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RADIATION THERAPY ONCOLOGY GROUP 

RTOG #82-02 

PHASE I 1  DOSE SEARCHING STUDY OF FAST NEUTRON IRRADIATION 
I N  THE TREATMENT OF ADVANCED HEAD AND NECK CANCER 

SCHEMA 

R 

E 

C Region 

0 

R Stage 

D 

T 

R Step I* 

E f r a c t i o n s  i n  26 days 
15.75 Gy (neu t rons )  i n  12 

A Step 2** 

T i n  26 days 
17.50 Gy i n  12 f r a c t i o n s  

M Step 3** 

E i n  26 days 
19.25 Gy i n  12 f r a c t i o n s  

N 

T 

*see 6.1.5 f o r  f a c i l i t y  adjustments 
**may be ad jus ted  on b a s i s  o f  r e s u l t s  from Step 1. 

E l i g i b l e :  

Region: Oral C a v i t y  
0 r o  p h a ry n x 
Hypophyarynx 
Larynx 

Stage: 111, I V  and Stage I 1  Base o f  Tongue 

H i  stol ogy : Squamous c e l l  c a r c i  noma 

Age: > 18 

Performance: Karnofsky - > 50 



1.0 INTRODUCTION 
Patients w i t h  advanced head and neck cancer have a poor prognosis 
w i t h  many dying of uncontrolled local cancer. High dose conven- 
t i o n a l  photon therapy, while being effective i n  early head and neck 
tumors fai ls  i n  the majority of advanced cancers. These large and 
frequently ulcerated and necrotic tumors are believed t o  contain 
radioresistant viable hypoxic cells. These cells have an oxygen 
enhancement r a t i o  (OER*) of 2.5 t o  3. Neutron therapy should be 
more effective i n  treating hypoxic tumors because i t s  lethal effect 
on cells i s  much less dependent on the presence of oxygen ( i t  has 
an OER of 1 .6) .  

Catterall et a1 .I9‘ achieved a significantly better local control 
w i t h  neutron therapy as compared t o  photons i n  a randomized t r ia l  
o f  squamous carcinoma of the head and neck. Seventy-six percent of 
the patients t reated w i t h  neutrons remained locally control led 
versus only 19% of the patients treated w i t h  photons. The neutron 
dose was 1560 cGy given i n  12 f rac t ions  over 4 weeks. (Since 
Hammersmith investigators report only  the neutron component of the 
beam and US investigators report t o t a l  radation delivered i .e., 
n + y ,  this is  equivalent t o  1700 cGy t o t a l  dose - n + when the 
same energy of beam is used. 

P i l o t  studies i n  the U.S. w i t h  neutrons alone had a significant 
rate of ~ o m p l i c a t i o n s . ~ ’ ~  A t  M.D. Anderson Hospital, 66 patients 
were treated w i t h  neutrons alone. O f  these, 49 had two fractions a 
week and were treated between 1972 and 1975. A later group of 17 
patients were treatd i n  1976 w i t h  four fractions a week. The 
weekly dose i n  a l l  patients was 320 cGy w i t h  a mean of 2089 cGy 
over 6 1/2 weeks. There were 18% (9/49)  complications i n  the 
earlier group of 49 patients, and one complication i n  the 17 
patients treated w i t h  four fractions a week. Local control was 
achieved i n  42% of the 66 patients. 
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The poor physical characteri s t ics  of the neutron beam (horizontal 
beam, increased absorpt ion i n  f a t ,  and greater penumbra) as well as 
the altered fractionation scheme were believed t o  contribute t o  the 
increased number of compl ications. To improve on these deficien- 
cies, a mixed-beam arm was included i n  protocol 76-10. The other 
two anns were neutrons alone and conventional therapy w i t h  photons. 
In the mixed-beam arm, patients were treated d a i l y  w i t h  a loading  
of 3:2 photons t o  neutrons. In a recent report (Seattle, August 
4-5, 1981) t o  the RTOG High-Le t  Committee, there were available 
da ta  on 145 patients treated w i t h  mixed-beam and 199 patients 
treated w i t h  photons. Only 22 patients were treated w i t h  neutrons 
alone. There was no difference i n  local control and survival 
comparing mixed-beam and photons. 

A return t o  neutrons alone studies seems appropriate a t  the present 
for the fo l lowing  reasons: (1) better neutron beams will be a v a i l -  
able soon i n  a number of institutions overcoming some of the 
physical deficiences i n  previously used cyclotrons, (2) a better 
understanding of the radi ob i  01 ogy of fast neutron irradiation. 
Specifically, the knowledge gained t h a t  the RBE o f  neutron therapy 
depends on the tissue irradiated and the type of reaction or 
endpoint chosen, and (3 )  the necessity t o  repeat the widely quoted,  
very favorable Hammersmi t h  experience headed by Dr . Catterall . 
I t  i s  for this las t  reason t h a t  a fractionation schedule as used a t  
Hammersmith will be chosen for  this Phase I1 study. The shortened 
overall treatment time will have the theoretical advantage of 
overcoming some of the repopulation of the cancer cells occurring 
during more prolonged treatment. The lower number of fractions 
should not compromise the effectiveness o f  the treatment because 
neutrons are less dependent on reoxygenation and redistribution 
w i t h i n  the tumor. Late damage t o  normal tissues is  expected t o  be 
the same regardless of the number o f   fraction^.^ This i s  explained 
by the non-repai rabl e cell k i  11 mode of neutron i rradi a t i  on. 
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The present Phase I1 study is  designed t o  find the most appropriate 
dose t o  be used for later randanized Phase 111 studies. The f i r s t  
step of the present t r i a l  will be t o  utilize a 90% dose level of 
the one used a t  Hamnersmtih. Thi r ty  t o  40 patients will be accrued 
for the f i r s t  step and scored for acute reactions, overall clinical 
tolerance and tumor clearance. After the las t  patient has been 
treated, a second group of patients will be treated w i t h  a 5-10% 
higher dose. Further groups of patients may be treated w i t h  higher 
doses based on the experience gained i n  the previous steps u n t i l  
the maximum tolerated dose i s  achieved. Since w i t h  this fraction- 
a t i o n  schedule, i t  appears t h a t  late effects will not  be more than 
acute effects, the acute reaction will be used as an index of 
to1 erance . 

This dose-searchi ng process i s  mandatory as f i  rsthand know1 edge of 
reactions t o  shortened f rac t iona t ion  schemes i s  l ack ing  i n  this 
country. The 10% dose reduction i n  the f i r s t  step of the study, as 
compared t o  the Hamnersmith dose, i s  designed t o  offset possible 
increased reactions due t o  differences i n  technique and volumes 
treated. 

Once the appropriate t o t a l  dose i s  determined from this study, a 
Phase 111 comparison of this four week neutron treatment will be 
studied against the best pho ton  scheme. 

2.0 OBJECTIVES 
2.1 To determine the optimum t o t a l  neutron dose using 1 2  fractions 

over four weeks. 
2 .2  To assess local tumor control. 
2.3 To assess acute reactions. 

3.0 PATIENT SELECTION 
3.1 E l i q i b i l i t v .  

3.1.1 Si tes  ( see Appendix I ) . 
3.1.1.1 Oral Cavity - Stage 111, IV. 
3.1.1.2 Oropharynx - Stage 111, IV (Base of Tongue 

- Stage I1 also). 0 0 1  b O l  I 
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3.1.1.3 Hypopharynx - Stage  111, IV. 
3.1.1.4 Larynx ( i n c l u d i n g  s u p r a g l o t t i s )  - Stage  

111, IV. 
3.1.2 Biopsy proven carcinoma. 
3.1.3 No previous r a d i a t i o n  therapy .  
3.1.4 No previous  chemotherapy. 
3.1.5 No evidence of m e t a s t a t i c  d i s e a s e .  
3.1.6 

3.1.7 

No p lan  f o r  r e s e c t i o n  of primary fo l lowing  
i r r a d i  a t i  on.  
Age > 18 b u t  there will be no upper age limit a s  
long a s  genera l  medical requirements  (3.2.6) are 
met. 

3.1.8 Performance S t a t u s  (Karnofsky)  - > 50. 
I ne1 i g i b i  1 i t y  C ri teri  a . 
P a t i e n t s  a r e  e l imina ted  from t h e  s tudy  f o r  the fo l lowing  
reasons : 
3.2.1 Tumor i s  c l a s s i f i e d  S tage  I or 11, except base of 

tongue primary where Stage  I1 i s  e l i g i b l e .  
3.2.2 P a t i e n t s  w i t h  d i s t a n t  metastases. 
3.2.3 P a t i e n t s  w i t h  two simul taneous tumors, regard1 ess of 

3.2.4 

3.2 

1 o c a t i  on of second primary. 
Previous  r a d i a t i o n  therapy  o f  the head and neck, 
except for s k i n  cance r ,  o r  p a t i e n t s  r ece iv ing  p r i o r  
chemotherapy. 

nodes b 

3.2.6.1 Poor general cond i t ion  i n d i c a t e d  by a 

3.2.5 P r i o r  surgery  (except d i a g n o s t i c )  t o  primary s i te  o r  

3.2.6 General medical reasons  : 

Karnofsky performance s t a t u s  less t h a n  50 

( eg . , severe mal nutri ti on, bel ow 60% 
s t anda rd  weight)  or c o n d i t i o n s  which i n  
t h e  i nves t i  g a t o r ' s  opi  n i  on precl udes any 
c u r a t i v e  e f f o r t .  
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4.0 PRETREATMENT €VALUATION 

4.1  Complete h i s t o r y  and phys ica l  exam wi th  an assessment o f  the  
p a t i e n t ' s  performance status.  
nodal metastases must be made. 

4.2 .1  Required 

Diagrams o f  t he  primary and any 

4.2 Imaging Studies 

4.2.1.1 Chest x-ray 
4.2.1.2 
4.2.1.3 

L i v e r  scan i f  l i v e r  enzymes are e leva ted  
Other p e r t i  nent radiographs dependi ng on 

l o c a t i o n  of pr imary 
4.3 S a t i s f a c t o r y  biopsy o f  t he  pr imary 

4.4  Dental care 

5.0 REGISTRATION 
5 . 1  Pat ien ts  should be r e g i s t e r e d  p r i o r  t o  t reatment  by c a l l i n g  

RTOG Headquarters (215/574-3191) between 9:00 A.M. and 5 : O O  
P.M. ET. The f o l l o w i n g  i n fo rma t ion  w i l l  be requi red:  

P r i n c i p a l  I n v e s t i g a t o r ' s  Name 
I n s t i t u t i o n  
Protocol  
P a t i e n t ' s  Name 

S i t e  and Region o f  Tumor 
Stage 

A p r o j e c t  case number w i l l  be assigned which w i l l  be confirmed 
by  m a i l .  

5 . 2  Treatment should begin w i t h i n  14 days a f t e r  r e g i s t r a t i o n .  

6.0 TREATMENT 
6 . 1  Radiotherapy . 

6 . 1 . 1  Local i z a t i  on requ i  rements . 
6.1.1.1 Simula t ion  o f  t reatment  f i e l d s  i s  

d e s i r a b l e  b u t  no t  mandatory. The f i e l d  
borders must i n i t i a l l y  i nc l  ude t h e  e n t i  r e  
p r imary  reg ion  (e.g. tongueloropharynx) 
and b i l a t e r a l  c e r v i c a l  nodes. For a l l  

p y r i f o r m  sinus (hypopharyngeal ) p r imar ies  
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and fo r  a l l  T4 t o n s i l l a r  l es ions ,  t he  

super io r  f i e l d  must extend t o  the  base of 
t h e  s k u l l .  The super io r ,  p o s t e r i o r  f i e l d  

border  must a t  l e a s t  encompass the  masto id  
t i p .  The e n t i r e  neck must be t r e a t e d  t o  

the  super io r  edge o f  the  c l a v i c l e s .  
Separate a n t e r i o r  supracl a v i c u l  a r  f i e 1  ds 

should be used. 

obta ined on each t reatment  p o r t a l  
i r r a d i a t e d  i n c l  ud i  ng a1 1 cone-down o r  

boost f i e l d s  ( except those u s i  ng e l  ec t ron  
therapy) .  These should be repeated weekly 

and a t  the t ime o f  any adjustments. 

6.1.1.2 V e r i f i c a t i o n  ("beam") f i l m s  must be 

6.1.2 Target  volume. I r r a d i a t i o n  P o r t a l s .  

Radiotherapy p o r t a l  s must i n i  ti a1 1 y emcompass the  
e n t i r e  pr imary tumor reg ion  p lus  the b i l a t e r a l  

c e r v i c a l  lymph node chains w i t h  the upper p o s t e r i o r  
border  se t  -- a t  l e a s t  a t  t he  p o s t e r i o r  aspect of t he  

masto id  process. 
p reve r teb ra l  s o f t  t i ssues  t o  the  base o f  s k u l l  f o r  
a l l  py r i fo rm s inus (hypopharynx) and T-4 t o n s i l l a r  
p r imar ies .  The sup rac lav i cu la r  reg ions must be 
t r e a t e d  v i a  an a n t e r i o r  p o r t a l  w i t h  sp ina l  cord  
sh i  e l  d i  ng . (Lymph node areas n o t  con ta i  n i  ng 
palpable nodes and n o t  w i t h i n  the  f i e l d  used t o  
t r e a t  the  pr imary tumor should be t r e a t e d  w i t h  

photons o r  e lec t rons  . I  

6.1.3.1 Doses are s p e c i f i e d  as mid-depth a t  

Treatment p o r t a l  s w i  11 i nc l  ude the  

6.1.3 Dose c a l c u l a t i o n s  

c e n t r a l  a x i s  when p a r a l l e l  opposed tech- 
niques are used o r  -a t  the  i n t e r s e c t i o n  o f  
the  c e n t r a l  axes f o r  o ther  techniques 
(i .e. t a r g e t  absorbed dose as s p e c i f i e d  i n  
sec t i on  3.3 o f  ICRU r e p o r t  29). Complete 
isodose curves are requ i red  on the  cen t ra l  

0 0  I b O l 4  



axis and contours 2 cm from the upper and 
lower border must a1 so be s u p p l  ied. 
Variation w i t h i n  the target volume should 
not  exceed + 10% of the target dose. 
Fields must encompass the primary tumor 
and i t s  suspected projections w i t h  a 
m i n i m u m  1.5 an margin i n  a l l  directions. 
T h i s  tumor (target) vol me should receive 
90% o r  greater of the central axis 
mid-depth dose. 
disease are incl uded i n  the target vol ume 
and a "shrinking field technique" i s  
planned, the fields may be reduced i n  
dimens'ons after 9 fractions (75% of the 
t o t a l  dose). Fields must be reduced t o  
exclude the spinal  cord a t  a neutron dose 
of 900 cGy a t  mid1 ine. 
The entire neck must be i r r a d i a t e d .  
Photons should be used. A dose o f  a t  
least 4500 cGy (even i n  No stages) i n  20 
fractions calculated a t  Dmax must be 
given. 
neutrons are used, 75% of the ta rge t  
absorbed dose should be given t o  areas not  
conta in ing  pal pabl e nodes. 

Treatment breaks if  necessary should  be 
allowed only for healing of severe normal 
tissue reactions ( confl uent mucosi ti  S I  . 

6.1.3.2 

6.1.3.3 

If areas of suspected 

6.1.3.4 

I f ,  because o f  logistic reasons 

6.1.3.5 Time and Dose Modifications. 

6.1.4 Fractionation 
6.1.4.1 Frac t iona t ion  will be 3 fractions per 

week, g i v i n g  equal d a i l y  doses. A t o t a l  
of 12 fractions will be given i n  4 weeks. 
( If beam a v a i l a b i l i t y  prevents this 
f r ac t iona t ion ,  9 fractions i n  4 weeks 
should be used.) 
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6.1.5 Doses 
The fo l lowing  t a r g e t  absorbed doses  will be 
delivered i n  12 f r a c t i o n s  us ing  three f r a c t i o n s  pe r  
week (over 26 days ) .  (These are ad jus t ed  on the 
b a s i s  of the RBE's of the beams compared t o  
Hamersmith a s  well a s  the difference the r e p o r t i n g  
dose i .e. n vs .  n + y . )  

Tota l  Dose ( n  + y )  

Faci  1 i t y  # F r a c t i o n s  . Step  1 S tep  2 S t e p  3 

Fermil ab 9 ---- 2050 2255 
*G1 a n t a  12 1575 1750 1925 
*M.D. Anderson 12 1575 1750 1925 

Univers i ty  of  Pa. 12 1575 1750 1925 
S e a t t l e  12 1530 1700 1870 

*using protons on bery l1  turn 

Dose per  f r a c t i o n  

Faci  1 i t y  S t e p  1 S t e p  2 step 3 

Fermil ab --- 228 250 
*G1 an ta  131 146 160 
*M. D. Anderson 131 146 , 160 

Univers i ty  of Pa. 131 146 160 
S e a t t l e  128 142 156 

Step 1 i s  c a l c u l a t e d  as 90% of  the dose e q u i v a l e n t  used a t  
Hammersmith. S tep  2 i s  e q u i v a l e n t  t o  the Hammersmith dose 
while Step 3 i s  10% g r e a t e r .  
be modified on the basis of a c u t e  r e a c t i o n s  and tumor response 
observed i n  the p a t i e n t s  t r e a t e d  i n  S tep  1. 

. 
The doses  used a f t e r  S tep  1 may 

7.0 DRUG THERAPY 
~ _ _ _ _ _ ~ ~  

Does not apply t o  this s tudy .  

8.0 S U R G E R Y  
8.1 Surgica l  removal of the primary o r  reg iona l  nodes should not  

be planned unless persistent cancer  is proven by biopsy 6 
weeks o r  more fo l  1 owing compl e t i  on of rad io therapy .  Under 

0 0  I b O l b  
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these circumstances, t he  p a t i e n t  w i l l  be considered as a 

t reatment  f a i l  ure. P a t i e n t s  who are o r i g i n a l l y  operable 
( su i  tab1 e fo r  a combined- t reatment  approach) are i n e l  i g i  b l  e 

f o r  t h i s  study. 

9.0 OTHER THERAPY 
Any other  c l i n i c a l l y  i n d i c a t e d  therapy, i f  performed, must be 
repor ted  on appropr ia te  RTOG forms. 

10.0 PATHOLOGY 

His topatho log ic  grading o f  squamous v a r i e n t s  w i l l  be accepted 
according t o  the  p r a c t i c e  o f  each i n s t i t u t i o n  us ing the  f o l l o w i n g  
synonyms : 

Grade I - w e l l  d i f f e r e n t i a t e d  o r  K e r a t i n i z i n g  
Grade I1 - moderately d i f f e r e n t i a t e d  o r  Typ ica l  
Grade I11 - p o o r l y  d i f f e r e n t i a t e d  o r  anap las t ic  

"Lymphoepithel i m a "  w i l l  be considered a v a r i a n t  w i t h i n  the  Grade 
111 category. 

Central pathology rev iew i s  n o t  planned. 

11.0 PATIENT ASSESSMENTS 
11.1 Endpoints o f  t he  study w i l l  i nc lude:  

11.2 

11.1.1 Completeness o f  tumor regress ion  
11.1.2 Acute t o x i c i t y  o f  rad iotherapy 
11.1.3 Local c o n t r o l  
Measurements o f  S p e c i f i c  Endpoints 
Response s h a l l  be measured as fo l l ows :  
11.2.1 Local response - r a t e  o f  regress ion o f  

pr imary tumor under therapy w i l l  be 
determined by measurements o f  the primary 

tumor i n  maximum dimensions and dimensions 
a t  r i g h t  angles t o  it, i f  poss ib le ;  

o therwise by sub jec t i ve  assessment of 
percentage regress ion.  Response w i  11 be 

designated as : 

I 
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11.2.1.1 Complete response ( C R )  - 
Complete d i  sappearance of 
measurable and pal pabl e tumor. 

11.2.1.2 Partial response (PR) - Tumor 
shrinkage greater t h a n  50% of 
the product of the perpendicular 
diameters o f  the two largest 
dimensions. 

shrinkage greater t h a n  25% b u t  
less than 50% o f  the product of 
the perpendicular diameters of 
the two largest dimensions. 

11.2.1.4 No change ( N C )  - 25% growth  t o  
25% shrinkage of the product  of 
the perpendicul ar diameters of  
the two 1 argest dimensions . 
Growth of tumor greater t h a n  25% 

o f  the product o f  the . 
perpendi cul ar diameters of the 
two 1 argest dimensions . 

11.2.1.3 Minor response ( M R )  - Tumor 

11.2.1.5 Progressive disease ( P D )  - 

11.2.2 Status o f  Neck - Weekly measurements 
should be made d u r i n g  treatment i f  any 
measurable neck nodes are present. An 
assessment should be be made including: 
No evidence of node enlargement i n  the 
neck. 
Residual indura t ion  i n  the neck. 
Presence or  absence of metastases by 
clinical eval uat ion or appropriate 
studies. 

11.2.4 Toxicity of radiotherapy 
Weekly assessments of mucositis and skin 
reactions will be made dur ing  radiotherapy 

11.2.3 
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11.2.5 

11.3 Study Parameters. 

Parameters  

H i s to ry  & Physical  Exam. 
Weight and Perform. S t a t u s  
Tumor Me a s  u remen t 
Tox ic i ty  Notat ion 
Late  Effects 
Chest X-ray 
Appropriate  X-Rays f o r  

and fo l lowing  t r ea tmen t  u n t i l  a l l  such 
r e a c t i o n s  subside. The RTOG acute sco r ing  
s c a l e  will be used (Appendix V I .  
Late effects of  r ad io the rapy  will be 
scored a t  each f o l l  ow-up assessment  using 
the RTOG-EORTC l a t e  e f f e c t s  s c a l e .  

Weekly dur ing  Fol 1 ow-up After 
P re- S t u  dy Radiotherapy Therapy Completed 

X X 

X X 

X X 

X 

X 

X 

X 

X++ 

X++ 

X++ 

X++ 

X+ 

X++ 

+Chest x-rays will be performed q 12  weeks the f i r s t  y e a r  of  follow-up 
and q 6 months t h e r e a f t e r .  

f o m e d  4 weeks a f t e r  t r e a t m e n t  then q 3 months the 1st and 2nd y e a r ,  q 

6 months the 3rd through 5 th  y e a r  and y e a r l y  t h e r e a f t e r .  

++Clinical  examination and x-rays f o r  tumor measurements will be per- 

11.4 Follow-up assessments  a r e  t o  be r epor t ed  every three months 
dur ing  the first  two years fo l lowing  t r ea tmen t ,  then every 6 
months f o r  the next  three y e a r s ,  and annual ly  a f t e r  the f i f t h  
yea r .  The fo l lowing  will be eva lua ted :  

a .  Primary tumor si te.  
b. Regional nodes. 
c. M e t a s t a t i c  v i s c e r a l  spread .  

0 d. Treatment compl i c a t i o n s .  
- Confirmation by rad iographs  o r  biopsy is  p r e f e r a b l e  and 

agreement by two phys ic i ans  o f  d i f ferent  spec ia l  t ies i s  CT 
0 

a A adv i sab le .  
11.5 Addit ional  t r ea tmen t  should be listed and d e t a i l s  of 

management a r e  a t  the d i s c r e t i o n  of phys i c i ans  managing the 
case .  
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12.0 DATA COLLECTION 
Data are due according fa the following schedule: 

On-Study Form 
Prel i m i  nary Dosimetry 

Prescri p t i  on ,  central axes 
calculat ion,  film 

Diagnostic Pathology Report 
Diagram of Primary & Regional 

Nodes 

Data Schedule - 
W i t h i n  1 week o f  commencement 
of radiotherapy 

Information:  

Radiotherapy Form 
F i n a l  Dosimetry 

Information: 
Treatment sheets, film of boost 

or f ie ld  a1 te ra t ions ,  
i sodose s u n a t i  on ( i f  done 1 . 

A t  completion of radiotherapy 

F o l l  ow-up Assessment Form* Every 3 months for 2 years,  then 
every 6 months for 3 years,  
annual 1 y thereaf ter .  

*In the event of subsequent surgery, the operative note and the opera- 
t ive  pathology report must be submitted. 

STATISTICAL CONSIDERATIONS 
The purpose o f  this study i s  to  determine the maximum dose which 
has an acceptable ra te  o f  acute severe complications and t o  
estimate the local tumor control of this dose. Ten patients a t  
each f a c i l i t y  will be treated on the f i rs t  dose and i f  no 
complications are observed t e n  additional patients a t  each faci l  i ty 
will be treated on the second dose. If a severe complication i s  
observed on any dose 15 additional pat ients  a t  each f a c i l i t y  will 
be treated on the next lowest dose. Using this scheme there will 
be 25 pat ients  treated a t  each f a c i l i t y  a t  the dose tha t  will be 
used for the future phase 111 t r i a l  and w i t h  this number, there 
will be a 93% chance o f  seeing any complication that  occurs w i t h  a 
frequency o f  10%. W i t h  25 pat ients  the 90% confidence interval 
about the local control ra te  will be narrower than + 16%. The 
i n i t i a l  t r i a l  of 10 pat ients  a t  each lower dose will insure a 89% 
chance of observing any complication that  occurs w i t h  a frequency 
of 20%. 
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I t  i s  estimated that one patient per week will be accrued a t  each 
fac i l i ty  which will require approximately 3 months t o  complete each 
dose leve l .  
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APPENDIX I 
~ 

E l i g i b l e  Patients & 1977 American Jo in t  Commission Staging  

E l  i q i  b l  e Patients 

Oral Cavi ty  
S tage  Tongue (Anterior) 
111, IV Floor  of Mouth 

Buccal Mucosa 
Pa la t e  (Hard or S o f t )  
Gingiva 

Oropharynx and Hypopharynx 
Stage  Tonsi 1 and/or pi1 1 ars 
111, IV Suprahyoid e p i g l o t t i s  

Pharyngeal Wall s (posterior or la teral  1 

Stage  11, Base of Tongue 
111, IV Pyri  fonn  Si nus (or medial / la teral  wall s) 

P o s t c r i c o i d  area 

S u p r a g l o t t i c  
s t a g e  Ventri cul ar band 
111, IV Ar y t e n o i d 

Suprahyoid epi g l  o t t i  s 
Inf rahyoid  ep i  g l  o t t i  s 
Aryepi gl  o t t i  c fo l  d 

M i  scell aneous Category 
111, IV Maxi1 1 a r y  Antrum 

Note: *All T-stages may be inc luded  i f  a s s o c i a t e d  w i t h  
f i x e d ,  i nope rab le  (>6 an) unilateral  or b i l a t e r a l  
1 ymphadenopathy (N2B or N3B). 

AJC S tag ing  

Cavi ty  
Buccal mucosa 
Lower a lveo l  ar r i d g e  
Upper a1 veol a r  r i d g e  
Retromol ar g i  ngiva (Retromol ar trigone) 
Floor of mou th  
Hard p a l a t e  
Anterior two- th i rds  o f  t h e  tongue 

Primary tumor ( T I  
TX No a v a i l a b l e  information on y i m a r y  tumor 

TIS Carcinoma i n  situ 
TI 
T2 

No evidence o f  primary tumor 

Greatest diameter  of primary tumor less than 2 cm 
G r e a t e s t  d iameter  of primary tumor 2 t o  4 cm 
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T3 
T4 

Greatest d iameter  of primary tumor more t h a n  4 cm 
Massive tumor g r e a t e r  t h a n  4 an i n  d iameter  w i t h  deep 
invas ion  to  involve  antrum, p te rygoid  muscles, r o o t  of  
tongue, o r  s k i n  o f  n e c k  

Oropharynx - Faucia l  a rch  inc lud ing  soft p a l a t e ,  uvula and 
a n t e r i o r  t o n s i l l a r  p i l l a r  - T o n s i l l a r  f o s s a  and tonsil - Base of  tongue inc lud ing  g l o s s o e p i g l o t t i c  and 
pha ryngoep ig lo t t i c  f o l d s  - Pharyngeal wall i ncl ud i  ng 1 a t e r a l  and p o s t e r i o r  
wall s and p o s t e r i o r  t o n s i l  1 a r  pi1 1 a r  

Primary Tumor (TI 
TX Tumor t h a t  cannot  be assessed  
TO No evidence of  primary tumor 

TIS Carcinoma i n  situ 
T 1  Tumor 2 cm o r  less i n  g r e a t e s t  d iameter  
T 2  Tumor g r e a t e r  than 2 cm, b u t  no t  g r e a t e r  than  4 cm i n  

g r e a t e s t  diameter  
T3 Tumor g r e a t e r  than 4 cm i n  g r e a t e s t  d iameter  
T 4  Massive tumor g r e a t e r  than  4 cm i n  d iameter  w i t h  invas ion  

of bone, s o f t  tissue of neck, o r  r o o t  (deep muscula ture)  
of tongue 

Hypopharynx - Pyri form si nus - P o s t c r i c o i d  a r e a  - P o s t e r i o r  hypopharyngeal wall 

TIS Carcinuna i n  situ 
T 1  
T2 

T3 

T4 

Tumor conf ined  t o  the s i te  of o r i g i n  
Extension of tumor to a d j a c e n t  reg ion  o r  s i te  wi thou t  
f i x a t i o n  of hemil arynx 
Extension of tumor t o  a d j a c e n t  reg ion  o r  s i te  w i t h  
f i x a t i o n  of hemi l  arynx 
Massive tumor invading bone o r  s o f t  tissue of  neck 

Supragl o t t i c  - Ventricul a r  bands ( f a 1  se c o r d s )  - Arytenoids  
- Epi gl o t t i  s ( both 1 i ngual and 1 aryngeal a s p e c t s )  - Suprahyoid epi gl o t t i  s - In f r ahyo id  e p i g l o t t i s  - Aryepi gl o t t i c  f o l d s  

TIS Carcinoma i n  situ 
T1 
T2 

T3 

Tumor conf ined  t o  reg ion  of o r i g i n  w i t h  normal mob i l i t y  
Tumor invo lves  a d j a c e n t  supragl  o t t i c  s i te (  s)  o r  g l  o t t i  s 
w i  t h o u t  f i x a t i o n  
Tumor limited t o  l a rynx  w i t h  f i x a t i o n  and/or  ex tens ion  t o  
involve  p o s t c r i c o i d  a r e a ,  medial wall o f  pyriform sinus, 
o r  pre-epi g l  o t t i  c space.  
Massive tumor extending beyond the la rynx  t o  involve  
oropharynx, s o f t  tissue of neck, o r  d e s t r u c t i o n  of 
t hy ro id  c a r t i  1 age.  

T 4  
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Maxi 11 ary Si n u s  
T1 Tumor confined to  the antral mucosa of the infrastructure 

w i t h  no bone erosion or destruction. 
T 2  Tumor confined t o  the suprastructure mucosa w i t h o u t  bone 

destruction, or to  the infrastructure w i t h  destruction of 
medial or inferior bony walls only. 

T3 More extensive tumor invading  skin of cheek, orbit, 
anterior ethmoid si nuses , or ptergoi d muscl e. 

T4 Massive tumor w i t h  invasion of c r lb i fon  plate, posterior 
ethmoids, sphenoid , nasopharynx , pterygoid plates, or 
base o f  skull. 

Nodal I nvol vement ( N  1 
NX Nodes cannot  be assessed 
N O  No c l i n i c a l l y  positive node 
N1 Single clinically positive homolateral node 3 cm or less 

N2 Single  clinically positive homolateral node more than 3 
i n  diameter 

b u t  not  more t h a n  6 cm in diameter or multiple clinically 
positive homolateral nodes, none more t h a n  6 cm i n  
diameter 

N2a Single clinically positive homolateral node more than 3 
cm b u t  not more t h a n  6 an i n  diameter 

N2b W l  t i p 1  e cl i n i  call y positive homol ateral nodes, none more 
t h a n  6 cm i n  diameter 

N3 Massive homo7 ateral node( s) , bilateral nodes , or 
contra1 ateral node( s) 

N3a C1 i n i  c a l l  y positive homol ateral node( s) , one more t h a n  6 
an i n  diameter 

N3b Bilateral  clinically positive nodes ( i n  this situation, 
each side of the neck should  be staged separately; t h a t  
i s ,  N3b: r i g h t ,  N2a; l e f t ,  N1) 

N3c contralateral clinically positive node( s) only 

Distant Metastasis (M) 
MX Not assessed 
MO No (known)  distant metastasis 
M 1  Distant metastasis present 

Speci fy 

Speci fy sites accordi ng t o  the fol lowi ng notations : 

Pulmonary 
osseous 
Hepatic 

Brain 
Lymph Nodes 
Bone Marrow 

P1 eura 
S k i n  
Eye 

Other 

PUL 
oss 
HE P 
BRA 
LYM 
MAR 
PLE 
SKI 
EYE 
OTH 
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Stage Groupings 
s tage  I T1 NO MO 
Stage I1 T2 NO MO 
Stage 111 T3 NO MO 

Stage IV 
T 1  or T2 or 13 ,  N1, MO 
T4,  NO or N1, MO 
Any T, N2 or N3, MO 
Any T, any N, M 1  

0 0  I ' b O 8 b  
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’ APPENDIX I1 

KARNOFSKY PERFORMANCE SCALE 

100 
90 

80 
70 

60 

50 
40 

30 

20 

10 

0 

Normal ; no cmpl aints; no evidence of disease. 
Able t o  carry on normal activity; minor signs or symptoms o f  
disease . 
Normal activity w i t h  effort; some sign o r  symptoms o f  disease. 
Cares for  se l f ,  unable t o  carry on normal a c t i v i t y  or do 
active work. 
Requires occasional assistance, b u t  i s  able t o  care for most 
personal needs. 
Requires considerable assistance and frequent medical care. 
D i  sabl ed; requi res speci a1 care and assi stance. 
Severely disabled; hospital i t a t i o n  is  indicated, a1 t h o u g h  
death not  iminent. 
Very sick; hospital i z a t i  on necessary; active support treatment 
i s  necessary. 
Moribund; f a t a l  processes progressing rapidly. 
Dead. 

0 0 1  b o 8 1  



APPENDIX 111 
~~ 

MANAGEMENT OF DENTAL PRO6 LEMS 

IN IRRADIATED P A T I E N T S ~  

DENTAL CARE FOR IRRADIATED PATIENTS 

Goals for a dental care program include: 

1. To reduce incidence o f  bone necrosis. 
2. To reduce incidence o f  irradiation caries. 
3. To allow proper f i t t i n g  o f  dentures fo l lowing  treatment. 

PREIRRADIATION CARE AND PROCEDURES 

The patients may be grouped i n t o  4 groups i n  accordance w i t h  the 
problems they present prior t o  i r r a d i a t i o n .  

GROUP 1 

Includes edentulous patients. They may require surgical removal of any 
symptmatic cysts, i nfected retai ned root  t ips,  or a1 veol a r  hyperpl asi a 
These patients require hygiene instruction and precautionary instruction 
about  trauma w i t h  premature use of a prosthesis. 

GROUP 2 

Incl udes those w i t h  poor dental hygiene, incl u d i n g  those patients whose 
teeth are beyond repair by ordinary dental procedure, those w i t h  
general i zed oral sepsi s , those w i  t h  general i zed periodontal di  sease, and 
those w i t h  chronic periapical abscesses or granul mas. 

Procedures performed on this group include removal o f  a l l  remaining 
teeth pri or t o  i r r ad i  a t i o n  w i t h  primary closure and surgical preparation 
of the alveolar ridges t o  laterally support a prosthesis. There should  
be a n t i b i o t i c  coverage during the healing stage and adequate time prior 
t o  the start  o f  radiation therapy. These patients need complete hygiene 
i nstruqtion and precautionary instruction about  premature use of a 
prosthesis. 

1. Daly, Thomas E.: Management o f  Dental Problems i n  Irradiated 
Patients. The Radiological Society o f  North America. Chicago, 
I l l i n o i s . ,  November 29-30, 1971. 
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GROUP 3 

Inc ludes those i n  vhom dental  c o n d i t i o n  i s  f a i r ,  i nc lud ing  those 
pa t i en ts  whose tee th  are res to rab le  by ord inary  dental  procedures , 
per iodonta l  pockets are l e s s  than 3 mn deep, car ious  l es ions  are no t  i n  
c lose p rox im i t y  t o  the pulp, and no more than 20 res to rab le  car ious  
l es ions  are present.  X-ray examination should show a t  l e a s t  1/2 o f  t he  
bone s t i l l  present around r o o t  surfaces. These p a t i e n t s  requ i re  removal 
of any tee th  which are non-salvageable i n  accordance w i t h  the  above and 
res to ra t i ons  o f  the remaining tee th  as requi red.  
i n s t r u c t e d  f o r  dental p rophy lax is  and the  p a t i e n t s  u t i 1  i r e  custom-made 
f l  u o r i  de c a r r i e r s  . 

The p a t i e n t s  are 

GROUP 4 

Inc ludes those i n  whom dental  hygiene i s  good. 
who do not  have severe malocc lus ion and i n  which few car ious  l es ions  are 
present .  Carious l es ions  are no t  i n  c lose p rox im i t y  to the pu lp  and are 
cor rec tab le  by convent ional  methods. These p a t i e n t s  requ i re  per iodonta l  
eval ua t i on  and dental p rophy lax is  t r a i n i n g ,  r e s t o r a t i o n s  as needed, no 
ex t rac t i ons  p r i o r  to r a d i a t i o n  therapy, and f i t t i n g  f o r  custom-made 
fl uor i  de c a r r i e r s  . 

This  inc ludes p a t i e n t s  

EXTRACTION OF TEETH 

If e x t r a c t i o n  o f  t ee th  is necessary p r i o r  t o  r a d i a t i o n  therapy, the  bone 
must be contoured so t h a t  pr imary c losure  a t  the  e x t r a c t i o n  s i t e  i s  
poss ib le .  A l l  loose sp icu les  and sharp p r o j e c t i o n s  must be removed. 
The approximation o f  the g i n g i v a l  t i s s u e  must be such t h a t  the c losure  
i s  ne i the r  too loose nor too t i g h t .  A t  l e a s t  10 days are requ i red  f o r  
adequate heal i n g  p r i o r  to i n i t i a t i o n  o f  therapy. 

CAUSATIVE FACTORS 

The major causat ive f a c t o r s  appear t o  be the reduc t ion  o f  the amount of 
s a l i v a  and secondar i ly ,  reduc t ion  o f  pH i n  the mouth. This  occurs 
fo l l ow ing  h igh  dose r a d i a t i o n  t o  the  major s a l i v a r y  glands us ing 
p a r a l l e l  opposed f i e l d s .  The decay process usua l l y  occurs i n  the  f i r s t  
year fo l low ing  r a d i a t i o n  therapy. 
t ee th  which have a l a r g e  amount o f  r o o t  cementum exposed and those t e e t h  
w i t h  l a rge  amounts o f  plaque format ion present. 
excess of 2,000 c6y t o  s a l i v a r y  t i s s u e  p lace the tee th  a t  r i s k .  

It tends t o  occur more q u i c k l y  i n  

Doses o f  r a d i a t i o n  i n  

PREVENTIVE PROGRAM 

The r a t i o n a l e  behind the use o f  f l u o r i d e  t reatments i s  to make the too th  
surfaces l ess  suscept ib le  to the decay process. This  i s  accomplished by 
a combination o f  inc reas ing  fl uor ide  on the plaque and f l o r a  t h a t  are - present i n  the o ra l  cav i t y .  Adequate resu l  t s  are obtained by: 1) 

cT c leansing the tee th  thoroughly,  fo l lowed by a good home care dental 
C) prophylax is  program, 2)  cons t ruc t i on  o f  f l  uor ide  c a r r i e r s ,  custom-made 
co mouth guards which prov ide l o c a l  a p p l i c a t i o n  o f  f l u o r i d e  s o l u t i o n  t o  the 
2 g ing iva  and too th  surfaces. F l u o r i d e  c a r r i e r s  are made i n d i v i d u a l l y  

w i t h  the use of casts.  Ma te r ia l  used f o r  making a mouth guard i s  
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"Sta-Guard" p l  a s t i c  used i n  con junc t ion  with vacu t ro le  u n i t  produced by 
J e l r u s  Technical Products Corp., bo th  o f  which are a v a i l a b l e  through 
l o c a l  dental sup l y  houses. Th is  m a t e r i a l  i s  moulded t o  the  c a s t  

M.D. Anderson Hosp i ta l  i s  now a v a i l a b l e  from the Emerson Labora tor ies  
Inc., Dal las,  Texas 75221. 
f o r  use i n  the mouth. The p a t i e n t s  are i n s t r u c t e d  t o  cleanse t h e i r  
t e e t h  p r i o r  to placement o f  the  c a r r i e r .  
minutes each day. 
thoroughly  f o l l o w i n g  the  use o f  the  c a r r i e r .  
an i n d e f i n i t e  pe r iod  of t ime. 

impression and a c lowed t o  harden. A f l u o r i d e  s o l u t i o n  prepared a t  t he  

It has been used t o  coat  the  p l a s t i c  c a r r i e r  

It i s  then worn i n  p lace f o r  5 

Th is  w i l l  be continued f o r  
The p a t i e n t s  are i n s t r u c t e d  t o  r i n s e  t h e i r  mouths 

Close fo l low-up care i s  necessary. 

RESULTS 

I n  the 5-1/2 yea r  program a t  the  M.D. Anderson Hosp i ta l  beginning i n  
1966, a study o f  304 p a t i e n t s  shows t h a t  t he  inc idence of necros is  of 
the  j a w  was reduced t o  approximately 21% compared t o  37% p r i o r  t o  
i n i t i a t i o n  of the study. Group 3 and 5 p a t i e n t s  randomized w i t h  and 
w i thou t  fl uor ide  t reatment  showed reduc t i on  i n  r a d i a t i o n  c a r i e s  67% t o  
34% among Group 3 pa t ien ts ,  and from 65% t o  22% among Group 4 pa t ien ts .  

FAILURE TO CONTROL DECAY 

Management o f  f a i l  ure t o  con t ro l  r a d i a t i o n  decay inc ludes  s i l v e r  
fill ings  w i t h  cont inued use o f  f l  uor ide  treatments. If the  decay 
process i s  s u f f i c i e n t l y  advanced t h a t  a f i l l i n g  w i l l  no longer  s tay i n  
p lace,  these tee th  a r e  merely smoothed so t h a t  there  w i l l  be no sharp, 
i r r i t a t i n g  edges. 
necessar i l y  reason f o r  ex t rac t i on ,  f o r  i t  must be remembered t h a t  
e x t r a c t i o n  could lead t o  compl icat ions such as bone necros is .  

The mere ex is tence o f  such a decayed t o o t h  i s  no t  

Pulp exposure r e s u l t i n g  from the decay process can usua l l y  be handled by 
use of a n t i b i o t i c s  and/ o r  root -canal  therapy. 

HYPERSENSITIVITY OF TEETH 

Occasional ly, a p a t i e n t  w i l l  e x h i b i t  extreme s e n s i t i v i t y  o f  the  t e e t h  
secondary t o  d imin ished amounts o f  sa l i va .  Th is  has been shown t o  be 
reduced i n  inc idence w i t h  the f l u o r i d e  treatments. Should t h i s  problem 
becme mani fest ,  i nc reas ing  t h e  f l u o r i d e  t reatment  f o r  10 t o  15 minutes 
3 t imes a day i s  recommended. 

INFECT I ON S 

In fec t i ons  occur r ing  i n  p a t i e n t s  under o r  a f t e r  r a d i a t i o n  therapy are 
best  managed conserva t i ve l y  with good o r a l  hygiene, i r r i g a t i o n  and 
f l ush ing  procedures, and systemic a n t i b i o t i c s .  

BONE NECROSIS 

The p a t i e n t s  r e c e i v i n g  r a d i a t i o n  therapy t o  a h i g h  dose t o  the head and 
neck reg ion  have increased s u s c e p t i b i l i t y  t o  bone necros is  f o r  several 
reasons, i n c l  ud i  ng : impai rment o f  normal metabol i sm, increased 
s u s c e p t i b i l  i t y  t o  i n f e c t i o n ,  and severe ly  1 i m i  t ed  r e p a i r  process. Bone 
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necrosis occurs most often after post-irradiation surgery or other 
traumas. Conservative management should be tried f i r s t ,  though in the 
more aggressive lesions a more radical approach may ultimately be 
necessary. 



APPENDIX I V  

SAMPLE CONSENT FORM* 

TREATMENT TITLE: “Fas t  Neutron I r r a d i a t i o n  f o r  Treatment o f  Advanced 
Head and NeCK cancer” 

1. 

2. 

3 .  

4. 

5 .  

w 
6, - 

a- 
m 
9 
F3 

Pat1 e n t ’  s name P a t i e n t ’ s  Number 

PURPOSE OF STUDY: Routine, ( convent ional  ) r a d i  a t i  on therapy, 
produced by r a d i o a c t i v e  cobal t o r  1 i near accel e r a t o r s ,  i s  
unsa t i s fac to ry  i n  p a t i e n t s  w i t h  advanced head and neck tumors. 
B e t t e r  r e s u l t s  have been repor ted  from England us ing a new type of 
r a d i a t i o n  c a l l e d  neutrons. 
U.S.  i n  a f e w  f a c i l i t i e s  f o r  the  pas t  10 years. Thus f a r ,  t he  
r e s u l t s  have been about the  same as those achieved w i t h  conven- 
t i o n a l  radiotherapy. However, t he  schedule i n  which the  neutron 
therapy was acfninistered was d i f f e r e n t  from the one used i n  
Engl and. 

Neutron therapy has been t r i e d  i n  t h e  

I n  the present study, i n v e s t i g a t o r s  w i l l  t r y  t o  achieve the  
super io r  r e s u l t s  as i n  the  Eng l i sh  t r i a l  by adhering t o  the  same 
t reatment  schedule. 

DESCRIPTION OF TREATMENT/PROCEOURE: Neutron r a d i a t i o n  w i l l  be used 
t o  t r e a t  the tumor and adjacent  area. Conventional r a d i a t i o n  such 
as t h a t  produced by a l i n e a r  acce le ra to r  w i l l  be used t o  t r e a t  
areas which are adjacent  t o  the  tumor i n  order  t o  prevent  tumor 
spreading t o  these areas. 

SIDE EFFECTS: Are the  same as w i t h  conventional r a d i a t i o n  therapy 
and depend on the  area t rea ted .  
a f t e r ,  you w i l l  develop redness of t he  s k i n  and h a i r  loss i n  t he  
area t rea ted ,  dryness o f  the  mouth and soreness o f  t he  t h r o a t .  
La te r  , more severe problems may occur i n  up t o  20% of t he  pa t i en ts .  
They i ncu lde  mucosal u l ce rs ,  chron ic  damage t o  the  j a w ,  t o o t h  decay 
and, very  r a r e l y ,  p a r a l y s i s  due t o  sp ina l  cord damage. Every 
p recaut ion  w i l l  be taken t o  avoid the  p o s s i b i l i t y  of sp ina l  co rd  
damage and the o ther  poss ib le  s ide e f f e c t s  mentioned. 

POTENTIAL BENEFITS: 
c o n t r o l l i n g  your tumor than o ther  forms o f  treatment. 

Dur ing t reatment  and imned ia te ly  

Th is  t reatment  may be more e f f e c t i v e  i n  

ALTERNATE TREATMENTS: Conventional r a d i a t i o n  therapy a1 one o r  i n  
combination w i t h  chemotherapy drugs may be used. 

I have been g iven an oppor tun i t y  t o  ask any questions concerning 
the  t reatment  invo lved and my doctors  have been w i l l i n g  t o  answer. 
I hereby au thor ize  O r .  , the  a t tend ing  
p h y s i c i  a n / i n v e s t i g a t o r  and/or the  phys i c i  an / i nves t i ga to r  he may 
designate, t o  adni n i  s t e r  the  treatment. 

*Sample Consent Fom submitted by the  Study Chairman 



8. I have been t o l d  and understand t h a t  I am able t o  withdraw my 
consent and to stop my participation i n  this study a t  any time, and 
t h a t  such withdrawal of consent or discontinuation will n o t  b 

prejudice my physician aga ins t  me. 

9. I have been assured t h a t  my confidentiality will be preserved and 
t h a t  names of patients will not  be revealed in any reports or 
publications resulting from this study. 

10. I have been informed t h a t  should I suffer any physical i n j u r y  as a 
result of participation i n  this research activity, a l l  o f  the 
necessary medical faci l i t ies  are available for treatment, i n  so fa r  
as i s  reasonably possible. 
expect to receive any payment for hospital expenses or  any f inan-  
c ia l  compensation for such injury.  

I understand, however, t h a t  I cannot 

11. I understand t h a t  my hospital records may be inspected by repre- 
sentatives of RTOG or  NCI i n  accordance w i t h  established policies 

. for monitoring c l in ica l  t r ia l s .  

12.  W i t h  f u l l  knowledge of this, I voluntar i ly  consent t o  receive the 
above treatment. 

Name of Patient Date 

Witness Patient or Person Responsible 

Witness Relationship 

12. I have discussed this project w i t h  the subject and/or his 
authorized representative using a 1 anguage w h i c h  i s  understandable 
and appropriate. 
of the nature of this study and i t s  possible benefits and risks. 

I believe t h a t  I have f u l l y  informed this patient 

Vhysi can/I nvesti g a t o r  

Date 

#8307-2 0 0 t b 0 3 3 
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