive morcury, ard a very nice
sver-all picturc of the futurc use of isotopes in industrial nyglone has been glvon
ay Cantrll in INDUSTRIAL MEDICINE 15:1, 37 (1946), * * % * :

- K]
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Excerpt from letter R, D. Evans to P, C. Aebersold, April 13, 1946 -

- * This is in response to the request in the fourth paragraph of the letter
" of 3 April 1946 for a statement on the therapeutic use of radieactive isotopes.:
It is clear from the literature (Journal ef Laboratory anmd Clinical Medicine
31:107 (February 1946) by Dr. Carl V, Moore et al) that P 32 is the treatment
of choice in policythemia vera, and that it 1s a useful therapy for some types
of leukemia but not for others. Two papers, ene by Hertz ard Roberts ard one
by Chapman and Evans will appear in the Journal of the American Medieal
Association shortly after 1 June 1946 on the therapeutic use of I 130 (12.6 hour)
in the treatment of Graves! disease. The 8-day isotope I 131 will urdoubtedly
be useful therapeutically, but much clinical research remains to be done before
the dosages and possible late after effects of this isotope are worked out.

As you will see from paragraph 8 of my letter of 10 April 1946 to Professor
Du Bridge, none of the artificially radicactive isotopes have .yet been classified
as "drugs' b y the Federal Food and Drug Administration, This means that these
isotopes are only available for experimental use, and by competent research
clinics who on request will report all findings te the Food and Drug Adminis-
tration, Each radiocactive isotope must be evaluated for its possible long-
term harmful effects before being reclassified by the Food ard Drug Administra-
tion from "new drug" to "drug." Until this type of experimental work has been
completed to the satisfaction of the Food and Drug Administration no radicactive
isotopes should be distributed for what might be called “routine therapy".
Every shipment of radioactive isotopes should be labelled "Caution--New drug-
Limited by Federal Law to Investigational Use" and the material should be
supplied only to established competent investigators. - :

I feel very strongly that everyone using radioactive isotepes therapeutically
should have available radiocactivity detection equipment with which to make ‘
tracer studies on their patients, excretion studies, and to verify all adminis-
tered dosages.

An estimate of the national recuirements for the experimental therapeutic
use of isotopes is difficult to make, Based on our experience in this field
I would guess that something of the order of 500 millicuries of P 32 per week .
would take care of current legitimate requirements, For example of a large I]‘\
and very active group like the Maye Clinic uses only about €0 millicuries per
week. The legitimate requirements for &-day iodine are harder to estimate, but
I should think that the initial requirements by competent clinical research.
groups might be of the order of 100 to 300 milllicuries per week,

* % * L

NOTE: (In lettor from Prof. J. K. Cork) Dr, Bothel, Ann Arbor, can use 30 mc/week
throughout the year or approximately 1.5 curies/yr.

EEE RN 2R 2 K RS
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Excerpt from letter R..S. Stpne to P, C, hebersold, May 23, 1946.

Information has reached me that you were rather amxious to know whether low
speéific activity radiophosphorus would be acceptable for therapy or tnacér.wgr%._
My own reaction is rather violently against even the idea of low specific ac?1v1ty
material. In fact, I think that in many instances the highest possible specifie
activity, namely the activated element without carrier, would be absolutely ?est
for therapy or tracer studies., There are, of course, certain practical considera=
tions that would make the use of the carrier~free material rather difficult, but
the closest approach to this ideal should be attained., L

* I asked Doctor B.V. Low-Beer and Mr. Scott to writc me concerhing their
opinions and I am enclosing their letters. = ) : -

I know that you and whatever'comﬁiﬁtées have this matter under consideration
will give it the attention 1t needs, .~ .
% x 7/;_ * % % %

»

Excerpt from letter Dr. K. G, Scott to Dri R. S. Stone, May 15, 1946.

- In mny opinion, radiophosphorus without carrier is much more usable in bio-
logical experiments upon small animals, It is difficult ard often impossible to
gain information regarding phosphorus ifi their biological systems if large amounts
of imactive phosphorus are given along with the P 32, since this imactive phos=
phorus saturates the body and masks the effect which carrier-free P 32 might
demonstrate, ' ’ o

In addition, some retention studies we did in mice showed that the retention
of phosphorus of high specific activities by mouse tumors was considerably higher
that P 32 which containéd large amounts of inactive phosphorus. When an isotonic
solution of sodium phosphate from’a probe sample prepared in the cyelotron was
given (1000 micrecurids per cubic centimeter), uptakes by tumor greater by a factor
*of two weré observed than when phosphorus containing but 100 microcuries per cubic
centimeter of isotonic phosphate solution wds administered to mice. .This would
“suggest that phosphorus without added carrier would be a far more useful agent
therapeutically than that with carrier. The one sample of P 32 plus sodium acid

- phosph2te received by this laboratory contained but 55 microcuries per cubic
centimeter of isotonic solution at the time it was received.  The presence of such
large amounts of imactive phosphorus make such solutions dubiously useful for .
animal experimentation, difficulty useful for human sdministration.

CE R K X R X % ***

“Excerpt from letter Dr. Low-Beer to Dr. R.’S.'Sféné;ZMEi 16;'1q46;h

© With reference to our conversation concerning the advisability of using low
or high specific activity radicactive phosphorus, I wish to make the following
statement: Phosphorus, as an esscntial mineral metabolite, is provided by daily
focd intake., With a normal mixed dict this.requirement is amply -covered. As a .
matter of fact, only part of the phosphorus from the daily food is absorbed by
the intestine, while the other part passes.through the gastro-intestinal tract
.without being absorbed by the intestines. " Phosphorus is so widely distributed
in'the animal and plant world that it 1s impossibleé to provide & phosphorus free
caloric-adeguate diet. The ubiquity of phosphorus compounds brings up the’ ,
question whether an inorganic phosphate sdlt is absorbed by the intestinal tract

800259b
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to the same extent as organic phosphate compounds or ¥he inorganic orthoph9sp§oric :
or pyrophosphoric derivatives. The question is not solved whether or not it is

necessary that the phosphorus requirement of the body be at least partially pre-
vided by organic phosphorus compounds. o :

The daily average requirement of phosphorus of an adult human being is ap-
proximately 0.88 gms. The utilization of phosphorus in the intestinal tract
depends not only on the presence of phosphorus in the diet, but much more on other
factors., The acidity ox alkalinity of the stomach influences greatly the utili~-
zation of phosphorus by the intestines. Acidity promotes utilization. The
presence of certain cations in foodstuff also influences the utilization ef phos-
phorus. The presence of iron, calcium, magnesium, aluminum, beryllium, manganese,
(the latter three even in tracer amounts) hamper the utilization of phosphorus .
‘because of the formation of insoluble phosphates. High fat content of the diet
is also disadvantageous to utilization. For these reascns the food content in
phosphorus fust be higher than the daily requirement. Approximately l.3 gm, of
phosphorus are necessary in the daily food intake in a mixed diet to provide the
necessary 0.8 gm, daily body requirements, assuming ideal conditions of the ratio
between promoting and counteracting substances in the focds An attempt to in-
crease phosphorus utilization by increasing the amounts of phosphates provided
in diet is not possible so far-as our present knowledge goes. For instance, by
giving inorganic phosphate compounds in the pre or post-absorptiomal stage of
ingestion, the utilization is not additive, The intestines react by an irritative
state which manifests itself in diarrhea. The phosphorus compourd passes the
intestinal tract rapidly without utilization. Other regulative mechanisms sach
as changes in pH, changes in excretion of calecium in the large bowel, etc. result.

For phosphorus absorption through the intestimal wall and entrace into the
blood stream, other regulating mechanisms come into play,., Administration of the
total daily requirement in a single dose in the preabsorptive stage (this means
fasting state) will lead to phosphorus depletion. The reason for this is the
following: The normal phosphorus level of the blood varies betwecen 2 to 4 mg.%.
Any increase or attempted increase is immediately regulated by increased exerction,
mainly By urine ard partially by stool., Thus when phosphorus is absorbed rapidly
through the intestine, it will shortly afterwards appesr in urine to a great extent,
This is the reason that all attempts to increase phosphorus utilization by giving
excess amounts of phosphorus orally or intravenously have been unsuccessfule.

With respect to radioactive phosphorus, I object to the use of wéak specific
activity samples in therapy as well as in tracer work for the following rcasons:

In tracer work: The body, being unable to differentiate between active ard
inactive phosphorus, will indiscriminately take and utilize the phosphorus effered.
Consequently, with a weak specific phosphorus sample, the concentration of radiation
per cell or per unit tissue will be such that it will simulate low differential
uptake, . : '

.Therapeutically an inade¢uate radiation concentration or radiation level will
.result, The suggestion to give leukomia patients more frequent dosos involving
‘larger amounts of total phosphate, ard to wait until hematological changes occur,.
will result in a long wait-and little effect. If I compare it with external
radjation, that is, with x~-rays, it would be as though one were to give daily say
1l r, or twice a day .1 r or threc times a day 1 r, and wait ard see what happens
to the blood count. It has been experimentally shown that nothing happens to the
blood count, at least nothing therapeutically satisfactory, However, it must be
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realized that such treatment involves considerable man power and man hours, for
giving the treatment and for doing repeated blood counts. Further, such trecatmend
would be a departure from our intention to plan and execute radiation therapy.
scientifically. Since the utilization of phosphorus is such a complex mechanism,
the suggested use of weak astivity by just giving more phosphate solution and more
often such a solution, and waiting and watching appcars to me as though one would
suggest expressing dosage in milliampere.scconds, There might be objection to my
statement that we can achieve satisfactory radiation concentration in the body

with radioactive phosphorus, ard it could be said that by ropeated, doses we finally
get the proper concentration. This conclusion is erroneous for the following
reasons: 1in order to achieve a. beneficial hematological effect in leukemia with
radiocactive phosphorus, the cell destruction must be faster than cell regencration.
In order to achievd this, a certain radiation concentration or radiation level must
be in the body, MNaturally an excess.leads to a destruction not only of the white
cells but also the red cells. A low radiation level, on the other hand, will be
inadequate to bring about the satisfactory and diffcrential destruction of leukemic
tissues This fact is well established cxperimentally and has been observed
clinically, ‘ ' T o .

‘Although 1t is not possible to state oxactly what rediation concentration or
radiation level is the desirable onc in an irdividual case, we know empiracally
that approximately a 3 to 4 millicurie level with a-400 to 500 microcuric/cc _
phosphorus brings about satisfactory radiation responsc. Assuming an activity of
1 microcuric per 1 mge of phosphorus {not phosphate), then for 800 microcuries a
total of 2% gm. phosphate must be administered. If this were administered orally
and if it were absorbed entirely from the intestine, (which the intestine is
incapable to do as explained before), thc blood phosphorus level would increase
by approximately 700% en the basis of the following calculation:

Assuming that the totel blood volume is 5000 cc., then the plasma volume is
approximately 3000 ces Since the normal phosphorus blood level is approximately
, mg.%, 800 mg. vill result in an increase of 700%. Even if the sbsorption doesnlt
teke place instantaneously but over a period of say, 1 hour in a fasting patient,
then there will still be a considerable incrcase above the physiological level
which will result in excretion. Tho situation will be worse if we should iry to
administer this low activity phosphorus intrazvenously. As to the use of radio-
active phosphorus in polycythemia vera, where we deliberately treat with laxrger
doses, the desirablilty of high specific activities is even more evident., I have
done urine cxcretion studies in 3 patients which showed the following: Vhen using
200 microcuries/cc phosphate solution and a total amount of 6000 microcuries were
given in one single dose, which is equivalent to 450 mg. phosphate or approximately
150 mg. of phosphorus, then an average 750 microcuries werc cxcreted in the first
8 hours; 500 microcuries in the secord 8 hours, anrd 300 micorcuries in the third
8§ hour period after intravenous administration of the material., In the secord
patient, the total excretion in 24 hours was as high as 2300 microcuries. In theo
third patient, approximatsly 500 microcuries/cc were used ard the dose was divided
into three 2000 microcurie doses given on succeeding dayse.. I fourd that the ex-
cretion in 4 days was 680 microcuries., If we calculate this to a total phosphorus
content, the explaration for this difference in excretion becomes absolutely evident,
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6000~ pmes N 200 pefece 15 mg/cc'_
is equal to 30 cc. solution "= 4_0 mg. phosphate or :
approximately 150 mg. phosphorus = 5 mg. per ‘cent.increase.

2000 ¢ daily 500 ,uc/cc " 15 mg/ce
is equa{Ato 4 cc. solution = 60 mg. salts aprox1mately
20 mg. phosphorus = 0,6 mg. per cent 1ncrease.

On the two subscquent days, even with slightly larger amounts of solution, the total
phosphorus daily administered is not more than 23 mg. in one dose.

In conclusion I would like to turn your attention to the fact that in the
five years I have been working with radicactive phosphorus, I have always asked
for higher specific activitics ard I have objected to low specific activities for
the reasong I pointed out above, ‘I would advocate that for treatment of polycythemia
vera activities bestween 1500~2000 mlcorocurles/co/lS mge salt would be preferential,
I would suggest similar activitics for treatment ef leukemia patients.

I '4m aware of the fact that I have not taken into account all factors which
play a part in the utilization of phosphorus but I feel that my ssatement zould
have become too elezborate., . , ,
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