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PROTOCOL: The Therapeutic Effect of Total and Large Field Partial  Body 

Irradiation Followed by Infusion o f  Autologous Marrow i n  Humans 

PURPOSES : 

1. To investigate the use of whole and par t ia l  body i r radiat ion 

, i n  the pal l ia t ion and prophylaxis o f  certain forms of cancer 

as compared t o  other methods of treatment o r  t o  no treatment. 

2. To develop biological indicators t o  determine effects o f  

radiation so as t o  predict consequences of high dose and dose 

1 \- rate and large vol me therapy. 

To develop and evaluate therapeutic methods t o  increase margins . 3. 
t -  of safety from the radiation effects. - 

Introduction: 

Most forms of widespread metastatic cancer i n  man are  not amenable 

t o  conventional chemotherapy w i t h  a few notable exceptions such as carcinoma 

o f  the breas t  and prostate. Curative radiotherapy requires doses of radiation 
.- 

generally i n  excess o f  3500 rads, and such large amounts of i r radiat ion cannot 

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

been employed by several groups (1-5) as  pal l ia t ion for metastatic carcinoma 

. 

and lymphoma. Table 1 sumnarites the number o f  patients and types of irrad- 

ia t ion  employed by our group up t o  May 1, 1971. The rationale behind our 

! 
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belief i n  the efficacy of this mode of treatment is the fac t  tha t  the 

mamal ian Do (the dose of radiation required t o  k i l l  63% of a mamal i a n  

cell population) lies between 100-180 rads for  a l l  ce l l  types studied (6).  

Thus,  even though large masses of tumor i n  vivo may not  always be comparable 

t o  these i n  v i t ro  dose-response assays, some proportion of tumor c e l l s  

irradiated should always be killed. .This i n  t u r n  should frequently relieve 

symptoms secondary t o  tumor pressure w i t h i n  or  on an organ and, by lowering 

the nunber of tumor c e l l s  present, possibly prolong l ife.  

Preliminary resul ts  published by E.L. Saenger, M.D. (Table 2) suggest 

a possible effect  on prolonging l i f e  (7). These data were acquired dur ing  

* the i n i t i a l  f ea s ib i l i t y  studies on the use o f  wide f i e l d  i r radiat ion ( total  

and par t ia l  body). The data are not  subject t o  s t a t i s t i c a l  analysis be- 

cause of t he i r  heterogeneity and possible bias i n  selection of patients 

for  par t icular  radiation doses. 

Materi a1 s and Methods {t 
Patients w i t h  metastatic malignancy will receive to t a l  o r  1 arge 

f < -  
f i e ld  partial  body i r radiat ion depending on the location of the tumor. 

The doses w i l l  be randomly allocated between 100, 150, 200, 250 o r  300 

rads. Patients w i t h  tumors responding frequently t o  conventional chemo- 

L- /. 
. 

f 

i 

therapy, such as breast  and prostate carcinoma, will not be studied. 

Cobalt 60 teletherapy will be employed for a l l  patients. Results of 

these studies will be analyzed by means of the l i fe  table  technique, i . e .  

percent su rv iv ing  each year of those a t  risk for tha t  year as compared 

t o  the survival figures of several papers which have examined the natural 

history of various carcinomas w i t h  liver or osseous me'tastases (8-9)  

and data from the Tunor Registry a t  the Cincinnati General Hospital. Qual i ty  

of survival will be measured by criteria revised by T. L. Wright, M.D. and 
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-. * appended t o  this protocol. We are cooperating w i t h  Frank Hendrickson 

of Presbyterian-St. Luke's Hospital, Chicago, and William Rider, M.D. 

of Princess Margaret Hospital, Toronto i n  sharing data on survival 

of whole body irradiated children w i t h  Ewing's tumor. The 3 children 

-whom we have treated are a1 ive and well 1 t o  2 1/2 years post-diagnosis . 

k- 

To further evaluate the efficacy of low dose-wide field radiotherapy, 

a protocol i s  k d e r  consideration randomizing patients w i t h  adenocarcinoma 

o f  the colon metastatic t o  the l i v e r  in to  groups receiving 5-fluorouracil 

15 mg. per kg. (10) o r  300 rads cobalt gamna-irradiation t o  a wide field from 

xiphoid t o  feet. 

For patients receiving radiation doses i n  excess of 150 rads of whole 

body i r radiat ion some form of protection is required t o  avoid life-threatening 

leukopenia and thrombocytopenia. Provision of "s te r i le"  environments (11 , l Z ) ,  

platelet (13) and leukocyte (14) transfusions, and radioprotective chemica7s 

. 

(15) have been employed by others; we are us ing  marrow autotransplantation 

t o  avoid these complications (Table 3). 
k- 

' .  
\ Proposed Procedure: - 

The patient has marrow removed from 0800 t o  1000 hours i n  the operating 

room, is irradiated a t  about 1300-1400 hours and receives his marrow (stored 

a t  4" C.)  intravenously from 1430 t o  1600 hours. The method o f  radiation- 

dose calculation can be found elsewhere (16). The marrow transplantation 

technique fol lows : 

Mater4 a1 s Required: 

1 lavender top Vacutainer tube ,  labeled w i t h  pat ient ' s  name and number, 

p lus  a form f o r  CBC 

1 red top Vacutainer tube ,  labeled w i t h  patient 's  name and number f o r  the 

blood bank, plus a blood bank form ,c 



-4- 

. .  * 6 Kurnick needles 

4 Vim-Si lverman need1 es 

10 20-gauge needles 

3 Bierman needles 

200 cc. heparin solution containing 50 units heparin per cc. This  I s  + 

made by putting one cc. of preservative-free heparin, 10,000 u n i t s  per 

cc., i n  199 cc. o f  normal sal ine.  An extra vial of this heparin is 

brought t o  the operating room. 

TC-199 culture medium, 100 cc. buffered w i t h  sodium bicarbonate t o  pH 

7.3-7.4 and added t o  a Fenwal pack. 

150 12 cc. s t e r i l e  syringes t o  be obtained by the operating room. 

Sigmamotor pump w i t h  t u b i n g  attachments. 

4 2-wqy stopcock adapters 

* Ster i l ized  double f i l t e r  system w i t h  two mesh f i l ter  openings of 297, 

and 149 m i  cra d i  ameter respecti vely . 
o 2 Fenwal Blood Pack Units No. TA-10, 1000 cc. 

i -c  
4 .  

. 1 thioglycolate culture tube 

f c .- 

1 box s t e r i l e  microscope slides 

1 box cover slips 

+ Abbott  Venopak adapter 

Normal sa l ine  for injection, 1- 30 cc. vial 

3 Abbott blood administration se t s  w i t h  f i l t e r  opening masuring 150 by + 
200 mi’cra. 

10 alcohol sponges 

1 hemostat 

2 50 cc. syringes w i t h  18 gauge needles 

2 10 cc. syringes w i t h  18 gauge needles 

? 
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. .  . Formalin tube f o r  Pathology Department study o f  marrow aspirate. 

Blood bank request form 

Sci ssom 

Procedure: 

k '  

The pat ien t  i s  premedicated w i th  0.6 mil l igrams atropine and 100 mg. 

Seconal in t ramscu lar ly ,  a t  6 a.m. The pa t ien t  goes t o  the  operating room 

a t  approximately 7 a.m. where, a f t e r  induct ion w i th  Pentothal , endotracheal 

in tubat ion  i s  performed, and the  pa t ien t  i s  given general anesthesia w i th  

Halothane and placed i n  the prone posi t ion.  A f te r  appropriate an t isep t ic  

preparation o f  the pa t ien t ' s  i l i a c  c res t  area, bone marrow aspi ra t ion may 

begin. . 
A t  t h i s  time, p r i o r  t o  aspirat ion, blood f o r  peripheral whi te c e l l  

count and d i f f e r e n t i a l  i s  obtained and 5 cc. o f  blood are sent t o  the blood 

bank f o r  typ ing and crossmatching o f  2 un i ts  o f  whole blood. As an a l te rna t ive  

500 cc. o f  blood may be obtained 1 week before the t ransplant and reinfused 

during the  marrow aspirat ions, so as t o  el iminate ar te factual  resul ts  f r o m  

heterogeneous c e l l  populations. 

'k- 
I 

- k -  
Bone mar row aspirat ions are performed using the Bierman needles f o r  

the  sternum, and Kurnick needles f o r  the i l i a c  crests. No more than 3 cc. 

are obtained w i th  the needle bevel i n  one posi t ion.  The bevel i s  ro tated 

through fou r  quadrants for  each aspirat ion. Aspirat ion i s  performed 

with a syringe which has been f i l l e d  w i th  one cc. o f  the heparin so lu t ion  

containing 50 un i t s  per cc. An Abbott Venopak adapter connects a s t e r i l e  

+Abbott Laboratories , North Chi cago , I 1  1 i n o i  s (Panhepri n) 

*Buckeye Supply Co. 7775 Montgomery Rd., Cincinnati ,  Ohio 45236 
- 

oFenwal Laboratories, Div. of Travenol Laboratories, Inc. Morton Grove,I11.60053 b-- 
i 
I 
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b o t t l e  containing 200 cc. of heparin so lu t ion ,  50 units per cc., t o  a two- 

way stopcock adapter i n  which each syringe is placed t o  f i l l  i t  w i t h  one 

cc. of heparin. T h i s  stopcock is also turned so t h a t  the heparin so lu t ion  

is a closed system between aspirations. 

. 

The syringe w i t h  aspirated marrow is inverted several times t o  dis- 

-way stopcock adapter i n to  the Fenwal pack which contains TClg9. .The emptied 

syringe is le f t  i n  place bu t  the stopcock handle is turned each time s o  as 

to  close off the Fenwal pack system. After each aspiration another ass i s tan t  

applies pressure t o  the area from which marrow has been obtained t o  decrease 

hematoma formation. The areas t o  be aspirated will be posterior and anter ior  

i l i a c  crests  and the sternum. 

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

tribute the heparin and handed 20 an assis tant .  She injects  i t  through a two- 

I 

After 500 cc. of marrow are collected,  the 

count and d i f fe ren t ia l .  

Infusion: 

For infusion we employ the Sigmamotor pump and infusion s e t ,  alcohol 
- 

sponges, hemostat, 10 cc. syringe f i t t e d  w i t h  a 20-gauge needle, a s t e r i l e  

bo t t l e  of 30 cc. of 0.9% sa l ine  for injection, scissors and the double f i l t e r  

system noted above. Three Abbott blood infusion se t s  a re  present for emer- 

gency use. 

After the marrow has been collected and stored i n  the blood bank a t  4" 

C. for  several hours while the patient receives whole body i r radiat ion,  

it is then taken t o  the pat ient ' s  ward where the Fenwal pack holding the 

marrow is inverted several times t o  insure homogeneous d i s t r i b u t i o n  of 

cells and t h e n  f i t ted t o  the Sigmamotor infusion system. The Sigmamotor 

punp is turned on and the marrow passes t h r o u g h  the double f i l t e r  system 

- t -  

- 
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downstream from the pump a t  a r a t e  o f  60 t o  90 drops (4-6 cc.) per minute. 

Aliquots are  collected imnediately a f t e r  the pump is  turned on for the * .  - 
determination o f  cell  viabi l i ty ,  nucleated cell  count and different ia l  , 
as well as blood culture. t -  i 

\ 

c If there is evidence of malfunction of the f i l t e r  system, as shown 

by bubbles appearing i n  the infusion t u b i n g  a f t e r  the marrow is f i l t e r ed ,  

the pump is turned off and the intravenous d r i p  of normal sal ine through 

which the marmw has been infused "piggyback" is restarted.  The Fenwal 

pack containing the marrow is .then connected t o  a standard Abbott blood 

infusion s e t  w h i c h  is attached t o  t he 'bo t t l e  conta in ing  thfs sa l ine  solut ion 

and the infusion begun again. After the infusion has been completed, 

sterile normal sa l ine  is flushed through the f i l t e r  set which has been 

disconnected from the pump. 
. 

The marrow infusion is regularly followed by ch i l l s  and fever unless 

10 grains of aspirin a re  given o ra l ly  or rectal ly  dur ing  the procedure. 

Blood cultures a re  routinely obtained and have always been s t e r i l e .  

To calculate the actual number of  marrow ce l l s  administered, we count 

a filtered specimen using Kurnick's technique (17) and obtain the nucleated - 
ce l l  count per s ingle  hemocytometer square by counting e i g h t  squares and 

d i v i d i n g  the total  by eight. Then we rmlt iply this number by (10,-to get 

count per mn ) x (40, d i l u t i o n  factor i n  counting) x (1000, number of 

mn i n  1 cm ) x (fraction of viable ce l l s )  x (500 cc. volume of marrow) 

x (1.4, t h e  dilution correction from 100 cc. TC 199 and 100 cc. of heparin 

3 

3 3 

- i n  the Fenwal pack) x (fraction of marrow made up o f  erythroid and myeloid 

precursors, including stab c e l l s ) .  This simplifies t o  (cel l  count per 

hemocytometer square) x (2.8) x (10 ) x (fraction o f  viable c e l l s )  x 

(fraction of marrow c e l l s ) .  

8 

Intravenous infusion of bone marrow has been known t o  repopulate the 

t 
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marmw space (18-22) of 

subjects as well (23). 
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animals and there is now ample experience w i t h  human 

The marrow transplant technique developed i n  our 

laboratory involves a ful ly  closed system, _a s ignif icant  advance over the 

technique published recently by the Sea t t le  group (24). 

A t  present we are  continuing the imnediate retransfusion of autologous 

harrow. Our e a r l i e r  studies on marrow transfused a f t e r  storage a t  -83' C 

-indicated (by v i t a l  staining) viabi l i ty  of 20050% compared t o  95-99% if 

infused w i t h i n  6 hours of aspiration; t h i s  storage technique will require 

improvement. I t  w i l l  then be possible t o  consider evaluation of transfusion 

a t  intervals  between the onset of i r radiat ion and 21 days especially i f  

therapy is fractionated. We w i s h  t o  r e t u r n  unirradiated marrow t o  i ts  

necessary microenvironment (25) as soon as possible t o  avoid any delay i n  

stem ce l l  proliferation and maturation i n  vivo. 

u n t i l  the cel l  counts have fal len t o  c l in ica l ly  dangerous levels i n  the 

fourth week, one must s t i l l  allow 5 t o  10 days for the precursors of c i r -  

culating leukocytes (26) and probably the same time for platelets  (27) t o  

different ia te .  By this time the patient i s  e i ther  seriously i l l  o r  re- 

covering spontaneously. W i t h  infusion of marrow a t  this l a t e  time one can- 

not then t e l l  i f  the marrow transplant has been efficacious,  whereas i f  the 

marrow is given on the day of radiotherapy the severe cytopenia during the 

expected n a d i r  of peripheral blood cell counts does not occur, indicating 

a successful transplant. 

I f  one delays g i v i n g  marrow 

; c  
I -  . 

Our patients receive daily white blood cell  counts and different ia l  

white counts, p l a t e l e t  and reticulocyte counts, and a check of the hematocrit 

and hemoglobin levels.  They are sent home two days post-irradiation and 

the degree of cytopenia observed post-irradiation i n  our patients has not 

warranted rehospitalization. Thus the total  time consumed for the procedure 

I 
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i s  3 1/2 hospital days w i t h  or w i t h o u t  marrow transplantation, divided as 

fol lows : 

Day 1 : - Admission t o  hospital. Preparatory diagnostic procedures 

including a marrow aspiration under local anesthesia. Twenty-four 

hour control urine collection. "Sham" irradiation f o r  radiation 

dosimetry and t o  make control psychological observations. 

Day 2: Marrow aspiration under general anesthesia i f  radiation dose 

exceeds 150 rads t o  whole body. Irradiation w i t h  6oCo gama rays. 

Rei nfusi on o f  marrow. 

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

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

Both pr ior  t o  admission and after discharge home visits are made i f  

the patient has d i f f icu l ty  coming t o  the General Hospital. Detailed pre- 

and post-irradiation psychological interviews a s s i s t  us i n  understanding 

and supporting the anxious patient who must deal w i t h  a serious i l lness .  

Medical checkups , urine coll ections , venipunctures and even marrow as p i  ra- 

tions a re  performed i n  the home i f  i t  is more convenient t o  the patient. 
- 

Thus through a team approach we care for  the patient "as a whole". 

Potential Hazards: 

Me have demonstrated that  marrow transplantation can prevent the 

severe thrombocytopenia and leukopenia which 200 rads will cause. We are  

a lso attempting t o  modify the syndrome of nausea and vomiting which 

accompany whole body i r radiat ion w i t h  increasing frequency as the dose 

exceeds 100 rads (28). A comnercially available synthetic diet ,  Vivonex, 

approved by the F.D.A., decreases the gastrointestinal f lo ra  by a factor  o f  

1000 (29) and may be he lpfu l  i n  this regard. Phenothiazines are now used 

t o  re1 ieve post-irradiation nausea and emesis. b- 
c- ' 

i 
i, 
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Related Studies: 

Assessment of the effects of large f i e ld  low dose i r radiat ion is 

under way for the following parameters: 

1. 

2. Chromosome dose-response. 

Psycho1 ogi c performance decrement. 

3. Biochemi cat i n d i  cators of radi a t i  an damage. 

4. Radiation-induced a1 terations of the function of circulating 

peripheral blood cel ls .  

5. Radiation-induced al terat ion i n  immunologic response t o  a s e t  of 

phages, covered under a separate protocol of Hess, L i t w i n ,  e t  a1 . 
Method t 6  be Used i n  Procuring Consent: 

These forms, containing i n  lay language an explanation of the procedures 

described above have been forwarded t o  your Comni t tee .  

The pat ient  i s  told t h a t  the radiotherapy t o  be given is  not a cure 

bu t  t h a t  i t  may relieve pa in  (sham radiation does n o t  have this placebo ef fec t  

i n  our cancer patients) and tha t  i t s  efficacy i n  prolonging l i f e  i s  under study. 

.t 
i 
. .  

- 



Table 1 

TOTAL CASES RECEIVING LARGE FIELD IRRADIATION 
IN RADIOISOTOPE LABORATORY 

aa CASES 

BADS 66-99 100 150 200 300 

TBR . a 
UBR - 
LBR 1 

TRUNK - . 

20 

1 

2 

- 

17 

1 

2 

14 - 
2 3 

6 9 

2 - 



Table 2 

ELAPSED TIME TO DEATH FOLLOWING 
TOTAL AND PARTIAL BODY RADIATION 

Midline 
dose 

(rads) 
Total-body N 

50 6 

100 12 

150 12 

6 - 200 
36 p a t i e n t s  

Days from i r r a d i a t i o n  t o  death 

Mean 

242 

25 7 

19 7 

34 8 

- Median 

96 

lb 8 

64 

246 

. 
P a r t  ial-body 

100 3 72 38 . 

c- 
150 2 101 - 
200 

300 

t -  

6 

2 - 
13 p a t i e n t s  

138 

212 

133 

-- 

Ref. 7. From "Effects of Tota l  and P a r t i a l  Body Therapeutic 
I r r a d i a t i o n  i n  Man," E.L. Saenger, M.D. i n  Proc. 1st 
In t e rna t iona l  Symposium i n  t h e  Biological In t e rp re t a t ion  
of Dose from Accelerator Produced Radiation, Lawrence 
Radiation Laboratory, Berkeley, Cal i f . ,  March 13-16, 
1967. USAEC/Div. Technical Information Conf. - 670305 

. 

s- 
i 
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Table 3 

Results of Recent Successful 180- and Auto-transplants of 

. Marrow Following 200 Rads Midline Whole Body 6oCo 

Irradiation 

Day of Leukocyte 'Nucleated C e l l  Count Infused 

Leukocyte Count at Per Kilogram Body Weight 

atient Nadir Nadir 

.W. 26 2100 1.6 x 10' 

.s. 

. c. 

25 

33 

. sta 28 

28 

24 

4100 

2700 

2200 

8 2.3 x 10 
8 0.6 x 10 

1 . 7  x 10' 

2780 2 920 1.6 x 10' 

. *  
850 4 380 -- 

- \ - 
7 patients receiving 200 rads Whole Body Radiation without Transplantation of Marrow. 
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HODIFICATION OF THE KARNOFSKY (1951) PERFOWLWCE STATUS PSTINCS 

.- . . . Thomas L. Wright, M.D. 

These new performance s t a t u e  r a t ings  are suggested by the  fact t h a t  in t he  group < of p a t i e n t s  in Phaee I of t h e  study, t h e  perfonnance r a t ings  according t o  the syetern 

I of Karnofsky (1951) eeemed t o  bunch around 70 and then f a l l  prec ip i tous ly  when clinf.ca1 
metastatic d isease  supervened. 

range in t h e  upper performance r a t inge  and iomewhat more objoc t ive  criteria for any 
given r a t ing .  This new system igaoree completely objec t ive  8igne of di88aee and is  

These modifications,  it i e  hoped, wil l  provide a g rea t e r  I. 

- concerned e n t i r e l y  v i t h  perfonnance. 

(100% 

F u l l  Act iv i ty  Hinor mymptoma (cog. cough, mputm) which 
do not  i n t o r f e r o  with pa t i en t ' s  a c t i v i t i e s .  

Minor symptoms but  normal a c t i v i t y  is 
only minimally impaired. 
time work. 

Not capable of full-t ime work but still  
ab le  t o  perform part-time work. 

Not capable of part-time work but ab le  
t o  care completely f o r  self  a t  home. 

Capable of f u l l -  

u { ::: Impaired Act iv i ty  

f c 

. 

(ninor Care Problem 50% 

Major Care Problem E 
Some assSs tmcr  required but  t h i s  is 
minor (e.8.) cooking,washing clothes  for 
women; men ao longer doing minor houee- 
hold tasks) .  

leaving home unassisted.  

Dieabled, Spendr more than 4 hours in 
bed at home per day. 
be required I f  no ass i s t ance  ava i lab le  
at  home. 
p a l l i a t i v e  therapy. 

Severely dieabled. 
t h e  home. 
pa t i en t  and family may elect t o  remain 
at home. 

Spends l e e s  than 4 hours 
i n  bed at  how per day. Capable of - 

Hospital izat ion may 

Hospitalized for  acute course 

Major care problem i n  
May be hospi ta l ized  althocgh 

Eospi ta l iza t ion  neceoeary f o r  terminal 
care or  f o r  a c t i v e  mupportive treatment. 

-Requires full md.complete nursing care. 

Reference 
Kamofsky, D. A., e t  al., Arch. I n t .  Med. 87, 477 (1951) 
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