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of Total Boly Irrcdiation Tolloved by Infusion of Stored Autologous
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TO: Faculty Commuittee on Research

FROM : Ben I. Fricéman, M.D. Principal Investigator

Eugene L. Saenger, M.D. Department Head

SUBJECT: The Therapeutic Effect of Total Body Irradiation
Followed by Infusion of Stored Autologous Marrow
in Humens

Purpose of Study:

The goal of this study is to test the hypothesis that
total body irradiation followed by infusion of stored autologous
marrow is effective palliative therapy for metastic malignancy
in human beings. Totel body irrsdistion has been used for
palliation by others (1,4,5,6) but the dose used has been
limited to less than 200 R because of the bone marrow depressioﬁ
which follows large doses of radiation. .

A combination of total body radistion and infusion of
autologous bone marrow may make it possible to use larger doses of
total body radiation. Effective.tqtal body radiation therapy
without the hematologic morbidity would be the most innocuous
and least disturbing form of therapy available for the palliation
of patients vho have extensive neoplasm. Patients given this
type of treat;ent have less morbidity from their therap; than
comparable patients given 5-flurouracil or many other chemo-
therapeutic agents.

It is also planned to investigate techniques of
marrov storagé and to evaluate the optimum times for storage
and infucicn. OSince we have already successfully separated
viable peripheral bdlood lymphocytes from polymorphonuclears,

in the future we expect to be ablc to separate bone marrow cells.



Ultirmately, by tissue culture techniques, we intend to grow
relatively pure cﬁltures of "stem cells" from the fractionated
marrow. Intravenous infusion of a few milliliters of multi-
potential "stgm cells" should repopulate the marrow space as
well &s 600 ml. of the crude marrow cell suspension used at this
time.

According to Pegg(l) "Autologous marrow aspiration
end storage may be considered & wise precaution when new drugs
and treatment schedules are being explored; it may then be
possible to treat the occasional unexpectly severe hemopoietic
depression more effectively." Mathe(2) has demonstrated in one
patient that after 800 rad total body irradiation, preceded by
4 days administration of methyl-nitro-imidazolyimercaptopurire,
a successful take of homologous marrow occurred.

It has already been proved that intravenous administration
of bone marrow cells will repopulate the marrow space in mice(19),
guinea pigs(19), rabbits(20), and aogs(21). 1In mice(22),
rabbits{23) ana dogs(21) intravenous adrinistration of ;tored
marrow cells prevented death after an otherwise lethal dose
of radiation. It is not possible to apply this information
directly to Auman beings because of the varisble respogs; .
of different species. We, and others(2h) have established

in vitro viability of bore marrow cells stored at -800°C for as



Nk AL e o A e . - .

long as one year. lHowever, almost all irn vivo studies in

huzman beings where marrow transplant has been attempted did

not involve total body radiation or adcquate doses of radio-
mimetic chemotherapy. Therefore, it is necessary to test

in hurmans the effectiveness of marrow in repopulating the marrow
space followipg total body radiation and to proceed with ]
developmental techniques end refinements of marrov infusion.

In the management of patients with malignancy who are to

receive myelotoxic agents or of patients who incur marrow

injury in other ways (e.g., warfare, nuclear accident or

exposure in space) the availability of stored sutologous marrow

may well be life saving.

Proposed procedures:

Five groups of patients will be investigated. Three
groups of patients will receive or will have received 150
-200 rad totel tody irradiation es treatment for metastatic
palignancy. The first.group (Growp I) will include patients

who have glready been irrsdiated at the 150-200 rad dose

level and did not receive Ybone marrow infusion. A second

’

group (Group II) will be given filtered* autologous bone

marrow two weeks after irradiation. The third group



of patients (Group III) will be treated with 150-200 rad
total body irradiation, followed by infusion through_filters*
of their previously stored marrow on the second dey after
irradiation.

The Group III patients will test the hypothesis .
that bone marrow "taked is best obtained early after
rediation when presumably the marrow space is relatively
empty and can accept viable cells more readily(3),

Patients selected for Groups II and III will be those
who are to receive totel body irradiation in the treatiment
of metastatic malignancy from various primary sites, excluding
neoplasms which are treated by internal radiation, e.g.,
carcinoma of the thyroid. They will heve stable hematologic
values and may have received local radiatior previously.
Patients will be treated with 150-200 rad (widline absorbed
tissue dose) of total body irradiation at an exposure dose

rate of 4-6R/min. from a Cobalt 6C source. This dose of

# The marrow will be infused intravernously with filtration
through successive #50, #100 and #200 mesh filters
(corresponding to openings of 297, 149 and 74 microns).

Filters and tubing will be sterile and pyrogen free.
Initially, all marrow will be infused throurh the filters.
If the filtcred marrow does not repopulate the marrow
space, then unfiltered marrow will be infused to deter- -
mine whether filtration was the reason the infusion was
not effective. .



radiation approximates the therapcutie and hematologic effcets
of 0.4-0.6 milligrams of nitrogen mustard per kilogr;m body
weight (1, 4, 5, 6).

Complete blood counts inqluding hemoglobin, hematocrit,
erythrocyte count, lcucocyté count, platelet count, rcticulocyte
count, differential smears and cell indices will be obtained
three to five times ﬁn the five to fourteen days pre-irradintion
period and l,.2, 3, 6, 9, 12, etc. days after irradiation |
accordirg to the standard test days of Thoma and Wald(7).
Additional counts will be obtained as clinieally indicated.

In Group II, bone marrow specimens for cytologic and
pathologic examination will be obtained from the sternur
and anterior ilium prior to irradiation, the day of infusion
(prior to infusion), and at weekly intervals after infusion.

In Group III, bone marrow specimens for cytologic and pathologic
examination will be obteined from the sternum and anterior
ilium prior to irradiation, two days after irradiation (prior
to infusion), and at weekly intervals after infusion.

Bone marrow from the posterior ilium will be stored
during the week prior to irradiation by the method of Kurnick(8’9).
The, bone marrov will be cultured for sterility prior to
freezing. In vitro viability of the marrow will de éstimated
by trypan blue exclusion initially(a), but tests utilizing

tissue culture(lo), DXNA synthesis(ll), and acridine orange(le)

are being developed.



Peripheral blood data will be compared to those which we
have already obtained in the sixteen patients (Group I) who have
been irradiated ot the same dose level but have not been infuscd.
Total leucocyte count has been the most valuable variable in assescsing
hematologic injury following irradiation. The specimens of bone marrow
will be studied for morphologic evidence of recovery.
. All of the studies outlined for Group II and Group III were
nof performed on patients in Group.I. Iéeally, all groups should
be run concurregtly but it would seem unjustified to witbholéd autolozous
bone marrow therapy in patients exposed to these doses of radiastion
when marrow is availeble.
There will be & continuous review of the results as they are
being obtained. 1f it becomes obvious that the results are statistically
significant, the study will be terminated. A meximum of thirty-two
additional subjecis will be needed for this investigation. Since
there are 16 patients in Group I who have already been irradiated,
it is advisable to have 16 subjects in Groﬁps II and III respectively.
The data from these three groups of patients will be compared
with data obtained from patients with similar neoplasms who have
been untreated (Group IV) and from patients who have received
chemotherapy (Group V). Patients in Groups IV and V will be
peired with patients in Groups I, II, and III according to age,
sex, race, type, duration and extent of neoplasm. As & result
of' this comparison, it will be possible to determine thé palliative
value of total body irradietion at this dose level with and without

bone marrow infusion.



Potenticl hazards:

(a) With any irradiation therapy there is the danger
of radiztion injury. We have obscrved consisteni depression
of hematologic values in the control group. One might wonder
why 150-200 rad of total bod; radiel.ion is selected as the
treatment in this group of petients. As has becen noted earlier,
thics dose range has therapeutic e%fecti;encss equal to 0.4-0.6 .
mgn/kilo of nitrozen mustard. It is proposed because an obscrvable
therapeutic effect would be anticipated. At 156-200 rad, the‘
effect of marrow reinfusion will be detectable. There are
important differences between radiation end rediomimetic chemo-~
therapy as well as certain similarities. A particuler difference
is of importance in this study. The margin of safety sepcrating
marrow death and lethal effects on other systems is smaller
wiin chemotherapy than it is with total body irradiation;
i.e., the amount of chcmotherapy treatmeﬁt to produce eguivalent
change in peripheral blood is more hazardous. Marrow infusion
has no detectable effect unless very large doses of chemo-
therapy are used which then result In significant injury to
other systems.

In this study tne prodromal morbidity (anorexia, nausea,
vomiting) would approximate 60%, As to mortality figures at

the dosages to be evaluated, in human beings bone marrow aplasie

occurs at 450 R and "intestirnal death" occurs above 1000 R.



Qithout hospitel care it is felt that & human LD 50 mey
‘approximate 500 R.and with hospital care about T00 R. Therelore
total body radiation between U450 R and 1000 R is the dose

vhere death from bone marrow epiasia is expected. The dcses

* proposed are below these levels.

When the mean survival time of patients treated with
less than 100 rad, 125 rad, 150 rad, and 200 rad are comparcd
+here is no progressive decrease related to dose (Tables I, II).
If the patients with survival times of 9 and 10 days are
excluded and the patients still living at the present time are
included there is still no significant difference in survival
time which can be associated with the irradiation as determined
by several statistical tests. In fact the datu suggests that
2 therapeutic effect from the radiation therapy has been obtained.

TLe use of autologous and isogeneic marrow in humans
has been invectigated by others (8, 9, 13, 1L). Wnen marrov
has been infused too rapifly, cerebral hemorrhage, hemoglobinexia
and hemoglovinuria have been observed. These hazards have
not been encountered when the rate of infusion has been
maintained below 60 drops/min.

There is disagreement as to the need for filtration.
Kurnick does nol feel it is necessary at the time of infusion;
Thomas, Ferrecbee, and Pillow(13, 1l, 15) recommend its use
to0 minimize the incidence of pulmonary embolism. A series of
filters will be used with the now operational constant rate

infusion pump.




To date, we have infused unfiltered marrow intravenously
in five patients. One patient had hemoglobinuria. Autopsy
paterisl from three of these patients has been studied by
Drs. E. A. Gall and B. Yamaguchi. No evidence of pulmonary
emboli, pulmonary infarction or other disease as a result of
narrow infusioq was found on micro;copic exanination. .

b. All patients will be followed cercfully clinically.
Hematological data are accumulated at fregucnt intervals and
ell measures to control infection will be used. They may

include plestic barrier and reverse isolation if needed.

Prophylactic antibiotic therapy will not be prescribed.

Previous work done in this arez:

During the past five years an ongoing study of the metabolic
effects of total body irradiation has been in progress. To date,
forty patients have been trezted with 25 to 200 rad total body
irradiation. Eighteen ¢f the patients were given 150-200 rad.

The clinical course cf these patients has paralleled that of
comparable patients treated with other agents. Bone marrow
from twenty~three patients has been stored; it has been infused
intravenously in five. .

Marked hematologic depression occurred in all eighteen
patients who received more than 125 rad total body radiatiion.

There was a total leucocyte count depression below 2000 WBC/mm3



and platelet count depression 25-40 days after irradiation.
The mean minimum leucocyte count of previously untrecated patients
who received 150 rad total body radiation only was 1264 ¥ 11L0,
and was 1140 I 816 when therc had been previous therapy. The
nadir of the leucocyte counts of patients who received 200 rad
was 983 ¥ 369,'

A comparison of the hematologic changes in patients
receiving partial body irradiation with those who received
total body irradiation reveaied a paucity of change in the
total WBC, platelets,‘and hematoerit even when the patient
received more than 200 red partial body radiation, In.two
of the ten patients who were given partial body irradistior,
lymphopenia did not occur until 48 or 72 hours after exposure.

Infusion of stored autologous bone marrow has been
completed in five patients. The marrow was infused intravenously
without filtration(l3), In one patient the response suggesied
marrow space repopuletion.

Chromosome studies have been performed in these patients.
In four patients who were studied in detail, endoreduplication
has been séen with increeased incidence in the peripheral blood
chromosome preparations(16), Tnis observation may be associated
with malignancy but was increased following totzal body irrediation.
As an outgrowth of the expericnce with endoreduplication, the
question as to vhether the malignant cell was the one which

night be undergoing endoreduplication was considered. Therefore,




a method of cell separation utilizing a Ficoll gradient and
ultracentrifugation was undertuken. Friedman, et.sl., have
reported edequate separation of lymphocytes from granulocytes.
Chromosome culture technigues following this cell separation

" have revealed metaphases(l7),

Another facet of considerable interest in patients
receiving large doses of total body irradiation hes been the
guestion of irmmunologic response. In cooperation with A. J.
Luzzio, studies of serum obtained from patients btefore and after
total body irradistion have been performed. These data sﬁggest
an alteration in the antigenicity of human serum gamma globulin

as a result of in vivo irradiation(18).

Method to be used in procuring consent of subjects above:

Consent forzs, as attached, have becn used since May 1, 1965,
These forms are signed only after the patient has beern advised
of the recearch and study aspect of the procedures to be used.
The patiects are told this is & form of therapy but that beneflits
cannot be gusranteed. They arc advised of the possible compli-
cations, including the possibility of pulmonary infarct following
marrovw infusion. Since total body radiation is anothér mode of
treatment for patients with an ultimately fatel disease, it
is only correct to indicate the possibility of therapeutic
advantages. All patients are informed that a risk exists, dbut

that all precautions to prevent untoward results will be taken.



Gererz]l Remarks:

Meny studies have been carried out in animals regerding
the protective effect of bone marrow following radiation.

They are well summarized in these paregrephs from Pegg's

book.

“The possibility of protecting mice and guinea pigs
with allogenic haemoﬁoiétic célls.was first demonstrated by |
Lorenz and Conédon (Lorenz, et.al., 1952; Congdon, et.al., 1952).
Similar results have been obtuined in rébbits (Eilfinger, et.al.,
1953; Porter, 1957b; Porter and Murray, 1958; Hupka, et.al.,
1961); rats (Corizontov, et.al., 1963) and, after some initial
failures {Weston. 1958; Rotihberg and Akeroyd, 1953), successful
protection has alsc been obtained in the monkey (Crouch and
Overman, 1957); (Overman, 1958). Similarly, there have been
many failures in irradiated dogs (Porter and Couch, 1959;
Stecher ard Sullivan, 1959; Alpern and Bauﬁ, 1958; Puza, et.zl.,
1961; Jordan, et.al., 1961) but the Cooperstown group using
more closely related dogs have reported more successful allogenic
protection (Ferrebee, et.al., 1958; Thomas, et.al., 1958;
Thomas, et.el., 1959). Others hzve since confirmed these
findings (Tru;nbull, et.al., 1963; Winchell, ct.al., 1963)."

“The survival of irradiated mice infused with guirea
pig marrow was reported by Congdon, et.al., 1952, but others

have been unuble to confirm this (Barnes and Loutit, 195ka).



There is, however, wide egrecment that rat bone marrow will
protect the irradicted mouse (Vos, et.al., 1956; Nowell, et.al.,
1956; and Gengozian and Makinodan, 1957)."

As was indicated under the "Purpose of this study,"
it is most important that methods of protecting against the
undesirable éffects of therapeutic efforts--radiation or other
cytotoxic_aéents--be developed. Since hematologic depression
is one of the earliést linmiting biologic responses to such
treatment, it is the first for which protective methods must
be developed. Based on animsl work, it would seem that autglogous
marrow is the szfest protective technigue to be used initially.

This studv is vpropozed as & continuatior. of the work cited

ik,

for tre follovinm purroses:
e

1. To eveluate the role of total body radiation and
autologous bone marrow in the treatment of extensive
neoplasms.,

2. To evzluate bone marrow transfusion in the treatment
of bone marrow depression from chemotherapy.

. 3. To determine whether stored autologous bone marrow
therapy may play a role in treatment of bone marrow
debréssion following acute radiation exposure in
warfaré or occupationally induced accidents.

This work is considered to bé of vital importarce not
only for improving the survival of patients with far advanced
cancer but for thé survival of the citizens of this nation in
the event of nuclear warfare or a major peecetime radintion

accident. ,
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TABLE T

Survival time in days

Dose <50 rad 100 rad 150 rad 200 rad
9 32 10 28
73 _ k9 .25 36
80 85 30 19k
113 91 32 -+ 298
%38 121 33 649
T40 197 54 885
AR 200 T4
239 151
324 262
446 270
646 592
€50 830
L
L
~ ¥Living



SURVIVAL TINE OF PATIENTS TREATED WITH TOTAL

BODY RADIATION#

Dose ' 50 rad 100 rad 150 rad 200 rad
N 6 12 12 ' 6
Mean 2k2 257 197 - 3L8
Median 96 198 . 6k 2Lé

¥Excludes patients living at this time



