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ABSTRACT 

T h i s  p r o j e c t  r e p o r t s  on t h e  a n l y s i s  of a d a t a  set from a n  oral 

r a d i a t i o n  t h e r a p y  s t u d y  conduc ted  by t h e  Cancer Con t ro l  Agency of 

Br i ti s h  Col umbi a .  The r e s e a r c h e r  who coll e c t e d  t h e  d a t a  C D r .  Joel 

E p s t e i  n3 had f o u r  major o b j e c t i v e s :  

13 t o  d e t e r m i n e  t h e  e f f i c a c y  of a  d r u g  Benzydamine,CBzd> f o r  t h e  

r e d u c t i  on of per  cei ved p a i  n ;  

23 t o  d e t e r m i n e  t h e  e f f i c a c y  of  t h e  d r u g  CBzd3 f o r  t h e  r e d u c t i o n  

o f  t i s s u e  breakdown; 

33 t o  d e t e r m i n e  t h e  e f f e c t  of  r a d i a t i o n  t o  t h e  s a l i v a r y  g l a n d s  on 

t h e  amount of  s a l i v a ;  

43 t o  d e t e r m i n e  whether t h e  i n c r e a s e d  amount of s a l i v a  w a s  

a s s o c i a t e d  w i t h  a r e d u c t i o n  i n  t i s s u e  breakdown. 

A v a r i e t y  of  r e g r e s s i o n  models are i d e n t i f i e d  and t h e i r  
b 

p a r a m e t e r s  e s t i m a t e d :  c u m u l a t i v e  1 og i  t ,  a n a l y s i s  of v a r i a n c e ,  and 

m u l t i p l e  r e g r e s s i o n .  Res idual  a n a l y s i s  is used t o  check t h e  

/ 

adequacy of  t h e  f i t t e d  r e g r e s s i o n  models.  Both d e s c r i p t i v e  and 

i n f e r e n t i a l  s t r a t e g i e s  a r e  used  t o  a s s e s s  t h e  d a t a .  The main 

s c i e n t i f i c  c o n c l u s i o n s  a r e :  Bzd is n o t  s u f f i c i e n t  t o  r e d u c e  p a i n ,  

b u t  i t  d o e s  r e d u c e  t h e  breakdown o f  h e a l t h y  t i s s u e ;  t h e  t y p e  o f  

r a d i a t i o n  used is e f f e c t i v e  i n  i n c r e a s i n g  t h e  amount of  s a l i v a  

produced,  and f i n a l l y ,  t h e  i n c r e a s e d  s a l i v a  is a s s o c i a t e d  w i t h  a 

s l i g h t  r e d u c t i o n  i n  t i s s u e  breakdown. 
\ 
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I . I NTRODUCTI ON 

This project  f o c u s e s  on the dat.3 collected i n  a 1987 s t u d y  by Dr .  

Joel E p s t e i n ,  a d e n t i s t  w i t h  t h e  Cancer  C o n t r o l  Agency o f  B r i t i s h  

Col umbi a .  Dr. E p s t e i  n ' s  s t u d y  examined t h e  e f  f  e c t i  v e n e s s  of  t h e  

d r u g  Benzydamine CBzdl as  a p a i n - k i l l e r  and  i n  t h e  p r e v e n t i o n  o f  

t h e  breakdown o f  h e a l t h y  t i s s u e .  The e f f e c t  of  r a d i a t i o n  on t h e  

amount of s a l i v a  and  t h e  s u b s e q u e n t  t i s s u e  breakdown w a s  a lso 

exami ned.  

An e a r l i e r ,  i n f o r m a l  t r i a l  o f  a Bzd mouth r i n s e  i n  t h e  

management o f  chemother  apy-i  nduced mucosi ti s , or i nf 1 a m m a t i  o n  o f  

t h e  mucous membranes , had r e p o r t e d  p a l  1 i a t i  on i n s e v e n  o f  n i n e  

pat. i  e n t s  CSoni s and coll  e a g u e s l  ; and  t h e s e  r e s u l t s  s u g g e s t e d  t h e  

a d v i  s a b i  1 i t y  o f  a c o n t r o l  1 e d  c l i n i c a l  s t u d y .  

Dr. E p s t e i n ' s  o b j e c t i v e  w a s  t o  s t u d y  t h e  u s e  of  Bzd i n  a 

d o u b l e - b l i  nd ,  p l a c e b o - c o n t r o l l e d  t r i a l ,  where  p a t i e n t s  r e c e i v e d  

r a d i a t i o n  t h e r a p y  t o  t h e  o r o p h a r y n g e a l  r e g i o n  f o r  t h e  t r e a t m e n t  o f  

c a n c e r .  The s t u d y  w a s  t o  assess t h e  p o t e n t i a l  a n t i - i n f l a m m a t o r y  

e f f e c t s  o f  t h e  Bzd r i n s e  a n d  its a p p l i c a t i o n  i n  t h e  p r e v e n t i o n  and  

management o f  o r  a1 mucosi ti s .  



The  s t u d y ' s  f o u r  major s c i e n t i f i c  objectives w e r e :  

13  t o  d e t e r m i n e  t h e  e f f i c a c y  of a d r u g  Benzydamine, CBzd3 

f o r  t h e  r e d u c t i o n  of  p e r c e i v e d  p a i n ;  

23 t o  d e t e r m i n e  t h e  e f f i c a c y  of t h e  d r u g  CBzd> f o r  t h e  

r e d u c t i o n  of  t i s s u e  breakdown ; 

33 t o  d e t e r m i n e  t h e  e f f e c t s  of  r a d i a t i o n  t o  t h e  s a l i v a r y  

g l a n d s  on t h e  amount of  s a l i v a ;  

4 1  t o  d e t e r m i n e  whether a n  i n c r e a s e d  amount of  s a l i v a  was 

a s s o c i a t e d  w i t h  a r e d u c t i o n  i n  t h e  t i s s u e  breakdown. 



11. STATISTICAL DESIGN & METHODS OF ANALYSIS 

il The Experiment 

F o r t y - t h r e e  p a t i e n t s  s c h e d u l e d  t o  r e c e i v e  r a d i a t i o n  t h e r a p y  t o  t h e  

o ropharyngea l  r e g i o n  w e r e  e l i g i b l e  f o r  t h e  s t u d y .  P a t i e n t s  w e r e  

exc luded  from t h e  s t u d y  i f  t h e y  d i d  n o t  p r o v i d e  informed c o n s e n t ,  

w e r e  younger t h a n  1 8  y e a r s  o f  a g e ,  had l i v e r  d i s e a s e ,  or w e r e  

h y p e r s e n s i t i v e  t o  Bzd. Consen t ing  p a t i e n t s  were a l l o c a t e d  a t  

random t o  r e c e i v e  e i t h e r  t h e  d r u g  CBzd3 o r  t h e  p l a c e b o  r i n s e .  The 

r i n s e s  w e r e  d i s p e n s e d  i n  a  d o u b l e - b l i n d  manner. The total  sample  

s i z e  w a s  43  p a t i e n t s ,  broken down i n t o  t w o  g roups :  t h e  Bzd g roup ,  

c o n s i s t i n g  of  25 p a t i e n t s ;  compared t o  t h e  p l a c e b o  g roup ,  

c o n s i s t i n g  of 18 p a t i e n t s .  The d i f f e r e n c e  i n  t h e  s i z e  of  t h e  t w o  

g roups  was d u e  t o  t h e  s e q u e n t i a l  n a t u r e  of  t h e  randomizat ion .  

p r o c e d u r e ,  and t h e  f a c t  t h a t  s i x  p a t i e n t s  f rom t h e  p l a c e b o  g r o u p  

dropped o u t  of  t h e  s t u d y .  The r e a s o n s  f o r  t h i s  l a c k  of  compl iance  

w i  11 b e  d i s c u s s e d  i n  t h e  c o n c l u d i n g  s e c t i o n  of  t h i s  paper .  

I n  o r d e r  t o  s t u d y  t h e  s u b j e c t i v e  e v a l u a t i o n  of p a i n  and o t h e r  

symptoms d u r i  ng t r e a t m e n t  , p a t i e n t s  w e r e  r e q u e s t e d  t o  compl ete 

v i s u a l  a n a l o g  scales CVAS3. The VAS p r o v i d e d  t h e  rank score of a 

p a t i e n t  's sel f  -eval u a t i o n  o f  symptoms. To d e t e r m i n e  t h e  e f f i c a c y  



of Bzd f o r  t h e  r e d u c t i o n  of p e r c i e v e d  p a i n ,  t h e  o r i g i n a l  d a t a  w a s  

measured t h r o u g h  t h e  VAS,  i e .  , p a t i e n t s  r e c o r d e d  t h e i r  p a i n  on a  

s c a l e  of  0 t o  1 0 ,  where 0 means no  p a i n  and 10 maximum p a i n .  

The s e v e r i t y  of  t i s s u e  breakdown was g r a d e d  by t h e  s i z e  of 

t h e  a r e a  of invo lvement ,  s e v e r i t y  o f  i nf 1 ammati o n ,  to ta l  

i nf 1 ammati on of  s u r f  ace i nvol  ved,  maxi mum si z e  of  u l  cerati o n ,  and 

total  area of u l c e r a t i o n  f o r  e a c h  s u r f a c e  of  t h e  oral c a v i t y  

i nvol ved. For c l i n i c a l  r e a s o n s ,  t h e  i n f  1 ammation s c o r e  w a s  

m u l t i p l i e d  w i t h  t h e  o t h e r  v a r i a b l e s :  t h e  a r e a  of  r e a c t i o n  * 

s e v e r i t y  of  i nf 1 ammati on;  t h e  s e v e r i t y  of i nf 1 ammati on per  s u r f  a c e  

i n v o l v e d ;  and t h e  a r e a  of r e a c t i o n  * s e v e r i t y  of  in f l ammat ion  pe r  

s u r f a c e  i n v o l v e d ;  i n  o r d e r  t o  p r o v i d e  a combined score f o r  

m u c o s i t i s  t h a t  w a s  more r e p r e s e n t a t i v e  of  t h e  s e v e r i t y  of t i s s u e  

r e a c t i o n .  

b 

The Lhree  t y p e s  of  r a d i a t i o n  were: h i g h  d o s e  b i l a t e r a l ,  h i g h  

d o s e  u n i l a t e r a l ,  and l o w  dose .  Each o f  t h e s e  were p r e - s e l e c t e d  by 

t h e  i n v e s t i g a t o r ,  whose q u e s t i o n  of  i n t e r e s t  was whether or n o t  

t h e  t y p e  o f  r a d i a t i o n  a f f e c t s  t h e  amount o f  s a l i v a  measured a t  

r e s t  and d u r i n g  s t i m u l a t i o n .  The t w o  measures  o f  s a l i v a  l e v e l s  

w e r e  c o l l e c t e d  a t  t h e  s a m e  t i m e  of  d a y  on  e a c h  v i s i t  - e i t h e r  

m i  d-morni ng or m i  d-af t e r n o o n .  The measurements o f  t h e  p a i n  w e r e  

t a k e n  a t  weekly i n t e r v a l s ,  as w e r e  t h e  t i s s u e  breakdown and t h e  

s a l i v a  l e v e l s .  



Fnr each of t . h ~  f o r t y - t . h r ~ e  pz?ie,?ts ,  dzt.2 f ~ ) r  h e  fyA!.!yA:'il?g 

var i a b l  es w e r e  a v a i  1 abl e: 

The r e s p o n s e  v a r i  a b l  es w e r e :  

a1 t h e  el g h t  visual a n a l o g  s c a l e s  measurements  o f  P a l n .  These  

w e r  Q cr-1 gl nall y cat e g o r l z e d  0 t o  10, but 1 n o r d e r  t o  achleve 

c o n v e r g e n c y  of e s t l m a t o r e s  t h e  t e n  categories w e r e  r e d u c e d  t o  f o u r  

c a t  eno r1  e= . C 1 e. none .  m l  n l  ma1 . normal , and  severe>:  

1:) h r r  n~  ng at r e q t  

2) h u r n l n g  w l t h  e a t l n y  

3 3  p a l n  at r e s t  

43 p a l n  w l t h  e a t  l n g  

5) bur  n l  ng w l  t h  d r u g  

61 t a s t e  of d r u g  . 
71 a n a l  g e s l  a d r u g  

8 3  o v e r - a l l  d r u g  C to ta l  p a l n  1 

bl t h e  e i g h t  measu res  o f  t i s s u e  breakdown CTED3: 

1 3  area  of r e a c t i o n  

21 sever i ty of i n f  1 a m m a t i  on  

31 i nf  1 a m m a t i  on  s u r f  ace i nvol  ved  

4 3  maximum s i z e  o f  u l c e r a t i o n  



53 t o t a l  a r e a  of u l c e r a t i o n  

63 a r e a  of r e a c t i o n  * s e v e r i t y  of inf lammation 

73 s e v e r i t y  of inflammation per s u r f a c e  involved  

81 a r e a  of r e a c t i o n  * s e v e r i t y  of inf lammation per 

s u r f  a c e  i nvol ved 

c3 and t h e  t w o  measures of s a l i v a  l e v e l s :  

13 s a l i v a  a t  r e s t  

21 s a l i v a  du r ing  s t i m u l a t i o n  

- The major i ndependent v a r i a b l e s  w e r e :  

13 drug group CBzd or  placebo3 CDRUG3 

23 t h e  number of w e e k s  r a d i a t i o n  t r e a t m e n t  g iven  CRADWK3 

33 t h e  t y p e s  of r a d i a t i o n  CGLANI 

i 1 hi  gh-dose bi 1 a t e r a l  C both s i d e s  of s a l i v a r y  g l  andsl 

i i 3  h i  gh-dose u n i l a t e r a l  Cone s i d e  of s a l i v a r y  glands3 

b 

i i i 3  1 ow-dose uni 1 a t e r a l  

The g land  f i e l d  is de f ined  as t h o s e  s a l i v a r y  g l ands  i n  t h e  f i e l d  of 

r a d i a t i o n .  The r e s t  of t h e  independent v a r i a b l e s  were: 

1 3 s e x  C ma1 e l f  emal el 

23 a g e  

33 d i a g n o s i s  

43 tumor l o c a t i o n  

53 u s e  of o t h e r  a n a l g e s i a :  

i 3 non-narcoti  c  , i i 3  n a r c o t i c  , and i i i 3  Xylocaine v i scous  



6 9  t h e  f a c t o r s  o f  t i m e ,  r a d i a t i o n  d o s e ,  a n d  f r a c t i o n  CTDF3 

71 s i z e  o f  tumor CT-stage3 

81 mucosal i nf  ect i  o n  

i i i 3  P r e p a r a t i o n s  f o r  Descriptive Summary 

T h e  ou tcome v a r i a b l e s  were:  t h e  e i g h t  measurements  of P a i n ,  t h e  

e i g h t  m e a s u r e s  o f  t i s s u e  breakdown CTBD3, a n d  t h e  t w o  measurements  

o f  s a l i v a  l e v e l s .  T h e s e  w e r e  measured  s e v e r a l  t i m e s  f o r  e a c h  

p a t i e n t .  A p r e l i m i n a r y  a n a l y s i s  of t h e  d a t a  w a s  d o n e  u s i n g  p l o t s  

and  t a b l e s  t o  d e s c r i b e  a n d  u n d e r s t a n d  t h e  g e n e r a l  f o r m  o f  t h e  

d a t a .  

For t h e  p u r p o s e  o f  t h e  a n a l y s i s ,  e a c h  of t h e s e  r e p e a t e d l y  

measured  v a r i  a b l  es w a s  coll  a p s e d  i n t o  t h r e e  summary v a r i a b l e s :  

b 

maxi mum v a l  UP m i  n u s  i n i  ti a1  v a l  ue; t r e a t m e n t  a v e r  age v a l  u e  m i  n u s  

i n i  ti a1 v a l u e ;  a n d  o v e r  -a1 1 a v e r a g e  v a l u e  m i  n u s  i n i  ti a1 v a l  u e ,  

e x c e p t  t h e  v a r i a b l e s :  b u r n i n g  w i t h  d r u g ;  t a s t e  of d r u g ;  a n a l g e s i a  

d r u g ;  a n d  t o t a l  d r u g  p a i n ;  which w e r e  c o l l a p s e d  i n t o  t h e  maximum, 

t r e a t m e n t  a v e r  age, a n d  o v e r  -a1 1 a v e r  a g e  v a l  u e s  , a n d  t h e  v a r  i a b l  es: 

sa l iva  a t  rest;  a n d  s a l i v a  d u r i n g  s t i m u l a t i o n  which w e r e  c o l l a p s e d  

i n t o  t h e  mini  mum m i  n u s  i n i  ti a1 , t r e a t m e n t  a v e r a g e  m i  n u s  i n i  t i  a1 , 

a n d  o v e r  -a1 1 aver a g e  m i  n u s  i n i  ti a1 v a l  u e s .  The col 1 a p s e d  v a r  i a b l  es 

measured  t h e  p r e s e n c e  o f  e x t r e m e  c o n d i  L i o n s  CPAIN. TBD and  SALIVA].  



The i ni t i a l  v a l u e  is t h e  measurement t a k e n  b e f o r e  t h e  

t r e a t m e n t  is g i v e n .  The d i f f e r e n c e  f rom i n i t i a l  v a l u e  is used t o  

e l i m i n a t e  i ndi vi  d u a l  d i  f  f e r e n c e s ,  which might  have e x i s t e d  p r i o r  

t o  t h e  a d m i n i s t r a t i o n  of t h e  d rug .  A l l  compar i sons  made were based 

upon t h e  summary v a r i a b l e s  d e s c r i b e d  above.  The SPSSx package w a s  

used f'or t h i  s purpose .  

i v> T h e  Design of the Experirwnt 

The randomized d e s i g n  exper iment  was i n v e n t e d  by S i r  Ronald F i s h e r  

i n 1920. E Ehr enber  g , C 19823 I . I t  h a s  s i n c e  been ex tended  t o  m o r e  

t h a n  t w o  e x p e r i m e n t a l  g roups  and p r o v i d e s  a  r o u t i n e  p r o c e d u r e  f o r  

r  educi ng p r i o r  g r o u p  d i  f  f ' e rences  when compari ng d r u g  and p l a c e b o  

e f f e c t s  i n  a c l i n i c a l  s t u d y .  

I n  t h i s  c l i n i c a l  s i t u a t i o n ,  r a n d o m i z a t i o n  p r o c e d u r e s  w e r e  

used  t o  b a l a n c e  any  p o s s i b l e  p r i o r  d i f f e r e n c e s  between t h e  Bzd and 

p l a c e b o  groups: e x c e p t  t h e  t r e a t m e n t  g i  ven.  The c l i n i c a l  s e t t i n g ,  

i n  which p a t i e n t s  w e r e  e n t e r e d  i n t o  t h e  s t u d y  a s  t h e y  appeared  f o r  

t r e a t m e n t ,  over  s e v e r a l  months, r e q u i r e d  t h a t  t h e  p a t i e n t s  b e  

a l l o c a t e d  a t  random t o  t h e  t r e a t m e n t  g r o u p s  o n e  a t .  a t i m e .  There  

was no  a p p o r t u n i t y  t o  c o n f i r m  t h a t  t h e  r a n d o m i z a t i o n  d i d  a c h i e v e  

b a l a n c e  w i t h  r e s p e c t  t o  t h e  c o v a r i a t e ,  u n t i l  t h e  s t u d y  w a s  

under way. Never t h e 1  ess , t h e  t r e a t m e n t  g r o u p s  w e r e  r  easonab l  y  w e 1  1 



b a l a n c e d ,  as e v e n t u a l l y  t h e  c r o s s - t a b u l a t i o n s  w e r e  made f o r  t h e  

v a r i a b l e s  of  s e x ,  d i a g n o s i s ,  tumor s t a g e ,  N-stage Csize of tumor>,  

tumor 1 o c a t l  o n ,  mucosal i n f e c t i o n ,  and o t h e r  a n a l g e s i c s  Ceg. , 

n a r c o t i  c s l  , i n  o r d e r  t.0 compare t h e  Bzd  and p l a c e b o  g roups .  These 

c r o s s - t a b u l a t i o n s  i n d i c a t e d  no  s i g n i f i c a n t  d i f f e r e n c e s  between t h e  

bzd and p l a c e b o  g roups .  

v3 Statistical Inference Technique 

St .a t j  sti c a l  hypot .hes is  tests were a p p l i e d  t o  t h e  h y p o t h e s i s  

c o n c e r n i n g  t h e  proposed p a r a m e t e r s  i n  e a c h  model. To p r o v i d e  a n  

i n t e r v a l  e s t i m a t e  of a  parameter  of i n t e r e s t ,  a c o n f i d e n c e  

i n t e r v a l  CC. I .3  was c o n s t r u c t e d .  D e t a i l s  o f  t h e  p r o c e d u r e s  used  

f o r  e a c h  model a r e  as f o l l  OWS: 

b 

11 Cumulat ive  Logi t Model 

Suppose t h a t  t h e  k o r d e r e d  c a t e g o r i e s  of r e s p o n s e  have  

p r o b a b i l i t y  I7 CX3, I7 C X I  ,. . . , ni kCX3, where i i n d e x e s  t h e  
i i L 2 

p a t i e n t  number and t h e  c o v a r i a t e s  have  t h e  v a l u e  X .  I n  t h i s  

a p p p l i c a t i o n ,  k = 4 ,  and X is a n  i n d i c a t o r  v a r i a b l e .  The dependent  

v a r i a b l e  Y is  d e f i n e d  t o  t a k e  t h e  v a l u e s  1 ,  2 ,  3, or 4 depending 
1. 

on whether t h e  i t h  p a t i e n t ' s  p a i n  is: none,  minimal ,  modera te ,  o r  

s e v e r e .  The odds  of  t h e  e v e n t  Y .  j is t h e  ra t io  ? , . / [ I - y .  . I  
L LJ L J  



where y . is t h e  j t h  c u m u l a t i v e  p r o b a b i l i t y  f o r  t h e  i t h  p a t i e n t .  
L J 

J 
i e . ,  y i  j =  nikCX3, Here ,  X is t h e  DRUG v a r i a b l e  which i n d i c a t e s  

k = 1  
t h e  a p p r o p r i a t e  g roup .  Thus t h e  c u m u l a t i v e  l o g i t  model i s  w r i t t e n  

as: 

From e q u a t i o n  v . l  i t  i s  c l e a r  t h a t  t h e  C 9 . 3  are  n u i s a n c e  
J 

p a r a m e t e r s  i n  d e t e r m i n g  t h e  dependence o f  t h e  o d d s - r a t i o  on t h e  

c o v a r i a t e  X .  The r e g r e s s i o n  c o e f f i c i e n t  parameter  /3 is t h e  

parameter  of  major j n t e r e s t  which d e s c r i b e s  how t h e  1 og-odds a r e  

r e l a t e d  t o  t h e  c o v a r i a t e s  X .  I t  is u s u a l  t o  make a n  i n f e r e n c e  

c o n c e r n i n g  t h i s  c o e f f i c i e n t ;  t h e  i n t e r e s t i n g  s t a t i s t i ca l  

h y p o t h e s i s  is  whether  or n o t  t h i s  c o e f f i c i e n t  is  s i g n i f i c a n t l y  

d i f f e r e n t  from 7 ~ - o .  

The e s t i m a t e d  v a l u e s  of  t h e s e  unknown p a r a m e t e r s  were 
b 

c a l c u l a t e d  by t h e  methods of maximum l i k e l i h o o d  v i a  i t e r a t i v e  

reweigh ted  l e a s t  s q u a r e s  CIRLS.  The c o n f i d e n c e  i n t e r v a l s  f o r  t h e  

r e g r e s s i  on c o e f f i c i e n t s  were a1 so c a l c u l a t e d .  

23 Mu1 ti pl e R e g r e s s i o n  Model 

Suppose t h a t  e a c h  of  t h e  e i g h t  TBD r e s p o n s e s  Y h a s  a  f u n c t i o n  gCY3 

t h a t  is  l i n e a r  i n  t h e  c o v a r i a t e  v a r i a b l e s  DRUG and RADWK. Then t h e  



mu1 ti p l  e r e g r e s s i o n  model is w r i t t e n  as f  01 1 o w s :  

gC Y 3, = f l  + ( 3  DRUG + f i  RADWK + E 
0 1 2 

Where Y r e p r e s e n t s  t h e  e i g h t  measu res  o f  t i s s u e  breakdown CTBD3, 

o n e  a t  a  t i m e  and  E is  assumed t o  b e  n o r m a l l y ,  i n d e p e n d e n t l y  

2 
d i s t r i b u t e d  w i t h  z e r o  mean a n d  c o n s t a n t  v a r i a n c e  o . is t h e  

g r o u p  e f f e c t  a n d  [32  represent.^ t h e  c o e f f i c i e n t  o f  t h e  RADWK 

va r  i a b l e .  

For t h e  p r e l i m i  n a r y  a n a l y s i s ,  t h e  h y p o t h e s i s  o f  i n t e r e s t  w a s  

whether  or not. t .he mean o f  t . he  TBD r e s p o n s e s  be tween  t h e  t w o  

g r o u p s  CBzd and  p l  acebo3  w a s  s i g n i f i c a n t l y  d i f f e r e n t  beyond t h e  

i n f l u e n c e  o f  t h e  RADWK v a r i a b l e .  B e c a u s e  i t  w a s  e v i d e n t  t h a t  t h e  

RADWK v a r i a b l e  d i d  n o t  s i g n i f i c a n t l y  i n f l u e n c e  t h e  measu re  o f  

t i s s u e  breakdown,  w e  eliminated t h i s  v a r i a b l e  f r o m  t h e  model.  

b 

Thus ,  t -he  model r ema ined  a one-way ANOVA. 

I n  t h i s  c a s e ,  t h e  n u l l  h y p o t h e s i s  of i n t e r e s t  was a test 

whether  or n o t  t h e r e  w a s  a s i g n i f i c a n t  mean d i f f e r e n c e  be tween  t h e  

Bzd a n d  t h e  p l a c e b o  g r o u p s .  More s p e c i f i c a l l y  t h e  test is whether  

t h e  Bzd g r o u p  w a s  n o  b e t t e r  t h a n  t h e  p l a c e b o  g roup .  To d e t e r m i n e  

how e f f e c L i v e  C i n  r e d u c i n g  t h e  TBD 3 t h e  Bzd g r o u p  w a s  compared 

t o  t h e  p l a c e b o  g r o u p ,  w e  u s e d  t - s t a t i s t i c s .  I n  t h i s  case, h i g h  

n e g a t i  v e  v a l  u e s  o f  t - s t a t i  sti cs p r o v i d e d  e v i d e n c e  a g a i n s t  t h e  nu1 1 



h y p o t h e s i s ,  a n d  l a r g e  p o s i t i v e  v a l u e s  of  t - s ta t i s t ics  i n d i c a t e d  

t h a t  t h e  p l a c e b o  g r o u p  w a s  better t h a n  t h e  Bzd g r o u p .  W e  

c a l c u l a t e d  t h e  e s t i m a t e d  v a l u e s  of t h e  means a n d  SE's, a n d  u s e d  

t h e s e  t o  c a l c u l a t e  t h e  c o n f i d e n c e  i n t e r v a l s .  

3 3  One-way ANOVA Model 

Deno te  t h e  r e p o n s e  v a r i a b l e  SALIVA b y  Y . , where  Y r e p r e s e n t s  
L J  J 

t h e  j t h  p a t i e n t  w i t h  t h e  r a d i a t i o n  t y p e  i .  Thus ,  t h e  one-way ANOVA 

model i s :  

H e r e ,  Y a r e  t h e  s a l i v a  l e v e l s  under  t h e  t w o  c o n d i t i o n s :  s a l i v a  
i j 

a t  rest and  s a l i v a  d u r i n g  s t i m u l a t i o n ,  a is t h e  e f f e c t  o n  anb 
i 

o b s e r v a t i o n  o f  t h e  i t h  t y p e  o f  r a d i a t i o n ,  a n d  p is t h e  overall 

mean. 

I n  t h i s  c a s e ,  t h e  s t a t i s t i c a l  h y p o t h e s i s  test was t o  

d e t e r  m i  n e  whe the r  or n o t  t h e r e  w a s  a si g n i  f i c a n t  mean d i  f f e r e n c e  

be tween  t h e  t h r e e  t y p e s  o f  r a d i a t i o n :  

1 3  h i g h - d o s e  b i l a t e r a l  a n d  h i g h  d o s e  u n i l a t e r a l ,  



2 3  high-dose  b i  1 a t e r a l  and low-dose uni  1 a t e r a l  , and 

3 3  h i  gh-dose uni  1 a t e r  a1  and 1 o w  d o s e  uni  1 a t e r a l  . 

Here,  t h e  m u l t i p l e  compar isons  be tween t h e s e  t h r e e  t y p e s  of 

r a d i a t i o n  were performed.  Agai n  w e  c a l c u l a t e d  t h e  e s t i m a t e d  v a l u e s  

of t h e  means and S E ' s ,  t o  c a l c u l a t e  95% c o n f i d e n c e  i n t e r v a l s .  

41 M u 1  %i p l  e Regr essi on Model 

To det er  rill ne whethe1 1 argp amounts of s a l i v a  p r e v e n t  t h e  breakdown 

of h e a l  t h y  t i s s u e  f o r  t h e  two g roups  CBzd and p l a c e b o > ,  w e  assumed 

t h a t  t h e  r e s p o n s e  v a r i a b l e s  TBD had a  mean p a s s o c i a t e d  w i t h  t h e  

c o v a r i a t e  variables DRUG and SALIVA. Then w e  f i t t e d  t h e  following 

model t o  t . h e s ~  d a t a :  

Y = o + PIDRUG + P2SALIVA + P 3 DRUG * SALIVA + E v. 4' 

Where c i s  assumed t o  be normal ,  i n d e p e n d e n t l y  d i s t r i b u t e d  w i t h  

2 
zero mean and c o n s t a n t  v a r i a n c e  o . DRUG is  t h e  dummy v a r i a b l e  f o r  

t h e  t w o  g r o u p s  and t h e  v a r i a b l e  S A I J V A  r e p r e s e n t s  t h e  t w o  

d i f f e r e n t  c o n d i t i o n s  of  s a l i v a  l e v e l s  Cone a t  a  t ime].  

The s t a t i s t i c a l  h y p o t h e s i s  test i n d i c a t e d  whether o r  n o t  t h e  

r e g r e s s i o n  c o e f f i c i e n t s  p2 and w e r e  s i g n i f i c a n t l y  d i f f e r e n t  



f rom z e r o .  I n  o t h e r  words ,  i t  t e s t e d  whether  t h e  S A L I V A  v a r i a b l e  

had a s i g n i f i c a n t  i nf 1 u e n c e  on  t h e  e i g h t  TBD r e s p o n s e s  beyond t h e  

i n f l u e n c e  e v i d e n t  f rom t h e  DRUG v a r i a b l e .  A l eas t  s q u a r e s  method 

was u s e d  t o  o b t a i n  t h e  e s t i m a t e d  v a l u e s  a n d  S E  v a l u e s .  

vi> Method of E s t i m a t i o n  

T h e  maxi mum 1 i k e l  i hood v i a  t h e  i t e r a t i v e  r e w e i  g h t e d  least s q u a r e s  

method was a p p l i e d  f o r  t h e  p u r p o s e  of e s t i m a t i n g  t h e  p a r a m e t e r s  of 

t h e  c u m u l a t i v e  l o g i t  model. A s t a n d a r d  least s q u a r e s  method w a s  

u sed  f o r  t h e  one-way ANOVA and  m u l t i p l e  r e g r e s s i o n  models ,  b u t  as  

t h i s  i s  s t a n d a r d  i t  d o e s  not, m e r i t  f u r t h e r  d i s c u s s i o n  h e r e .  

For t h i s  p r o j e c t ,  t.n es t ima te  t h e  unknown parameter vector 13 

i n  t h e  cumul at  i ve 1 o g i  t model , w e  sol ved t h e  maxi.mum 1 i k el i hood 
b 

e q u a t i o n .  The a l g o r i  thm common1 y  u s e d  i n  t h e  BMDP3R program Cfrom 

t h e  b iomed ica l  computer  program,  BMDP, a t  t h e  U n i v e r s i t y  o f  

C a l i f  o r  n i  a1 is t h e  Gauss-Newton a l g o r i t h m  which is u s u a l  1 y  

employed i n  non-1 i n e a r  r e g r e s s i o n  p a r a m e t e r  e s t i m a t i o n .  I n  

a d d i t i o n  t o  t h i s ,  t h e  pa rame te r  e s t i m a t i o n  p r o c e d u r e s  f o r  t h e  

Gener a1 i zed 1 i n e a r  model C GLMI w e r e  i n t r  oduced  C see append i  x -A  f o r  

m o r e  d e t a i l s > .  Here ,  t w o  p o s s i b l e  a p p r o a c h e s  w e r e  t o  a p p l y  t h e  

model i n  t h e  GLI M C Gene ra l  i z e d  L i  n e a r  I n t e r a c t i v e  Model 3 program 

o r  i n  t h e  BMDP3R program. U n f o r t u n a t e l y  t h e  model d o e s  n o t  w o r k  i n  



GLIM d i r e c t l y ,  and  a GLM macro would h a v e  had  to be written to do 

t h e  i t e r a t i v e  a l g o r i t h m .  For t h i s  r e a s o n  a m o d i f i c a t i o n  ,f the 

BMDP3R program was c h o s e n  a7 t h e  e a s i e s t  way to f i n d  the maximum 

l i k e l i h o o d  e s t i m a t e  CMLE3. 

- 1 L e r  a t i  vel y R e w e i  g h t e d  L e a s t  S q u a r e s  C BMDP3K3 

i 

I f  w e  d e f i n e  t h e  e q u a t i o n  Cv.13  i n  t h e  S e c t i o n  I I C v 3 .  i n  t h e  form: 

Where f C @  ,pL,X 3 = - I a n d  
J 'L J - i  

w i t h  weight  W . = 1 / f C 8  ,p,X 3 
b 

L J  J 

t h e n  t h e  unknown p a r a m d e r s  P a n d  rJ are e s t i m a t e d  by m i n i m i z i n g  t h e  
j 

r e s i d u a l  sum of  s q u a r e  R S S  which i s :  

S i n c e  t h e  w e i g h t  W d e p e n d s  upon t h e  p a r a m e t e r s  8 a n d  p,  and  the 
j 

f u n c t i o n  fC*> is non l i n e a r  i n  t h e  p a r a m e t e r s ,  w e  c a n n o t  min imize  



R S S  d i r e c t l y ,  so w e  u s e  t h e  G a u s s - N e w t o n  a l g o r i t h m .  

I f  w e  w r i t e  t h e  n o n - l i n e a r  m o d e l  C 1 3  i n  t e r m s  of a l i n e a r  

approxi m a t i  o n  by Tayl  or series expansi on  a t  i n i  ti a1 values as: 

w h e r e ,  f C O  3 = f C 8  ,62,€33,p3 
I 1 

L e t  o= 8 , t h e n  t h e  above e q u a t i o n  could be w r i t t e n  as : 
4 

0 
Where, Q = a col u m n  vector of i n i t i a l  values of t h e  p a r a m e t e r s :  

e a ,  e 2 ,  e3, p C o r  e 3 .  
4 

N o w  le t  YO 2 Y - fco03 w h e r e ,  Y O  is 2x4 m a t r i x  
i J ij 



a f c o . 3  le t  ~ O b e  a 2 x 4  m a t r i x  whose C i , j >  e n t r y  is - a e  j le=B 

and a0 = r e -ey, e -ei, e -e:. p-pol T * 2 3 

= @ - G O  

Here  e q u a t i o n  C 5 >  c o u l d  b e  w r i t t e n  as f o l l o w s :  

-1 
w i t h  E  CE> = 0 and  cov CE> = W 

Now t o  g e t  t h e  e s t i m a t e d  v a l u e s  o f  t h e  p a r a m e t e r s  w e  a p p l y  t h e  

o r d i n a r y  least s q u a r e  method t o  t h e  e q u a t i o n  C73 as follows: 

01/2 
mu1 ti p l y i n g  C 7 >  by W w e  g e t  

1/2 1/2 0 1/2 
where, Z =  Cw03 Y, U =  [ w 0 1  D a n d E  = [w01 E ,  

w i t h  E  CE> = 0 and V CE> = I .  

h 
T 

SO AO= cuO uO>-'uO z0 
h 

where AO is  a n  e s t i m a t e  o f  CQ-QO>, a n d  by  s u b s t i t u t i n g  t h e  

o r i g i n a l  v a l u e  Y w e  g e t :  



By e v a l u a t i n g  t h e  e q u a t i o n  CQ3,  t h e  e s t i m a t e d  p a r a m e t e r s  of t h e  

l i n e a r  t e r m s  o f  t h e  Tay lo r  s e r i e s  e x p a n s i o n  of t h e  non- l inea r  

model a r e  o b t a i n e d  f rom t h e  e q u a t i o n :  

Thus, by  g i v i n g  t h e  i n i t i a l  v a l u e s  w e  c o u l d  o b t a i n  t h e  we igh t ,  W ,  

and t h e n  s u b s t i t u t e  t h e  v a l u e s  i n  t h e  e q u a t i o n  C93. Ry i n s e r t i n g  

t h e s e  v a l  u e s  c o n s e c u t i v e l y  i n t o  t h e  s u b s e q u e n t  e q u a t i o n  C101, w e  

o b t a i n  t h e  new e s t i m a t e d  v a l u e s  o f  t h e  n o n - l i n e a r  model. These  

i t e r a t i o n s  c o n t i n u e  u n t i l  t h e  s o l u t i o n  c o n v e r g e s ,  t h a t  i s ,  u n t i l  
h a+ I * a 

i n  s u c c e s s i v e  i t e r a t i o n s  Q 2 @ or 

where 6 is s o m e  p r e - s p e c i f i e d  amount E e .  g. , O .  000001 I .  The R S S  c a n  

be  e v a l u a t e d  a t  e a c h  s t a g e  of t h e  i t e r a t i v e  p r o c e d u r e  t o  see if a 

r e d u c t i o n  i n  its v a l u e  h a s  i n  f a c t  been a c h i e v e d .  I n  o t h e r  words, 

t h e  above  p r o c e d u r e s  are r e p e a t e d  c o n t i n u a l  1 y u n t i l  t h e  s e q u e n c e  

of  e s t i m a t e s  c o n v e r g e s ,  or i f  t h e  s e q u e n c e  d o e s  n o t  converge ,  a 

new set o f  i n i t i a l  v a l u e s  must b e  t r i e d .  



vii) Statistical Software 

T h i s  s e c t i o n  w i  11 b r i e f  1 y  d i s c u s s  t h e  c h o i c e s  o f  d i f f e r e n t  

s o f t w a r e  used  i n  t h e  s u b s e q u e n t  a n a l y s e s :  BMDP3R; GLIM; S P S S ;  

and MINITAB. 

The BMDP3R program w a s  chosen t o  e s t i m a t e  t h e  p a r a m e t e r s  of 

t h e  non-1 i nea r  r  e g r  essi on model . Thi s program w a s  conveni  e n t  t o  

u s e  t o  o b t a i n  t h e  d e s i r e d  e s t i m a t e  o f  t h e  p a r a m e t e r s  of t h e  

c u m u l a t i v e  l o g i  t model , s i n c e  one  mere1 y  needs  t o  s u p p l y  t h e  

d e r i v a t i v e s  of t h e  e x p e c t e d  v a l u e  of  t h e  r o u g h l y  e s t i m a t e d  d e n s i t y  

f u n c t i o n  t o  form t h e  new d e s i g n  m a t r i x  a t  e a c h  i t e r a t i o n .  To d o  

s o ,  t h e  program minimizes  t h e  r e s i d u a l  sum of  s q u a r e  R S S  of  a 

non-1 i nea r  r e g r e s s i o n  model. The program's  d e f a u l t  s t o p p i n g  r u l e  

i s  t h e n  based on t h e  change  of  t h e  R S S  C s e e  t h e  B.MDP-manual f o r  

more d e t a i l ] .  However, b e c a u s e  of  t h e  weight  v a r i a t i o n  f rom oneb 
A 

s t e p  t o  a n o t h e r ,  t h e  MLE /3 d o e s  n o t  c o r r e s p o n d  t o  t h e  s m a l l e s t  

p o s s i b l e  value of  t h e  R S S .  T h e r e f o r e ,  t h e  program must b e  t o l d  n o t  

t o  moni tor  t h e  R S S  i n  o r d e r  t o  d e c i d e  when t o  s t o p  i t e r a t i n g .  T h i s  

c o u l d  b e  managed by g i v i n g  a d d i t i o n a l  commands i n  t h e  r e g r e s s i o n  

s e c t i o n  of  t h e  program: by s e t t i n g  t h e  convergence  t o  minus one ,  

by s p e c i f y i n g  t h e  number of  i t e r a t i o n s  d e s i r e d ,  and by s e t t i n g  t h e  

p e r m i s s i b l e  number of  h a l v i n g s  t o  b e  z e r o .  For t h e  s a m e  r e a s o n s  

any p a r t i a l  s t e p  m o d i f i c a t i o n s  which moni tor  R S S  s h o u l d  b e  t u r n e d  



o f f .  To d o  so i n  t h e  P 3 R  program, w e  need  t o  set t h e  maximum 

number o f  s t e p  ha1 v i n g s  t o  z e r o .  

The GLI M C Gener 1 i z e d  Li n e a r  I n t e r  a c t i  v e  Model 3 program w a s  
I 

chosen  t o  d o  t h e  r e g r e s s i o n  analysis a s  w e l l  a s  t h e  one-way ANOVA I 

t e c h n i q u e s .  T h i s  GLIM program w a s  e a s y  t o  u s e  and  i t  p r o v i d e d  t h e  I 
I 

v a r i  ance -covar i  a n c e  o f  t h e  d i f f e r e n c e  be tween t h e  s l o p e s  I 

c o e f f i c i e n t s  f o r  e a c h  p a i r  o f  g r o u p s .  The SPSSx CStatistical 

Package  f o r  Social S c i e n c e )  program was u s e d  t o  m a n i p u l a t e  t h e  

d a t a  and  t o  c a l c u l a t e  t h e  t h r e e  c o l l a p s e d  v a r i a b l e s  f o r  e a c h  

measurement of  t h e  p a i n ,  t i s s u e  breakdown,  and  S A L I V A  v a r i a b l e s .  

T h e  MINITAB s o u r c e  f l l e  was a l s o  u s e d  i n  t h e  d e s c r i p t i o n  o f  t h e  

data, and  f o r  t h e  c o n s t r u c t i o n  o f  t a b l e s .  



I I I. MODEL APPLI CAT1 ON TECHNIQUES 

i> Preparation of t h e  D a t a  for Analysis 

The var  1 a b l  es were spec1 f  i c a l l  y def  i ned and summar 1 z e d  f o r  

the proposed models .  I n l t i a l  d a t a  manipulation was c a r r i e d  o u t  t o  

assemble  t h e  dat-a ~ n  a  form s u l t a b l e  f o r  a n a l y s ~ s .  For t h e  

I ndepc'ndent var  3 ab l  0s , I e. the drug  group and t h e  r a d i a t i o n  type, 

" d i ~ ~ n i y "  v a r  1 a bl  es were c r e a t e d .  The el g h t  P A 1  N r e s p o n s e s  were 

comb1 ned into t our  c a t  e g ~ r l e s  and t r e a t e d  a s  o r d l n a l  response 

var1  a b l  e s .  

Fcr the first o b j e c t i v e ,  t h e  e i g h t  v isua l  analog s c a l e s  

measurements of p a i n  were c o n s i d e r e d  as o r d i n a l  r e s p o n s e s  and t h e  
b 

DRUG g roup  a s  a n  independen t  v a r i a b l e  f o r  t h e  c u m u l a t i v e  l o g i t  

model ; The second  o b j e c t i v e ,  t h e  e i g h t  t i s s u e  breakdown v a r i a b l e s  

were c o n s i d e r e d  as  the r e s p o n s e  v a r i a b l e s  and t h e  DRUG g roup  and 

RAOWK a s  independen t  v a r i a b l e s  f o r  t h e  mu1 ti p l  e r e g r e s s i o n  model ; 

The t h i r d  o b j e c t i v e ,  t h e  two l e v e l s  o f  s a l i v a  C s a l i v a  a t  rest and 

s a l  i va d u r i n g  sti mu1 a t i  on1 were c o n s i  d e r e d  a s  t h e  r e s p o n s e  

var  i a b l  es and t h e  t h r e e  t y p e s  of r  a d i  a t i  on a s  independen t  

v a r i a b l e s  f o r  a  one-way ANOVA model ; and f i n a l l y ,  t h e  e i g h t  t i s s u e  

breakdown were i n d i v i d u a l l y  r e p r e s e n t e d  a s  r e s p o n s e  v a r i a b l e s  , and 



each of  t h e  t w o  s a l i v a  l e v e l s  and  t h e  DRUG g r o u p  w e r e  r e p r e s e n t e d  

a s  i ndependen t  v a r  i a b l  es f o r  t h e  mu1 ti p l  e r e g r e s s i o n  models .  

i i 3  C h o i c e  of Model & L i n k  Function 

Di f f'e~rent, 1 i nk f u n c t i  011s f o r  var i o u s  models  w e r e  exami ned f o r  t h e  

p u r p o s e  c.?f i'i ti.] ny the cjat.2. The m o d ~ l  1 .I ng was don-  s e p a r a t e 1  y for 

e a c h  c~f-.jt?ct-ive. 

1 3 Oh J ~ c -  t i v e  1 : Cumr~l a t  j ve l .ogl t Model 

Sever a1 s t . a t i  s t  i cal models  h a v e  been  s u g g e s t e d  as  b e i  ng 

a p p r o p r  i a t e  for- u s e  w i  t h  o r d i  n a l  r e s p o n s e  vari a b l  e s .  T h e s e  h a v e  

been c l a s s i f i e d  l n t o  t w o  t y p e s ,  d e p e n d i n g  on  whether  or n o t  t h e  

model i s i nva r  1 a n t  unde r  t h e  g r o u p i n g  o f  a d j a c e n t  r e s p o n s e  
b 

c a t e g o r i e s  EMcCullagh and  Nelder  C 1 9 8 3 3 1 .  If a new c a t e g o r y  was 

formed by combin ing  a d j a c e n t .  g r o u p s  on  t h e  p r e v i o u s  s c a l e ,  t h e  

form of t h e  c o n c l  us1 on s h o u l d  be u n a f f e c t e d .  However, i n  t.hi s way 

s o m e  i nf o r -  mat i o n  w i  11 b e  r e d u c e d .  

Hence,  t h e s e  c o n s i d e r a t i o n s  l e d  t o  models  based  on t h e  

c u m u l a t i  ve d i s t r i b u t i o n  p r o b a b i l i t y ,  and  n o t  t o  a n  i n d i v i d u a l  

p r o b a b i  1 i t y  f o r  t h e  r e s p o n s e  c a t e g o r i e s  t h e m s e l v e s .  



To r e f l e c t  t h e  o r d i n a l i t y  of t h e  r e s p o n s e  v a r i a b l e  o n e  

p o s s i b l e  model is t h e  curnula t i  v e  1 o g i  t model : 

W e  may n o t e  t h a t  t h e  l n t e r p r e t a t i c l n  o f  /3 d o e s  n o t  depend  on t h e  

p a r t i c u l a r  c h o i c e  o f  c a t e g o r i e s  i f  11.2.1 is t r u e .  For t h i s  p r o j e c t  

t h e  a b o v e  s t a t e m e n t  was u s e d  f o r  f o u r  c a t e g o r i e s  o f  p a i n  l e v e l s .  

N o w ,  t o  d e t e r m i n e  t h e  e f f e c t s  of B z d  o n  t h e  e i g h t  o r d i n a l  

p a i n  r e s p o n s e s ,  t h e  t w o  t r e a t m e n t  g r o u p s  w e r e  compared u s i n g  t h e  

o d d s  r a t i o .  

I f  w e  d e f i n e  y as t h e  p r o b a b i l i t y  of a p a t i e n t  o f  g r o u p  i 
J 

Y 

'- I J  
f a l l i n g  i n t o  t h e  f i r s t .  j c a t e g o r i e s ,  t h e n  - r e p r e s e n t s  the 

l -y. J 

o d d s  o f  t h e  B z d  g r o u p  f a l l i n g  i n t o  the f i r s t  j ca t .egc>r ies ,  and  t h e  

Y 2  J 
b 

c o r  r e s p o n d i  ng o d d s  for t h e  pl acebo g r o u p  a re  - . H e r e  X i s  
l - y 2  ) 

a n  i n d i c a t o r  v a r i a b l e  and  t h e  r e g r e s s i o n  c o e f f i c i e n t  rJ is t h e  

p a r a m e t e r  of i n t e r e s t  

f 

and  log C 2 J  3 = e ,  
1 -  y J 

2 J 

' 11 t h e n  - = e x p C B , -  rJ> 
1 - 

Y* J 
J 



Thus ,  t h e  o d d s - r a t . i o  i s  g i v e n  by expC -131. H o w e v e r ,  s i n c e  o u r  

e s t i m a t e s  a r e  l o g i s t i c  c o n t r a s t s  w i t h  t h e  p l a c e b o  g r o u p ,  a h i g h  

positive-;. v a l u e  of  (3 r e p r e s e n t s  a t e n d e n c y  t o w a r d s  t h e  m o r e  s e v e r e  

p a i n  c a t e g o r i e s  r e l a t i v e  t o  t h e  p l a c e b o  g r o u p ,  a n d  a l a r g e  

n e g a t i v e  v a l u e  i n d i c a t e s  t h e  r e v e r s e .  

K o t . c z  that when t.her-e a r e  on1 y t . w o  r e s p o n s e  c a t e g o r i  es C k = Z 1 ,  

equat i n n  11. 2 .1 abcve i s  e q u i v a l e n t  t.c> t h e  l o g i s t i c  model for  

b i n a r y  d a t a  [Cox C l 9 7 0 3 1 ,  and  i n  t h i s  p a r t i c u l a r  case i t  is a l s o  

e q u i v a l e n t  t o  a l o g - l i n e a r  model.  I n  g e n e r a l  however ,  when t h e  

number o f  c a t e g o r i e s  e x c e e d s  two,  t h e  l o g i  t model 1 1 . 2 . 1  d o e s  n o t  

c o r r e s p o n d  t o  a l o g - l i n e a r  s t r u c t . u r e .  J .  A.  Anderson warned i n  P. 

McCul lagh ' s  p a p e r  C19t303, t h a t  s p e c i a l  a t t e n t i o n  must be g i v e n  t o  
b 

t h e  number of  p a r a m e t e r s  b e f o r e  f i t . t i n g  t h e  c u m u l a t i v e  l o g i t  

nrodel. A s  t h e  number o f  paramet ,e rs  i n c r e a s e s ,  t .he  c h a n c e  o f  t h e  

s p a r s e  d a t a  p r o b l  e m  o c c u r r i n g  a1 so i n c r e a s e s .  

21 O b j e c t i  ve 2: Mu1 t i p 1  e R e g r e s s i o n  Model 

The mu1 ti p l  e r e g r  essi on t e c h n i  q u e  w a s  a p p l i e d  i n  ascer t a i  n i  ng  

whether  or n o t  t h e r e  w a s  a s i g n i f i c a n t  mean d i f f e r e n c e  be tween  



t h e  Bzd and p l a c e b o  g r o u p s  a f t e r  t a k i n g  i n t o  accoun t  the effect 

due t o  t h e  d i f f e r e n t  RADWK d i s t r i b u t i o n s .  This p r o c e d u r e  is a  

conlbl n a t l  on of t h e  a n a l y s i s  of v a r i a n c e  and t h e  r e g r e s s i o n  

a n a l  y s l  r , usua l  1 y  c a l l  ed  a n a l y s i s  of c o v a r i a n c e .  

1-c.~ determl n e  t h e  e f f e c t  of Bzd t r e a t m e n t  on t h e  e i g h t  t i s s u e  

br eakdown var-i  ah1 es , d i  f f  e r e n t  Lransf  or mati  o n s  of t h e  dependent  

var-1 a b l e s  were exam] ned C eg. s q u a r e  root ,  i n v e r s e ,  1 o g a r i  t h m l c ,  

~ d e n t i t y  etc. 3, f o r  t h e  purpose  of  f i t t i n g  t h e  d a t a .  The r e s i d u a l  

p l o t  was used f o r  check1 ng t h e  a p p r o p r i a t e n e s s  of t h e  n ~ o d e l s .  

3 )  0 h j e c t . i  ve 3: One-way ANOVA Model 

Anal  p i s  of vsr i  ,?nr-e iis a technj qrre u s e f u l  i n  d e t e r m i n i n g  whether  

or  not  t h e r e  a r e  s ~ g n l f i c a n t  mean d i f f e r e n c e s  between t h e  g roups .  
b 

The ANOVA model would be a p p r o p r i a t e  t o  a p p l y  i n  a  s i t u a t i u r i  where 

w e  wish t o  d e t e r m i n e  whether o r  not. t h e r e  a r e  s i g n i f i c a n t  

dl f fe r -e rxes  i n  t h e  amount of s a l i v a  among the groups de te rml  ned by 

t h e  t y p e  of r a d i a t i o n  used .  The dependent  v a r i a b l e  h e r e  was t h e  

amount. of s a l i v a  and t h e  independen t  v a r i a b l e  was t h e  r a d i a t i o n  

t y p e .  The above d e s c r i p t i o n  is r e f e r r e d  t o  a s  a one-way ANOVA 

model s i n c e  o n l y  one  i n d e p e n d e n t  v a r i a b l e  ( r a d i a t i o n  type1  is 

empl oyed. 



The ANOVA model c a n  t a k e  on t w o  main f o r m s ,  t h e  f i x e d - e f f e c t s  

model and  t h e  r a n d o m - e f f e c t s  model. The f i x e d - e f f e c t s  model is 

more a p p r o p r i a t e  t h a n  t h e  random-ef f e c t s  model s i n c e  t h e  t r e a t m e n t  

l e v e l  o r  g r o u p s  o f  e a c h  i n d e p e n d e n t  v a r i a b l e ,  f r o m  which o n e  t a k e s  

a  s a m p l e  of p o p u l a t i o n  u n i t s ,  is e x h a u s t i v e  o f  a l l  g r o u p s  of  

i n t e r e s t  t o  t h e  i n v e s t i g a t o r .  

The ANOVA model maximizes t h e  between-to-wi t h i n  g r o u p  sum of  

s q u a r e s  i n  o r d e r  t o  reject t h e  n u l l  h y p o t h e s i s  o f  e q u a l  g r o u p  

means. I n  t h e  f  i x e d - e f f e c t s  model,  t h e  n u l l  h y p o t h e s i s  C H 3 is 
0 

used  t o  test f o r  t h e  a c c e p t a n c e  o r  r e j e c t i o n  of  t h e  e q u a l i t y  of 

t h e  g r o u p  m e a n s .  I n  t h i s  p r o j e c t  t h e  n u l l  h y p o t h e s i s  H w a s  t h e  
0 

t h r e e  t y p e s  o f  r a d i a t i o n  have  e q u a l  means. T h i s  h y p o t h e s i s  is 

t e s t e d  a g a i n s t  t h e  p r e - s e l e c t e d  s i g n i f i c a n c e  l e v e l .  The test 

s t a t i s t i c  t h a t  ANOVA u s e s  t o  test H is t h e  F - r a t i o .  G e n e r a l l y ,  a 
0 

l a r g e  F - r a t i o  i m p l i e s  t h a t  t h e  n u l l  h y p o t h e s i s  o f  e q u a l  means is 
b 

r e j e c t e d  C i e .  t h e r e  are s i g n i f i c a n t  d i f f e r e n c e s  among t h e  mean 

v a l u e s  o f  t h e  r a d i a t i o n  t y p e > .  H is c o r r e c t l y  r e j e c t e d  i f  t h e  
0 

computed F - r a t i o  e x c e e d s  t h e  c r i t i c a l  F - s t a t i s t i c  found  i n  a n  

a p p r o p r i a t e  t a b l e  of  a  p r e - s p e c i f  i e d  s i g n i f i c a n c e  l e v e l  

41 O b j e c t i v e  4: Mu1 ti p l  e R e g r e s s i o n  Model 

Mu1 ti p l  e r e g r e s s i o n  a n a l y s i s  is a g e n e r a l  s t a t i s t i ca l  t e c h n i q u e  



used t o  d e t e r  mine t h e  re1 a t i  o n s h i p  between t h e  s i n g l e  r e s p o n s e  

v a r i a b l e  and s e v e r a l  indpenden t  v a r i a b l e s .  For t h e  p u r p o s e  of  

p r e d i c t i n g  t h e  e x t e n t  o f  t i s s u e  breakdown f rom the amount of 

s a l i v a  f o r  t h e  t w o  t r e a t m e n t  g roups  CBzd and p l a c e b o > ,  a m u l t i p l e  

1  i n e a r  model was f i t t e d  t o  t h e  d a t a .  

iii3 Transformations 

Most s t a t i s t i c a l  a n a l y s e s  a r e  based on c e r t a i n  assumpt ions .  To 

make t h e s e  assumpt ions  a s  v a l i d  as p o s s i b l e ,  i t  may b e  n e c e s s a r y  

t o  t r a n s f o r m  t h e  o r i g i n a l  d a t a .  T r a n s f o r m a t i o n s  which s e r v e  t o  

make t h e  d a t a  m o r e  symmet r i ca l1  y  d i s t r i b u t e d  u s u a l l y  s i m p l i f y  t h e  

a n a l y s i s ,  i n t e r p r e t a t i o n  and p r e s e n t a t i o n .  Trans fo rmat ion  t o  

normal i t y  a re  common1 y s o u g h t .  However, a m o r e  f r e q u e n t  problem 

t h a n  non-normal i ty  is  t h e  f a c t  t h a t  t h e  d i f f e r e n t  g roups  of v a l u e s  
b 

have v a r y i n g  d e g r e e s  o f  s p r e a d .  T h i s  problem m a k e s  t h e  comparison 

of measures of  l o c a t i o n  v e r y  d i f f i c u l t .  To promote homogeneity of 

v a r i a n c e ,  s o m e  of t h e  o r i g i n a l  d a t a  were n e c e s s a r i  1 y  t r a n s f o r m e d .  

V) Residual analys is  

For d i a g n o s t i c  p r o c e d u r e s ,  c h e c k i n g  t h e  adequacy  of  t h e  models is 

c a r r i e d  o u t  n o t  on1 y  f o r  l i n e a r  r e g r e s s i o n  b u t  also f o r  a n y  f i t t e d  



models  s u c h  as ANOVA, c u m u l a t i v e  l o g i t  mode l s  a n d  so f o r t h .  I n  

t h i s  s t u d y ,  w e  h a v e  a t t e m p t e d  t o  d e v e l o p  a p p r o p r i a t e  models  for 

e a c h  s p e c i f i c  d a t a  set. 

The r e s i d u a l  a n a l y s i s  t e c h n i q u e  is u s e d  f o r  c h e c k i n g  t h e  

a d e q u a c y  o f  f l t t e d  models .  I n  g e n e r a l ,  t h e  g o a l  i n  t h e  s t u d y  of 

t h e  r e s i d u a l s  is  t o  check  t h e  a s s u m p t i o n s  c o n c e r n i n g  t h e  error 

t e r m  6. I n  r e g r e s s i o r ~  mode l s ,  t h e  u s u a l  a s s u m p t i o n  is  t h a t  t h e  

errors  a r e  i n d e p e n d e n t  a n d  n o r m a l l y  d i s t r i b u t e d  w i t h  a  mean of 

2 
z e r o  a n d  c o n s t a n t  v a r i a n c e ,  a . 

A 

I n  t h i s  c a s e ,  s i n c e  t h e  r e s i d u a l s ,  Y - Y ,  and  t h e  
h 

c o r r e s p o n d i n g  f i t t e d  v a l u e s  Y a re  i n d e p e n d e n t ,  a p l o t  of t h e  
h 

r e s i d u a l s  v e r s u s  t h e  f i t t e d  v a l u e  Y w a s  u s e d  as  t h e  main tool i n  

f i t t i n g  t h e  a p p r o p r i a t e  models .  T h i s  p l o t  h e l p e d  t o  i n d i c a t e  

whether  or n o t  t h e  model w a s  a good f i t  o v e r  t h e  whole  r a n g e  o f  
b 

t h e  d a t a .  I t  a l so  h e l p e d  t o  i n d i c a t e  t h e  c o n s t a n c y  o f  v a r i a n c e .  

The r e s i d u a l s  w e r e  c a l c u l a t e d  f r o m  t h e  d i s c r e p a n c i e s  be tween  
h 

t h e  o b s e r v e d  v a l u e s  Y a n d  t h e  c o r r e s p o n d i n g  f i t t e d  v a l u e s  Y .  I t  is 

t h e  measurement  o f  t h e  ver t ical  d i s t a n c e  be tween  t h e  p o i n t  and  t h e  

l i n e  which expresses t h e  b e s t  f i t  f o r  t h e  d a t a .  M a t h e m a t i c a l l y  

t h i s  c a n  b e  w r i t t e n  as: 



where e i s  considered as  t h e  observed error .  I f  t h e  proposed model 

i s  appropr ia te ,  t h e  r e s i d u a l s  should not  display any obvious 

trend.  By p l o t t i n g  t h e  r e s i d u a l s ,  w e  have an informed graphical  

test of t h e  model. 



IV. RESULTS 

1 3  A p p l i c a t i o n  of Models t o  the Data Set 

To answer Dr. E p s t e i n ' s  f o u r  major o b j e c t i v e s ,  C s e e  p .  2 3 ,  w e  c h o s e  

models a p p r o p r i a t e  t o  t h e  r e l e v a n t  d a t a  sets d e s c r i b e d  i n  T a b l e s  1 

to 4.  These t a b l e s ,  and t h e  a p p l i c a t i o n  of  t h e  s p e c i f i c  models ,  

a r e  uut.1 i ned be1 o w :  

Cal: The d a t a  set i n  T a b l e  1 . 1  c o n s i s t s  o f :  t h e  e i g h t  symptoms of 

p a i n  r e c o r d e d  u s i n g  t h e  v i s u a l  a n a l o g  scales CVAS3 and t r e a t e d  as 

o r d i n a l  r e s p o n s e  v a r i a b l e s ;  and t h e  DRUG g r o u p  t r e a t e d  as a n  

i n d e p e n d e n t  v a r  i a b l e .  Each of t h e s e  r e s p o n s e s  w e r e  combined i n t o  

f o u r  cat.egor i es C see Tab1 e 1 . 2 3  a s  f  01 1 o w s  : 

b 

1 .  none 2.  minimal 3. modera te  4. s e v e r e  

The  c u m u l a t i v e  1  o g i t  model was chosen f o r  t h e s e  d a t a .  

Cb3: The d a t a  set i n  T a b l e  2 c o n s i s t s  o f :  t h e  e i g h t  t i s s u e  

breakdown C TBD measurements C A , A 2 , .  . . A 8 3  t r e a t e d  as r e s p o n s e  

var  i a b l  es ; and DRUG and RADWK t r e a t e d  a s  i ndependent  va r  i a b l  e s .  

C RADWK is t h e  number o f  w e e k s  p a t i e n t s  r e c e i v e d  r a d i a t i o n  



t h e r a p y .  3 I n  t h i s  s i t u a t i o n ,  s o m e  o r i g i n a l  response v a r i a b l e s  w e r e  

t r a n s f o r m e d  by  t h e  s q u a r e  root: t h e  a r e a  of r e a c t i o n ,  t h e  a r e a  of 

r e a c t i o n  * s e v e r i t y  o f  i n f l a m m a t i o n  and  t h e  area of r e a c t i o n  * 

s e v e r i  t y  o f  i nf  1 ammation p e r  s u r f  ace i n v o l v e d ;  w h i l e  o t h e r  

v a r i a b l e s :  t h e  maximum s i z e  o f  u l c e r a t i o n ,  and  t h e  to ta l  a r e a  of 

u l c e r a t i o n ,  were t r a n s f o r m e d  by  t h e  l o g a r i t h m i c  f u n c t i o n .  The 

s t a n d a r d  r e g r - e s s i  on model w a s  f i t t e d  t o  t h e  t r a n s f o r m e d  d a t a .  

Ccl: The d a t a  set i n  T a b l e  3 c o n s i s t s  of :  t h e  t w o  c o n d i t i o n s  o f  

s a l i v a  l e v e l s  e x p r e s s e d  a s  r e s p o n s e  v a r i a b l e s  - t h e  amount of 

s a l i v a  a t  r e s t  and  d u r i n g  s t i m u l a t i o n ;  a n d  t h e  t h r e e  t y p e s  of  

r a d i a t i o n  t r e a t m e n t  Chigh d o s e  b i l a t e r a l ,  h i g h  d o s e  u n i l a t e r a l ,  

l o w  d o s e  3 e x p r e s s e d  as i n d e p e n d e n t  v a r i a b l e s .  The one-way ANOVA 

model w a s  a p p l i e d  t o  t h e  g i  ven d a t a .  C A s  is d i s c u s s e d  l a t e r ,  t h e  

DRUG v a r i a b l e  w a s  n o t  a d e t e r m i n a n t  o f  s a l i v a  l e v e l s .  3 

b 

Cd3: The d a t a  set. i n  T a b l e  4 c o n s i s t s  o f :  t h e  e i g h t  t i s s u e  

break  down r e s p o n s e  v a r  i a b l  es , c o n s i  d e r  e d  h e r e  as dependen t  

v a r i a b l e s ;  t h e  s a l i v a  l e v e l  under  t w o  c o n d i t i o n s ,  w h i l e  a t  rest  

and d u r i n g  s t i m u l a t i o n ,  as  i n d e p e n d e n t  v a r i a b l e s ;  and  t h e  DRUG 

g r o u p  v a r i a b l e  a lso as a n  i n d e p e n d e n t  v a r i a b l e .  The mu1 t i p l e  

r e g r e s s i o n  t e c h n i q u e  was found  t o  b e  a p p r o p r i a t e  f o r  t h i s  d a t a .  



23 Descriptive Summary 

The t o t a l  sample  s i z e  was 43 p a t i e n t s ,  broken down i n t o  t w o  

groups:  t h e  Bzd g roup  i n c l u d e d  25 p a t i e n t s ,  1 4  men and 11 women, 

w i t h  a  mean a g e  of  62 y e a r s  Crange,  39 t o  80 y e a r s  and SD=11.23. 

The c o n t r o l  g r o u p  i n c l u d e d  18 p a t i e n t s ,  9 men and 9 women, w i t h  a 

m e a n  a g e  of 54 y e a r s  C r ange ,  26 t o  76 y e a r s  and SD=12.83. The 

RADWK v a r i a b l e  r e p r e s e n t s  t h e  number of  w e e k s  t h a t  r a d i a t i o n  

t h e r a p y  was r e c e i v e d .  The w e e k s  of r a d i a t i o n  t h e r a p y  f o r  t h e  t w o  

g roups  a r e  d i s p l a y e d  i n  T a b l e  5. The measurements of t h e  p a i n ,  TBD 

and S A L I V A  l e v e l s  were a l s o  t a k e n  a t  weekly i n t e r v a l s .  For e a c h  of 

t h e s e  outcome v a r i a b l e s ,  t h e  raw Ct ime-col lapsed3 d a t a  and t h e  

t a b l e s  of mean 2 SE are  d i s p l a y e d  i n  T a b l e  6 and T a b l e  7 

r e s p e c t i v e l y .  CThe means of  t h e  measurements of P A I N ,  p o r t i o n  of 

T a b l e  7 must b e  i n t e r p r e t e d  w i t h  c a u t i o n  s i n c e  t h e  .measurement of 
b 

p a i n  a r e  o r d i n a l .  3 

S i n c e  t h e  d a t a  was c o l l e c t e d  f o r  e a c h  p a t i e n t  a t  weekly 

i n t e r v a l s ,  t h e  mean 2 SE of e a c h  measured v a r i a b l e  i n  t h e  Bzd 

g roup  was p l o t t e d  v e r s u s  t h e  t i m e  C weeks3. See F i g u r e s  1.1 t o  F i g .  

3.2. T h i s  was r e p e a t e d  f o r  t h e  c o r r e s p o n d i n g  p l a c e b o  g roup .  I n  

t h i s  way w e  were a b l e  t o  v i s u a l l y  compare t i m e  t r e n d s  i n  t h e  t w o  

groups .  I n  o t h e r  words,  w e  w e r e  a b l e  t o  o b s e r v e  a n y  r e d u c t i o n  of 

p a i n ,  t i s s u e  breakdown, and s a l i v a ,  o v e r  a p e r i o d  of  t i m e .  



W e  c a n  now examine  t h e  p a i n  d a t a  o f  T a b l e  8 Cwhich a re  

summarized i n  T a b l e  1 . 3  To d e t e r m i n e  t h e  e f f i c a c y  of  Bzd on 

p e r c e i  ved p a i  n  r e d u c t i o n ,  t h e  ori  g i  n a l  d a t a  w e r e  measured t h r o u g h  

t h e  V A S ,  i e . ,  p a t i e n t s  r e c o r d e d  t h e i r  p a i n  on  a scale o f  0 t o  10, 

where 0 means n o  p a i n  and  10 maximum p a i n .  S i n c e  t h e  measurements  

of  t h e  p a i n  were  t a k e n  a t  weekly  i n t e r v a l s ,  t h e  t w o  g r o u p s  were  

examined t.o see d u r i n g  which w e e k s  t h e y  w e r e  si g n i  f i c a n t 1  y  

d i f f e r e n t .  I n  o t h e r  words ,  a s i d e  f rom o b s e r v i n g  a n y  d i f f e r e n c e s  

d u r i n g  t h e  o v e r - a l l  p e r i o d  of t r e a t m e n t ,  w e  a lso l o o k e d  a t  whether  

or n o t  t h e  L w o  g r o u p s  were  r e m a r k a b l y  d i f f e r e n t  a t  s p e c i f i c  t i m e s  

d u r i n g  t h e  t r e a t m e n t .  The r e s u l t s  o f  t h e s e  o b s e r v a t i o n s  also 

i n d i c a t e d  t h a t  t h e  t w o  g r o u p s  showed l i t t l e  d i f f e r e n c e  i n  p a i n  

r e d u c t i o n .  Because  of  t h e  n a t u r e  o f  t h e  d a t a  and  t e c h n i c a l  

problems as d e s c r  i bed be1 ow, w e  combined e a c h  v a r i a b l e  i n t o  f i r s t  

f o u r  and l a t e r  t h r e e  c a t e g o r i e s ,  b u t  e v e n  w i t h  t h i s  a g g r e g a t e d  

d a t a ,  t h e  v i s u a l  i m p r e s s i o n  w a s  t h e  s a m e .  
b 

The f o l l o w i n g  comments re la te  t o  T a b l e  9, which shows t h e  

week1 y measurements  of  t h e  t i s s u e  breakdown v a r i a b l e s .  These  

measurements  , whi c h  r e p r e s e n t  t h e  e x t r  e m e  c o n d i t i o n  of  breakdown 

o f  h e a l t h y  t i s s u e ,  were  summarized i n  T a b l e  2 b y  c a l c u l a t i n g  t h e  

maximum v a l u e  minus t h e  i n i t i a l  v a l u e .  The mean k S E  of e a c h  

measurement of t h e  t i s s u e  breakdown w e r e  d i s p l a y e d  i n  T a b l e  7. I n  

o r d e r  t o  v i s u a l i z e ,  o v e r  t i m e ,  Bzd ' s  e f f i c a c y  for t h e  r e d u c t i o n  of  

t i s s u e  breakdown, t h e  mean and SE w e r e  p l o t t e d  v e r s u s  t h e  t i m e  



C w e e k s l  [see f i g u r e  F i g  2.1 t o  F i g  2.5. I 

The f o l l o w i n g  comments r e la te  t o  t h e  d a t a  summarized i n  T a b l e  

3. The t h r e e  t y p e s  o f  r a d i a t i o n  were  p r e - s e l e c t e d  b y  t h e  

i n v e s t i g a t o r  whose q u e s t i o n  of  i n t e r e s t  w a s  whether  or n o t  t h e  

t y p e  of  r a d i a t i o n  a f f e c t s  t h e  amount o f  s a l i v a .  T a b l e  3, which is 

t h e  summary o f  T a b l e  10, r e p r e s e n t s  t h e  d i f f e r e n c e  between t h e  

minimum v a l u e s  minus t h e  i n i  L a 1  v a l u e .  T h i s  summary t a b l e  measures  

t h e  n e g a t i v e  e f f e c t s  o f  t h e  r a d i a t i o n  t r e a t m e n t .  The mean + S E  a re  

d i s p l a y e d  i n  T a b l e  7 and t h e  p l o t  o f  t h e  means and  SE's v e r s u s  t h e  

t i m e  C w e e k s l  a re  i n  F i g  3.1 t o  F 3 . 2 .  

T a b l e  4 w a s  set i n  o r d e r  t o  d e t e r m i n e  whether  a n  i n c r e a s e d  

amount o f  s a l i v a  was a s s o c i a t , e d  w i t h  a r e d u c t i o n  i n  t h e  t i s s u e  

breakdown. T h i s  t a b l e  t a k e s  i ts d a t a  f rom T a b l e s  2 and 3: t h e  

measurements  o f  t i s s u e  breakdown and  S A L I V A  f o r '  t h e  Bzd a n d  
b 

p l  a c e b o  g r o u p s .  

31 Parameter Estimates and Their Interpretation 

The r e s u l t s  o f  t h e  a p p l i c a t i o n  o f  t h e  c u m u l a t i v e  l o g i t  model to  

t h e  p a i n  v a r i a b l e s ,  t h e  a n a l y s i s  o f  v a r i a n c e  model t o  t h e  S A L I V A  

l eve l  v a r i a b l e s ,  and  t h e  r e g r e s s i o n  a n a l y s i s  on  t h e  TBD v a r i a b l e s  

a r e  g i v e n  under  t h e  model h e a d i n g s  be1 o w .  



i 1 Ob j ec ti v e  1 : Cunul a t  i v e  Logi t Model 

To determine the e f ' f i cacy  of the Ezd treztment on perceived pain 

r e d u c t i o r ~ ,  t h e  cumul   at.^ v e  l o g i  t model [ McCullagh & Nelder 18133 

was applied to a n a l y z ~   he data. I n  particular, t h i s  model is 

?pprmpri a t e  f o r  o r d i n a l  r  e s p o n s r  c a t e g o r i e s .  

Tn det.ermi r~e t h e  effects of Eizd c x ,  t h e  ei yht measurernel~ts of 

. , t h e  o r d i n a l  r e s p o n s e s  which were c l a s s i f i e d  i n t o  f o u r  

c a t q o r - i e s ,  w e  compared t h e  two g roups  of t r e a t m e n t  i n  t e r m s  of 

t h e  o d d s - r a t i o .  The o d d s - r a t i o  is g i v e n  by expC -PI.  However, s i n c e  

our e s t i m a t e s  a r e  l o g i s t i c  c o n t r a s t s  w i t h  t h e  p l a c e b o  g roup ,  a 

hl gh posl t.1 ve  val ue  of (3 r e p r e s e n t s  a  t e n d e n c y  f o r  r e s p o n s e s  i n  

t h e  i r -ea tment  g roup  t o  b e  s h i f t e d  towards  t h e  s e v e r i t y  c a t e g o r i e s  

r e l a t , l v r  t o  t h e  p l a c e b o  g r o u p ,  and a l a r g e  negaLive  v a l u e  
L 

i n d ~  ca+,ps t h e  r e v e r s e .  

T h e  r e s u l t s  of t . hese  a n a l y s e s  i n d i c a t e  t h a t  a l l  t h e  p a i n  

v a r i a b l e s  r e c o r d e d  a n e g a t i v e  v a l u e  of t h e  /3 c o e f f i c i e n t  e x c e p t  

t h e  c o e f f i c i e n t s  o f  t.he t a s t e - o f  -drug and a n a l g e s i a - d r u g  

v a r i a b l e s .  A1 though t h e s e  s t a t i s t i c a l  r e s u l t s  i n d i c a t e  t h a t  t h e  

Bzd g r o u p  h a s  no s i g n i f i c a n t  e f f e c t ,  t h e r e  is a t r e n d  which 

i n d i c a t e s  t h e  Ezd g roup  t e n d s  t o  show r e d u c t i o n  of p a i n  by t h e  

f a c t o r s :  1.33, 1 . 3 5 ,  2-66 ,  2 . 4 0 ,  1 . 1 7 ,  and 1 . 3 0  for t h e  v a r i a b l e s :  



b u r n i n g  a t  r e s t ,  b u r n i n g  w i t h  e a t i n g ,  p a i n  a t  r e s t ,  p a i n  w i t h  

e a t i n g .  and  b u r n i n g  w i t h  d r u g ,  a n d  o v e r - a l l  d r u g  p a i n  

r e s p e c t i v e 1  y. Whi le  t h e  t a s t e  of druy and a n a l g e s i a  drug v a r i a b l e s  

t e n d  t o  be t h e  r e v e r s e  w i t h  f a c t o r s  of 0.6 a n d  0 . 4  r e s p e c t i v e l y .  

The r e s u l t s  of t h e s e  a n a l y s i s  a re  d i s p l a y e d  i n  t h e  f o l l o w i n g  

t abl e: 

The measurements of PAIN; a negative value of 

irdccutes a reduction of PAIN. 

V A R I  ABLE NAME EST1 MATED S E  C f 3 S  P-VALUE 95% C. I 

OF PAIN VALUE OF OF /3 

Burni ng a t  r e s t  -0.282 0.555 0. 31 C-1. 37,O. 813 

Fur n i  ng w l  t h  e a L i  ng -0.292 0.555 0. 30 C -1. 39.0.793 

P a i n  a t  rest -0.977 0.585 0. 08 C-2.14,O. 191 

P a i n  w i t h  e a t i n g  -0.875 0.577 0. 05 c -Z.OO,O. 261 

EUI-ni ng  w i t h  d r u g  -0.161 0.556 0.39 . C-1.25,0.933 

T a s t e  of d r u g  
b 

0.  51 2 0.  619 0. 222 CO. 70,  -1.721 

A n a l  g e s i  a d r u g  0. 51 7 0.597 0.09 CO. 26, -2.093 

Over -a l l  d r u g  p a i n  -0.268 0.588 0. 33 C - 1 .  42,O. 8 8 3  

The Bzd t r e a t m e n t  d o e s  n o t  a p p e a r  t o  be v e r y  e f f e c t i v e  i n  

r e d u c i n g  p a i n .  A t  a  5% l e v e l  o f  s i g n i f i c a n c e ,  none  o f  t h e  

v a r i a b l e s  is  s i g n i f i c a n t .  T h a t  is ,  t h e  d a t a  are c o n s i s t e n t  w i t h  a 

r a n g e  of /3 v a l u e s  which i n c l u d e s  t h e  n u l l  v a l u e  p=0. Based on  

t h e s e  a n a l y s e s  t h e  e v i d e n c e  f o r  t h e  b e n e f i c i a l  e f f e c t s  of t h e  Bzd 



t r e a t m e n t  i s  weak. I n  o t h e r  words ,  f o r  p a t i e n t s  i n  t h e  Bzd g r o u p  

o r  i n  t .he  p l a c e b o  g r o u p ,  t h e  e f f e c t i v e n e s s  o f  the t r e a t m e n t  o n  

p a i n  r e d u c t i n n  w a s  t h e  same. A combined test of s i g n i f i c a n c e  was 

not  d o n e  but may h a v e  been  shown Bzd t o  b e  s i g n i f i c a n t  i n  its 

effect on  p a l n .  

i i l  O b j e c t i v e  2: M u l t i p l e  R e g r e s s i o n  Model 

I n  o r d e r  t o  d e t e r m i n e  whether  or n o t  t h e  mean o f  t h e s e  t i s s u e  

breakdown v a r i  ah1 es f o r  t h e  t w o  g r o u p s  d i  f  f  e r e d  si gn i  f  i c a n t 1  y 

a f t e r  t a k i n g  i n t o  a c c o u n t  t h e  e f f e c t s  d u e  t o  t h e  d i f f e r e n t  RADWK 

d i s t r i b u t i o n s ,  a  m u l t i p l e  r e g r e s s i o n  t e c h n i q u e  w a s  u s e d .  The 

r e s u l t s  of t h e  t i s s u e  breakdown r e s p o n s e s  r e v e a l  t h a t  t h e  RADWK 

v a r  i abl es h a v e  i n s i  g n i  f  i c a n t  i nf  1 u e n c e  beyond t h e  i nf 1 u e n c e  

e v i d e n t  f r o m  t h e  DRUG g r o u p .  The RADWK v a r i a b l e  w a s  t h e r e f o r e  
b 

el i m i  n a t e d  f r o m  t ,he model , t h e  rernai n i  ng model b e i n g  e q u i  v a l  e n t  t o  

a one-way ANOVA. 

Based on  t h e  r e d u c e d  model , t h e  mean d i f f e r e n c e s  bet.ween t h e  

t w o  t r e a t m e n t  g r o u p s  s e e m  t o  b e  h i g h l y  s i g n i f i c a n t  f o r  t h e  

f  01 1 o w i  ng v a r  i a b l  e s :  a r e a  of react i  o n ,  maxi mum s i z e  of u l c e r a t i o n ,  

t o t a l  area of  ulcers-tion, a r e a  of r e a c t i o n  * s e v e r i t y  o f  

i nf 1 ammati o n ,  a n d  area o f  r e a c t i o n  * s e v e r i t y  o f  i n f  1 a m m a t i  o n  p e r  

s u r f a c e  i n v o l v e d ,  w i t h  t h e  p - v a l u e s :  0.017, 0.017, 0 . 0 0 9 ,  0 . 0 3 0 ,  



0.018 r e s p e c t i v e l y .  While t h e  v a r i a b l e s :  s e v e r i t y  of inflammation,  

t o t a l  inflammation s u r f a c e ,  and s e v e r i t y  of inflammation per 

s u r f a c e  i nvo lved ,  were no t  s i g n i f i c a n t  wi th  t h e  p-values: 0.06, 

0.165, 0 .600  r e s p e c t i v e l y .  

The measurements of tissue breakdown C T B D > ;  

the negative value of p indicates that the Bzd group 

tends to reduce TBD relative to the placebo group. 

VARI ABLE NAME E S T 1  MATED SEC pi 3  P-VALUE 95 % C. I 

OF TBD VALUE C(33 OF CJ33 

Area of r e a c t i o n  -17. 72 8. 24 0 .017  C-34,-1.603 

S e v e r i t y  of inflammation 

Total  inflammation 

s u r f  ace i nvol ved 

Maximum s i z e  of 

ul c e r  a t  i on 

Total  a r e a  of u l c e r a t i o n  

Area of r e a c t i o n  * 

s e v e r i t y  of inflammation 

Sever i t y  of i nf 1 ammati on 

per s u r f  a c e  i nvol ved 

Area of r e a c t i o n  * 

seve r  i t y  of i nf 1 ammati on 

per s u r f  a c e  i nvol ved 



S i n c e  t h e  DRUG g r o u p  w a s  a n  i n d i c a t o r  v a r i a b l e ,  i t  was 

def  1 ned  as. 1 f o r  t h e  Pzd and 0 for t h e  p l a c e b o  group.  Thus, a h i g h  

n e g a t i v e  v a l u e  of  t h e  t - s t a t i s t i c s  i n d i c a t e d  t h a t  t h e  Bzd g roup  

t ended  t o  r e d u c e  t h e  t i s s u e  breakdown r e l a t i v e  t o  t h e  p l a c e b o  

g roup ,  and t h e  p o s i t i v e  v a l u e  of t h e  t - s ta t i s t ics  i n d i c a t e d  t h e  

r e v e r s e .  See the above t a b l e  f o r  t h e  e s t i m a t e d  v a l u e s  and t h e  

r  el e v a n t  SE-val ues .  

i i i l  O b j e c t i v e  3: One-way ANOVA Model 

Here,  t h e  o b j e c t i v e  was t o  d e t e r m i n e  t h e  e f f e c t s  o f  r a d i a t i o n  

t y p e  o n  t h e  t w o  c o n d i t i o n s  of  s a l i v a  l e v e l s :  w h i l e  a t  rest and 

d u r i n g  s t i m u l a t i o n .  To d o  S O ,  t h e  t h r e e  t y p e s  o f  r a d i a t i o n  were  

t e s t e d  f o r  a  s i g n i f i c a n t  mean d i f f e r e n c e  a t  e a c h  c o n d i t i o n  of  

s a l i v a  l e v e l s .  The r e s u l t s  o f  t h e s e  a n a l y s e s  w e r e  t e s t e d  b y  a n  

F - t e s t  , which i ndi c a t e d  t h a t  t h e  n u l l  - h y p o t h e s i s  c o n c e r n i n g  t h e  

e q u a l i t y  of  t h e  means w a s  r e j e c t e d  w i t h  t h e  p-values  0.05 and 

0.0004 r e s p e c t i v e l y .  Tha t  i s ,  t h e  t h r e e  t y p e s  of  r a d i a t i o n  had a  

s i g n i f i c a n t  mean d i f f e r e n c e  on t h e  t w o  s a l i v a  l e v e l s .  The r e s u l t s  

of t h e s e  a n a l y s e s  a r e  d i s p l a y e d  i n  t h e  f o l l o w i n g  t a b l e :  



The measuren~en t s of sa l i v a  l eve l s 

VARI ABLE NAME F-VALUE P-VALUE 

sa l  i va 1  e v e l  whi 1 e 

r e s t i n g  

sal  i va l e v e l  drir i n3 

st i m u 1  a ti u11 

i v:) Ob J ec t. i v e  4 : Mu1 t i p1 e kegr essi on Model 

I n  Lile pre l im1  n a r y  a n a l  y s l s ,  w e  f i t t e d  t h e  r e g r e s s i o n  model 

w i t h 3 u t  t h e  i n t e r a c t i o n  t e rm;  i t  i n d i c a t e d  t h a t  t h e  s a l i v a  

c o e f f i c i e n t  was n o t  s i g n i f i c a n t 1  y  d i f f e r e n t  f rom z e r o .  L a t e r ,  w e  
b 

i n t r o d u c e d  t h e  i n t e r a c t i o n  t e rm as: shown i n  t h e  above e q u a t i o n  

v. 4 ,  i n  S c L i o n  I1 which r e a s o n a b l y  f i t t e d  t h e  d a t a  w e l l .  

The o b j e c t i v e  was t o  d e t e r m i n e  whether i n c r e a s e d  amounts of  

s a l i v a  p r e v e n t  t h e  breakdown of h e a l t h y  t i s s u e  i n  t h e  two g roups .  

A n e g a t i v e  v a l u e  of t h e  SALIVA c o e f f i c i e n t  fji? w i t h  h i g h  

t - s t a t i s t i c s  was e v i d e n c e  t h a t  t h e  v a r i a b l e  of SALIVA he lped  t o  

p r e d i c t  t h e  r e d u c t i o n  of t h e  t i s s u e  breakdown v a r i a b l e s  f o r  t h e  

p l a c e b o  g r o u p ,  w h i l e  a  p o s i t i v e  v a l u e  of (3 i n d i c a t e d  t.he r e v e r s e .  
2 



Similarly t h e  sum o f  t h e  c o e f f i c i e n t s  (3 a n d  Pa w i t h  h i g h  n e g a t i v e  
2 

t - s t a t i s t i c s  w a s  a l so  e v i d e n c e  for t h e  Bzd group. Based on t h i s  

model w e  might  d raw t h e  f o l l o w i n g  c o n c l u s i o n :  t h e  S A L I V A  v a r i a b l e  

d u r i n g  stimulation was n o t  s i g n i f i c a n t  t o  p r e d i c t  t h e  t i s s u e  

breakdown v a r i a b l e s .  But  t h e r e  i s  a t e n d e n c y  t h a t  an i n c r e a s e d  

amount of s a l i v a  w h i l e  a t  rest d i d  r e d u c e  t h e  t i s s u e  breakdown f o r  

t h e  p l a c e b o  g r o u p .  T h i s  c o u l d  b e  s e e n  in t a b l e  be low,  t h a t  a 

s i g n i f i c a n t  n e g a t i v e  c o e f f i c i e n t  o f  
pz 

. F u r t h e r m o r e ,  t h e  

s i g n i f i c a n t  n e g a t i v e  v a l u e  of  sum o f  p2and  p a ,  i n d i c a t e s  t h e  

r e d u c t i o n  t i s s u e  breakdown f o r  a n  i n c r e a s e d  amount o f  t h e  s a l i v a  

w h i l e  a t  r e s t  f o r  t h e  Bzd g r o u p .  

However, h a v i  ng  a si g n i  f  i c a n t  n e g a t i v e  c o e f f i c i e n t  o f  sa l  i va 

w h i l e  a t  rest Cfor p l a c e b o  group]  w e r e  t h e  v a r i a b l e s :  t h e  a r e a  of 

r e a c t i o n ,  t o t a l  area o f  u l c e r a t i o n ,  a r e a  o f  r e a c t i o n  * s e v e r i t y  o f  

r e a c t i o n ,  a n d  area o f  r eacti on  * s e v e r i t y  o f  i nf 1 a m m a t i  o n  p e r  
b 

s u r f  ace i n v o l v e d ,  w i t h  p-val ue :  0 . 0 0 1 ,  0 . 0 0 8 ,  0 . 0 0 3 ,  0 . 0 0 1  

r e s p e c t i v e l y .  The r e g r e s s i o n  r e s u l t s  o f  e s t i m a t e d  v a l u e s ,  a l o n g  

w i t h  t h e  S E  v a l u e s  a re  d i s p l a y e d  i n  t h e  f o l l o w i n g  t a b l e :  



The association of TBD with SALIVA variable. 

VARI ABLE NAME ESTIMATED VALUES OF 

OF TBD 

Area  o f  r e a c t i o n  -6.15k1.98 7. 55k2. 93 

S e v e r i t y  o f  i n f l a m m a t i o n  -0.42t0.31 0.98kO. 46 

T o t a l  i nf 1 a m m a t i  on  

s u r f  ace i nvol  ved  -0.03+0.13 0.25+0.19 

Maximum s i z e  o f  

ul c e r a t i o n  -0.22fO. 25 0.3920.37 

T o t a l  a r e a  o f  u l c e r a t i o n  -1.58k0.63 2.3720.93 

Area of r e a c t i o n  * 

s e v e r i t y  o f  i n f l a m m a t i o n  -117.56240.3 142.54259.7 

S e v e r i t y  o f  i n f l a m m a t i o n  

p e r  s u r  f a c e  i nvo l  ved -0.07+0.11 0.15+0.16 

Area o f  r e a c t i o n  * 

s e v e r  i t y  o f  i nf  1 a m m a t i  on  

p e r  s u r f  ace i nvol  ved - 17.63k5.62 21 -22k8.32 



43 S c i e n t i f i c  CvncPus ions  

The  major o b j e c t i v e  of Dr. E p s t e i n ' s  s t u d y  w a s  t o  d e t e r m i n e  t h e  

e f f i c a c y  o f  t h e  d r u g  Renzydamine CBzd3 o n  p e r c e i v e d  p a i n  

r e d u c t i o n ,  and  t h e r e b y  de t e rmi  n e  t h e  e f f e c t i v e n e s s  of t h e  d r u g  i n  

t h e  management of t h e  mucosi ti s among p a t i  e n t s  u n d e r g o i n g  

r a d i a t i o n  t h e r a p y .  The s e c o n d a r y  o b j e c t i v e  r e l a t e d  t o  t h e  d r u g ' s  

p o t e n t i a l  u s e f u l n e s s  i n  t h e  t r e a t m e n t  o f  o t h e r  c a u s e s  of  oral 

t i s s u e  breakdown C i e .  chemothe rapy ,  t r a u m a ,  i n f e c t i o n ,  e t c .  3 . 

D r .  E p s t e i n ' s  p a t i e n t s  f r e q u e n t l y  r e p o r t e d  p a i n  a s  t h e  f i r s t  

symptom a l e r t i n g  them t o  t h e  need  f o r  p r o f e s s i o n a l  care. Al though 

t h e  r e s u l t s  of t h e s e  a n a l y s e s  i n d i c a t e d  t h a t  t h e  p a t i e n t s  who 

r i n s e d  w i t h  bzd t e n d e d  t o  h a v e  less b u r n i n g  at. r e s t ,  b u r n i n g  w i t h  

e a t i n g ,  p a i n  a t  r e s t ,  p a i n  w i t h  e a t i n g ,  b u r n i n g  wkth d r u g ,  taste 

of d r u g  a n d  o v e r a l l  p a i n  t h a n  p a t i e n t s  u s i n g  t h e  p l a c e b o ,  

n e v e r t h e l e s s  s t a t i s t i c a l l y  t h e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  

I n  o t h e r  words ,  t h e  t w o  g r o u p s  o f  p a t i e n t s  C t h o s e  r e c e i v i n g  Bzd 

and  t h o s e  recei v i  ng t h e  p l a c e b o  r i n s e ]  e x h i  bi t e d  n o  s i g n i f i c a n t  

d i f f e r e n c e s  i n  their p e r c e p t i o n s  of p a i n .  S i n c e  a l l  p a t i e n t s  

r e p o r t e d  i n c r e a s e d  p a i n  d u r i n g  t h e  s t u d y ,  a l l  r e q u i r e d  symptom 

management. Dr. E p s t e i n  r e p o r t e d  t h a t  t h e  p l a c e b o  g r o u p  began  

s y s t e m i c  m e d i c a t i o n s  e a r l i e r  i n  t h e  c o u r s e  of r a d i a t i o n  t h e r a p y  

t h a n  d i d  t h e  Bzd g r o u p .  Whi le  t h e r e  w e r e  n o  s i g n i f i c a n t  



d i f f e r e n c e s  i n  t h e  u s e  o f  systemic a n a l g e s i c s ,  a t r e n d  t o  l e s s e n  

t h e  u s e  of n a r c o t i c  a n a l g e s i c s  was i n d i c a t e d  i n  t h e  Bzd g r o u p .  

C S e e  S e c t i o n  I V ,  i i i  f o r  d e t a i l s . >  

I n  t - h i s  s t u d y ,  Bzd w a s  s t u d i e d  as  a p r o p h y l a c t i c  r i n s e .  

Begi nn i  ng when r a d i  a t i  on w a s  i n i  ti a t e d ,  a  s t a t i  s k i  ca l l  y  

s i g n i f i c a n t  rczducti on  i n  mucosi tis was d e m o n s t r a t e d .  T h a t  is, Bzd 

t e n d e d  t o  be s u p e r i o r  t o  a p l a c e b o  r i n s e  i n  r e d u c i n g  m u c o s i t i s  

d u r i n g  t h e  r a d i a t i o n  t h e r a p y .  Dr. E p s t e i n  p o i n t e d  o u t  t h a t  

a s s e s s m e n t  o f  mucosi t is  is a f f e c t e d  b y  t h e  f a c t  t h a t  i n  r a d i a t i o n  

t h e r a p y ,  t h e  f i e l d  s i z e  is d i r e c t l y  r e l a t e d  t o  t h e  area of 

r e a c t i o n .  T h i s  l i m i t e d  t h e  u s e  of t h e  to ta l  area o f  r e a c t i o n  as a  

f a c t o r  i n  t h e  a s s e s s m e n t  o f  m u c o s i t i s .  The m o s t  u s e f u l  fac tors  

w e r e  t h e  maximum s i z e  o f  u l c e r a t i o n  a n d  t h e  to ta l  a r e a  o f  

u l c e r a t i o n .  The f i n d i n g s  of  c l i n i c a l  e v i d e n c e  o f  r e d u c t i o n  i n  

i n f l a m m a t i o n  a n d  u l c e r a t i o n  o f  oral mucosa s u g g e s t  t h a t  Bzd c a n  be 
b 

u s e d  as  a n  oral r i n s e  t o  p r e v e n t  m u c o s i t i s .  I n  o t h e r  c a u s e s  o f  

mucosi ti s ,  f o r  example ,  chemothe rapy ,  t h e  t o t a l  area of  r e a c t i o n  

may be of g r e a t e r  i m p o r t a n c e  a s  a measu re  o f  t h e  s e v e r i t y  of 

t i s s u e  damage. The s e v e r i t y  o f  t i s s u e  breakdown w a s  g r a d e d  b y  t h e  

s i z e  of  t h e  a r e a  oi' i n v o l v e m e n t ,  maximum s i z e  o f  u l c e r a t i o n ,  a n d  

to ta l  a r e a  o f  u l c e r a t i o n  f o r  e a c h  s u r f a c e  o f  t h e  oral c a v i t y  

i n v o l v e d .  Each o f  t h e s e  v a r i a b l e s  w a s  a s s e s s e d  s e p a r a t e 1  y.  I n  

o r d e r  t o  assess t h e  s e v e r i t y  o f  r e a c t i o n  a n d  t o  w e i g h t  t h e  d e g r e e  

of i n f l a m m a t i o n  as a n  i m p o r t a n t  v a r i a b l e ,  t h e  i n f l a m m a t i o n  score 



was mu1 t i p l i e d  w i t h  t h e  o t h e r  v a r i a b l e s  t o  p r o v i d e  a combined 

s c o r e  f o r  m u c o s i t i s  t h a t  w a s  m o r e  r e p r e s e n t a t i v e  of t h e  s e v e r i t y  

of t..i ssue r e a c t . i  on .  

Moreover ,  e a c h  p a t i e n t .  w a s  g i v e n  o n e  o f  t h e  t h r e e  t y p e s  of 

radi a t i o n :  h i g h  d o s e  b i l a t e r a l  , h i g h  d o s e  u n i l a t e r a l ,  or l o w  d o s e .  

The am0unt.s o f  s a l i v a  l e v e l  a t  t w o  c o n d i t i o n s  < w h i l e  a t  rest a n d  

d u r i n g  ct  i m u l a t i  on3 w e r e  measured .  The  s t a t i s t i c a l  r e s u l t s  of 

t h e s e  a n a l y s e s  r e v e a l  t h a t  t h e  t h r e e  t y p e s  o f  r a d i a t i o n  h a v e  a 

si g n i  f i  can t .  mean d i f f e r e n c e  i n  t h e i r  e f f e c t s  o n  s a l i v a t i o n ,  

whether  or n o t  t h e  measurement  o f  sal iva w a s  t a k e n  unde r  

s t i m u l a t i o n .  I n  p a r t i c u l a r ,  p a t i e n t s  who r e c e i v e d  a h i g h  d o s e  

b i l a t e r a l  seemed t o  p r o d u c e  m o r e  s a l i v a  t h a n  t h o s e  who had  o n l y  

h i g h  d o s e  u n i l a t e r a l  or l o w  d o s e .  

F i n a l l y ,  t h e  p a t i e n t s  i n  t h e  t w o  g r o u p s  who had  l a r g e  amounts  
b 

of s a l i v a  a t  r es t  t e n d e d  t o  h a v e  less t i s s u e  breakdown. I n  

p a r t . i  c u l a r  , a n  i n c r e a s e  i n  t h e  amount o f  s a l i v a  t e n d e d  t o  r e d u c e  

t h e  a r e a  o f  r e a c t i o n ,  t o t a l  area o f  u l c e r a t i o n ,  area of r e a c t i o n  * 

s e v e r i t y  o f  i n f l a m m a t i o n ,  a n d  t h e  area o f  r e a c t i o n  * s e v e r i t y  of 

i nf 1 a m m a t i  on  p e r  s u r f  ace i nvol  ved .  



v. DISCUSSION 

The purpose  of  t h i s  s e c t i o n  is t o  p r o v i d e  f u r t h e r  d e t a i l s  

c o n c e r n i n g  i s s u e s  t h a t  may bea r  on t h e  a p p r o p r i a t e n e s s  of t h e  

a n a l y t i c a l  methods and t h e  c o n d i t i o n s .  Major problems i n  t h e  

exper iment  a s  w e l l  a s  t h e  t e c h n i c a l  problems i n  i ts  a n a l y s i s  a re  

e x p l a i n e d .  S p e c i f i c  a t t e n t i o n  w i l l  b e  p a i d  t o  m i s s i n g  v a l u e s .  

F o r t y - t h r e e  p a t i e n t s  comple ted  D r .  E p s t e i n ' s  c l i n i c a l  s t u d y .  

Compliance was a  g r e a t e r  problem i n  t h e  p l a c e b o  group:  s i x  

p a t i e n t s  dropped o u t  of t h e  s t u d y .  One p o s s i b l e  e x p l a n a t i o n  of 

t h i s  would b e  t h a t  t h e  l a c k  of  compl iance  was a  r e s u l t  of t h e  l a c k  

of t h e  t h e r a p e u t i c  e f f e c t  of t h e  p l a c e b o  r i n s e .  T h i s  would be i n  

a c c o r d  w i t h  t h e  f i n d i n g  on t h e  complying p a t i e n t s .  . 

' 

During t h e  c l i n i c a l  s t u d y ,  Dr. E p s t e i n  r e p o r t e d  t h a t  p a i n  and 

d i s c o m f o r t  o f t e n  reached  a  maximum s o m e  t i m e  d u r i n g  t h e  l a s t  one  

or t w o  w e e k s  of t h e r a p y ,  and d i d  n o t  c o n t i n u e  t o  i n c r e a s e  i n  

s e v e r i t y .  H e  s u g g e s t e d  t h a t  t h i s  may i n d i c a t e  t h a t  as t r e a t m e n t  

p r o g r e s s e d ,  t h e  p a t i e n t s  became m o r e  t o l e r a n t  of  t h e  p a i n  b e c a u s e  

t h e  maxi mum t i s s u e  r e a c t i o n  had a1 r e a d y  o c c u r r e d ,  and/or a1 t e r e d  

n e u r o l  o g i  c f u n c t i  o n i  ng deve loped  d u e  t o  t h e  d i  r e c t  e f f e c t s  of 

r a d i a t i o n  on t h e  n e r v e s .  T h i s  may e x p l a i n  why t h e  a p p a r e n t  



a d v a n t a g e s  f o r  p a i n  r e d u c t i o n  of t h e  Bzd o v e r  t h e  p l a c e b o  f a i l e d  

t o  be s t a t  i s t i c a l l  y s i g n i f i c a n t - .  

T e c h n i c a l  p rob lems  a r o s e  i n  a t t e m p t i n g  t o  o r g a n i z e  t h e  d a t a  

and  i n  f  i t , t i  ng t h e  a p p r o p r i a t e  models .  One problem w a s  t h a t  s o m e  o f  

t h e  c o n s e n t i  ng  p a t i  e n t s  m i  s s e d  a  number o f  r e g u l  a r  measurements  

for a  v a r i e t , y  of r e a s o n s ,  and  t h e s e  m i s s i n g  r e c o r d s  l e d  t o  unequa l  

i n f o r m a t i o n  f rom t h e  p a t i e n t s ,  c a u s i n g  p r o b l e m s  f o r  a n a l y s i s  . The 

number of  m i s s i n g  v a l u e s  o f  e a c h  measurement  of  p a i n ,  t i s s u e  

breakdown,  S A L I V A  i n  e a c h  w e e k  a re  d i s p l a y e d  i n  T a b l e  9. 

To overcome t h i s  d i f f i c u l t y  w e  s t u d i e d  t h e  b e h a v i o u r  o f  t h e  

d a t a  v i s l u a l l  y a n d  summarized t h i s  i n f o r m a t i o n  i n t o  t h r e e  c o l l a p s e d  

v a r i  a.t.1 es: maxi mum m i  n u s  i n i  ti a 1  v a l u e s ,  t r e a t m e n t  a v e r a g e  minus 

i n i t i a l  v a l u e s ,  and  o v e r  a l l  a v e r a g e  minus i n i t i a l  v a l u e s .  I n  t h e  

case of t h e  two c o n d i  L i o n s  o f  s a l i v a  w e  u s e d  minimum i n s t e a d  o f  
b 

maxi mum v a l u e s ,  and  f o r  t h e  v a r i a b l e s :  b u r n i n g  w i t h  d r u g ;  t a s t e  of 

d r u g ;  a n a l g e s i a  d r u g ;  a n d  to ta l  p a i n  of d r u g ,  w e  u s e d  t h e  maxi mum 

v a l  u e s  , t - h e  t r e a t m e n t  a v e r a g e  v a l  u e s  , a n d  t h e  o v e r  a1 1 aver a g e  

v a l u e s .  The s u b t r a c t i o n  o f  i n i t i a l  v a l u e  w a s  u sed  t o  e l i m i n a t e  

i n d i  v i  d u a l  d i  f f  e r e n c e s  p r i o r  t o  t h e  admi n i  s t r a t i  on o f  t h e  d r u g .  

These  coll  a p e d  v a r i  abl es measured  t h e  p r e s e n c e  o f  e x t r e m e  

c o n d i  t i o n s  C p a i n ,  s a l i v a ,  t i s s u e  breakdown>.  The c o n c l u s i o n s  were  

s i m i l a r  n o  m a t t e r  what r e s p o n s e  var iable  w a s  u sed .  W e  r e p o r t e d  

o n l y  o n  t h e  u s e  o f  maximum minus t h e  i n i t i a l  v a l u e s  o f  e a c h  



measurement  o f  t i s s u e  breakdown a n d  p a i n  Cexcep t  for t h e  

v a r i a b l e s :  b u r n i n g  w i t h  d r u g ;  t a s t e  of d r u g ;  a n a l g e s i a  d r u g ;  and  

to t a l  p a i n ,  where  t h e  maximum v a l u e s  w e r e  reported>, w h i l e  t h e  

mini m u m  m i  n u s  i n i t i a l  v a l u e s  w e r e  r e p o r t e d  i n  t h e  c a s e  of t h e  

s a l i v a  l e v e l s .  

I n  L ing  t h e  c r rmula t ive  l o g i t  model i n  t h e  BMDP3R program,  

o n e  of t h e  major  p rob lems  w a s  t o  p r o v i d e  t h e  i n i t i a l  v a l u e s  for 

t h e  r e q u i  r e d  p a r  a m p t e r  e s t , i  mat i  o n s .  H o w e v e r ,  by g u e s s i  ng at 

r e a s o n a b l e  i n i  t i  a1 v a l u e s ,  i t .  w a s  p o s s i b l e  t o  a c h i e v e  c o n v e r g e n c e  

a f t e r  a f e w  i t e r a t i o n s .  D r .  J .  A. Anderson  commented i n  

McCul l agh7s  p a p e r  C19803 t h a t  i n  f i t t i n g  t h e  c u m u l a t i v e  l o g i t  

m o d - 1 ,  o n e  s h o u l d  n o t i c e  t h a t > ,  as  t h e  number o f  p a r a m e t e r s  

i n c r e a s e s ,  t h e  chance of t h e  s p a r s e  d a t a  p rob lem o c c u r r i n g  a lso 

i n c r e a s e s .  T h i s  may e x p l a i n  why t h e  model w i t h  t e n  c a t e g o r i e s  

f a i l s  t o  c o n v e r g e .  b 



TABLE 1 The ei ght measurements of PA1 N C V1 TO V83 : 

1 . 1  The possible explanatory variable is DRUG group CGP> 

V1 to V4 were measured by maximum minus initial values 

V5 to V8 were measured by maximurn vaLue 

GP V1 V2 V 3  V4 V5 V6 V 7  V8 NOTATI ON 

GP= Drug CBzd / PLaceboJ 
V1= Burning at rest 
V2= Burning with eating 
V3= Pain at rest 
V4= Pain with eating 
V5= Burning wi th drug 
V6= Taste of drug 
V7= Analgesia drug 
V8= Total Pain of drug 



TABLE 1 The eight measurements of PA1 N 

f . 2  The aggregated four categories of PA1 N: 

1 . none 2. m i  n i  m a 1  3. m o d e r a t e  

GKOUF 



TABLE 2 T h e  eight measurements of Tissue Breakdown CAI to A83;  

The possible explanatory variables: 

Drug group C G P ) ,  Radiation weeks C R ) ,  TBD are sorted by R 

NOTATI ON 

GP=DRUG C Bzd / PLacebo) 
R=Radiation weeks 

A1 =Area of reac t ion 
AZ=Severity of inflammation 
A3=InfLammation surface 
A4=Max. Size of Ulcerat ion 
AS=Total Area of ulceration 
A6=A1 * A 2  
A7=A2 / A 3  
A8=A1 * A 2  / A 3  

TBD=Ti ssue B r e a k  down 
* =Missing vaLue 



TABLE 3 

The measurement of the amount of S A L I V A  CS1 & S2> & the type 

Of Radiation CGLANJ in Drug group CGPJ 

The negative entries of Sl t3 S2 indicate increased amounts of 

Saliva at rest CS13 and Saliva during 

GP S1 S2 GLAN 

EstimuLat ion CS23. 



TABLE 4  The Tissue Breakdown <A1 to A8>, the Saliva produced 

CS1 6 S23 and the Drug group CGP> 

TBD C A I  to A8> was measured B Y  maximum minus initiaL valus 8 

S A L I V A  <S1 & S2> were measured by minimum minus initialvalues 

Al to A8 and A1 6 S2 are ordered by C S l + S 2 >  

GP A1 A2 A3 A4 A5 A 6  A7 A8 S1 S2 NOTE 

7 6 3  0  1 4 2 2  14 -3-14 for  notation 
13 7 4  3  7  9 1 2  23 -5 -7 see table-2 
6 6 3  1 1  3 6 2  12 -7 -2 
6 4 4 1  1 2 4 1  6 - 2 - 6  
8 1 0 5  1 2  8 0 2  16 -4 -2 

40 16 8  2  20 640 2 80 -1 -5 
10 8 3  2  6 8 0 3  27 -3 -3 
3 2 1  1 1  6 2  6  -2 -3 

1 7 1 0 5  1 7  1 7 0 2  34 -1 -3 
25 7 4  1 9 1 7 5 2  44 -5 1 
20 6 3  8 1 4  1 2 0 2  40 -2 -2 
1 1 1 2 3  2 9 1 3 2 4  44 -2 -1 
3 5 1 2 6  5  8  4262  71 2  -5 
2 5 1 0 5  3  8  2502  50 -3 0  
8 5 4  1 2 4 0 1  10 -1 -1 

13 3 2  1 1  3 9 1  19 -4 2  
22 6 3  9 1 4  1 3 2 2  44 -2 0  
5 9 1  2  8 4 5 9  45 -1 -1 

1 9 1 1  5 3 1 2  2092  42 2  -1 
2 2 1 0 5  1 1 0  2202  44 3  -1 
7  4 3  1 1 2 8 1  9 * * 
* * *  * * * *  * * * 
* * *  * * * *  * * * 

25 6 3  2 8  1 5 3 2  51 * * 
* * *  * * * *  * * * 



TABLE 5 

The number of weeks of radiation therapy 

for the t w o  groups: 

B z d  and Placebo group 

* Column head ing  r e f e r  t o  spp rox ima te  d u r a t i o n  o f  

r a d i a t i o n  therapy.  



TABLE-6 

6 . 1 .  Summary data for Bzd G Placebo groups: 

Time collapse Study variables 

NOTATION I 
GP=DRUG 
V 1  =BURN1 NG 

AT REST 
V2=BURN W l  TH 

EATING 
V 3 = P A I  N AT 

REST 
V 4 = P A I  N WITH 

E A T 1  NG 
VS=BURN WITH 

DRUG 
V 6 = T A S T E  O F  

DRUG 
V7=ANALGESI  A 

DRUG 
V8=TOTAL 

DRUG P A I N  
A1 =AREA O F  

REACT1 O N  
A2=SEVERZ T Y  

O F  I N F L  M e  
A3=I  NFLNN 

DURFACE 
A4=MAXI MUM 

S I Z E  OF 
ULCERATION 

A5=TOTAL 
AREA OF 

ULCERATION 
S1 = S A L I V A  AT 

R E S T  
S 2 = S A L I V A  

DUKI NG 
ST1 MULATI ON 
w = M I S S I N G  

VAULE 
TBD=TI  S S U E  



TABLE 6 

6 . 2  Summcrry data for Bzd 6 PLacebo group: 

Background Variables 

G P A E C D E F G  H I J  K L M N  NOTATI ON 

GP=DRUG group 
A=Age 
B = S e x  
C=Di agnosi s 
D=Tumor stage 
E=Tumor s i z e  
F=Tumor L o c a t i o n  
G = D o s e  
H=Radi  a t i  on w e e k  
I =TDF 
J = L a s t  w e e k  asses 
K = N o n - n a r c o t i  c 
L=Nar coti c 
M = X y l  ocoti c 
N = M u c o s a l  i n f e c t  
*=Missing val ue 



TABLE 7 The mean and S E  of each measurements of : 

P A I N ,  S A L I V A  6 Tissue B r e a k d o w n  C T B D J ,  variabLes 

G R O U P  

V A R I  ABLE NAME Bzd P l  a c e b o  

F A 1  14 Mean t S E  Mean 2 S E  

Burn ing  a t  rest 3.60 + 0.66 4.353 2 0 . 6 7  

Brrr- n l  ng w i  ? h eat. i ng 4 . 2 Q  + 0.63 4.83 2 0.85 

P a i n  at r e s t  2.40 t 0 . m  3. Y4 + 0 . 7 9  

P a i n  w i t h  e a t i n g  A 
3. 4 4  + 0.65 4.94 t 0 . 7 5  

Burn w i t h  d r u g  3.52 2 0.65 4 . 1 7  ? 0 . 8 P  

T a s t e  of d r u g  

Anal g e s i  a  d r  ug 

Over -a1 1  d r u g  p a i n  3 . 1 6  t- 0 . 4 5  3.44 + 0.56 

VART ABLE NAME 

S A L I  VA 

G R O I J P  

B z d  P l  a c e b o  

Mean + - S E  Mean + - S E  

S a l i v a  l e v e l  w h i l e  

r e s t i n g  

S a l i v a  l e v e l  d u r i n g  

sti mu1 a t i  on  



VARI ABI .E NAME 

TBD 

G R O U P  

B z d  P1 acebo 

Mean + - SE Mean + SE - 

Area  of r eact..i o n  

S e v e r i  t,y o f  i n f l a m m a t i o n  

T o t a l  i nf 1 ammation 

s u r f  ace i n v o l v e d  

Maximum s i z e  o f  

u l  c e r  ati on  

T o t a l  a r e a  o f  u l c e r a t i o n  

Area of r e a c t i o n  x 

sever i t y  o f  i nf  1 ammati on  

Seve r  i t y o f  i nf 1 ammat i on  

per- s u r f a c e  i n v o l v e d  

Area o f  r e a c L i o n  x 

s e v e r i t y  of i n f l a m m a t i o n  

pe r  s u r f  a c e  i nvol  ved 



TABLE 8.1 

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS 

BURN AT REST 

TI MEC weeks3 

G P O 1  2 3 4 5  

BURN WITH EAT1 NG 

TI ME< week s 3 

G P O 1  2  3 4 5  

1 5 5  5  5 * *  
1 0 0  0  5 0 7  
1 0 0  * * * *  
1 0 0  0  0 * *  
1 0 0  6 O w *  
1 0 2  * * * *  
1 0 0  4  5 5 *  
1 7 7  8 * * *  
1 3 0  0  0 0 0  
1 0 0  3  0 0 *  
1 0 5  8  * * *  
1 0 0  3  6 6 4  
1 3 3  4 5 * *  
1 2 6  810** 
1 0 0  0  * * *  
1 0 0  0  o * *  
1 2  2  2 2 4  
1 2 0  7 * * *  
1 0 0  0  * * *  
1 1 1  3  1 1 %  
1 2  2  4 * *  
1 2 4  810** 
10010 * * *  
1 2 0  3 I * *  

2 1 1  5 3 * *  
2 0 0  3 4 * *  
2 2 2  0  7 * *  
2 0 0  0  4 4 *  
2 0 0  0  2 0 2  
2 2 0  3  0 0 0  
2 4 4  6 8 * *  
2 0 0  4  6 8 0  
2 0 0  7  o * *  
2 0 0  2  5 * *  
2 3 3  3 8 * *  
2 0 0  5  Q * *  
2 0 0  1 * * *  
2 4 4  3 * * *  
2 2 2  2  4 6 6  
2 0 0  5 Q * *  
2 0 7  3 I * *  
2 3 3  1 0 0 *  



TABLE 8.2 

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS 

P A I N  AT REST 

TI MEC weeks3 

GPO1 2 3 4 5  

1 0 0  3 7 7 4  
1 0 0  3 3 * *  
1 0 0  0 4 0 6  
1 0 0  * * * *  
1 0 0  O O * *  
1 0 0  6 0 * *  
1 0 0  * * * *  
1 0 0  1 5 5 *  
1 7 6  7 * * *  
1 0 0  0 0 0 0  
1 0 0  o o o *  
1 0 0  5 * * *  
1 0 0  0 0 3 0  
1 4 4  4 5 * *  
1 4 4  4 4 * *  
1 0 0  O * * *  
1 0 0  O O * *  
1 0 0  0 0 0 0  
1 5 0  6 * * *  
1 0 0  O X * *  
1 0 0  0 0 0 %  
1 0 0  O O * *  
1 2 4  5 7 * *  
1 0 0 1 0 * * *  
1 0 0  O O * *  

2 0 1  5 2 * *  
2 0 0  3 4 * *  
2 2 2  2 5 * *  
2 0 0  0 8 5 *  
2 0 0  0 2 0 2  
2 0 0  0 0 0 0  
2 0 0  7 7 * *  
2 0 0  2 4 8 0  
2 0 0  o o * *  
2 0 0  o o * *  
2 2 2  6 8 * *  
2 0 0  0 8 * *  
2 0 0  O * * *  
2 0 0  o w * *  
2 0 0  0 0 5 5  
2 0 0  0 8 * *  
2 0 7  2 1 * *  
2 0 0  O O O *  

PAI  N WITH EATING 

TI MEC weeks3 

G P O 1  2 3 4 5  



TABLE 8.3 

T H E  MEASUREMENT OF P A I N  FOR THE TWO GROUPS 

BURN W I T H  DRUG 

TI MEC week s3 

G P O 1  2  3 4 5  

1 * 0  0 0 0 4  
1 * 0  0 O * *  
1  2 9 9 9  
1 x 5  * * * *  
1 * 0  2 2 * *  
1 * 0  0 O x *  
1 * 0  * * * *  
1 x 0  2 2 1 *  
1  2 * * *  
1  0 2 0 0  
1 1  1 1 *  
1 * 5  5 * * *  
1 x 0  3  3 3 1  
1  1  5 * *  
1 * 6 1 0  6 * *  
1 * 0  0 * * *  
1 * 2  2 2 * *  
1 * 1  1  2 2 2  
1 * 0  0 * * *  
1 * 1  0 * * *  
1 2  5 5 *  
1 * 0  0 5 * *  
1  * 2 1 0 1 0 * *  
1 * 2 1 0  * * *  
1 * 2  2 o * *  
2 * 0  0 o * *  
2 0  1 5 * *  
2 2 5 * *  
2 x 0  2 3 3 *  
2 * 0  0 2 0 2  
2 * 0  1  1 1 1  
2 x 5  6 7 * *  
2 1  1 2 0  
2 x 0  0 o w *  
2 7 1 0 * *  
2 * 0  7 1 0 * *  
2 * 0  5 1 0 * *  
2 x 0  0 * * *  
2 * 2  2 * * *  
2 * 0  0 5 0 0  
2 5 1 0 * *  
2 * 2  2 2 * *  
2 0 1 1 *  

TASTE OF DRUG 

TI MEC week s> 

G P O 1  2 3 4 5  



THE MEASUREMENT OF PAIN FOR THE TWO GROUPS 

ANALGESIA DRUG 

TI MEC weeks > 
G P O 1  2 3 4 5  

TOTAL DRUG P A I N  

TI MEC w e e k  s > 
G P O 1  2 3 4 5  



TABLE 9.1 

?HE MEASUREMENT OF TBD FOR T H E  TWO GROUPS 

AREA OF REACT1 O N  

T I M E  C w e e k s D  

G P O  1 2  3  4  5 

1  0  5 30 31 36 27 
1 4  2 3 0  * * * 
1  25 25 17 19 23 30 
l o * * * * *  
1 0  1 1 Q * * *  
1 1 1 1 2 1  8  * * 
1 0 1 3  * * * * 
1 0 O 2 5 8 *  
1 0  2 1 1  * * * 
1 0 0 * 3 * *  
1  1  E 14 17 18 * 
1 0  4 1 0  * * * 
1 0 0 6 8 6 *  
1  0  2 1 2 4 0  * * 
1  0  0 1 8 2 5  * * 
1 0 3 6 * * *  
1 0 0 6 5 * *  
1 1 6 7 6 7 7  
l O * 7 * * *  
1  * * I 1  * * * 
1  0  1  17 20 22 * 
1 0 * * * * *  
1  0  2 1 3 1 1  * * 
1 0 1 1 2 5  * * * 
1  0  10 22 15 * * 

SEVER1 T Y  OF 1 NFLAMMATION 

G P O  1 2  3  4  5  

1  0  2 10 12 12 * 
1 2 1 * * * *  
1  3 3 12 12 12 * 
l o * * * * *  
1 0 1 * * * *  
3 * * *  
1 0 3 * * * *  
1 0  0  5 1 0  * * 
1 0 1 * * * *  
l o o * * *  
1 1  6 1 1 1 0  * * 
1 0 3 * * * *  
1 0 0 5 2 * *  
1 0  3 1 6  * * * 
1 0  0 1 0  * * * 
l O l * * * *  
1 0 0 6 * * *  
1 1 2 4 5 5 7  
l o * * * * *  
1 * 0 * * * *  
1 0  1 9 1 0  * * 
1 0  * * * ' *  * 
1 0 1 7 * * *  
1 0 5 * * * *  
1 0 6 3 * * *  

2 2  5 1 0  * * * 
2 1  3 2 1  * * * 
2 0 2 2 * * *  
2 0 2 8 8 * *  
2 0  1 1 0  * Q  * 
2 0 0 7 6 6 *  
2 0 2 6 * * *  
2 0  4 5 1 0  * * 
2 0 9 * * * *  
2 0  0 1 1  * * * 
2 0  1 1 7  * * * 
2 0  0 1 5  * * * 
2 0 0 * * * *  
8 * * *  
2 0  0  9 1 5 1 4  * 
* * * *  
0 4 * *  
2 1 3 7 Q * *  



TABLE 9.2 

THE MEASUREMENT OF TBD FOR THE TWO GROUPS 

TOT. INFLAMMATION SURFACE 

TI  ME C w e e k s 3  

G P O 1  2 3 4 5  

MAX. SIZE OF ULCERATION 

TIME C w e e k s 3  

G P O  1 2  3  4  5  

1 0 0 4 4 5 *  
1 0 1 * * * *  
1 0 0 2 2 1 *  
l o * * * * *  
l o o * * * *  
1 0 8 6 * * *  
1 0 1 * * * *  
1 0 0 1 1 * *  
l o o * * * *  
1 0 0 1 * * *  
1 0 0 1 1 * *  
l o o * * * *  
1 0 0 1 1 * *  
1 0 0 2 * * *  
1 0 0 3 * * *  
l o o * * * *  
1 0 0 0 * * *  
1 0 0 0 0 0 0  
l o * * * * *  
l * O * * * *  
1 0 0 1 1 * *  
l o * * * * *  
1 0 0 3 * * *  
l o o * * * *  
1 0 2 Q * * *  



TABLE 9.3 

THE MEASUREMENT OF TBD FOR THE TWO GROUPS 

TOTAL AREA OF ULCERATION 

TIME C w e e k s 3  



TABLE 10 

THE MEASUREMENT OF SALIVA FOR THE TWO GROUPS 

S L I V A  AT REST 

T I  MEC week s> 

GP 0 1 2 3  4 5  

SALIVA W R I N G  STIMULATION 

TI MEC week s3 

G P O 1 2 3 4 5  



TABLE 11 

11.1 The number of missing values for  the measurements 

of P A I N  i n  the t w o  groups 

T h e  measurements of P A I N :  

Burn u t  r e s t , B t ~ r n  u l i t h  ea tLng,F 'u tn  at rest.6 Pain with eating 

- 

Gr  or.rp 

E z d  

P l  acebo 

G r  cmp 

B z d  

P l  acebo 

Group 0 1 2 3 4 5 

0 1 2 3 4 5 

0 0 2 8 1 7  20 

0 0 0 2 1 2  14 

0 I 2 3 4 5 

0 0 2 8 1 7  20 

0 0 0 2 1 2  1 4  

I 

N 

25 

18 

N 

25 

1 8  

N 

25 

1 8  

G r  clup 

Bzd 

Pl acebo 

0 1 2 3 4 5 

0 0 2 8 1 7  20 

0 0 0 2 1 2  1 4  



1 1 . 2  The number of missing values for t h e  measurements 

of PAIN i n  the t w o  groups 

The meusvremen t s of FA1 N: 

Burn with drus, Taste of drus,  Analgesia drug, & TotaL p i n  

TIME Cweeksl 

G r o u p  

P1 acebo t 
Gr L> u  p 

Fzd 

Placebo 

0 1 2 3 4 5 

- 0 2 8 1 7  20 

- 0 0 2 1 2  1 4  

N 

25 

1 8  

N 

25 

1 8  

. 
G r o u p  

B z d  

P l  acebo 

0 1  2 3 4 5 

- 0 2 8 1 7  20 

- 0 0 3 12 14  

N 

25 

1 8  

Group 

Bzd 

Pl acebo 

0 1 2 3 4 5 

- 0 2 8 1 7  20 

- 0 0 2 1 2  1 4  



11. 3 T h e  number of m i s s i n g  values for the m e a s u r e m e n t s  

of T i s s u e  B r e a k d o w n  CTBDI i n  the t w o  groups 

The masuremen t s of TBD: 

Area of reaction, Severity of inf lanunution, Total- 

injlammntion surface, Maximum size of ulceration 

TTME C w e e k s l  

G r o u p  

B z d  

Placebo 

G r o u p  

B z d  

P l  acebo 

, 

0 1  2 3 4 5 

1  4 4 11 1 8  22 

0 0 1 4 1 3  1 5  

N 

25 

1 8  

0 1  2 3 4 5 

1 3 11 1 8  22 24 

0 0 4 1 3  1 5  18. 

N 

2.5 

1 8  

G r o u p  

B z d  

Placebo 

N 

25 

1 8  

0 1  2 3 4 5 

1 3 1 1  1 8  22 24 

0 0 4 1 3  1 5  1 8  

N 

25 

1 8  

G r o u p  

Bzd 

Pl acebo 

0 1  2 3 4 5 

1  3 1 1  1 8  22 24 

0 0 4 1 3  1 5  1 8  



11.4 The number of missing values f o r  the  measurements 

of' Tissue Breakdown CTBD) i n  the  two groups 

The measurements of TBD: 

Total area of ulceration 

TIME C w e e k s l  

The number of missing values for  the  measurements of 

S A L I V A  i n  the  two groups 

The measurements of S A L I V A :  

Saliva while at rest, SaLiva during stimulation 

TIME C w e e k s l  

N 

25 

1 8  

G r o u p  

B z d  

P l  acebo 

> 

0 1 2 3 4 5 

1  3 11 1 8  22 24 

0 0 4 1 3  1 5  1  8 

N 

25 

1 8  

GI- oup 

Bzd 

Placebo 

0 1  2 3 4 5 

2 3 €3 11 1 8  22 

1  0 1  6 1 3  1 6  

N 

25 

Group 

Bzd 

Placebo 

0 1  2 3 4 5 

2 3 6 11 1 8  22 

w 

1  0 1 6 1 3  1 6  1 8  



FIGURES 

T h e  measurement of P a i n ;  

Fip I .  lCa3 The mans of the burn at  rest 

for the Bzd group 

- = SEm + 

= MEAN 

0 1 2 3 4 5 

Time (weeks> 

Fig I . I C b ?  The rresns of the burn a !  rest 

for the placebo group 

Time <weeks> 



The measurement of Pain; 

Fig 1.2Ca) T h e  means of the burn w i t h  eating 

for the Bzd group 

- = S E m  + 

0 1 2 3 4 5 

Time <weeks> 

Fig i.2Cb> The means of the burn with eating 

for the placebo group 

0 1 2 3 4 5 

Time <weeks> 



T h e  measurement of Pain: 

F i g  1.3Ca> The means of the Pain at rest 

for the B z d  group  

PA1 N 

- = S E m  + 

/ = MEAN 

- - - SEm - 

Fig i.SC03 Th.e means of the Fcin at rest 

for the ptacebo group 

0 1 2 3 4 5 

Time <weeks> 



T h e  measurement of Pain: 

Fig i.4CaJ The means of the Pain with eating 

for the Bzd group 

PA1 N - = S E ~  + 

Fig 1.4<bJ The means of the Pain with eating 

for the placebo group 

5 

4 

3 

2 

1 

0 

0 1 2 3 4 5 

Time C w e e k s >  

= M E A N  

- - - SErn - 

I I 
J 



The measurement of Pain:  

Fig 1.5CaJ The means Of the Burn with drug 

for t h e  Bzd sroup 

- = SEm + 

= MEAN 

0 1 2 3 4 5 

Time (weeks> 

for the placebo group 

0 1 2 3 4 5 

Time <weeks> 



The measurement of Paint  

Fig I .6Ca> The means of the Taste of dru$ 

for the Bzd group 

- = S E m  + 

= M E A N  

- = S E m  - 

0 1 2 3 4 5 

Time <weeks> 

Fig 1 . 6Cb> The means of the Tas t e of drug 

for the placebo group 

PA1 N 

0 1 2 3 4 5 

Time <weeks> 



The measurement of Pain:  

Fig 1.7<a> The means of the Analgesia drug 

for the Bzd group 

Time <weeks> 

4 

3 

2 

1 

0 

Fig 1.7Cb3 The means of the Analgesia drug 

for the placebo group 

- = S E m  + 

= MEAN 

- = S E m  - 

I I 

0 1 2 3 4 5 

Time <weeks> 



T h e  measurement of Pain: 

Fig i.8CaJ The means of the Total pain of drug 

for the Bzd group 
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Fig f.8<b> The means o f  the Total pain of drug 

for the placebo group 
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The Measurement Of T i s s u e  Breakdown C TBDI 

F i g  2 . l C a J  T h e  means o f  A r e a  o f  reaction 

f o r  the Bzd group 
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Fig 2 . 2 C b >  The means o f  t h e  A r e a  o f  r e a c t i o n  

f o r  the pLacebo group 
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The Measurement Of T i s s u e  breakdown 

Fig 2.2CaJ The means of Severity of inflammation 

for the Bzd group 
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Fi8 2.2Cb> The means of the Severity of inflammation 

for the placebo group 
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The Measurement Of Tissue Breakdown 

Fig 2 . 3 C a D  The means of TotaL inflununation surface 

for the Bzd group 
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Fig 2.3Cb)  T h e  means of Tatal inflammation surface 

for the placebo group 
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The Measurement Of T i s s u e  Breakdown 

Fig 2. 4 C d  The means of Maximum size of utceration 

for the Bzd g r o u p  
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F i g  2 . 4 C b D  The means of Maximum size of ulceration 

for the placebo g r o u p  
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The  Measurement Of T i s s u e  B r e a k d o w n  

Fia 2.5Ca> The means of TotaL area of uLceration 

for the Pzd group 
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F1g Z. SCbl The reans cf Total area of ulceration 

for the pLacebo group 
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The Measurement Of Saliva 

Fig 3.fCaJ The means of Saliva while at rest 

for the Pzd group 
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Fig 3.ICbJ The means of Saliva while at rest 

for the placebo group 
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The Measurement Of Saliva 

Fig 3.2<a> The means of Saliva during stimuLation 

SALI VA 

for the Bzd group 
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Fig 3 . 2 C b )  The mans of Saliva during stimulation 

for the placebo group 
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APPEND1 X-A 

- I t e r  a t  i v e l  y Rewei g h t e d  Least, Squar-es  

The purpose of  t h i s  s e c t i o n  i s  t.o show how McCullagh attempts t o  

f ' i nd  the MLE f o r  t h e  c u m u l a t i v e  l o g i t  model .  I n  f a c t ,  McCullagh 

dld n ~ t  show how t .0  f i n d  t h e  MLE i n  GLIM, h e  j u s t .  p o i n t e d  out h o w  

t o  f i n d  t h e  e s t i m a t e d  v a l u e s  via a q u a s i - l i k e l i h o o d  f u n c t i o n  

CQLHD),. T h i s  p r o c e s s  r e q u i r e d  a m n d i f i c a t i o n  of t h e  e s t i m a t i o n  

a l g o r i  thm of t .he  g e n e r a l i z e d  1 i n e a r  model C GLM) i n  o r d e r  t o  a d a p t  

t .he  Gauss-Newt.on a l g c l r i  t hm used  by t h e  QLHD. 

T h e  QLHL) f u n c t i o n  w a s  p r o p o s e d  b y  Wedderburn C18721 i n  

f i t . t i n g  t h e  GLM. The s t a t i s t i c a l  p r o p e r t i e s  o f  t h e  QLHD f u n c t i o n  

a r e  s i m i l a r  t o  t h o s e  of t h e  o r d i n a r y  l o g - l i k e l i h o o d ,  except t h a t  

2 
t h e  d i s p e r s i o n  pa . rameter  a , when i t  is unkown, is t r e a t g d  

s e p a r a t - . e l y  f r o m  t .he p a r a m e t e r  P and  is n o t  e s t i m a t e d  b y  w e i g h t e d  

1 east. s q r l a r e s .  

McCul 1 agh  poi  n t  4 o u t  t h a t ,  si n c e  t h e  q u a s i  -1 i kel i hood C CZLHDI 

f u n c t i o n  is i n v a r i a n t  unde r  i n v e r t i b l e  l i n e a r  t r a n s f o r m a t . i o n s ,  

t h e r e  is no  d i f f e r e n c e  whether  w e  u s e  t h e  cumul a t i  ve o b s e r v a t i  on  

Z ,  or t h e  a c t u a l  o b s e r v a t i o n  Y i n  t h e  m a x i m i z a t i o n  o f  t h e  
r I L J  

l i k e l i h o o d  f u n c t i o n .  



However, McCullagh shows t h a t  i f  Z = LY where L i s  t h e  l o w e r  

t r i a n g u l a r  m a t r i x ,  t h e n  t h e  e x p e c t a t . i o n  a n d  var-cov o f  t h e  Z 

2 
s h o u l d  be e x p r e s s e d  by ny = nLl7 and a L V L ~  r e s p e c t i v e l y ,  where nll 

2 
i s  t h e  expect at. i on of Y and  0 nV is: va r - cov  m a t r i x  o f  Y. 

v e c t o r s  where eack] Y = C Y  , . . Y 3 is  a k-nornial d i s t r i b u t i o n  w i t h  
1 L 1 t k  

t h e  n  trial. Let ,  n be t h e  probability of outcome -T i n  t h e  n 
L 1 J 

t r a i l .  The  c o v a r i a t e  v e c t o r  X a s s o c i a t e d  wit .h t .he C i , j >  c e l l  o f  
L 

t h e  I(-nomial observat- . i  on  u s u a l l y  denot .ed a s :  X .  = C X  , . . . ,X 3 .  
L L 1 i p  

T h e  11 k e l l  hood of a k-nomi a1  vect,or is  g i v e n  b y  

Then t h e  l o g - l i k e l i h o o d  1 f o r  m o b s e r v a t i o n  Y h a v i n g  k 
i j  

ca t , egn r i  es could be w r i t t e n  as: 

where , 1 1 ni, = 1 a n d  llC(33 is  p a r a m e t e r i z e d  i n t o  p a r a m e t e r  

Thus t h e  maximum 1 i k e l i h o o d  e q u a t i o n  for /3 can be w r i t t e n  a s  



f 011 ows: 

S i n c e  d 1 
d nil31 

= V-CY - nn> 

a n -i - 
where, I3 = - 

3 /? 
, W = n  V and  V- is a g e n e r a l i z e d  i n v e r s e  of  V. 

S i n c e  t h e  v a r i a n c e  o f  Y r e l i e s  on n which is  i n  t u r n  s o m e  f u n c t i o n  

of f 3 ,  t h e n  t o  s o l v e  C43 i t  i s  m o r e  a p p r o p r i a t e  t o  u s e  s o m e  i 

i t e r a t i o n  scheme which a t  e a c h  i t e r a t i o n  u s e s  t h e  p r e c e e d i n g  
I 

e s t i m a t , e  of 13 t o  p r o d u c e  a n  upda ted  Cnew3 e s t i . m a t e  o f  0. The 
i 
I 

F i s h e r  s c o r i n g  method w a s  used  i n  t h e s e  i t e r a t i v e  p r o c e d r ~ r e s  io 

p r o d u c e  t h e  maxi mum 1 i k e l  i hood e s t i m a t . e s  o f  p. 

Deno te  I t o  be t h e  F i s h e r  i n f o r m a t i o n  m a t r i x  of t h e  model 
13 

under  d i s c u s s i o n  a n d  S is t h e  score f u n c t i o n .  I 
l-3 



To d e t ~ r m l n e  t h e  v a l u e s  o f  /3, t h e  log LHD or Q-LHD n e e d s  t o  b e  

m a x l m ~  zed l n  o r d e r  t o  c a l c u l a t e  t h e  r o o t s  o f  t h e  e q u a t i o n  (43. 

These  e q u a t i o n s  are n o n - l i n e a r  i n  (3, so a n u m e r i c a l  a l g o r i t h m  is 

needed to find the r o o t s .  He re ,  t h e  F l s h e r  s c o r l n g  a l g o r i t h m  is  

g i v e n  by: 

T h i s  is r e a d i l y  recognized 2s t .he Gauss-Newton algori thm for 

f i t t i n g  t h e  r e s p o n s e  n t o  t h e  o b s e r v a t i o n s  Y w i t h  we igh t  W. The 

b 

maximum l i k e l i h o o d  e s t i m a t i o n  c a n  b e  c a r r i e d  out.. v i a  a n o n - l i n e a r  

r e g r e s s i o n  p rog ram,  s u c h  as  BMDP3R. which u s e s  t h e  Gauss-Newton 

a l g c x i  thrn. T h i s  r e s u l t  i s  i n t u i  L i v e l y  r e a s o n a b l e  s i n c e ,  a f t e r  a l l  
h 

w e  c o u l d  v iew Y = n + E , w i t h  ECs3 = 0. Then u s i n g  (3 , as  
0 

A 

i n i t i a l  v a l u e s ,  t h e  updat .ed Cnewl e s t i m a t e  v a l u e  is /3 , a g a i n  w e  
i 

u s e  as i n i t i a l  v a l u e  t o  g e t  t h e  u p d a t e d  e s t i m a t e  v a l u e  F 2 ,  t h i s  
I 

i t e r a t i v e  p r o c e d u r e  of  es t - . imat ion  is r e p e a t e d  u n t i l  t h e  s e q u e n c e  

of e s t i m a t i o n  c o n v e r g e s .  T h a t  i s ,  t h e  i t e r a t i o n  is t e r m i n a t e d  when 
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