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Eugene L. Saenger, M.D.
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PROTOCOL: The Therapéutic‘Effect of Total and Large Field Partial Body
Irradiation Followed by Infusion of Autologous Marrow in Humans
PURPOSES:
1. To investigate the use of whole and partial body irradiation
. fn the palliation and prophylaxis of certain forms of cancer
as compared to other methods of treatment or to no treatment.
2. To develop biological 1hdicators to determine effects of
radiation so as to predict consgquenées of high dose and dose
rate and large vo]ume therapy.
3. To develop and evaluate therapeutic methods to increase margins
of safety from the radiation effects. -
Introduction:

Most forms of widespread metastatic cancer in man are not amenable

to conventional chemotherapy with a few notable exceptions such as carcinoma

of the breast and prostate. Curative radiotherapy requires doses of radiation

generally in excess of 3500 rads, and such large amounts of irradiation cannot

be given over wide areas of the body. Therefore whole body radiotherapy has

been employed by several groups (1-5) as palliation for metastatic carcinoma

and lymphoma. Table 1 summarizes the number of patients and types of irrad-

{ation employed by our group up to May 1, 1971. The rationale behind our
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belief in the efficacy of this mode of treatmeﬁt is the fact that the
mamma1iahADo (the dose of radiation required to ki1l 63% of a mammalian

cell population) lies between 100-180 rads for all cell types studied (6).
Thus; even though large hasses of tumor in vivo may ﬁot always be comparable
to these in vitro dose-response assayé, some propoftion of'tumor cells
irradiated sth]d always ﬁé ki11éd. .Tﬁ%s ih.turn should'frequently relieve

symptoms secondary to tumor pressure within or on an organ and, by lowering

the number of tumor ce]]s.presenf, poSsiB]y prolong life.

'Pieliminany results published by E.L. Saenger, M.D. (Table 2) suggest

a bossible effect on prolonging 1ife (7). These data were acquired during

" the initial feasibility studies on the use of wide field irradiation (total

and partial body). The data are not subject to statistical analysis be-
Eause of their heterogeneity and possible bias in selection of patients
for particular radiation doses.

Materials and Methods

Patients with metastatic malignancy will receive total or large
field partial body irradiation depending on the location of the tumor. -
The doses will be randomly allocated between 100, 150, 200, 250 or 300
rads. Patients with tumors responding frequently to conventional chemo-
therapy, such as breast and prostate carcinoma, will not be studied.

Cobalt 60 teletherapy will be employed for all patients. Results of

these studies will be analyzed by means of the 1ife table technique, 1.e.
percent surviving each year of those at risk for that year as compared

to the survival figures of several papers which have examined the natural
history of various carcinomas with liver or osseous metastases (8-9)

and data from the Tumor Registry at the Cincinnati General Hospital. Quality
of survival will be measured by criteria revised by T. L. Wright, M.D. and
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appended to this protocol. We are cooperatihg with Frank Hendrickson
of Presbyterian-St. Luke's Hospital, Chicago, and William Rider, M.D.
of Princess Margaret Hospital, Toronto in sharing data on survival

of whole body irradiated children with Ewing's tumor. The 3 children

~whom we have treated are alive and well 1 to 2 1/2 years post-diagnosis.

" To further evaluate the’efficacy of low dose-wide field ragiotherapy,
a protocbl is under consideration randomizing patients with adenocarcinoma
of the colon metastatic to the liver into groups receiving 5-fluorouracil
15 mg. per kg. (10) or 300 rads cobalt ganma-irrédiation to a wide field from
xiphoid to feet. ' ' -

For patients receiving radiation doses in excess of 150 rads of whole
body 1ré;diation some form of protection is required to avoid 1ife-threatening
leukopenia and thrombocytopenia. Provision of "sterile" environments (11,12),
platelet (13) and leukocyte (14) transfusions, and radioprotective chemicals
(15) have been employed by others; we are using marrow autotransplantation

to avoid these complications (Table 3).

Proposed Procedure: : K

The patient has marrow removed from 0800 to 1000 hours in the operating
‘room, is irradiated at about 1300-1400 hours and receives his marrow (stored
at 4° C.) intravenously from 1430 to 1600 hours. The method of radiation-
dose calculation can be found elsewhere (16). The marrow transplantation
technique follows:

Materials Required:

1 lavender top Vacutainer tube, labeled with patient's name and number,

plus a form for CBC
1 red top Vacutainer tube, labeled with patient's name and number for the

blood bank, plus a blood bank form



6 Kurnick needles

4 Vim-Silverman needles
10 20-gauge needles

3 Bierman needles

200 cc. heparin solution containing 50 units heparin per cc. This is

made by putting one cc. of preservative-free heparin, 10,000 units per

cc., in 199 cc. of normal saline. An extra vial of this heparin is
brought to the operating.room;

TC-199 culture medium, 100 cc. buffered with sodium bicarbonate to pH
7.3-7.4 and added to a Fenwal pack. "

150 12 cc. sterile syringes to be obtained by the operating room.

Sigmamotor pump with tubing attachments.

. 4 2-way stopcock adapters

Sterilized double filter system with two mesh filter openings of 297,
and 149 micra diameter respectively.

2 Fenwal Blood Pack Units No. TA-10, 1000 cc.

1 thioglycolate culture tube

1 box sterile microscope slides

1 box cover slips

Abbott Venopak adapter

Normal saline for injection, 1- 30 cc. vial

3 Abbott blood administration sets with filter opening measuring 150 by
200 micra.

10 alcohol sponges

1 hemostat

2 50 cc. syringes with 18 gauge needles

2 10 cc. syringes with 18 gauge needles
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Formalin tube for Pathology Department study of marrow aspirate.
Blood bank request form

Scissors

Procedure:

The patient is premedicated with 0.6 milligrams atropine and 100 mg.
Seconal 1ntramuscu1arly, at 6 a.m. The patient goes to the operating room
at approximately 7 a.m. where, after induction with Pentothal, endotracheal
intubation is'performed, and the patient is given general anesthesia with
Halothane and placed in the prone position. After appropriate antiseptic
preparation of the patient's iliac crest area, bone marrow aspiration may
begin.

At this time, prior to aspiration, blood for peripheral white cell

count and differential is obtained and 5 cc. of blood are sent to the blood

bank for typing and crossmatching of 2 units of whole blood. As an alternative

500 cc. of blood may be obtained 1 week before the transplant and reinfused
during the marrow aspirations, so as to eliminate artefactual results from
heterogeneous cell populations. |

Bone marrow aspirations are performed using the Bierman needles for
the sternum, and Kurnick needles for the iliac crests. No more than 3 cc.
are obtained with the needle bevel in one position. The bevel is rotated
through four quadrants for each aspiration. Aspiration is performed
with a syringe which has been filled with one cc. of the heparin solution

containing 50 units per cc. An Abbott Venopak adapter connects a sterile

+Abbott Laboratories, North Chicago, I11inois (Panheprin)
*Buckeye Supply Co. 7775 Montgomery Rd., Cincinnati, Ohio 45236

oFenwal Laboratories, Div. of Travenol Laboratories, Inc. Morton Grove,I11.60053
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bottle containing 200 cc. of heparin solution, 50 units per cc., to a two-
way stopcock adapter in which each syringe is placed to fill it with one
cc. of heparin. This stopcock is also turned so that the heparin solution
is a closed system between aspirations. '

The syringe with aspirated marrow is inverted several times to dis-
tribufé fﬁé Hépg}ih and handed to an assistaﬁt. She injects it thfough a two-
C]gg. -The emptied
syringe is left in place but the stopcock handle is turned each time so as
to close off the Fenwal pack system. After each aspiration another assistant
applies pressure to the area from which marrow has been obtained to decrease
hematoma fbrmation. The areas to be aspirated will be posterior and anterior
iliac crests and the sternum. After 500 cc. of marrow are collected, the

bag is inverted 5-10 times and then a sample is obtained for nucleated cell

count and differential.

Infusion:

For infusion we employ the Sigmamotor pump and infusion set, alcohol
sponges, hemostat, 10 cc. syringe fitted with a 20-gauge'need1e, a sterile
bottle of 30 cc. of 0.9% saline for injection, scissors and the double filter
system noted above. Three Abbott blood infusion sets are present for emer-
gency use.

After the marrow has been collected and stored in the blood bank at 4°
C. for several hours while the patient receives whole body irradiation,
it is then taken to the patient's ward where the Fenwal pack holding the
marrow is inverted several times to insure homogeneous distribution of
cells and then fitted to the Sigmamotor infusion system. The Sigmamotor

punp is turned on and the marrow passes through the double filter system
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downstream from the pump at a rate of 60 to 90 drops (4-6 cc.) per minute.

Aliquots are collected immediately after the pump is turned on for the
determination of cell viability, nucleated cell count and differential,
as well as blood culture.

If there is evidence of malfunction of the filter system, as shown
by bubbles appearing in the infusion tubing after the marrow is fi]teréd,
the pump is turned off ‘and the intravenous drip of normal saline through

which the marrow has been infused “piggyback” is restarted. The Fenwal

~pack containing the marrow is then connected to a standard Abbott blood

infusion set which is attached to the bottle containing this sa]ine solution
and the infusion begun again. After the infusion has been completed,
sterile qormal saline is flushed through the filter set which has been
disconnected from the pump.
The marrow infusion is regularly followed by chills and fever unless

10 grains of aspirin are given orally or rectally during the procedure.
Blood cultures are routinely obtained and have always been sterile.

To calculate the actual number of marrow cells administered, we count
a filtered specimen using Kurnick's technique (17) and obtain the nucleated
cell count per single hemocytometer square by counting eight squares and
dividing the total by eight. Then we multiply this number by (10,-to get
count per mm3) x (40, dilution factor in counting) x (1000, number of
um3 in1 cm3) x (fraction of viable cells) x (500 cc. volume of marrow)
x (1.4, the dilution correction from 100 cc. TC 199 and 100 cc. of heparin
in the Fenwal pack) x (fraction of marrow made up of erythroid and myeloid
precursors, including stab cells). This simplifies to (cell count per
hemocytometer square) x (2.8) x (108) x (fraction of viable cells) x
(fraction of marrow cells).

Intravenous infusion of bone marrow has been known to repopulate the
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marrow space (18-22) of animals and there is now ample experience with human
subjects as well (23). The marrow transplant technique developed in our

laboratory involves a fully closed system, a significant advance over the

,technique pub]ished recently by the Seattle group (24).

At present we are continuing the immediate retransfusion of autologous

marrow. Our earlier studies on marrow transfused after storage at -83° C

“indicated (by vital staining) viabi]ify of 20-50% compared to 95-99% if

infused within 6 hours of aspiration; this storage technique will require
improvement. It will then be possible fo consider eva]uatioh_of transfusion
at intervals between the onset of irradiation and 21 days especially if
therapy is fractionated. We wish to return unirradiated marrow to its
necessari microenvironment (25) as soon as possible to avoid any delay in
stem cell proliferation and maturation in vivo. If one delays giving marrow
until the cell counts have fallen to clinically dangerous levels in the
fourth week, one must still allow 5 to 10 days for the precursors of cir-
culating leukocytes (26) and probably the same time for platelets (27) to
differentiate. By this time the patient is either seriously i11 or re-
covering spontaneously. With infusion of marrow at this late time one can-
not then fell if the marrow transplant has been efficacious, whereas if the
marrow'is given on the day of radiotherapy the severe cytopenia during the
expected nadir of peripheral blood cell counts does not occur, indicating

a successful transplant.

Our patients receive daily white blood cell counts and differential
white counts, platelet and reticulocyte counts, and a check of the hematocrit
and hemoglobin l1evels. They are sent home two days post-irradiation and
the degree of cytopenia observed post-irradiation in our patients has not

warranted rehospitalization. Thus the total time consumed for the procedure
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is 3 1/2 hospital days with or without marrow transplantation, divided as
follows:

Day 1: ‘Admission to hospital. Preparatory diagnostic procedures

inc]uding a marrow aspiration under.lpcal anesthesia. Twenty-four

houf control urine collection. '"Shah“ irradiation for radiation
dosimétny and to make contrb]'psych01ogical observations. |
ggx_g; Marrow_aspiration undér generél énesthgsia if radiation dose
exceeds 150 rads fo whole bod}.--lrrad{ation-ﬁith GOCo gamma rays.

Reinfusion of marrow. )

Day 3 and 4: Post-irradiation observations on patient's psychological

reaction, blood and urine. Discharge 1500 hours day 4.

Both prior to admission and after discharge home visits are made if
the patient has difficulty coming to the General Hospital. Detailed pre-
and post-irradiation psychological interviews assist us in understanding
and supporting the anxious patient who must deal with a serious illness.
Medical checkups, urine collections, venipunctures and even marrow aspira-
tions are performed in the home if it is more convenient to the patient.
Thus through a team approach we care for the patient "as a whole".

Potential Hazards:

We have demonstrated that marrow transplantation can prevent the
severe thrombocytopenia and leukopenia which 200 rads will cause. We are
also attempting to modify the syndrome of nausea and vomiting which
accompany whole body irradiation with increasing frequency as the dose
exceeds 100 rads (28). A commercially available synthetic diet, Vivonex,
approved by the F.D.A., decreases the gastrointestinal flora by a factor of
1000 (29) and may be helpful in this regard. Phenothiazines are now used

to relieve post-irradiation nausea and emesis.
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Related Studies:

Assessment of thg effects of large field low dose irradiation is
under wéy for the fb]iowing parameters:

1. Psychologic performance decrement.

2. Chromosome dose-response.

3. Biochemical 1ndicators4of radiation damage.

4. Radiation-induced alterations of the function of circulating
periphera1 blood cells.

5. Radiation-induced alteration in immunologic response to a set of
phages, covered under a separate protocol of Hess, Litwin, et al.

Method t6 be Used in Procuring Consent:

These forms, containing in lay 1§nguage an explanation of the procedures
described above have been forwarded to your Committee. ’

The patient is told that the radiotherapy to be given is ggg.é cure
but that it may relieve pain (sham radiation does not have this placebo effect

in our cancer patients) and that its efficacy in prolonging life is under study.




TOTAL CASES RECEIVING LARGE FIELD IRRADIATION
IN RADIOISOTOPE LABORATORY

Table 1

88 CASES
RADS 66-99 100 150 200 300
TBR | 8 20 17 14 -
UBR - 1 1 2 3
LBR 1 2 2 6 9
TRUNK - - - 2 -



Table 2

ELAPSED TIME TO DEATH FOLLOWING
TOTAL AND PARTIAL BODY RADIATION

Mﬁg;:ne Days from irradiation to death
(rads)

Total-body N Mean Median
150 12 197 64

200 6 348 246

Partial-body

36 patients

100

150

(:~ 200

300

3 72 38 .

2 101 -—

6 138 133
2 212 -
13 patients .

Ref. 7. From "Effects of Total and Partial Body Therapeutic
Irradiation in Man,'" E.L. Saenger, M.D. in Proc. 1st
International Symposium in the Biological Interpretation
of Dose from Accelerator Produced Radiation, Lawrence
Radiation Laboratory, Berkeley, Calif., March 13-16,

1967.

USAEC/Div. Technical Information Conf. —= 670305

e,



Table 3

: t : Results of Recent Successful Iso- and Auto-tranéplants-of
?( Marrow Following 200 Rads Midline Whole Body ° Co
) Irradiation
Day of . Leukocyte ‘Nucleated Cell Count Infused
) Leukocyte ~ Count at | Per Kilogram Body Weight
atient Nadir Nadir
. 26 . 2000 1.6 x 10°
.. 25 4100 2.3 x 108
.C. 33 2700 0.6 x 108
. Sta 28 2200 1.7 x 10°
:an 28 2780 + 920 1.6 x 10°
:ar . . *
r t * 24 850 + 380 -

7 patienté receiving 200 rads Whole Body Radiation without Transplantation of Marrow.



MODIFICATION OF THE KARNOFSKY (1951) PERFORMANCE STATUS RATINGS

Thomas L. Wright, M.D.

) These new performance status ratings are suggested by the fact that in the group
_(:;;-'of patients in Phase I of the study, the performance ratings according to the systenm

of Karnofsky (1951) seemed to bunch around 70 and then fall precipitously when clinjcal
-metastatic disease-aupetvened. These modifications, it is hoped, will provide a greater

range in the upper performance ratings and somewhat more objective criteria for any

given rating. This new system ignores completely objective signs of disease and is

- concerned entirely with performance.

r'Full Activity

Impaired Activity

Out-Patient Only

_ K!unor Care Problem

Major Care Problem

Generally Hospitalized

Reference

1002

902

802

702

602

50%

402

30%

102

No symptoms .

Minor symptoms (e.g. cough, sputum) which
do not interfere with patient's activities.

Minor symptoms but normal activity is
only minimally impaired. Capable of full-
time work.

Not capable of full-time work but still
able to perform part-time work.

Not capable of part-time work but able
to care completely for self at home.

Some assistance required but this {s
winor (e.g., cooking,washing clothes for
women; men no longer doing minor house-
hold tasks). Spends less than 4 hours

in bed at home per day. Capable of -
leaving home wnassisted.

Disabled. Spends more than 4 hours in
bed at home per day. Hospitalization may
be required L{f no assistance available

at home. Hoepitalized for acute course
palliative therapy.

Severely dissbled. Major care problem in
the home. May be hospitalized although
patient and family may elect to remain

at home, '

Hospitalization necessary for terminal
care or for active supportive treatment.
-Requires full and complete nursing care.

Karmofsky, D. A., et al., Arch. Int. Med. 87, 477 (1951)

—
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