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Dear Dr. Cronkite:

Enclosed is a copy of a report dealing with estimation of dose from
tritiated thymidine in humans. You will recall that | discussed this
with you at the Radiation Research Society meeting in Miami Beach
and you suggested that | send it to you to look over.

You will note the authors conclude that the average total dose received
by cell nuclei from tritiated thymidine is about 7100 times greater than
that from an equal injection of tritiated water, while the average initial
dose rate is 450 times higher than tritiated water. Thus, for the case of
injected tritiated thymidine, a permissible level would be 1/7100 the
permissible level of tritiated water. Do you agree with this method of
estimating a level for injected tritiated thymidine?

Also, the authors discuss the case of ingestion, and here It is indicated
that the MPC would be approximately 1/100 of that for tritiated water.
Do you agree that this would be a permissible level for ingestion of
tritiated thymidine?

The authors make these estimates on the basis of dose to cell nuclei, and,

as you nointed out, the ingestion of the thymidine will result in the labelling
of the cells in the gut. As far as | can see, in this report the authors have
not made any dose estimations for the gut.

In view of the fact that the ICRP Committee 2 is going to meet in New York

during the week of June 22 und discuss this problem, would it be possible
for you to comment on thesa estimations before that time?
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Dr. Eugene P. Cronkite -2- May 25, 1764

Or. Snyder has not yet returned from Europe, but if he agrees that | should
come and work on your data for estimating an MPC, | would probably come
sefore this meeting if this is convenient and agreeable with you.

Very truly yours,

Gri v Sigued Dy

S. R. Bernard
Health Physics Division

P.S. { have written to Verly for his data too.

Enclosure:
", Comparison of the Risk from Tritiated Thymidine
and Tritiated V¥ater, " by Myers and Vennart

SRBuss
o
be: K. Z. Morgan ’{%{ﬁ"

W. S. Snyder
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Abstract:

Data needed for calculating pg S/gm. wet tissue for Table T, page 150,
ICRP Handbook, are given:

- Skeleton: 11.6% of body weight
e Total skeleton fat 10

Sulfur content of fat-free skeleton 0.137 g. S/100 g. fat-free bone
: Skin 17.4% of body weight

Total skin fat 15

Sulfur content of fat-free skin 0.375 g. S/lOO g. fat-free skin

~ from which data one calculates:

- 10 grams of sulfur in the whole skeleton of standard man.
0.388 grams of sulfur in the whole skin of standard man.

r

—.and therefore the following values which are not in the Handbook:
1230 pg S/gm. bone
3190 ug S/gm. skin.

Data is also aveilable to calculate Handbook values for: muscle, blood, brailn,
~liver, intestines, lungs, heart and spleen.

[y

< Based on above data, there is disagreement with the Handbook value (p. 159) of
0.2 = f5 for the stable element, since:
f2 = 10 g. S in bone = 0.0572 for stable element in bone

175 g. S in whole body

The Hendbook value was based on the following references (as cited):

Dziewiatkowski, J BIOL CHEM 161, T23-9 (1945)
Shohl, MINERAL, METABOLISM, Reinhold Pub. (1939) .

Similarly, there is disagreement with f, for the stable element in skin:

- fo = 0.388 g. S in skin = 0.0222 for stable element in skin

175 g. S in whole body

The Handbook value (p.160) of f5 = 0.17 for stable element in skin 1s based on
the Shohl, MINERAL METABOLISM reference.
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Abstract:

This paper is of value mainly for the fact that it may be the only avaidhble human
data estimating the small but significant loss of S=-35 via perspiration route,
which amounts to about 1% of the total administered dose as estimated below.

There appears to be a continued interest in S-35 for treatment of advanced
chondrosarcoma, a total of 5,594 me of S-35 having been used on 10 patients since
1957 et NIH, in the form of HgSOh.

LAUNDRY DATA:
Patient Route Dose Time (days) for Accumulated % of admind.
(me) 70% excretion of mc recovered dose recovered
the admind. dose from laundry * from laundry
via urine
EP I.V. 350 13 3 ~0.591 = 2.4 0.69
HT I.V. 4,88 4 6 -~ 0.5 =55 1.1

* Corrected for decay.

Control laundry washes showed 85-100% recovery of S-35. Patient HT gave little
S-35 recovery from laundry washes after 6th day, but patient EP laundry gave
as much as 0.8 mc between 1hkth day and the 16th day.

URINARY DATA: (Included in above table.)

Bespite 4 higher dose (488 mc), patient HT, was excreted in 1/3 rd
the time taken by EP to excrevbd a 350 mc dose. Assuming both should bave excreted
their respective doses in the same time, percentagewise, individual variability is
probably reflected here. Patient HT (488 mc) showed very litlle excretion after
15 days (85% of total injected dose). Patient EP (350 mc) showed little excretion
after 28 days (about 85% of total injected dose).

No fecal data is given, so one cannot tell whether the remaining
14% of total dose {100%:+:85% + 1%5 contributed a significant body burden or not.
Assuming 7% of total dose excreted via feces, a body burden of 7% of total dose migh
be assumed.

(Rat data, Dziewiatkowski, JBC 178, 197-202 (1949), gave about 90%
total recovery from urine + feces in 100 hrs., sbout 81% of total I.P. dose
via urine and about 8% of total I.P., dose via feces, leaving a body burden of
about 11% at 100 hrs (4.2 days).)

1020280



Health Physics Pergamon Press 1964. Vol 10, pp. 557-561. Printed in Northern Ireland

CONTAMINATION PROBLEMS ASSOCIATED WITH THE
ADMINISTRATION OF MASSIVE DOSES OF SULFUR-35
TO PATIENTS*

JOSEPH M. BROWN, Jr., JOHN R. HOWLEY, YVONNE McINTOSH, DONALD DRIVER,
and MARDALEE B. DICKINSON
U.S. Public Health Service, National Institutes of Health, Bethesda, Md.

{Received 31 July 1963 ; in revised form 23 December 1963)

Abstract—Sulfur-35 as H,5O, in HCI solution has been used by the National Institutes of
Health in the treatment of chondrosarcoma. Therapy doses have ranged from 295 mc to 488
mc with the total amount of 833 reccived by any one patient being 997 mc. Owing to the
rapid excretion of S% in all body fluids, the problems of general radioactive contamination
of the hospital are many, accentuated by the relative long half-life (87 days). The safety tech-
niques developed for patient-care personncl are presented and contamination monitoring
techniques and results are reported for two of the patients.

SuLrur-35, as H,$%*O, in a solution of HCl and
NaCl has been used for several years at the
National Institutes of Health in the treatment
of chondrosarcoma.!’ The amount of sulfur-33
given per therapy dose has ranged from 295 to
488 mc with a total dose to one paticnt of
997 mc. A total of 5594 mc of sulfur has been
used in patient treatment in ten cases since 1957,

Since sulfur-35 emits only low-cnergy beta
particles (0.167 MeV maximum), external radi-
ation from the patient does not present a
problem to patient-care personnel. However,
bremsstrahlung is detectable as would be ex-
pected from low energy electrons and low Z
materials making up the human body. On the
other hand, the problems of general radioactive
contamination are many because of the rapid
excretion, primarily in the urine with small
amounts in other excreta, the relatively long
half-life (87 days), and the dificulties of moni-
toring for low energy beta contamination.
However, techniques have been developed for
controlling contamination levels during the
administration of the dose and the subsequent
care of the patient.

Two typical cases are presented to illustrate

* Presented at the Health Physics Society Meeting,
Chicago, Illinois, 11~14 June 1962.

557

the safety techniques developed by the Radiation
Safety Department of the Clinical Center and
carried out by patient-care personnel following
the administration of the therapy doses. Area
monitoring techniques and results are reported.
Patient E. P. was given 350 mc of sulfur-357
intravenously in a regular operating room. This
was done in the operating room in order that
biopsy could be performed immediately after
the dose was administered. Patient H. T. was
administered 488 mc of sulfur-35 in a regular"/
patient-care room of the Clinical Center. Each
therapy dose was assayed against a 5% standard
supplicd by the National Bureau of Standards,
using a liquid scintillator spectrometer. Each
dose was given in a 350 ml intravenous drip
and no untoward event occurred during either
procedure. In each case Radiation Safety De-
partment personnel were present during the
administration with equipment for coping with
a spill.
In the case of patient E. P. the only deviation
from normal operating room procedures were:
(1) Extra precautions were taken to reduce
traffic into and out of the operating room.
(2) The shoe covers normally worn by
operating room personnel were changed
at the operating room door when per-
sonnel left the room.

1020281




et m— — e

¢ ———n s s -

o o Attt o min b A mr et

e s

538 CONTAMINATION PROBLEMS

(3) Instruments and equipment in the oper-
ating room remained until after the com-
pletion of the surgical procedure and
until monitoring and dccontamination of
the equipment and area were completed.

(4) All operating room laundry including
towels placed at strategic places to absorb
accidental spills was kept in the room
until general decantamination of the area
began. It was then placed in a laundry
bag for subsequent removal to the isotope
laboratory for decontamination.

(5) Operatingroom personnel were monitored
for contamination at the doorway when
leaving the areca, A thin window (less
than 2 mg/cm?) survey meter was used
for this survey.

Several of the operating room personnel were:

found to have contaminated hands caused by
touching the patient after the surgical gloves
had been removed. This occurred about 2hr
after the dose was given. No detectable hand
contamination was found following a prompt
and thorough washing of the hands with the
usual operating room cleansing agent. The

_clean-up of the area involved standard tech-

niques of mopping and rinsing. The instruments
were decontaminated in the operating room
sink by wiping down with detergent solution
and rinsing in running water.

Table | indicates the results of a smear* or
wipe survey of the operating room and ad-
joining hallway following the procedure and
also following the decontamination of the area
and equipment. Smears 1, 2 and 3 were taken
in the hallway outside the operating room. The
remaining smears were taken from the floor and
some of the equipment in the room, avoiding
obviously contaminated items and arcas such as
surgical instruments and blood spots on the
floor. Hence it emphasizes only the rather
general contamination that one might expect in
the operating area and on some of the equipment

* Our smear technique uses a | in. circle of What-
man No, 4l filter paper which is wiped on the surface
to be checked. In the case of large flat surfaces such
as floors, an area equivalent to four asphalt tiles,
or roughly 324 in.2, is wiped. These smears are then
counted in a windowless gas flow counter for a pre-
determined count. Counting efficiency is assumed to
be 50 per cent for all smears counted in this manner.

Table 1. Smears taken before and after decontamination
of operating room (Smears 1, 2 and 3 were taken from
the hallway floor outside the reom)

" D/min

Smear no. D/min  after decontamination
i B* B
2 B B
3 B 62
4 B B
5 386 64
6 544 B
7 190 B
8 372 74
9 270 B

10 300 30
11 86 B
12 258 B
13 550 B
14 56 B
15 364 B
16 1102 B
17 348 B
18 1130 B

* Indicates background counts (25-45 cpm).

following the administration of the dose and the
surgical biopsy procedure. Note the sharp
demarcation between the controlled area which
was in this case the door to the operating room.
It should be pointed out that the operating
room team in this case was experienced in the
handling of radioisotopes and every effort was
made to keep contamination levels to a mini-
mum.

After surgery, Patient E. P. was removed to
one of the Clinical Center nursing units and
placed in a room by himself. Patient H. T.
was placed in an adjoining room. Each patient
was restricted to his room. Air samples were
taken 2 hr after these patients were placed in
their rooms and again each 24 hr for a period
of 8 days. Twenty min samples were taken at
a flow rate of 20 ]. per minute through a l-in.
circle of Whatman No. 41 filter paper. These
were counted on a windowless gas flow system
immediately after collection and again following
the decay of natural radioactivity. Gaseous
samples of room air were measured by bubbling
air through a 0.1 N NaOH solution which was,
in turn, counted in a liquid scintillation spec-
trometer. None of the air samples showed a

I02b282
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significant increase over background attributable
to sulfur-35.

The doorway to the patient’s room became
the radiation control point.
The following procedures were required:

(1) Patient-care personnel entering the room
were required to wear rubber gloves,
\ gowns and booties. These were donned
and removed at the doorway.
Visitors were permitted to enter the room
but were dressed as in (1).
Patients left their rooms only for required
medical procedures. When it was neces-
sary for patients to leave their rooms they
were dressed in clean gowns, booties and
cotton gloves. Where this was impossible
or impractical, stretchers and wheelchairs
were draped with cotton sheets to prevent
contamination.
The patient’s food was served indisposable
paper containers which were removed
by the Radiation Safety Department
daily. These were incinerated in the NITH
incinerator, after being monitored. Due
to the tremendous dilution afforded by
the daily charge to this incinerator, the
ash was not monitored.
The patient’s laundry, separated from
the regular patient-care laundry, and in-
cluding booties worn in the room, was
collected daily. Handling of this laundry
will be discussed later.
Urine was collected in screw cap bottles
and stored in the toilet area. The floor
in this area was covered with an ab-
sorbent paper which was taped to the
; floor with masking tape to prevent

slippage.

Figure 1 shows the accumulated percentage
of the'administered dose recovered in the urine
per day. Patient H. T. excreted more than
70 per cent of the dose within the first 4 days
after the dose was given. Patient E. P. required
approximately 13 days to excrete 70 per cent of
the administered dose.

The contaminated laundry from these patients
was handled under Radiation Safety control.
: The laundry was washed in a 9-b home-type
washer using a commercially available deter-
gent. Water from the machine was collected

2
3)

(4)

()

(6)

e
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Fic. 1. Accumulated per cent of dose recovered

in urine corrected for decay to day of adminis-
tration.

in 55-gal drums. An aliquot of this wash water
was counted in a liquid scintillation spec-
trometer. Previous studies on a number of
deliberately contaminated batches of laundry
indicated between 85-100 per cent of the total
sulfur-35 contamination present in laundry is
removed in a single washing by this method.
The wash water from the operating room
laundry, in the case of Patient E. P., contained
a total of 391 uc of sulfur-35. Figure 2 indicates
the accumulated amount of S$3° recovered from
each patient’s laundry. After the sixth day,
the amount of sulfur removed from the laundry
of Patient H. T. was rather small, whereas the
wash water from the laundry from Patient
E. P. contained as much as 800 uc between the
fourteenth and sixteenth day. As a group, the
excretion patterns in these individuals have
shown a high variability. Collection of patients’
laundry by the Radiation Safety Department
was discontinued when the contamination in
the wash water was found to be below the MPC
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Fi16. 2. Accumulated puc S-25 recovered from
patients’ laundry corrected for decay to day of
administration.

for water as listed in the Federal Rcgister,
Tite 10, Part 20. The value for sulfur-35 given
in Appendix B, Table 2, is 6 x 1073 uc/ml.
The gowns worn by patient-care personnel were
collected for one week following the administra-
tion of the doses. No significant contamination
has been found in the wash water from these
gowns and after | week the gowns are sent
dircctly to the NIH laundry.

The wash water from the laundry and the
urine {rom the patients, excluding that urine
collccted over the first 6 days, was added to the
Isotope Laboratory’s 10,000-gal storage tank
and mctered into the sanitary sewer system over
an extended period of time. The urines collected
for the first 6 days were disposed of as long
half-life waste.

Daily wipe smears were used as an index of
the contamination present in the patients’ rooms
and the adjoining corridor. Figure 3 gives the
average of ten smears taken in the patient’s room
over an extended period of time. In the case
of Patient H. T., the highest smear readings

ROOM SMEARS
100,000
PATIENT: H.T, 488mc 5 PATIENT: E.P 350me §%
wmmm AFTER CLEANING
10,000

DISINTEGRATIONS PER MINUTE

Fic. 3. Average of ten smears taken in the
patients’ room over an extended period of time.

were made on the third day, the average of the
ten smears yielding approximately 50,000 dis-
integrations per min. The highest smear
readings in Patient E. P.’s room occurred on the
fifth day when 1900 disintegrations/min were
recorded as the average of ten smears. De-
contamination of these rooms was effected on
the indicated days by housekeeping personnel
under Radiation Safety Department supervision
and assistance. The normal procedures of
cleaning a hospital room were used, with all
personnel wearing gloves, gowns and booties.
No area outside the rooms showed signs of
contamination throughout the period of re-
striction of the patients, which was 35 days for
Patient H. T. and 31 days for Patient E. P.
Following the removal of restrictions, the patients
were treated as routine tracer studies by hospital
personnel.

SUMMARY

(1) Patients receiving massive doses of sulfur-
35 can present a serious and general contamina-
tion problem to the hospital and should be

10267870




%)

lear
the
vere
De-
‘on
anel
sion
of
all
ties.
i of
re-
for

2nts
ital

fur-
.na-

be

JOSEPH M. BROWN, Jr. et al. 561

isolated. Areas of rather high level general
contamination will go undetected unless appro-
priate survey mecasures are used to monitor for
this low-energy beta emitter.

(2) Under the regimen instituted, air borne
contamination did not present a problem.

(3) The main contamination problem resulted
primarily from small spills of highly contam-
inated urine and from other body fluids.

(4) Control of contamination can be easily
established at the doorway to patients’ rooms,
thereby preventing the general spread of con-
tamination throughout the hospital.

(5) Sulfur-35 contamination in laundry is
easily removed by normal washing procedures
using commercially available detergents,

(6) Decontamination of rooms and areas
lends itself well to normal hospital cleaning
procedures.
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Abstract: (by C. F. Holoway) 22 June 1964

1.27 curies of elemental S-35 dissolved in 15 ml of benzene in a sealed
ampoule exploded, contaminating an organic chemist externally and internally.
Using various forms of sulfur, the major load of deteatable S was cleared from
the body within 5 days, biol. half-life of plasma radiocactivity being about
19 hrs., approx. 85% of urinary and 90% of fecal radioactivity excreted within
2k hrs of accident, in agreement with the classical concept that only & small
portion of S introduced in non-organic form is retained by the body.
Observations in this unusual case are discussed in the light of available 1lit.
on S-35.

Mode of entry: minor cuts on hands and face, and probably inhalation of
5-35 aerosol, as well ag through skin absorption, since in latter, activity not
removable,mechanically,slowly disappeared.

ses: (1) plasma, (2) CCl) plasma proteins, (3) urine, (4) feces,
(5) hair, stemnal puncture bone marrow, (7) skin surfaces.

Results+ (1) plasma content dropped from 0.68 pc to background in 4 days.
(2) CCl), plesma proteins contained no detectably radioactivity
at any time.
(2a) RBC's contained small but sig. activity, ranging from
1/6 to 1/2 plasma activity.

Semilog€ plot of plasma data suggested rate of disappearance

of 5-35 from plasma was exponential, with a half-life of
approx. 19 hrs, suggesting maximal plasma concn. following
the accident of 0.61 pc, assuming plasma vol. of 5% of body
wt., or 4.65 1.

(3) Approx. 6.9 or 90% of the urinary S-35 accounted for as
sulfate, and probably more. Jmamf S-35 excreted in urine,
when plotéed against time, as a semilo@ function, was fitte
to —

y = a(l-e™

The observations have been plotted about a line generated u

a = 4.29 pc and k = 0.076.
(4) Extremely erratic nature of fecal S5~35 excretion did not
Justify s cumulative plot, but the data suggest that a max.

of 9 uc of S-35 might be reasonably anticipated. Since only
0.002 pc S5-35 could be extd. from the total fecal radiocacti

with benzene as elemental S-35, it seemed likely that the
total activity was present as sulfate.

(5) A sample of hair 2 months after the accident contained app:
2-14 c/m above background, in accord with 1lit. that inorgar

S may be incopporated into cysteine in human.
(6) Bone marrow contained no activity above background.
(7) Skin ¢/m ranged from 200 c¢/m at back of right knee to
a count beyond range of instrument over left forearm.
Authors believe that the total body burden of 13-26 pc did not constitute a.
significant internal radiation hazard. Based on a fecal content of 9 pc, a total
body burden of 18 pc might be estimated. Assumlbg that all of the S-35 appearigg

in the urine was absorbed from the GI tract rather than from lungs, one might ext

that 13 pc had been swallowed, giving an estimated body burden of 26 uc, ignoring
entrance into bloodstream of any radioactivity via cuts from flying glass or by
skin aebsorption.



Abstract: (by S. R. Bernard) 3 August 1964

The authors report on urinary excretion, fecal excretion, disappearance from
plasma, and a sternal bone marrow sample with respect to S-35 taken in accidently by
an organic chemist while manipulating an ampoule containing elemental S-35 in benzene
which exploded. The man received minor cuts and hands and face, his clothing and s§in
_ being conteminated, he could have inhaled, ingested, and/or been administered via

- puncture wound the S-35.

D)

The authors give fecal measurements out to 60 hours following intake, and
they estimate 9 pc in the fecal excretions. (I estimate a half-life of 6 days and
.. & total amount of 17 pc excretedl in the urine.) They present a table and graph of
urinary excretion (designating on the abscissa units of pc and not pc per hour, day
or liter). This graph needs to be checked. They also present a plot of cumulative
pc excreted, fitting it with a one-exponential equation, and a half-life of 9.1 hours
is found. They estimate 4.3 pc to have been excreted in the urine. Maass et al indicate
that they coreected all data for radiologieal decay. A sample of bone marrow taken
36 hours after intake showed no siggficant activity. A plot of S-35 in plasma is shownm,
with a half-life of 19 hours. They estimate from feces and urine that 13-26 pc were taken
:<in. The subject was administered large quantities of elemental S as sulfur and molasses,
and MgSOL to accelerate excretion. (Thus, parameters may not be applicable for Intermal
Dose Estimation) They also discuss the analytical methods and hospital procedure.
‘Does HClOu-HNO3 volatilize sulfur from oxidation of feces?

v
o
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ACCIDENTAL PERSONNEL EXPOSURE TO ELEMENTAL S*

A. R. MAASS, T. L. FLANAGAN, D. BLACKBURN and M. SMYTH
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Philadelphia |, Pennsylvania

(Received 23 March 1962; in revised form 4 March 1963)

Abstract—While an organic chemist was attempting to open a glass ampule containing 1.27¢c
of clemental $% dissolved in 15 ml of benzene, the vial exploded, and the operator was con-
taminated internally and externally with the radioactive material. It is extremely difficult
to measure the effectivencss of therapy employed to encourage the removal of absorbed radio-
activity, or toassess with assurance the validity of our estimation of total body radioactive burden.
However, utilizing the techniques of dilution of the absorbed radioactive material with non-
radioactive sulfur in several of its many utilized forms, as well as the administration of agents
which scem likely to increase the rate of excretion of 53, the major load of detectable S% was
cleared from the body within 5 days. The biological half-life of plasma radioactivity was about
19 hr. Approximately 85 per cent of the urinary and 90 per cent of the fecal radioactivity were
excreted within 24 hr of the accident. This is in agreement with the classical concept that only
a small portion of sulfur introduced in a non-organic form is retained by the body. The obser-
vations in this unusual case are discussed in the light of available literature on S35,

The body burden has been estimated to have been 13-26 uc. There is ample evidence in the
literature to suggest that these quantities of radioactive sulfur are unlikely to cause any radiation
damage and, indeed, no adverse effects have been noted during the 3 years since exposure.

INTRODUCTION

ELEMENTAL S% in benzene in amounts varying
from 200 mc to 1.5 ¢ had been utilized for the
synthesis of several radioactively labeled pheno-
thiazines. The S¥ was generally received in a
heat sealed all-glass ampule, since on one
previous occasion the packing material in a
shipment of S% in a screw-capped container
was found to be contaminated.

On this occasion, as on previous occasions,
the ampule was chilled in an ice bath prior to
opening. After chilling, the ampule was placed
inside two concentric containers. The ampule
was scored with a carborundum chip but could
not be snapped open. Before it could be scored
again it exploded, shattering both containing
vessels and severcly contaminating the operator.

The operator, an organic chemist, Ph.D., .

received minor cuts on his hands from glass that
penetrated his rubber gloves. There were also
superficial cuts on his face around, but not
within, the area protected by his safety glasses.
His uniform and the exposed areas of his face
were highly contaminated. He discarded his
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uniform, changed to clean clothes, and left his
laboratory, which was thereupon sealed. When
monitoring indicated that the $3% had con-
taminated even areas protected by several layers
of clothing, he then began decontamination of
all body surfaces. Within 1 hr after the accident,
blood and urine samples were obtained which

" contained radioactivity indicating internal con-

tamination. This paper presents the method of
his treatment and methods used to estimate his
total body burden of S%,

. METHODS
A. Immediate post-accident medical care

The immediate treatment was directed
toward three goals:

(1) Decontamination of radioactiveskinareas.

(2) Establishing as nearly as possible “base
line” values for blood and urine radioactivity.

(3) Elimination of whatever S% might have
been absorbed or ingested.

The patient was placed immediately. in a
shower, given a brush, and told to scrub
vigorously with soap those skin areas exposed to
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732 ACCIDENTAL PERSONNEL EXPOSURE TO ELEMENTAL 5%

the explosion and found to be contaminated.
Within 1 hr Phisohex was substituted for soap
in the belief that it might clcanse more thor-
oughly; contaminated body hair was removed
by shaving.

Blood and urine samples were obtained for
“base line” values. At this time magnesium
sulfate (15 g, p.o.) was given as a stimulant to
sulfur excretion and large amounts of coffce were
administered orally to encourage diuresis.

Four hours after the accident, when no
further reduction in skin radioactivity could be
achieved by washing, the remaining contami-
nated areas were covered with bandages and the
patient was transferred to a hospital where the
staff had been alerted to receive him for observa-
tion and treatment.

B. Hospital care

Blood was drawn for hematological study and
the patient was placed on the following regimen
(abstracted from his hospital records):

(1) Ambulatory within the room.

(2) Regular hospital diet-force fluids.

(3) Save all stools and urine in special plastic
container. Label time of excretion of each.

(4) Lanolin and Aquaphor to face.

(5) Mecthionine 0.5 g } p-o. every 4 hr starting
Tryptophan 1.0 g 1800 hours.

(6) Sulifur and molasses, 1tbhs. (15 ml) 1900
hours

(7) LV. 1000 ml H,O containing 9.8 mg of

sodium sulfate (140 mEq SO,).

(8) Saturated solution of magnesium sulfate
30 ml at bed time.

(9) Rounded tsp. of DL-tyrosine in glass of
fruit juice at 2000 hours.

Starting the second day, the following orders
were added:

(1) Methionine 0.5g
Tryptophan 0.5 g } every 4 hr p.o.
Tyrosine 0.5g

(2) Collect all stools in 24-hr samples.
Collect all urines in fractional periods
ending at 0600, 1200, 1800, 2400.

(3) Collect 10 ml citrated blood at 1200, 1800,
2400 and 0600 hours.

That same day, tests were done for liver
function, serum creatinine and BUN, blood
glucose, and serology, and a bone marrow
biopsy was obtained. On the third day, i5

grains of aspirin p.o., q. 6 hr was added to the
regimen. On the fifth day a repeat 1.V, infusion
of sodium sulfate (containing 56 mEq of SO,)
was administered. Daily skin counts were made
to follow the level of radioactivity of the con-
taminated areas. The patient was discharged
on the seventh hospital day to be followed as an
outpatient for 2 months with weekly blood
counts.

With the exception of tiny cuts on his fingers
and the reddening of his skin due to scrubbing,
no abnormal clinical signs or symptoms were
exhibited which could be in any way related to
his exposurc to radioactivity.

The paticnt was carefully surveyed on admis-
sion to the hospital with an end window geiger
tube attached to a radiation monitor (Nuclear
Chicago Laboratories, Model 1619). No cali-
bration was available on this instrument for §33;
hence, there was no way of determining or even
estimating the actual amount of radioactive
sulfur present on the skin at any of the sites
where activity was found. The counter was
calibrated for consistency, however, with a
radium source. The fact that erythema did not
at any time develop in any area where radio-
activity was found suggests that the quantity
present was not sufficient to produce skin injury.

C. Analytical methods

All determinations of radioactivity in the
samples obtained were corrected for back-
ground, quenching, absorption and decay by
appropriate techniques.

1. Blood analysis for radioactivity. One-half ml
aliquots of heparinized plasma were pipetted in
duplicate and counted in 20 ml of a Cab-O-Sil
aqueous phosphor solution on a Tri-Carb
Liquid Scintillation Spectrometer.

Plasma proteins from 1 ml of plasma were
precipitated by the addition of 2ml 109
trichloroacetic acid. The precipitate was washed
3 times with 59, trichloroacetic acid, suspended
in 10 ml thixin-toluene phosphor, and counted.
Four-tenths ml of the trichloroacetic acid
filtrate was pipetted into 10 ml aqueous phos-
phor and analyzed for S%,

2. Urine analysis. Five-tenths ml of each urine
sample was pipetted, in duplicate, into 20 ml
aqueous phosphor solution. To determine the
amount of radioactive sulfate in urine, 1 and
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10 ml aliquots of the urine were adjusted to
approximatcly pH 3 with HCI. The urine was
hecated on a hot water bath for approximately
20 min, after which 10 ml barium chloride
solution (107, solution) was added and the
heating continued for at least an additional
hour. The samples were allowed to stand over-
night and then the BaS¥O, was filtered off on
the tared filter disc. The precipitate was
washed, dricd, weighed and counted in the Gas
Flow Counter.

3. Fecal analysis. Fecal samples were sus-
pended in concentrated nitric acid. The total
volumes were rccorded and a 10 ml aliquot
removed and heated with concentrated nitric
acid until no solid matter was visible in the
oxidation flask. Perchloric-nitric acid oxidation
mixture was added to the sample and heated
until a clear solution was obtaincd. Heating
was continucd for approximately 2 hr to insure
complete oxidation of the sample. The sample
was quantitatively transferred and made up to a
known volume with distilled water. Aliquots
of 0.4 ml were removed, in duplicate, and
counted in 20 ml aqueous phosphor solutions.
In an attempt to estimate the amount of
elemental S35 in the feces, a 200 ml aliquot of the
combined fecal-nitric acid suspension was
extracted with 100 ml benzene. The benzene
was centrifuged and a 0.4ml aliquot was
counted in 10 mi of aqueous phosphor.

4. Hair analysis. A sample of hair, 1.56 g was
oxidized with the perchloric—nitric mixture as
described for feces. An aliquot was pipetted, in
duplicate, into 10 ml aqueous phosphor solution
and counted.

5. Sternal sample. On the second day of his
hospital stay (about 36 hr after the accidental

D. BLACKBURN and M. SMYTH 733

exposure) a sternal bone marrow specimen was
obtained. The sample was oxidized with
perchloric-nitric acid mixture as described
above and an aliquot counted in aqueous
phosphor.

6. Skin. On admission to the hospital, the
patient had ten areas of radioactive contamina-
tion on his skin. These included the forehead,
right upper lip, left upper chest, left forearm,
right forefinger, front and back of right thigh,
front and back of right knee and front of right
calf. Counts (above background) in these areas
ranged from 200 counts/min at the back of the
right knee to a count beyond the range of the
instrument used over the left forearm.

Daily counts of these skin areas indicated
steadily and rapidly decreasing numbers of
active sites and activity. On the day of discharge
from the hospital (7 days post-accident), only
two skin areas remained radioactive; the left
forearm counted 500 counts/min and the an-
terior surface of the right knee counted 200
counts/min.

All clinical laboratory studies were within
normal limits throughout the hospital course
and have remained normal throughout the
3-year period since the accident. Cellular
studies of the bone marrow biopsy indicated no
abnormalities.

RESULTS

The results of the determination of radio-
activity in plasma, urine and feces have been
recorded in Tables 1, 2 and 3, respectively.

Plasma samples were obtained and counted
for 4 days after the accident, at which point
activity approached background. Plasma pro-
teins precipitated with trichloroacetic acid did

Table 1. Radioactivity in plasma

Sample Hours Plasma Plasma content*
Date  time clapsed cpm/ml  dpm/ml (uc)
3/28 1130 1.75 186 320 0.68
1415 4.50 134 231 0.48
3/29 0545 20.00 84 145 0.31
1200 26.25 54 93 0.20
1415 28.50 48 83 0.17
3/30 0015 50.50 40 69 0.14
0600 56.25 18 31 0.06

* Assuming a plasma volume of 5 per cent body weight, 4.65 L.
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734 ACCIDENTAL PERSONNEL EXPOSURE TO ELEMENTAL 53
Table 2. Radioactivity in urine
Total pc excreted/interval 0/
Date Time Vol\;mc Cumulative of '/I?otal
: ml A B Cc* D* Average
3/28 1100 37 0.07 — 0.072 0.067 0.070 0.070 1.6
1223 106 0.51 0.35 — 0.539 0.466 0.536 12.3
1745 790 1.49 1.14 1.52 1.57 1.430 1.966 45.6
2045 500 0.56 — 0.64 0.60 0.60 2.566 59.0
3/29 0030 690 0.59 — 0.66 0.664 0.638 ~  3.204 73.7
0430 360 0.40 — 0.44 0.268 0.369 3.573 82.1
1200 335 0.27 — 0.32 0.138 0.243 3.816 87.7
1800 360 0.15 0.13 0.10 0.066 0.111 3.927 90.3
2400 1000 0.10 0.09 0.12 0.073 0.096 4.023 92.5
3/30 0600 195 0.05 0.04 0.039  0.016 0.036 4.059 93.3
1200 790 0.06 0.06 0.048  0.042 0.053 4,112 94.5
1800 422 0.02 0.01 0.014 0.014 0.015 4,117 94.6
2400 1230 0.04 0.04 0.066  0.027 0.043 4.170 95.9
3/31 0600 572 0.02 0.02 0.015  0.011 0.017 4.187 96.3
1200 760 — 0.02 0.028  0.020 0.023 4.210
1800 932 0.02 0.02 0.033  0.013 0.022 4.232
2400 952 0.02 0.01 0.019  0.010 0.015 4,247
41 0600 742 0.02 0.02 0.019  0.014 0.018 4.265
1200 312 0.0l 0.01 0.010 0.008 0.010 4.275
1800 402 0.02 0.01 0.014  0.003 0.017 4,292
2400 255 0.01 — 0.010  0.001 0.007 4.299
42 0600 390 0.0l — 0.011 0.003 0.007 4.306
1200 168 0.008 — 0.005  0.002 0.005 4.311
1800 272 0.006 — 0.006  0.002 0.005 4.316
2400 365 0.01 — 0.005  0.003 0.007 4,323
4/3 0600 230 0.007 — 0.007  0.002 0.006 4.329
1200 325 0.01 — 0.005  0.004 0.006 4.335
1800 195 0.006 — 0.005  0.001 0.004 4.339
2400 720 0.005 — 0.006  0.001 0.005 4,344
44 0600 530 0.008 — 0.007  0.006 0.007 4.351
1200 382 0.008 — 0.006  0.003 0.006 4.357
4[5 1630+ 490 0.01 — 0.006  0.005 0.021% 4.378
4/6 1700t 440 0.005 — 0.005  0.004 0.017% 4.395
4/7 17001 260 0.005 — 0.004  0.002 0.017% 4.412
4/8 1700t 378 Background 0.005  0.002 0.012% 4.424
® Radioactivity collected as BaS3O, by filtration.
1 Note 6-hr collection, representative of 24-hr urinary excretion.
4 Based on 1500 ml as 24 hr collection.
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Table 3. Radioactivity in feces

Date Time Elapsed time uc/collection Cumulative % of Total

hr pe

3/29 0030 14.45 4.74 4.74 55.4

0815 22.5 1.96 - 6.70 78.0

? 1.28 7.98 93.2

1445 29 0.43 8.41 97.4

1800 32.25 0.10 8.51 99.0
41 — 0.04 8.55
— 0.008 8.58

not contain any detcctable radioactivity at any
time. The red blood cells were found to contain
a small but significant amount of radioactivity,
ranging from § to } the activity present in
plasma. All radioactivity detccted in the blood
was present as water-soluble material, including
thatin the plasma. Ttseems likely that all of the
radioactivity in the blood was present as sulfate,
which would be anticipated bascd on reports in
the litcrature that the oxidative mechanism of
the body can rcadily convert elemental sulfur to
watcr-soluble sulfate.(1-3

A semi-logarithmic plot (Fig. 1) of the plasma
data suggested that the rate of disappearance of
S$% from the plasma was exponential, with a
half-life of approximately 19 hr. The solid line
represents the equation y = ae~** fitted to the
observed data by the method of least squares.
These data suggest a maximal plasma concen-
tration following the accident, of 0.6l uc,
assuming a plasma volume of 5 per cent body
weight, or 4.65 1.

Microcurics of $3% excreted in the urine have
been plotted (Fig. 2) as a semi-logarithmic
function against time. Since the data appeared
to be an exponential function, the equation
y=a (1 — ¢ ™) was fitted to the data of an
accumulation plot (Fig. 3) of urinary radio-
activity. The observations have been plotted
about the line generated using ¢ = 4.29 uc and
the rate function £ = 0.076.

A comparison of the data in columns C and
D (Table 2), radioactivity precipitable as barium
sulfate, and columns A and B, total urinary
radioactivity, indicates that approximately 90
per cent of the urinary S can be accounted for
as sulfate. Considering experimental error, it

scems probable that all or almost all the

1026293

radioactivity in these urine samples was present
as sulfate-S3,

The extremely erratic nature of the excretion
of fecal S% does not justify a cumulative plot,
but the data suggest that a maximum of 9 uc of
S35 might reasonably be anticipated; since only
0.002 pc S3% could be extracted from the total
fecal radioactivity with benzene as elemental S%3,
it seemed likely that the total activity was present
as sulfate.

The rapid drop in radioactivity detectable in
plasma, urine and feces indicates a rapid and
steady clearance of residual 5% from the body.
Bone marrow did not contain any radioactivity
above normal background. A sample of hair

(-0

o

Hc 533/ 1otal plosma volume

[ ]
Q 20 3030 €0 70 80 Yo
Time, hr
Fic. 1. The rate of disappearance of S-35 from
plasma.
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obtained 2 months after the accident contained
approximately 2-14 counts/min above back-
ground, in the duplicate samples (utilizing two
slightly different methods). This observationis in
accord with the statements of SmyTHE and
HaLupay,™ SingueEr and MarINeLLI® and
Dziewiatkowski'l.® that inorganic sulfur may
be incorporated into cystcine in the human,
possibly through the reversible action of
desulfurase.
DISCUSSION

Internal contamination could have occurred
by direct absorption through superficial cuts on
the face and hands, or by absorption through
the skin, or could have been acquired through
inhalation or swallowing of contaminated air.
All arc equally difficult to cvaluate as sources,
and the extent of contamination from any
single avenue is impossible to quantitate.

Data in the literature!’™1® jndicate that
elemental sulfur may be absorbed percutane-
ously. As Rotuman has pointed out® this
absorption would be enhanced by simultancous
exposure of the skin to benzene. These reports
coincide with the observation that although the
incident radioactivity could not be removed
completely from the skin by a varicty of
treatments, it disappeared within a few days,
presumably due to absorption into the body.

Since the maximum blood level of radio-
activity found occurred within 2 hr after
exposure it seems most likely that the major
amount of radioactivity in the blood was due
to rapid absorption of S§% from the lung.
Material swallowed would be absorbed from
the GI tract and might appear later in the
blood. It is possible that the benzene was
volatilized by the explosion and formed an
aerosol of the elemental §%. Studies with
radioactive aerosols indicate that they follow
the mechanical movements of inspired air;
hence, some of the material inhaled was
probably also exhaled. It is likely that the
constant draft of the hood (125-250 f{13/min)
also helped to reduce this source of exposure.

In an attempt to prevent utilization of 538
in ordinary metabolic pathways sulfur was
administered to the patient in a varicty of forms.
Sodium sulfate was infused shortly after the
patient entered the hospital and again on the
fifth day, to dilute any radioactive sulfate in

the blood, as well as to function as an osmotic
diuretic.  Sulfur and molasses administered
after admission was followed by a second oral
dose of magnesium sulfate. Methionine was
given to provide a readily usable source of
organic sulfur.

Data in the literature indicate that colloidal
sulfur is readily absorbed from the intestinal
tract of rats't310 and humans,® and only a
small quantity of $% is excreted via the gastro-
intestinal tract. Thus the high fecal excretion
(65 per cent of total $% recovered) of 9 uc was
unexpected. Therefore, it seems likely that the
prompt administration of magnesium sulfate
approximately 1 hr and 5 hr after the accident
with subscquent administration of sulfur and
molasses and other forms of utilizable sulfur
may have prevented more extensive absorption
of the S%.

Tyrosine was administered to aid sulfate
excrction via urinary etheral sulfate. DziewiaT-
kowsk(‘1-® has shown that sulfate sulfur can be
utilized in the synthesis of urinary ethereal
sulfate for excretion with phenol, and according
to TarLow et al."3 about half of the bound
tyrosine excreted daily by man is ethereal
sulfate.

Aspirin was administered in hopes of in-
creasing the excretion of ethereal sulfate, but
this procedure is not clearly justified by reports
in the literature(.18) which indicate that
acetylsalicylic acid, unlike salicylamide, is not
conjugated with sulfate, at least in vitro.

To cstimate total body burden we have
accepted the assumptions stated in the National
Burcau of Standards Handbook No. 52.19
Following inhalation of an insoluble radio-
isotope, 12 per cent is retained in the lower
respiratory tract and the remainder is eliminated
by swallowing or exhalation. If we ignore any
elimination by exhalation and assume that the
total amount eliminated by the feces, approxi-
matcly 9 uc, represents 88 per cent of the dose
received, the total body burden may be esti-
mated as approximately 10 uc.

Since the 12 per cent retained by the lower
respiratory tract goes to blood, we might expect
1.2 uc in blood based on this partition; since
the maximum concentration estimated for total
plasma volume was 0.61 uc, this is a reason-
able estimate. However, the observations of
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WALSERYD indicate that sulfate-S%%, adminis-
tered intravenously to humans, becomes dis-
tributed, within 15-20 min, in a reproducible
spacc which is 16 per cent of the body weight.
Based on this figure the circulating 8% might be
expected to be 2.5 uc, which exceeds by at
least a factor of 2 the estimated blood value.
Moreover, the total urinary and fecal radio-
activity recovered was approximately 13 uc,
which exceeds the body burden of S35 estimated
on the assumptions above.

Since the body can rcadily convert insoluble
elemental §% to a soluble form,1:® it may have
been distributed accordingly. Soluble isotopes
are assumecd to be partitioned:® 50 per cent
swallowed, 25 per cent exhaled and 25 per cent
retained in the lower respiratory tract, from
which they go to the blood and are ultimately
excreted in the urine. Based on a fecal content
of 9 uc, a total body burden of approximately
18 uc might be estimated, 4.5 uc ultimately
being excreted in the urine. This estimation is at
least in accord with our observations.

Assuming further that all of the $3* appearing
in the urine was absorbed from the intestinal
tract, rather than coming from the lungs, we
might expect that 13 uc had been swallowed,
giving an estimated body burden of approxi-
mately 26 uc. This estimate would also ignore
the cntrance of any radioactivity into the blood
stream via cuts from the flying glass of the
explosion or by absorption through the skin
from surface contamination. Hence it would
appear, without attempting to justify any of the
above reasoning, that a total body burden of 13,
minimum, to 26 uc¢, maximum, is a reasonable
range.

The hazard from internal deposition of
radioisotopes is always of concern. However,
$% with an average energy (E;) of 0.049 MeV3#
may be of relatively little concern, for 0.1 mc
uniformly distributed in the body of 90 kg
man would produce approximately 0.003
rad/day1® or, with decay, approximately 0.019
rad/week. The AEC regulations®® limit body
burden, on a continuous 30-year basis, to a dose
calculated to deliver not more than 0.1 rem/week
to the gonads or total body and somewhat
more to other specified organs. Even had this
estimated dosage equaled the permissible dosage,
tissue damage would not be anticipated because

D. BLACKBURN and M. SMYTH 739

the permissible dosages have not been chosen as
a result of positive evidence of damage. More-
over, 5%, with a half-life of 86.35 4~ 0.17 days, (20
has been estimated to have a biologically
effective half-life of 26.1 4- 41.8 days,*® which
markedly reduces the possible time of expo-
sure.

The only indication in the literature con-
cerning tissue damage caused by 5% is that of
GoTTsCHALK el al.?*® who injected 559-926 mc
for treatment of cancer; at these doses signifi-
cant hematological effects were observed.
These observations have been confirmed by
ANDREWS et al.!® who administered 1.0-8.8 mc
sodium sulfate-S3 intravenously as tracer doses,
and ultimately approximately 1 ¢, in three
increments, to chondrosarcoma patients. Severe,
but reversible, depression of hematopoiesis
occurred after administration of 1 ¢ of S$%,
GOTTSCHALK’s patients required transfusions.

It is generally agreed that inorganic sulfur
compounds, regardless of the route of adminis-
tration, are rapidly excreted from the
body(®:11,8-2" and are thus not likely to be
damaging. Methionine-S*® and cystine-S%,
however, are recycled in body proteins and in
this manner S is retained in the body. Doses
of 0.1-5 mc of methionine-$3 have, nevertheless,
been administered to humans, without observ-
able detrimental effects.(28—30)

We believe, therefore, that the total body
burden in this case of 13-26 uc did not con-
stitute a significant internal radiation hazard.
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Abstract: (by S. R. Bernard)
and C. F. Holoway

Three patients with chondrosarcoma were given multiple injections
(3, 5 and 6, respectively) of S-35, in the range of 100-200 mc/injection,
for total doses of 0.5 to 0.9 curie, depending on patient condition, in an
attempt at (palliative) therapy.

S5-35 concentrations in those organs (under burden) checked for key
word-indexing, on reverse side, were measured at various times after I.V.
injection.

The authors give a Ty for skin of 9.7 days (and also of £6.1 days
based upon a different time period) for 1 patient, and 165 days for a 2nd

patient, and of 20.5 days for a 3rd patient.
In addition, a Ty is given for the chondrosarcoma.

The authors show a glot of uc/gm. wet tissue versus time in days for
the chondrosarcoma and for blood. These data should be analyzed in terms of

a multiple exposure intake to check on their Ty, values and to obtein an estimate
of fp' for those organs checked for key-word index.
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The Use of Large Amounts of Radioactive Sulfur in
Patients with Advanced Chondrosarcomas

II. Distribution and Tissue Irradiation™

Raymonp G. Gorrscuark,f Louts K. ALPERT, AND PayLLis O. MILLER

(Departments of Pathology and of Medicine, The George Washington University School of Medicine,
Washington, D.C., and Cancer Research Laboratory, Veterans Adminisiration Center,
Martingburg, W.Va.)

A previous paper (12) described the clinical ob-
servations of three patients with advanced chon-
drosarcomas following the administration of 559 to
926 mc. of radioactive sodium sulfate in divided
intravenous injections. The plan of treatment (12)
was based on the fixation of tracer doses of radio-
sulfur by human chondrosarcomas (11) and on the
toxic effects of large amounts of radiosulfate for
growing epiphysial cartilage in experimental ani-
mals (10, 14). Large injections of radiosulfur were
administered to these patients after initial studies
showed that their tumors retained sigmificant
amounts of S* 64 hours after the injection of
tracer doses. A total of three to six large increments
of $% was administered until there was evidence
of leukopenia and thrombocytopenic effects (12).
Analyses of tissues obtained after the series of in-
jections provided data on the long-term retention
of the isotope and permitted an estimation of the
doses of radiation internally delivered to the chon-
drosarcomas and to other tissues.

MATERIALS AND METIIODS

Tissue specimens obtained at surgery or, in one case, at
necropsy (12) were analyzed in duplicate for the total content
of radiosulfur by the Denis method (2). Weighed samples were
hydrolyzed with sodium hydroxide and oxidized by ashing with
Denis reagent in the presence of carner sodium sulfate. The
residue was dissolved in hydrochloric acid, and the pH was
adjusted to 2.5. The solution was heated to near boiling, and
barium chloride was added dropwise. The sulfate precipitate
was allowed to age and was collected on discs of Whatman 42
or Schleicher and Schuell 589 filter paper with the use of lucite

® This investigation was supported in part by a research
grant (C 2770) from the National Cancer Institute, U.S. Public
Health Service: and by a grant of the Alexander and Margaret
Stewart Trust Fund. Part of these observations were presented
on April 12, 1959, at the Annual Meeting of the American
Association for Cancer Research (138).

t Mailing address: Veterans Administration Center, Mar-
tinsburg, West Virginia.

Received for publication May 25, 1959.

filtering assemblies and 20 cm. mercury of differential pressure.
The filter paper discs were mounted on planchets, dried,
weighed, and counted in the Geiger-Miiller range with a
Micromil-window Nuclear gas-flow counter, automatic sample
changer, and scaler. At least 6,000 disintegrations were count-
ed, and the values were corrected for coincidence and for self-
absorption. With each group of samples aliquots of the last
injected $* solution were processed in the same fashion or were
added before the precipitation to processed blank solutions.
The recovery of 5% varied from 90 to 104 per cent and averaged
97 per cent.

Duplicate analyses of normal tissues generally agreed within
+ 5 per cent. Because of the tissue variations of neoplasms,
duplicate analyses were done on each of three to six specimens
obtained from different portions of the chondrosarcomas.

The samples taken in duplicate for analysis were supple-
mented by a third one that was fixed in formalin and sec-
tioned for control of the histological structure. Radioauto-
graphs were prepared from these “chemical control” blocks and
also from larger sections used for histological study. The radio-
autographs were prepared by holding strips of Kodak Contrast
Ortho Process film against microscopic sections of tissue speci-
mens fixed in formalin and embedded in paraflin. These radio-
autographs demonstrated the localization of radiosulfur incor-
porated in tissue structures (sulfated mucoproteins, cte.) except
for the compounds soluble in water or formalin. The dialyzable
or formalin-soluble S¥-labeled compounds decrease rapidly
with time in the cartilage and bone of experimental animals
(6, 18).

The samples of blood obtained at the same time as the surgi-
cal specimens (Table 1) were analyzed by the same chemical
method. In addition, the rate of disappearance of $% was fol-
lowed by direct measurements of the radioactivity of numerous
blood and serum samples obtained after each isotope injection.
Aliquots of dilution in water of blood or scrum samples were
dried on stainless steel planchets with and without addition of
S% standard solution for refcrence and for self-absorption
correction.

RESULTS

Concentration of radiosulfur in tissues.—DBecause
of the weakness of the beta radiation of S% the up-
take of this isotope in deep tissues can be measured
only by chemical analyses and specimen counting,
and not by external monitoring. The energy of the
beta radiation from S* is too low for measurable
Bremsstrahlung to be produced.
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Table 1 gives the S* content of the lissue cntly higher than in any other tissuc obtained at
samples on the day of Uhe operations. Lhey were  the smine operation. There was considerable varin-
{ caleulited i ge/gm wet weight, 1o facilitate the  tion between different tumor samples since they

. comparison of \he degree of uptake after injection  included, whenever possible, deep ""_(l .:mpcrﬁc'ml
‘ of various amounts and after diffcrent intervals, portions, or arcas of varying differentintion or via=
the tissue concentrations are given in the table in Inlity, or different proportions of h.hmus slroina.
per cent of the enmulalive average amounts in-  Fven  duplicate analyses of adjncent tumor
jected (me/kg or uc/gm). Thisis the concentralion  sampies were more variable than t!msc of normal
of 5% that would have been produced if cach tissucs. This could be corrclated with the uneven
amount of $* injected had been evenly distributed  fixation of 5% in the tumor samp!cs, whu‘ch was
in the entire body and not excreted, and if it had  demonstrated by the corresponding  radioauto-
undergone physical decay to the day of the opera-  graphs (see Figs. 1-6A). Chemical ““ﬂl)'-“f‘-‘.‘){ .tlxc
tion. These per cent values correspond to the “dif-  different specimens obtained alter tracer injection
ferential absorption ratio” of Marinelli, Quimby, o at the first operation after the scrics of large
and Ilinc (20). They reficct the degree of biological i njcctions showed that the samples from the grow-
uptake and the biological turnover of the isotope ing edges of the tumor or from the chondroid or
in the different lissues of each patient. myxomatous portions had high uptakes and that

The results showed the high uptake and thelong  necrotic or calcified samplcs had low uptakes. A
retention of S% in the chondrosarcomas. The aver- lower average isotope concentration was found in
age concentration of $% in the tumors was consist-  the tumor of patient 1 on July 24 than on Septem-
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al preasure.
hets, dred,
nge with a
atic sample
were counte
wmd for sclf-

of the Iast
hion or were

TADLE 1
’
CONCENTRATION OF ISOTOPF, IN TISSUES AND BoDY FLUIDS FOLLOWING S* INJECTIONS /llc/z;a.wzf fisswe

. S———————— oty . @ ety ® rass e #

k solutiona,’ 2 >
nd averaged Fraal wmjetina 17 Apr (5752 )z 0 )
%’-um #1559 aye d‘?ﬂ Patient #2913 Patient /3 égqm<

:'rcc:] ‘1\::.]:,‘:‘ Dhte tissues oblained A Feb. 21 \{,Mny 21 | July 24 Sept. 20 [iApr. 21 June 27 May 12 July 22
_nc piasma, Interval since last inj. sl 64 hr. 22 dnys | A6 days | 144 days [{64 hr. 16 days 64 hr. 39 days
X speaimcens Total me. previously inj. Y| 38 | 3o .14 350 3.1 926 2.2 686
comas. _Cumul. av. amount (uc/gm)* 0.084 R.06 4. 84 3.08 0.0368 8.48 0.030 6.30
Jere su/p_p\k- § conc. in tissues .
inan” - (% of cumul. aver. amount) ¢! :

Radio.. ..o Skin 38.3 27 0.48 10.8 9.4 5.9 5.9
*blocks and Adipose tissue 14 4 017 | 0903 1.7 0.61 8.5 2.1

The radio- %"’de 04 2.75’ 0‘4;f ttt >3 !
e imor Av, _lies.st | 966} 2.5 10.0§§ {|102.3 7.0 204.0 180.5188
ak Contrast : Maex. 197.1 | s15.24 | 1e0tt IS m‘zjﬁ [ {1001]) [jsss.4 | ssi0
lissue speeis Min. 98.5 70 1 0.4 B.6 26.2%*% | 13.6%°** |{200.0 84.0
Fhese radio- (No. samples) ™ ®) a9 ® ) (12) ®) (12)
swwlfur incor- Cartilage 7.7 59.2
cte.) exeept Bone 121.7% 0.443 30.2 1.8
e dinlyzable Bone Marrow 69.3 5.8 .
ase rapidly Blood 7 0.066 ) __0.0028 3.4 0.25 5.2 0.28
stal animals Serum 4.3 0.068 0.003% 8.7 0.30 7.1 0..48
as the surgi= * Tota] amount of S* injected in me/kg body weight or in wc/gm, adjusted for the pbysical decay of §% {rom injection to
ne chemieal operation.

5% was {ol- t Chondrosarcoma (} 10 §) in inflamed {ibrous stroma.
of numerous $ Rib invaded by tumor (1/10).
e n;]cch‘on. $§ Cystic tumor with semiliquid degenerated chondrosarcoma. o
un;‘)d(.-s. “crc; # Inner part of cyst wall, about { fibrous tissue, } chondrosarcoma. The outer part of the wail was made of fibrosed muscle,
(“‘h ition o and the uptake of this sample was 4.7 per cent of the cumulstive injected amount.

~absorplion || Tumor fluid filtered through gauce.

** Ulcerated tumor with inflammation,
$1 Necrotic tumor fragments.
—~Because b Necfv‘tic_rib with about ,“! tumor.
3% the up- §§ Semiliquid content of cystic chondrosarcoma.
mecasured | ## Well differentixted chondrosarcoma, { to { stroma. : . .
casure 1 [[fi Peripheral portion of tumor, cartilage-like. , ) :

counting, i *** Calcified and degenerated deep portion of \umor. \
rgy of the ttt Chondrosarcoms of back, about { stroma.

casurable 131 Six samples of tumor of back, two of primary endosteal tumor in ribs two of intrathoracic tumor,”two of tumor (luid

inside chest. - . : .

J—
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ber 20, but the former tumor was ulcerated with
abundant inflamed stroma, since it had to be re-
sected as an emergency measure.

The uptake in the costal cartilage samples
stripped of perichondrium was one third to one
fourth of the average uptake in the corresponding
chondrosarcoma samples and close to their mini-
mum values.

The slow rate of turnover in the chondrosarco-
mas contrasted with the fast rate of disappearance
from the blood so that the ratios of S* content in
tumor and blood after the injections of large
amounts varied from 310 to 3570.

The uptake in muscle and adipose tissue fell
rapidly to relatively low levels. The 5% concentra-
tions were higher in the wasted adipose tissue of
patients 1 and 8 than in the fat-laden adipose
tissue of patient 2.

Specimens of iliac bone marrow obtained early
after injection of a tracer dose to patient 2 con-
tained more $¥ than did normal cartilage. Animal
studies have demonstrated a high uptake in hema-
topoictic marrow but a faster release than from
cartilage (4, 5). The concentration of 5% in six
samples of costal and vertebral bone marrow ob-
tained at the necropsy of patient 3 was quite
variable and may have been misleadingly low,
since the bone marrow had a high proportion of
adipose tissue with foci of hematopoietic regenera-
tion. The hematopoietic cells which have a rela-
tively high $% uptake (22) had probably been re-
moved following the leukopenic and thrombocyto-
penic effects of large doses of 5% (12).

The high S* content of the bone specimens of
paticnt 1 was a reflection of the neoplastic invasion
of these portions of ribs. The specimens of bone of
patients 2 and 3 were made up of thin corti-
cal bone from the iliac crest and from the femoral
condyle, respectively. Adherent red bone marrow
was responsible for most of the uptake in the
sample of patient 2 as indicated by the correspond-
ing radioautograph.

The skin (dermis and epidermis) had a moder-
ale uptake and a relatively long retention of S5%.
Counts measured against the surface of the skin
vary in different areas even early after injection
by a factor of about 2 (9), so that the analyses of
the skin samples obtained from the hip (April 21)
and from the thigh (June 27) of patient 2 may
indicate too slow a rate of turnover or may be
taken as indication of the ability of the skin to
concentrate % from a metabolic pool as postu-
fated by Denko and Stoughton (3).

There was little evidence to indicate that chon-
drosarcomas could actively concentrate S* late
after injections from such a metabolic pool despite
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the significant amounts of isotope found in tumors
that became prominent only late after the injec-
tions (samples of July 24 and Scptember 20, Pa-
tient 1). Radioautographs of these tumors showed
a high uptake in some necrotic arcas, probably re-
mainders of the original tumor, and none in other
necrotic portions or in recently formed tumor foci.
The pattern of translocation of the isotope in the
chondrosarcomas was most suggestive of local
fixation for extremely long periods of time.

Doses of radiation delivered.—The doses of radi-
ation internally delivered by radiosulfur were cal-
culated from the results of the sample analyses.
The results are summarized in Table 2. .

The radiation dose-rate IR delivered to a tissue
containing C pc S*/gm is given by

R =51.2 X C Egrad/day (19)
= 2.51 X C rad/day,

where Eg is the average energy of the beta radia-
tion in MEYV, which for §% is 0.049.!

In view of the short distance traveled by the
soft beta radiation, variations in radiation dose
closely follow variations in concentration.

Only for the blood was it possible to obtain a
number of samples at intervals after each isotope
injection, so that no theoretical consideration of
“half-life” had to be introduced in the calcula-
tions. Following each injection there was a high
initial peak of concentration followed by a rapid
disappearance, as observed after traucer amounts
(9, 11) (Chart 1). The smoothest possible curves
were fitted to the experimental vilues of 5% in the
blood (uc/gm) plotted on semi-logarithmic graphs.

The concentration produced immediately after
each S% injection was derived from the property of
sulfate-S# to be initially distributed evenly in the
extracellular fluid and plasma (25). With 0.16
used as the ratio of the extracellular fluid volume
to the body weight IV (kg.) and I as the hemato-
crit value (per cent volume of packed cells), the
initial concentration of 5% in the blood after the
injection of an amount .1 (me.) was:

A X(100-1I)
W X0.16 X100

A factor of 0.18 or 0.20 was substituted when
edema developed in patient 3. The amount of 5%
remaining in the blood from one injection to the
next one could be ignored, since it amounted to
less than 2 per cent of the calculated initial con-
centration.

C,=

uc/gm.

1 The corresponding values in rep quoted in the abstract
(18) were obtained by using the formula £ = 60 X C X Ea
rep/day and the older value of Eg = 0.055 MEV (7).
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Chart 1 shows the changes of concentration of
$% in the blood of patient 1 plotted on an arithmet-
ic scale: the arcas under the curves are propor-
tional to the irradiation delivered. The total doses
delivered to the blood of the different patients
during the periods of observation varied from 40.1
to 66.5 rad. Only small additional values were ob-
tained by extrapolating the curves to total decay
(Table 2).

Since tissue samples could be obtained only by
a limited number of surgical procedures, the radia-
tion doses delivered to the tissues were estimated
by calculation.

Since experience with radioautographs of chon-
drosarcomas showed that radiosulfur was fixed for
long periods and not homogencously distributed,
it appeared preferable to base the calculated half-
life values on the average concentrations of S%
realized in all tumor samples rather than only on
the samples having the highest uptake.

There was little difficulty in calculating the
half-life of $% and the irradiation delivered to the
tumor of patient 1 for the period of May 21 to
September 20, since no radiosulfur was injected
during the interval. The values were based on
simple exponential decrease between these 2 days.?

To calculate the irradiation dose delivered dur-
ing and after the period of divided amounts admin-
istered, the following hypotheses were accepted:

a) The concentration of isotope produced in a
tissue at a given time after the injection was pro-
portional to the amount injected.

b) The rate of disappearance from the tissue
was a decreasing exponential function.

These assumptions are obvious simplifications,
but they are generally used inisotope studies. They
do not take into account many factors such as the
possible interference with metabolism at “toxic”
levels, nor the variations in the physiological con-
dition of the patients, or dynamics involving sev-
eral “compartments’ (21). They helped, however,
to visualize the rate of turnover in tissues and to
obtain a crude estimate of the radiation doses,
since the divided injections were necessary in first
attempts in patients.

The concentrations produced in a tissue shortly
(64 hr.)? after an injection decreased exponentially
until the next injection when the new increment
of isotope concentration was added, the sum fol-
lowing again the same rate of turnover (Chart 1).

2 The values of July 24 were not used in the calculation,
since this tumor was ulcerated and the average isotope con-
centration (but not the maximum) was below that found at
the next biopsy.

That divided doses had to produce such cumula-
tive increases of concentration of isotope in tissues
having a slow rate of turnover can be seen by not-
ing how high a percentage of the ‘“cumulative
average amount” was retained in the chondrosar-
coma specimens obtained at the first operation fol-
lowing the series of injections, as compared with
the uptake after tracer doses (Table 1).
The rate of turnover can be approximated as
follows:
Let us call
C the average concentration of isotope (uc/gm)
in the tissue at the time of the biopsy;
Ci, Ci C,, etc., the concentrations resulting
from each separate injection of amounts 4,,
As, A3, ete. (me.), made T, Ty, T, ete. (days)
before the biopsy to a patient weighing ¥,
W, W, ete. (kg);
F, the fraction of the amount injected per kg.
that was found in the same tissue 64 hours
(2.7 days) after the.tracer injection;* and
T,, the effective half-life,
Then C = Cy + C; + C; + etc.

41 =tr a7, | A o—(r—21VT,
FW: 2 +F W, 2
A

+FW_§ 2_(T'—='7)/T‘+etc.
3

The value of the effcctive half-lifc was obtained
from this equation and from the experimental

values of 5% concentration.
The biological half-life (T») was obtained by

1 1 1

T. 871 T,
It was also verified by direct but somewhat longer
calculations from the fractions of the injected
amounts corrected for physical decay that were

retained in the tissues (Table 1).
The calculated values of half-life were in the
same range for the chondrosarcomas of the differ-
ent patients and indicated a long retention in the

3 The 64-hour interval was chosen arbitrarily for the tracer
biopsy to reflect the early high uptake. In rats the maximumn
uptake in cartilage occurs after 24 hours and decreases slowly
therealter (1,4). The time of maximum uptake in man is not
accurately known because of the difficulty of serial biopsies.
Recent serial analyses of mucinous material escaping from a
chondrosarcoma showed uptakes close to the maximum values
from the Ist to the 15th day after injection of radiosulfate and
of human growth hormone.

4 This fraction F differs from the corresponding value of
per cent of the cumulative average amount given in Table 1
by the physical decay for 2.7 days. For instance, F is 1.685/
1.024 = 1.645 for the average concentration in the tumor of
patient 1 on Feb, 21 instead of 168.5 per cent.
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tumors. The calculated biological half-life varied
from 37.4 to 80.5 days and tlic cffective half-life
from 26.1 to 41.8 days.’ Bostrém (1) found that
the biological half-life of $* in chondroitin sulfate
of rat cartilage was 16 days; the rate of disappear-
ance from the blood is also faster in rat than in
man.!

The fractional radiation doses delivered to the
tumors following each injection were calculated
by the formula:

“
Dyorar = f‘ 'Rdt = 1.44T, (R, — Ry)

where D equals the total irradiation dose (rad)
delivered in the time interval (¢4 — £;), T, s the
cficctive half-life, and R, and R, are the initial and
final dosage rates (rad/day) calculated from the
isotope concentrations. For simplicity it was as-
sumed that the greatest concentration was pro-
duced at once after injection. The dose that could
be delivered by total decay was calculated by
using the same rate of turnover as in the preceding
period. The total irradiation was the same that
would have been delivered by a single injection of
the same total amount of §* having the same ef-
fective half-life. Chart 1 gives an image of the
time distribution of the irradiation of the tumor
and of the blood (patient 1). The average radia-
tion dose delivered to all parts of the chondrosar-
comas during the periods of observation was cal-
culated to vary from 1756 to 2441 rad and, if ex-
tended to total deecay, from 1772 to 3G61 rad.

Iligher doses were received by the growing arcas
of the tumors which had higher than average up-
takes at the two first operations in cach patient.
The values of “rad max” given in Table 2 are the
radiation doses calculated by multiplying the
average dose by the ratio of maximum to average
uptake at the beginning of the corresponding
period. Such calculations showed that the tumor
specimens with maximum uptake came from areas
recciving cumulative doses to total decay of about
4000 rad.

Radioautographs of the “chemical control”
slides (Figs. 1-6A) showed that even in the sam-
ples with the highest uptake the microscopic dis-
tribution of the isotope was not homogencous. In
the specimens of the two first biopsies 5% was fixed
mainly close to growing tumor cells and near the
edges of the neoplasm, and only smaller amounts

s A still longer effective half-life would have been calculated
for the chondrosarcoma of patient 8 by using only the analyses

of the superficial tumor of the back at the necropsy (T, =
47.8 days).

' R. G. Gottachalk, unpublished data.

1026300

were present in the stroma. Since the maximum
range of the radiation of 8% is only 0.3 mm. (indi-
cated by lines on Figs. 1-6A), the differentiated
neoplastic cells which were proliferating at the
time of the isotope injections generally received
doses of radiation larger than the maximum values
caleulated from the analyses of the entire samples
while other portions received smaller doses.

The irradiation of the skin was calculated by
the same method as for the tumors. Duplicate skin
samples were in close agreement. The changes of
concentration of S% in samples of skin obtained at
different times have been discussed above. Despite
the marked variation of the calculated half-lives,
similar radiation doses delivered to the skin (157-
270 rad) were obtained for the difficrent paticnts
on the basis of all the samples analyzed.

The values of concentration of $* indicated that
smaller radiation doses were delivered to the adi-
pose tissue and to muscle, which have lower up-
takes and more rapid rates of turnover. Cumula-
tive doses of 11.5 and 12.3 rad, respectively, were
calculated for these tissues in the case of patient 2.
A small additional dose of radiation was probably
contributed by the initial concentration of S* in
the extracchular fluid. o

Not enough samples of normal bone marrow
could be obtained in these patients for calculation
of the irradiation received, but the radiation dos-
age was obviously much higher than in the blood,
and probably higher than in the skin.

DISCUSSION AND CONCLUSION

The high uptake and the long rctention of
radiosulfur in chondrosarcomas reflect both the
metabolic pattern of normal cartilage and the in-
creased metabolic activity of neoplastic tissues.

The average cumulative irradiation received by
all parts of the chondrosarcomas was 29-61 times
as high as the cumulative blood dose for the differ-
ent patients. A factor of similar magnitude (34 to
1) had been anticipated in the initial planning on
the basis of tracer studies. This ratio appeared
favorable cnough to warrant therapeutic attempts
with large doses of S¥*-sulfate in advanced cases of
chondrosarcoma.

The distribution of the irradiation in the chon-
drosarcomas must be considered on an almost
microscopic scale because of the short range of the
beta radiation of $%. Differentiated neoplastic
cells that were proliferating during the period of
isotope injections generally received radiation
doses well in excess of 4000 rad. Calcified or de-
generated areas received smaller doses.

Although radiosulfur reaches neoplastic chon-
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drosarcoma foci in any part of the body and inde-
pendently of the limitations imposed by the skin
in external irradiation. it is unlikely that radiation
doses of such magnitude could permanently de-
stroy all tumor cells, inasmuch as the uptake
varies with their degree of differentiation. The
growth of epiphysial cartilage of young animals
can be permanently arrested by leukopenic doses
of radiosulfate (14, 15, 24). A major factor in the
clinical response of the chondrosarcomas to the
doses of radiation delivered by radiosulfur is their
radiosensitivity to the beta radiation, inasmuch as
the radiosensitive marrow retains significant
amounts of isotope. Chondrosarcomas, contrary
to epiphysial cartilage, are generally considered
resistant to external irradiation (8, 17), although
radiotherapy is given for palliation (8).

Carcinomas of the thyroid treated with radio-
active iodine are generally submitted to higher
equivalent amounts of internal radiation. Signs of
destruction of the thyroid gland by I'®! appear
when about 25,000 rad have been delivered to the
gland, and larger doses are used for treatment of
carcinoma of the thyroid than for hyperthyroidism
(23). Nevertheless, some differentiated thyroid
tumors with high uptake show little response to
isotope treatment, while some anaplastic radio-
sensitive thyroid tumors of very low uptake may
have a clear response (23). Even in carcinomas of
the thyroid therapeutic success with isotope is the
exception and not the rule.

The clinical observations on the use of radio-
sulfur in advanced chondrosarcoma (12) were sug-
gestive of a temporary inhibition of the tumors in
two of the three cases, but no final conclusion
could be drawn in the absence of clear-cut tumor
regression. Studies on additional cases of chondro-
sarcomas, which may have different degrees of
radiosensitivity or of isotope uptake, would be
necessary to decide whether radiosulfur can pro-
duce with some regularity a significant degree of
palliation in some cases. In fact, a minimal degree
of inhibition would be expected in a radiosensitive
tumor following the administration of large doses
of radiosulfur independently of its local fixation,
since large doses of radiosulfate inhibited trans-

Figs. 1 and 1A.—Patient 1, tracer, Feh. 21. My~xomatous
chondrosarcoma areas (light staining) on the surface of or at-
tached to inflamed or hemorrhagic stroma (30-u section,
hematoxylin and cosin stain).—Uptake greater at edge of
tumor than in degenerated areas, important uptakeininflamed
stroma. (Corresponding radioautograph, exposure 15 days.)
These and the following microphotographs are low-power
views of the “chemical control” sections of the tumor samples
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planted mouse tumors devoid of specific uptake
about to the same degree as did sublethal doses of
external total-body irradiation. A malignant trans-
planted mast-cell tumor with a high uptake of
radiosulfur was inhibited to a greater degree (16).

SUMMARY

In the course of attempts of treatment of ad-
vanced cases of chondrosarcoma by injections of
large amounts of radiosulfate, tissue samples were
obtained at intervals and analyzed for isotope con-
tent. The average concentration of 5% was greater
in the chondrosarcomas than in any other tissue
analyzed. The results demonstrated the long re-
tention of S in the tumors. A method was devel-
oped for calculation of the irradiation doses after
multiple injections of S%. The effective half-life of
§% in the chondrosarcomas was estimated to vary
between 26.1 and 41.8 days. The average cumula-
tive irradiation delivered to all parts of the tumors-
was calculated to be 1772-8661 rad. The portions
of the neoplasms that were growing during the
periods of isotope injections had higher than aver-
age uptake and received cumulative doses in excess
of 4000 rad. Normal tissues received smaller doses

_of radiation. The blood received cumulative doses

of 40 to 68 rad. The significance of these relatively
favorable differential ratios of irradiation for the
treatment of advanced chondrosarcomas was
discussed.
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showing the highest uptake by analysis. (The bars represent
0.3 mm.)

Fies. 2 and 2A.—Patient 1, therapy, May 21. Thin layer
of chondrosarcoma and fibrous wall bordering degenerated
eystic tumor (7-u section).—High uptake in tumor. (Expo-
sure, 4 days.) :

F1os. 3 and 3A.—Patient 2, tracer, April 21. Cartilage-like
chondrosarcoma (7-u section).—Uptake near cells, little in
stroma. (Exposure, 83 days.)
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drosarcoma foci in any part of the body and inde-
pendently of the limitations imposed by the skin
in external irradiation, it is unlikely that radiation
doses of such magnitude could permanently de-
stroy all tumor cells, inasmuch as the uptake
varies with their degree of differentiation. The
growth of epiphysial cartilage of young animals
can be permanently arrested by leukopenic doses
of radiosulfate (14, 15, 24). A major factor in the
clinical response of the chondrosarcomas to the
doses of radiation delivered by radiosulfur is their
radiosensitivity to the beta radiation, inasmuch as
the radiosensitive marrow retains significant
amounts of isotope. Chondrosarcomas, contrary
to epiphysial cartilage, are generally considered
resistant to external irradiation (8, 17), although
radiotherapy is given for palliation (8).

Carcinomas of the thyroid treated with radio-
active iodine are generally submitted to higher
equivalent amounts of internal radiation. Signs of
destruction of the thyroid gland by I'3! appear
when about 25,000 rad have been delivered to the
gland, and larger doses are used for treatment of
carcinoma of the thyroid than for hyperthyroidism
(23). Nevertheless, some differentiated thyroid
tumors with high uptake show little response to
isotope treatment, while some anaplastic radio-
sensitive thyroid tumors of very low uptake may
have a clear response (23). Even in carcinomas of
the thyroid therapeutic success with isotope is the
exception and not the rule.

The clinical observations on the use of radio-
sulfur in advanced chondrosarcoma (12) were sug-
gestive of a temporary inhibition of the tumors in
two of the three cases, but no final conclusion
could be drawn in the absence of clear-cut tumor
regression. Studies on additional cases of chondro-
sarcomas, which may have different degrees of
radiosensitivity or of isotope uptake, would be
necessary to decide whether radiosulfur can pro-
duce with some regularity a significant degree of
palliation in some cases. In fact, a minimal degree
of inhibition would be expected 1n a radiosensitive
tumor following the administration of large doses
of radiosulfur independently of its local fixation,
since large doses of radiosulfate inhibited trans-

Fics. 1 and 1A.—Patient 1, tracer, Feb. 21. Myxomatous
chondrosarcoma areas (light staining) on the surface of or at-
tached to inflamed or hemorrhagic stroma (30-4 section,
hematoxylin and eosin stain).—Uptake greater at edge of
tumor than in degenerated areas, important uptake ininflamed
stroina. (Corresponding radioautograph, exposure 15 days.)
These and the following microphotographs are low-power
views of ti.e “chemical control” sections of the tumor samples
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planted mouse tumors devoid of specific uptake
about to the same degree as did sublethal doses of
external total-body irradiation. A malignant trans-
planted mast-cell tumor with a high uptake of
radiosulfur was inhibited to a greater degree (16).

SUMMARY

In the course of attempts of trcatment of ad-
vanced cases of chondrosarcoma by injections of
large amounts of radiosuifate, tissue samples were
obtained at intervals and analyzed for isotope con-
tent. The average concentration of 8% was greater
in the chondrosarcomas than in any other tissue
analyzed. The results demonstrated the long re-
tention of S% in the tumors. A method was devel-
oped for calculation of the irradiation doses after
multiple injections of S%, The effective half-life of
5% in the chondrosarcomas was estimated to vary
between 26.1 and 41.8 days. The average cumula-
tive irradiation delivered to all parts of the tumors
was calculated to be 1772-3661 rad. The portions
of the neoplasms that were growing during the
periods of isotope injections had higher than aver-
age uptake and received cumulative doses in excess
of 4000 rad. Normal tissues received smaller doses
of radiation. The blood received cumulative doses
of 40 to 68 rad. The significance of these relatively
favorable differential ratios of irradiation for the
treatment of advanced chondrosarcomas was
discussed.
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showing the highest uptake by analysis. (The bars represent
0.3 mm.)

Figs. 2 and 2A.—Patient 1, therapy, May 21. Thin layer
of chondrosarcoma and fibrous wall bordering degencrated
cystic tumor (7-u section).—High uptake in tumor. (Expo-
sure, 4 days.)

Figs. 3 and 3A.—Patient 2, tracer, April 21. Cartilage-like
chondrosarcoma (7-p section).—Uptake near cells, little in
stroma. (Exposure, 98 days.)




