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ABSTRACT

This project reports on the anlysis of a data set from an oral.

radiation therapy study conducted by the Cancer Control Agency of

British Columbia. The researcher who collected the data C(Dr. Joel

Epstein) had four major objectives:

1) to determine the efficacy of a drug Benzydamine,(Bzd) for the
reduction of perceived pain;

2) to determine the efficacy of the drug (Bzd) for the reduction
of tissue breakdown;

3D to determine the effect of radiation to the salivary glands on
the amount of saliva;

4) to determine whether the increased amount of saliva was

associated with a reduction in tissue breakdown.

A variety of regression models are identified and their
parameters estimated: cumulative logit, analysis of wvariance, and
multiple regression. Residual analysis is used to check the
adequacy of the fitted regression models.  Both descriptive and
inferential strategies are used to assess the data. The main
scientific conclusions are: Bid is not sufficient to reduce pain,

but it does reduce the breakdown of healthy tissue; the type of

radiation used is effective in increasing the amount of saliva

produced, and finally, the increased saliva is associated with a

slight reduction in tissue breakdown.
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I. INTRODUCTION

This project focuses on the data collected in a 1987 study by Dr.
Joel Epstein, a dentist with the Cancer Control Agency of British
Columbia. Dr. Epstein’s study examined the effectiveness of the
drug Benzydamine (Bzd) as a pain-killer and in the prevention of
the breakdown of healthy tissue. The effect of radiation on the
amount of saliva and the subsequent tissue breakdown was also

examlned.

An earlier, informal +trial of a Bzd mouth rinse in the
management of chemotherapy—-induced mucositis, or inflammation of
the mucous membranes, had reported palliation in seven of nine
patients (Sonis and colleagues); and these results suggested the

advisability of a controlled clinical study.

Dr. Epstein’s objective was to study the use of Bzd in a
double-blind, placebo-controlled trial, where patients received
radiation therapy to the oropharyngeal region for the treatment of
cancer. The study was to assess the potential anti-inflammatory
effects of the Bzd rinse and its application in the prevention and

management of oral mucositis.



The study’s four major scientific objectives were:

13 to determine the efficacy of a drug Benzydamine, (Bzdd)

for the reduction of perceived pain;

2) to determine the efficacy of the drug (Bzd) for the
reduction of tissue breakdown ;
3> to determine the effects of radiation to the salivary

glands on the amount of saliva;

4) to determine whether an increased amount of saliva was

associated with a reduction in the tissue breakdown.



II. STATISTICAL DESIGN & METHODS OF ANALYSIS

i) The Experiment

Forty-three patients scheduled to receive radiation therapy to the
cropharyngeal region were eligible for the study. Patients were
excluded from the study if they did not provide informed consent,
were younger than 18 years of age, had liver disease, or were
hypersensitive to Bzd. Consenting patients were allocated at
random to receive either the drug (Bzd) or the placebo rinse. The
rinses were dispensed in a double-blind manner. The total sample
size was 43 patients, broken down into two groups: the Bzd group,
consisting of 25 patients; compared to the placebo group,
consisting of 18 patients. The difference in the size of the two
groups was due to the sequential nature of the randomization
procedure, and the fact that six patients from the placeboc group
dropped out of the study. The reasons for this lack of compliance

will be discussed in the concluding section of this paper.

In order to study the subjective evaluation of pain and other
symptoms during treatment, patients were requested to complete
visual analog scales (VAS). The VAS provided the rank score of a

patient’s self-evaluation of symptoms. To determine the efficacy



of Bzd for the reduction of percieved pain, the original data was

measured through the VAS, ie., patients recorded their pain on a

scale of O to 10, where O means no pain and 10 maximum pain.

The severity of tissue breakdown was graded by the size of
the area of invol vement, severity of inflammation, total
inflammation of surface involved, maximum size of ulceration, and
total area of wulceration for each surface of the oral cavity
invol ved. For «clinical reasons, the inflammation score was
multiplied with the other variables: the area of reaction
severity of inflammation; the severity of inflammation per surface
involved; and the area of reaction % severity of inflammation per
surface involved; 1in order to provide a combined score for
mucositis that was more representative of the severity of tissue

reaction.

The three types of radiation were: high dose bilateral, high
dose unilateral, and low dose. Each of these were pre-selected by
the investigator, whose question of interest was whether or not
the type of radiation affects the amount of saliva measured at
rest and during stimulation. The two measures of saliva levels
were collected at the same time of day on each visit - either
mid-morning or mid-afternoon. The measurements of the pain were
taken at weekly intervals, as were the tissue breakdown and the

saliva levels.



1i1) The DRata Structure

For each of the forty-three patients

variables were available:

The response variables were:
ad the eight visual analog scales measurements of Pain. These

were originally categorized O to 10, but inorder to achieve
convergency of estimatores the ten categories were reduced to four
categories. (ie. none. minimal. normal, and severed:

12 burning at rest

2> burning with eating

3> pain at rest

4) pain with eating

%) burning with drug

6) taste of drug 5

7> analgesia drug

8) over-all drug Ctotal pain O

b> the eight measures of tissue breakdown C(TEBD):
1) area of reaction
2> severity of inflammation
2 inflammation surface involved

4> maximum size of ulceration



85> total area of ulceration

6D area of reaction * severity of inflammation

7) severity of inflammation per surface involved
8) area of reaction % severity of inflammation per

surface invol ved

c) and the two measures of saliva levels:
1D saliva at rest

2) saliva during stimulation

- The major independent variables were:
1> drug group (Bzd or placebod (DRUGD
2) the number of weeks radiation treatment given C(RADWKD
3) the types of radiation CGLAND
i) high-dose bilateral (both sides of salivary glands)
iid> high-dose unilateral C(one side of salivary glands)
iiid low—dose unilateral
The gland field is defined as those salivary glands in the field of
radiation. The rest of the independent variables were:
1) sex Cmales/femaled
2) age
3> diagnosis
4> tumor location
5) use of other analgesia:

i) non-narcotic, ii) narcotic, and iiid Xylocaine viscous



6) the factors of time, radiation dose, and fraction CTDF)
7> size of tumor (T-staged

8) mucosal infection

iii) Preparations for Descriptive Summary

The outcome wvariables were: the eight measurements of Pain, the
eight measures of tissue breakdown (TBD), and the two measurements
of =aliva levels. These were measured several times for each
patient. A preliminary analysis of the data was done using plots
and tables to describe and understand the general form of the

data.

For the purpose of the analysis, each of these repeatedly
measured variables was collapsed into three summary variables:
maximum value minus initial wvalue; treatment average wvalue minus‘
initial wvalue; and over-all average wvalue minus initial walue,
except the variables: burning with drug; taste of drug; analgesia
drug; and total drug pain; which were collapsed into the maximum,
treatment average, and over-all average values, and the variables:
saliva at rest; and saliva during stimulation which were collapsed
into the minimum ﬁinus initial, treatment average minus initial,

and over-all average minus initial values. The collapsed variables

measured the presence of extreme conditions (PAIN, TBD and SALIVAD.



The initial value is the measurement taken before the
treatment is given. The difference from initial wvalue is used to
eliminate indiwvidual differences, which might have existed prior
to the administration of the drug. All comparisons made were based
upon the summary variables described above. The SPSSx package was

used for this purpose.

ivd) The Design of the Experiment

The randomized design experiment was invented by Sir Ronald Fisher
in 1820. ([(Ehrenberg, (1982)]. It has since been extended to more
than two experimental groups and provides a routine procedure for
reducing prior group differences when comparing drug and placebo
effects in a clinical study.

In this c¢linical situation, randomization procedures were‘
used to balance any possible prior differences between the Bzd and
placebo groups except the treatment given. The clinical setting,
in which patients were entered into the study as they appeared for
treatment, over several months, required that the patients be
allocated at random to the treatment groups one at a time. There
was no apportunity to confirm that the randomization did achieve
balance with respect to the covariate, until the study was

under way. Nevertheless, the treatment groups were reasonably well



balanced, as eventually the cross-tabulations were made for the
variables of sex, diagnosis, tumor stage, N-stage Csize of tumor),
tumor location, mucosal infection, and other analgesics (eg.,
narcotics), in order to compare the Bzd and placebo groups. These
cross—tabulations indicated no significant differences between the

Bzd and placebo groups.

v) Statistical Inference Technique

Statistical hypothesis tests were applied to the hypothesis
concerning the proposed parameters in each model. To provide an
interval estimate of a parameter of interest, a confidence
interval (CC.I.) was constructed. Details of the procedures used

for each model are as follows:

1> Cumulative Logit Model

Suppose that the k ordered categories of response have
probability ﬂi1CX), ﬂtzCX),..., ﬂtkCX), where 1 indexes the
patient number and the covariates have the wvalue X. In this
appplication, k=4, and X is an indicator wvariable. The dependent
variable Yi is defined to take the values 1, 2, 3, or 4 depending

on whether the ith patient’s pain is: none, minimal, moderate, or

severe. The odds of the event Yi < J is the ratio 7U/[1—ytj]



where yij is the jth cumulative probability for the ith patient.
]
ie., Yo, r ntkCXD’ Here, X is the DRUG variable which indicates

k=1
the appropriate group. Thus the cumulative logit model is written

as:

From equation v.1 it is clear that the ( QjD are nuisance
parameters in determing the dependence of the odds-ratio on the
covariate X. The regression coefficient parameter /3 is the
parameter of major interest which describes how the log-odds are
related to the covariates X. It is usual to make an inference
concerning this coefficient; the interesting statistical

hypothesis is whether or not this coefficient is significantly

different from zero.

The estimated values of these unknown parameters were
calculated by the methods of maximum likelihood via iterative
reweighted least squares (IRLS). The confidence intervals for the
regression coefficients were also calculated.

2> Multiple Regression Model

Suppose that each of the eight TBD responses Y has a function g(¥>

that is linear in the covariate wvariables DRUG and RADWK. Then the

10



multiple regression model is written as follows:
gl Y > = Bo + BlDRUG + BZRADWK + & v.2

Where Y represents the eight measures of tissue breakdown CTBDD,
one at a time and £ is assumed to be normally, independently
distributed with zero mean and constant variance o-. B1 is the
group effect and ﬁz represents the coefficient of the RADWK

variable.

For the preliminary analysis, the hypothesis of interest was
whether or not the mean of the TBD responses between the two
groups (Bzd and placebol was significantly different beyond the
influence of the RADWK wvariable. Because it was evident that the
RADWK variable did not significantly influence the measure of
tissue breakdown, we eliminated this variable from the model.

Thus, the model remained a one-way ANOVA.

In this case, the null hypothesis of interest was a test
whether or not there was a significant mean difference between the
BEzd and the placebo groups. More specifically the test is whether
the Bzd group was no better than the placebo group. To determine
how effective ¢ in reducing the TBD > the Bzd group was compared
to the placebo group, we used t-statistics. In this case, high

negative values of t-statistics provided evidence against the null

11



hypothesis, and large positive values of t-statistics indicated
that the placebo group was better than the Bzd group. We
calculated the estimated values of the means and SE’s, and used

these to calculate the confidence intervals.

30 One-Way ANOVA Model

Denote the reponse variable SALIVA by Y , where Y  represents
vl Ly

the jth patient with the radiation type i. Thus, the one-way ANOVA

model is:

Y =y + o + £ 4 i=1,28,3 &
[ L [ ]
j=1,2, ,43 v.3
Here, Y  are the saliva levels under the two conditions: saliva

L)

at rest and saliva during stimulation, a is the effect on an
1

observation of the ith type of radiation, and u is the overall

mean.
In this case, the statistical hypothesis test was to
determine whether or not there was a significant mean difference

between the three types of radiation:

1) high-dose bilateral and high dose unilateral,

12



23 high-dose bilateral and low-dose unilateral, and

2> high-dose unilateral and low dose unilateral.

Here, the multiple comparisons between these three +types of
radiation were performed. Again we calculated the estimated wvalues

of the means and SE’s, to calculate 85% confidence intervals.

4) Multiple Regression Model

To determine whether large amounts of saliva prevent the breakdown
of healthy tissue for the two groups (Bzd and placebol, we assumed
that the response wvariables TBD had a mean p associated with the
covariate variables DRUG and SALIVA. Then we fitted the following

model to these data:
Y = 3 + ﬁiDRUG + BZSALIVA + ﬁaDRUG * SALIVA + ¢ v. 4
L=
Where &£ is assumed to be normal, independently distributed with
zero mean and constant variance o°. DRUG is the dummy variable for
the two groups and the variable SALLIVA represents the two
different conditions of saliva levels (one at a timed.
The statistical hypothesis test indicated whether or not the

regression coefficients and were significantl different
g 2 a Y

13



from zero. In other words, it tested whether the SALIVA variable

had a significant influence on the eight TBD responses beyond the
influence evident from the DRUG variable. A least squares method

was used to obtain the estimated values and SE values.

vi) Method of Estimation

The maximum likelihood via the iterative reweighted least squares
method was applied for the purpose of estimating the parameters of
the cumulative logit model. A standard least squares method was
used for the one-way ANOVA and multiple regression models, but as

this is standard it deoes not merit further discussion here.

For this project, to estimate the unknown parameter wvector 3
in the cumulative logit model, we solved the maximum likelihood
equation. The algorithm commonly used in the BMDP3R program Cfrog
the biomedical computer program, BMDP, at the University of
California) is the Gauss-Newton algorithm which is usually
employed in non-linear regression parameter estimation. In
addition to this, the parameter estimation procedures for the
Generalized linear model (GLM) were introduced (see appendix—-A for
more details). Here, two possible approaches were to apply the
model in the GLIM (Generalized Linear Interactive Model) program

or in the BMDP3R program. Unfortunately the model does not work in

14



GLIM directly, and a GLM macro would have had to be written to do
the iterative algorithm. For this reason a modification of the
BMDP3R program was chosen as the easiest way to find the maximum

likelihood estimate C(MLED.

- Iteratively Reweighted Least Squares (BMDP3KD

If we define the equation (v.1) in the Section IICv). in the form:

Y = fce ,3, X O + ¢ 1>
lJ J 1 \J
Where (6 ., ,X 2 =nl pyp - ¥ } and
J A 8 1) vy—-1
_ 1
Y T+expC—6_+ p% O
J
with weight ¥ =1 ~ fCGJ,B,X_D ¢
(I ] 1

then the unknown parameters 6 and {3 are estimated by minimizing the
J

residual sum of square RSS which is:

2

RSS = E } [ W (6 ,B3,X D I [ Y - fCe ,B3,X D01 ca2d
v J L v J v

Since the weight W depends upon the parameters 6 and 3, and the
)

function f¢%) is non linear in the parameters, we cannot minimize

15




RSS directly, so we use the Gauss—-Newton algorithm.

If we write the non-linear model (1D in terms of a linear

approximation by Taylor series expansion at initial values as:

fCO® D> = fCed + 8 fCO® D * (o - 6%
. J a6 ' |le =6°,6 =6°,6 =6°,p5 =p° 1 1
1 1 1 2 2 3 E
+ 8 fC® D *x (6 - 079
a6 ' |e =6°,6 =6°,86 =6°,3 =3° 2 2

2 1 1 2 2 E 3
+ 3 fC(® D * (O ~ 8%
a6 ' |e =6°,6 =6°,86 =6°,3 =3° a9
3 1 1 2 2 3 3
+ 8 £fCO D *x (3~ 3D
ap ' |e =6°,6 =6°,6 =6°,3 =p3°
1 1’ 2 2’7a “a’

where, fC(® > = fC(6 ,6 ,6 ,D
] 1’ 2 3

Let 3= 6‘, then the above equation could be written as

4
£CE 2= fCE°D> + } a £f(e * cek— 6: p) 3D
) ©=6°
k=1 k
Where, ©°= a column vector of initial values of the parameters:
e , 6, 6, R Cor 8 D.
1 2 3 4
Now let Y° =Y - fce™ where, Y° is 2x4 matrix C4d
1) ij
then Y° = 9 £Ce x CO- 87D + € CBd
1) aek =8 k L

16



8 fC(e)

let D°be a 2x4 matrix whose (i, )d entry is 3
8 Gj ©=8

- _ _ _A° _ 04T
and A [ 6 -67, 6 -67, 6_-67, )

e - e° Ced

I

Here equation (B5) could be written as follows:

o O ©

D'A” + ¢ <7

il

with E C&) = O and cov Cgd = W_i

Now to get the estimated values of the parameters we apply the
ordinary least square method to the equation (72 as follows:

multiplying (73 by Wl %we get

[woji/zyo - [woli/ZDvo + [Woli/zso
z°% = U°A° + E° cad
where, Z = (w1 %y, U = 1¥°1'"?D° and E = (w117 %,
with E CED = 0 and V CED = I.
A T —
So A°= cu® US> Ty° z°

where A° is an estimate of (®-6%), and by substituting the

original value Y we get:

17



A° = ¢ D° w° D°7'¢ D° w° ¥v° q=>

By evaluating the equation (8>, the estimated parameters of the
linear terms of the Taylor series expansion of the non-linear

model are obtained from the equation:

® =0 + A 10D

Thus, by giving the initial values we could obtain the weight, W,
and then substitute the values in the equation (89). By inserting
these values consecutively into the subsequent equation C10), we
obtain the new estimated values of the non-linear model. These
iterations continue until the solution converges, that is, until

”~ -~
. . E . a+1 a
in successive iterations © = ©® or

where & is some pre-~specified amount [e.g.,0.000001]. The RSS can
be evaluated at each stage of the iterative procedure to see if a
reduction in its value has in fact been achieved. In other words,
the above procedures are repeated continually until the sequence
of estimates converges, or if the sequence does not converge, a

new set of initial values must be tried.

i8



vii) Statistical Software

This section will briefly discuss the choices of different
software used in the subsequent analyses: BMDP3R; GLIM; SPSSx;

and MINITAR.

The BMDP3R program was chosen to estimate the parameters of
the non—-linear regression model. This program was convenient to
use to obtain the desired estimate of the parameters of +the
cumulative logit model, since one merely needs to supply the
derivatives of the expected value of the roughly estimated density
function to form the new design matrix at each iteration. To do
so, the program minimizes the residual sum of sguare RSS of a
non-linear regression model. The program’s default stopping rule
is then based on the change of the RSS (see the BMDP-manual for
more detail). However, because of the weight variation from one’
step to another, the MLE % does not correspond to the smallest
possible value of the KRSS. Therefore, the program must be told not
to monitor the RSS in order to decide when to stop iterating. This
could be managed by giving additional commands in the regression
section of the program: by setting the convergence to minus one,
by specifying the number of iterations desired, and by setting the
permissible number of halvings to be zero. For the same reasons

any partial step modifications which monitor RSS should be turned

19



off. To do so in the P3R program, we need to set the maximum

number of step halvings to zero.

The GLIM (Generlized Linear Interactive Model) program was
chosen to do the regression analysis as well as the one-way ANOVA
techniques. This GLIM program was easy to use and it provided the
variance-covariance of the difference between the slopes
coefficients for each pair of groups. The SPSSx (Statistical
Package for Social Science) program was used to manipulate the
data and to calculate the three collapsed variables for each
measurement of the pain,tissue breakdown, and SALIVA variables.
The MINITAB source file was also used in the description of the

data, and for the construction of tables.

20



III. MODEL APPLICATION TECHNIQUES

i) Preparation of the Data for Analysis

The variables were specifically defined and summarized for
the preoposed models. Initial data manipulation was carried out to
assemble the data in a form suitable for analysis. For the
1ndependent variables, ie. the drug group and the radiation type,
"dummy' wvariables were created. The eight PAIN responses were
combined 1nto four categories and treated as ordinal response

variables.

For the first obkjective, the eight visual analog scales
measurements of pain were considered as ordinal responses and the
DRUG group as an independent variable for the cumulative logit‘
model ; The second objective, the eight tissue breakdown variables
were considered as the response variables and the DRUG group and
RADWK as independent variables for the muliiple regression model ;
The third objective, the two levels of saliva ( saliva at rest and
saliva during stimulation) were considered as the response
variables and the three types of radiation as independent

variables for a one-way ANOVA model; and finally, the eight tissue

breakdown were individually represented as response variables, and

2l



each of the two saliva levels and the DRUG group were represented

as independenl. variables for the multiple regression models.

ii) Choice of Mndel & Link Function

Different link functions for various models were examined for the
purpose of {fitiing the dala. The mode]ling was done separately for

each objeclive.
1> Objective 1: Cumulative l.ogit Model

Several statistical model s have been suggested as bei ng
appropriate for use with ordinal response variables. These have
been classified into two types, depending on whether or not the
model is invariant under the grouping of adjacent response
categories [McCullagh and Nelder (1983>]1. If a new category was‘
formed by combining adjacent groups on the previous scale, the

form of the conclusion should be unaffected. However, in this way

some information will be reduced.
Hence, these considerations led to models based on the

cumulative distribution probability, and not to an individual

probability for the response categories themselves.
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To reflect the ordinality of the response variable one

possible model is the cumulative logit model:
> =6 - X IIT.2.1

We may note that the interpretation of (3 does not depend on the
particular choice of categories if II.2.1 is true. For this project

the above statement was used for four categories of pain levels.

Now, to determine the effects of Bzd on the eight ordinal

pain responses, the two treatment groups were compared using the

odds ratio.

If we define » as the probability of a patient of group i
1)

Y, .
falling into the first j categories, then ;J represents the

1 -

13
odds of the Bzd group falling into the first j categories, and the
¥, .
J Here X 1is
1-r
2y

an indicator variable and the regression coefficient (3 is the

corresponding odds for the placebo group are

parameter of interest.

Thus, log (—3—> =86 - 3
1-y J
1}
v,
and log ( L 5 =86,
1- 9y 3
2]
Yy,
then 1= = expcej— [E2]
13

c3



= expl&D
2) J

Thus, the odds-ratio is given by exp(—-3). However, since our
estimates are logistic contrasts with the placebo group, a high
positive value of (3 represents a tendency towards the more severe
pain categories relative to the placebo group, and a large

negative value indicates the reverse.

Note Lhal when there are only two response calegories (k=22,
equaltion II.2.1 above is equivalent to the logistic model for
binary datse [Cox (187031, and in this particular case it is also
equivalent to a log-linear model. In general however, when the
number of categories exceeds two, the logit model 1I1.2.1 does not
correspond to a log-linear structure. J. A. Anderson warned in P.
McCullagh’s paper (19803, that special attention muét be given to‘
the number of parameters before fitting the cumulative logit

model. As the number of parameters increases, the chance of the

sparse data problem occurring also increases.

22 Objective 2: Multiple Regression Model

The multiple regression technique was applied in ascertaining

whether or not there was a significant mean difference between



the Bzd and placebo groups after taking into account the effect
due to the different RADWK distributions. This procedure is a
combination of +the analysis of variance and the regression

analysis, usually called analysis of covariance.

To determine Lthe effect of Bzd treatment on the eight tissue
breakdown variables, different transformations of the dependent
variables were examined (eg. square root, inverse, logarithmic,
identity etc.> for the purpose of fitting the data. The residual

plot was used for checking the appropriateness of the models.

3) Objeciive 3: One-Way ANOVA Model

Anzly=i= of variance 1s a technique useful in determining whether
or not there are significant mean differences between the groups.
The ANOVA model would be appropriate to apply in a situation wheré
we wish to determine whether or not there are significant
differences in the amount of saliva among the groups determined by
the type of radiation used. The dependent variable here was the
amount of saliva and the independent variable was the radiation
type. The above description is referred to as 2 one-way ANOVA
model since only one independent variable (radiation typed 1is

empl oyed.
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The ANOVA model can take on two main forms, the fixed-effects
model and the random-effects model. The fixed-effects model is
more appropriate than the random—-effects model since the treatment
level or groups of each independent variable, from which one takes
a sample of population units, is exhaustive of all groups of

interest to the investigator.

The ANOVA model maximizes the between-to-within group sum of
squares in order to reject the null hypothesis of equal group
means. In the fixed—-effects model, the null hypothesis ( HOD is
used to test for the acceptance or rejection of the equality of
the group means. In this project the null hypothesis Ho was the
three types of radiation have equal means. This hypothesis is
tested against the pre-selected significance level. The test
statistic that ANOVA uses to test Ho is the F-ratio. Generally, a
large F-ratio implies that the null hypothesis of equal means is
rejected (ie. there are significant differences among the meanL
values of the radiation typed. Hois correctly rejected if the
computed F-ratio exceeds the critical F-statistic found in an

appropriate table of a pre-specified significance level.

4> Objective 4: Multiple Regression Model

Multiple regression analysis is a general statistical technique
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used to determine the relationship between the single response
variable and several indpendent variables. For the purpose of
predicting the extent of tissue breakdown from the amount of
saliva for the two treatment groups (Bzd and placebo), a multiple

linear model was fitted to the data.

11i) Transformations

Most statistical analyses are based on certain assumptions. To
make these assumptions as wvalid as possible, it may be necessary
to transform the original data. Transformations which serve to
make the data more symmetrically distributed usually simplify the
analysis, interpretation and presentation. Transformation to
normality are commonly sought. However, a more frequent problem
than non-normality is the fact that the different groups of values
have varying degrees of spread. This problem makes the comparison
of measures of location very difficult. To promote homogeneity of

variance, some of the original data were necessarily transformed.

v) Residual analysis

For diagnostic procedures, checking the adequacy of the models is

carried out not only for linear regression but also for any fitted

a7
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models such as ANOVA, cumulative logit models and so feorth. In

this study, we have attempted to develop appropriate models for

each specific data set.

The residual analysis technique is used for checking the
adequacy of fitted models. In general, the goal in the study of
the residuals is to check the assumptions concerning the error
term e. In regression models, the usual assumption is that the
errors are independent and normally distributed with a mean of
zero and constant variance, o

~

In this case, since the residuals, Y - Y, and the

A

corresponding fitted values Y are independent, a plot of the
residuals versus the fitted value Y was used as the main toecl in
fitting the appropriate models. This plot helped to indicate

whether or not the model was a good fit over the whole range of

the data. It also helped to indicate the constancy of wvariance.

The residuals were calculated from the discrepancies between
the observed values Y and the corresponding fitted values Y. It is
the measurement of the vertical distance between the point and the

line which expresses the best fit for the data. Mathematically

this can be written as:
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where e is considered as the observed error. If the proposed model
is appropriate, the residuals should not display any obvious
trend. By plotting the residuals, we have an informed graphical

test of the model.
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IV. RESULTS

1) Application of Models to the Data Set

To answer Dr. Epstein’s four major objectives, (see p.2), we chose
models appropriate to the relevant data sets described in Tables 1
to 4. These tables, and the application of the specific models,

are outlined below:

Cad: The data set in Table 1.1 consists of: the eight symptoms of
pain recorded using the visual analog scales (VAS) and treated as
ordinal response variables; and the DRUG group treated as an

independent variable. Each of these responses were combined into

four categories (see Table 1.2) as follows

1. none 2. minimal 2. moderate 4. severe

The cumulative logit model was chosen for these data.

(b>: The data set in Table 2 consists of: the eight tissue

breakdown C(TBD measurements CAl, AZ2,...AB) treated as response

variables; and DRUG and RADWK treated as independent variables.

(RADWK is the number of weeks patients received radiation
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therapy.> In this situation, some original response variables were
transformed by the square root: the area of reaction, the area of
reaction % severity of inflammation and the area of reaction
severity of inflammation per surface involved; while other
variables: the maximum size of ulceration, and the total area of
ulceration, were transformed by the logarithmic function. The

standard regression model was fitted to the transformed data.

(cD: The data set in Table 3 consists of: the two conditions of
saliva levels expressed as response variables - the amount of
saliva at rest and during stimulation; and the three types of
radiation treatment Chigh dose bilateral, high dose unilateral,
low dose > expressed as independent wvariables. The one-way ANOVA
model was applied to the given data. (As is discussed later, the
DRUG variable was not a determinant of saliva levels.)

(dd: The data set in Table 4 consists of: the eight Lissue‘
breakdown response variables, considered here as dependent
variables; the saliva level under two conditions, while at rest
and during stimulation, as independent variables; and the DRUG
group variable also as an independent variable. The multiple

regression technique was found to be appropriate for this data.
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2) Descriptive Summary

The total sample size was 43 patients, broken down into two
groups: the Bzd group included 25 patients, 14 men and 11 women,
with a mean age of 62 years (range, 39 to 80 years and SD=11.:2).
The control group included 18 patients, 9@ men and 8 women, with a
mean age of 54 years {(range, 26 to 76 years and SD=12.8). The
RADWK variable represents the number of weeks that radiation
therapy was received! The weeks of radiation therapy for the two
groups are displayed in Table 5. The measurements of the pain, TBD
and SALTIVA levels were also taken at weekly intervals. For each of
these outcome variables, the raw (time-collapsed) data and the
tables of mean * SE are displayed in Table 6 and Table 7
respectively. (The means of the measurements of PAIN, portion of
Table 7 must be interpreted with caution since the measurement of

-

pain are ordinal.>

Since the data was collected for each patient at weekly
intervals, the mean * SE of each measured variable in the Bzd
group was plotted versus the time (weeks). See Figures 1.1 to Fig.
3.2. This was repeated for the corresponding placebo group. In
this way we were able to visually compare time trends in the two
groups. In other words, we were able to observe any reduction of

pain, tissue breakdown, and saliva, over a period of time.
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We can now examine the pain data of Table 8 (which are
summarized in Table 1.0 To determine the efficacy of Bzd on
perceived pain reduction, the original data were measured through
the VAS, ie., patients recorded their pain on a scale of O to 10,
where O means no pain and 10 maximum pain. Since the measurements
of the pain were taken at weekly intervals, the two groups were
examined to see during which weeks they were significantly
different. In other words, aside from observing any differences
during the over-all period of treatment, we also loocked at whether
or not the two groups were remarkably different at specific times
during the treatment. The results of these observations also
indicated that the two groups showed little difference in pain
reduction. Because of the nature of the data and technical
problems as described below, we combined each variable into first
four and later three categories, but even with this aggregated

data, the visual impression was the same.

The following comments relate to Table 8, which shows the
weekly measurements of the tissue breakdown variables. These
measurements, which represent the extreme condition of breakdown
of healthy tissue, were summarized in Table 2 by calculating the
maximum value minus the initial wvalue. The mean * SE of each
measurement of the tissue breakdown were displayed in Table 7. In
order to visualize, over time, Bzd’s efficacy for the reduction of

tissue breakdown, the mean and SE were plotted versus the time
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(weeks) [see figure Fig 2.1 to Fig 2.5.1

The following comments relate to the data summarized in Table
3. The three types of radiation were pre-selected by the
investigator whose question of interest was whether or not the
type of radiation affects the amount of saliva. Table 3, which is
the summary of Table 10, represents the difference between the
minimum values minus the inital value. This summary table measures
the negative effects of the radiation treatment. The mean * SE are
displayed in Table 7 and the plot of the means and SE’s versus the

time (weeks) are in Fig 3.1 to F3.2.

Table 4 was set in order to determine whether an increased
amount of saliva was associated with a reduction in the tissue
breakdown. This table takes its data from Tables 2 and 3: the
measurements of tissue breakdown and SALIVA for the Bzd and

L3

placebo groups.

3) Parameter Estimates and Their Interpretation

The results of the application of the cumulative logit model to
the pain variables, the analysis of variance model to the SALIVA
level variables, and the regression analysis on the TBD variables

are given under the model headings below.

34



i> Objective 1: Cumulative Logit Model

To determine the efficacy of the Bzd treatment on perceived pain
reduction, the cumulative logit model [(McCullagh & Nelder 18983)
was applied to analyze the data. In particular, this model 1is

appropriate for ordinal response categories.

To determine the effects of Bzd on the eight measurements of
pain, the ordinal responses which were classified into four
categories, we compared the two groups of treatment in terms of
the odds-ratio. The odds-ratio is given by exp(-f3). However, since
our estimates are logistic contrasts with the placebo group, a
high positive value of (3 represents a tendency for responses in
the itreatment group to be shifted towards the severity categories
relative to the placebo group, and a large negative value

-

indicates the reverse.

The results of these analyses indicate that all the pain
variables recorded a negative value of the 3 coefficient except
the coefficients of the taste-of -drug and analgesia-drug
variables. Although these statistical resultls indicate that +the
Bzd group has no significant effect, there is a trend which
indicates the Bzd group tends to show reduction of pain by the

factors: 1.33, 1.35, 2.66, 2.40, 1.17, and 1.30 for the variables:

35



burning at rest, burning with eating, pain at rest, pain with

eating, and burning with drug, and over-all drug pain
respectively. While the taste of drug and analgesia drug variables

tend to be the reverse with factors of 0.6 and 0.4 respectively.

The results of these analysis are displayed in the following

table:

The measurements of FAIN; a negative wvalue of f3

indecates a reduction of FAIN.

VARI AELE NAME ESTIMATED SE 30 P-VALUE o5% C.1
OF PAIN VALUE OF 3 OF 13
Burning at rest -0. 282 0. 855 0.31 (-1.37,0.81>
Rurning with eating -0. 2a¢ 0. B85S 0. 30 C-1.389,0.79
Fain at rest -0.977 0. B85 0. 0B (-2.14,0.19
Fain with eating -0.875 0. 877 Q. 09 (-2.00,0. 260
Burning with drug -0.161 0. 556 0.38 + (-1.25,0.83>
Taste of drug O0.812 0.618 0.2 CO.70,—1.723‘
Analgesia drug 0.817 0. 597 0. 09 CO.eB6, —=2. 09
Over—-all drug pain -0. 268 O. 588 0. 33 C-1.42,0.88)

The Bzd treatment does not appear to be very effective in
reducing pain. At a B% level of significance, none of the
variables is significant. That is, the data are consistent with a
range of 3 wvalues which includes the null wvalue 3=0. Based on

these analyses the evidence for the beneficial effects of the Bzd



treatment is weak. In other words, for patients in the Bzd group
or in the placeho group, the effectiveness of the treatment on
pain reduction was the same. A combined test of significance was
not done but may have been shown Bzd to be significant in its

ef fect on pain.

iiD Objective 2: Multiple Kegression Model

In order to determine whether or not the mean of these tissue
breakdown variables for the two groups differed significantly
after taking into account the effects dﬁe to the different RADWK
distributions, a multiple regression technique was used. The
resulits of the tissue breakdown responses reveal that the RADWK
variables have insignificant influence beyond the influence
evident from the DRUG group. The RADWK variable was therefore

eliminated from the model, the remaining model being equivalent to

a one—-way ANCOVA.

Based on the reduced model, the mean differences between the
two treatment groups seem to be highly significant for the
following variables: area of reaction, maximum size of ulceration,
total area of ulceration, area of reaction % severity of
inflammation, and area of reaction % severity of inflammation per

surface involved, with the p-values: 0.017, 0.017, 0.008, 0.030,
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0.018 respectively. While the variables: severity of inflammation,

total inflammation surface, and severity of inflammation per
surface involved, were not significant with the p-values: O0.06,

0.165, 0.800 respectively.

The measurements of tissue breakdown C(7BDD>;
the negative value of 3 indicates that the Bzd group

tends to reduce TBD relative to the placebo group.

VARI ABLLE NAME ESTIMATED SECﬁ1) P-VALUE g5 % C. 1
OF TBD VALUE (73 OF (/3
Area of reaction -17.72 8. 24 0.017 (-34,-1.60
Severity of inflammation -1.83 1.28 0. 068 (-4.4,0.70>

Total inflammation

surface involved -0. 44 0. 49 0.1865 C-1.4,0.50>
Maximum size of

ulceration -2. 04 0.84 0.017 C—3.9,—8.0D‘
Total area of ulceration =7.24 2. 63 0. 008 -12.4,2. 0>
Area of reaction

severity of inflammation -308.60 164. 90 0. 030 (-629, ~19D
Severity of inflammation

per surtface involved -0.93 1.40 0. 600 -3.7,2.0
Area of reaction

severity of inflammation

per surface invol ved -49. 00 23. 38 0.018 (-3.0,-95
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Since the DRUG group was an indicator wvariable, it was
defined as 1 for the Bzd and O for the placebo group. Thus, a high
negative value of the t-statistics indicated that the Bzd group
tended to reduce the tissue breakdown relative to the placebo
group, and the positive wvalue of the t-statistics indicated the
reverse. ISee the apbove table for the estimated values and the

relevant SE-values.

iiid> Objective 3: One—Way ANOVA Model

Here, the aobjective was to determine the effects of radiation
type on the two conditions of saliva levels: while at rest and
during stimulation. To do so, the three types of radiation were
tested for a significant mean difference at each condition of
saliva levels. The results of these analyses were tested by an
F-test, which indicated that the null-hypothesis concerning th;
equality of the means was rejected with the p-values 0.05 and
0.0004 respectively. That is, the threertypes of radiation had a

significant mean difference on the two saliva levels. The results

of these analyses are displayed in the following table:
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The measurements of saliva levels

VARI ARLE NAME F-VALUE P-VALUE

saliva level while c. 955 0. 08B
resting
saliva level during 10. 002 0. 0004

stimulation

1v) Objective 4: Multiple Regression Model

In the preliminary analysis, we fitted the regression model
without the 1interaction +term; it indicated that the saliva
ceefficient was not significantly different from zero. Later, we

introduced the interaction term as shown in the above equation

v.4, in Section 11 which reasonably fitted the data well.

The objective was to determine whether increased amounts of
saliva prevent the breakdown of healthy tissue in the two groups.
A negative value of the SALIVA coefficient ﬁz with high
t-statistics was evidence that the wvariable of SALIVA helped to
predict the reduction of the tissue breakdown variables for the

placebo group, while a positive value of Bz indicated the reverse.
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Similarly the sum of the coefficients Bz and Ba with high negative
L-statistics was also evidence for the Bzd group. Based on this
model we might draw the following conclusion: the SALIVA variable
during stimulation was not significant to predict the tissue
breakdown variables. But there is a tendency that an increased
amount of saliva while at rest did reduce the tissue breakdown for
the placebo group. This could be seen in table below, that a
significant negative coefficient of Bz. Furthermore, the
significant negative value of sum of Bzand Ba, indicates the

reduction tissue breakdown for an increased amount of the saliva

while at rest for the Bzd group.

However, having a significant negative coefficient of saliva
while at rest (for placebo group) were the variables: the area of
reaction, total area of ulceration, area of reaction % severity of
reaction, and area of reaction % severity of inflammation per
surface involved, with p-value: 0. 001, 0. 008, 0. 003, 0.00i
respectively. The regression results of estimated values, along

with the SE values are displayed in the following table:
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The assoctation of TBD with SALIVA variabtle.

VARI ABLE NAME

OF TBD

ESTIMATED VALUES OF

+
f,% SECAD

+
f,% SECD

Area of reaction
Severity of inflammation
Total inflammation
surface invol ved

Maximum size of
ulceration

Total area of ulceration
Area of reaction
severity of inflammation
Severity of inflammation
per surface invol ved
Area of reaction
severity of inflammation

per surface involved

—-0. 42*0.

—0. 03*0.

0. 22%0.

-1.858%0.

31

13

[243)

63

-117.56+40. 3

-0. 07%0.

- 17. 635,

42

11

l4e.

21

. 552,

. 88£0.

. 25%0.

. 39X0.

. 37+%0.

46

19

37

a3

54189.7

.15%0.

. 228,

16
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4) Scientific Conclusions

The major objective of Dr. Epstein’s study was to determine the
efficacy of the drug Benzydamine (Bzd) on perceived pain
reduction, and thereby determine the effectiveness of the drug in
t he management of the mucositis among patients undergoing
radiation therapy. The secondary objective related to the drug’s
potential usefulness in the treatment of other causes of oral

tissue breakdown (ie. chemotherapy, trauma, infection, etc.>)

Dr. Epstein’s patients frequently reported pain as the first
symptom alerting them to the need for professional care. Although
the results of these analyses indicated that the patients who
rinsed with Bzd tended to have less burning at rest, burning with
eating, pain at rest, pain with eating, burning with drug, taste
of drug and overall pain than patients wusing the placebo:
nevertheless statistically the differences were not significant.
In other words, the two groups of patients (those receiving Bzd
and those receiving the placebo rinse) exhibited no significant
differences in their perceptions of pain. Since all patients
reported increased pain during the study, all required symptom
management. Dr. Epstein reported that the placebo group began
systemic medications earlier in the course of radiation therapy

than did the Bzd group. While there were no significant

43



differences in the use of systemic analgesics, a trend to lessen

the use of narcotic analgesics was indicated in the Bzd group.

(See Section IV, iii for details.D

In this study, Bzd was studied as a prophylactic rinse.
Beginning when radiation was initiated, a statistically
significant reduction in mucositis was demonstrated. That is, Bzd
tended to be superior to a placebo rinse in reducing mucositis
during the radiation therapy. Dr. Epstein pointed out that
assessment of mucositis is affected by the fact that in radiation
therapy, the field size is directly related to the area of
reaction. This limited the use of the total area of reaction as a
factor in the assessment of mucositis. The most useful factors
were the maximum size of ulceration and the total area of
ulceration. The findings of clinical evidence of reduction in
inflammation and ulceration of oral mucosa suggest that Bzd can be
used as an oral rinse to prevent mucositis. In other causes of
mucositis, for example, chemotherapy, the total area of reaction
may be of greater importance as a measure of the severity of
tissue damage. The severity of tissue breakdown was graded by the
size of the area of invol vement, maximum size of ulceration, and
total area of ulceration for each surface of the oral cavity
involved. Each of these variables was assessed separately. In
order to assess the severity of reaction and to weight the degree

of inflammation as an important wvariable, the inflammation score
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was multiplied with the other wvariables to provide a combined
score for mucositis that was more representative of the severity

of tissue reaction.

Moreover, each patient was given one of the three types of
radiation: high dose bilateral, high dose unilateral, or low dose.
The amounts of saliva level at two conditions (while at rest and
during stimulation? were measured. The statistical results of
these anal yses reveal that the three types of radiation have a
csignificant mean difference in their effects on salivation,
whether or not the measurement of saliva was taken under
stimulation. In particular, patients who received a high dose
bilateral seemed to produce more saliva than those who had only

high dose unilateral or low dose.

Finally, the patients in the two groups who had large amounts
of saliva at rest tended to have less tissue breakdown. I;
particular, an increase in the amount of saliva tended to reduce
the area of reaction, total area of ulceration, area of reaction %

severity of inflammation, and the area of reaction % severity of

inflammation per surface involved.
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V. DISCUSSION

The purpose of this section 1is to provide further details
concerning issues that may bear on the appropriateness of the
analytical methods and the conditions. Major problems in the
experiment as well as the technical problems in its analysis are

explained. Specific attention will be paid to missing values.

Forty—-three patients completed Dr. Epstein’s clinical study.
Compliance was a greater problem in the placebo group: six
patients dropped out of the study. One possible explanation of
this would be that the lack of compliance was a result of the lack
of the therapeutic effect of the placebo rinse. This would be in

accord with the finding on the complying patients.

During the clinical study, Dr. Epstein reported that pain and
discomfort often reached a maximum some time during the last one
or two weeks of therapy, and did not continue to increase in
severity. He suggested that this may indicate that as treatment
progressed, the patients became more tolerant of the pain because
the maximum tissue reaction had already occurred, and-sor altered
neurologic functioning developed due to the direct effects of

radiation on the nerves. This may explain why the apparent
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advantages for pain reduction of the Bzd over the placebo failed

to be statistically significant.

Technical problems arose in attempting to organize the data
and in fitting the appropriate models. One problem was that some of
the consenting patients missed a number of regular measurements
for a variety of reasons, and these missing records led to unequal
information from the patients, causing problems for analysis . The
number of missing values of each measurement of pain, tissue

breakdown, SALIVA in each week are displayed in Table 9.

To overcome this difficulty we studied the behaviour of the
data visually and summarized this information into three collapsed
variables: maximum minus initial wvalues, treatment average minus
initial values, and over all average minus initial values. In the
case of the twe conditions of saliva we used minimum instead of
maximum values, and for the variables: burning with drug; taste of‘
drug; analgesia drug; and total pain of drug, we used the maximum
values, the treatment average values, and the overall average
values. The subtraction of initial wvalue was used to eliminate
individual differences prior to the administration of the drug.
These collapsed variables measured the presence of extreme
conditions (pain, saliva, tissue breakdownd. The conclusions were

similar no matter what response variable was used. We reported

only on the use of maximum minus the initial values of each
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measurement of tissue breakdown and pain C(except for the
variables: burning with drug; taste of drug; analgesia drug; and
total pain, where the maximum values were reported), while the
minimum minus initial wvalues were reported in the case of the

saliva levels.

In fitting the cumulative logit model in the BMDP3R program,
one of the major problems was to provide the initial values for
the required parameter estimations. However, by guessing at
reasonable initial values, it was possible to achieve convergence
after a few iterations. Dr. J. A. Anderson commented in
McCullagh’s paper (189803 that in fitting the cumulative logit
model] , one should notice that, as the number of parameters
increases, the chance of the sparse data problem occurring also
increases. This may explain why the model with ten categories

fails to converge.
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TABLE 1 The eight measurements of PAIN (V1 TO V8):

1.1 The possible explanatory variable is DRUG group (GP)>

V1l to V4 were measured by maximum minus initial values

V5 to V8 were measured by maximum value
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TABLE 1 The eight measurements of PAIN
1.2 The aggregated four categories of PAIN:

1. none 2. minimal 3. moderate 4. severe

FAIN] GROUP] 1 e 3 4 N
D o B 5 5 25
Vi
P 4 6 5 3 18
D 6 7 4 5 25
va
P 6 1 5 6 18
D 14 3 7 1 25
V3
P B 3 5 4 18
D 10 3 o 3 25
V4
P 4 2 7 5 i8
D 6 10 5 4 25
\Ys]
P 5 5 4 4 18
D 4 16 4 1 25
\{s]
P 5 10 3 o 18
D 7 13 4 1 25
\&4
P 10 5 3 O 18
D 5 15 3 2 25
v8
P 4 8 5 i is
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TABLE 2 The eight measurements of Tissue Breakdown (Al to ABD .

The possible explanatory variables:

Drug group (GFPJ,

Radiation weeks (R>, TBD are sorted by R

GF K Al AZ A3 A4 AS AD A7 AB
12 6 4 4 1 1 24 1 6
1 3 22 6 3 914 132 2 44
13 13 7 4 32 7 g1 2 23
1 3 28108 3 ® 250 2 BO
1 3 1911 5 3 12 208 2 42
1 3 20 63 8B 14 120 2 40
1 3 40 16 8 2 20 640 2 &0
1 3 285 63 2 8 152 2 Bi
1 2 11 12 3 2 9 132 4 44
1 3 6 63 1 1 3B 2 12
1 3 10 B8 3 2 6 80 3 27
1 4 13 =3 2 1 1 39 1 19
1 4 8 105 1 2 80 2 1B
1 5 2 21 1 1 6 2 6
1 58 22 105 1 10 220 2 44
15 g8 5 4 1 2 40 1 10
1 5 17 10 5 1 7 170 2 34
1 5 25 7 4 1 g 175 2 44
15 7 4 2 1 1 e8 1 g
18 3B 126 B8 B 426 2 71
15 5 @1 e 8 45 9 45
1 6 7 63 0O 1 42 2 14
1 = » ¥ ¥ M M »* *
1 = * X ¥ ¥ »* *
1 = * »* * % » M %
e 3 28 9 4 4 10 52 2 63
2 3164 20 7 B 27 3272 3 467
2 3 7 4 3 1 2 28 1 g
23 46 7 4 Q9 37 322 2 8O
e 3 6 62 2 B 365 3 18
23 234 17 6 B 12 B78 3 96
23 258 108 B 20 280 2 BO
23 A o6 6189 2791 46
e 3 8 4 2 e 7 Iz 2 16
2 3 24 11 4 517 264 3 6B
2 3 1 22 0O O 2 1 1
24 58 15 5 14 35 870 3 174
e 4 19 8 4 1 2 152 2 38
258 10 7 3 3 B 70 2 23
258 68 156 1 17 10385 2 172
25 24 105 1 6 240 2 48
25 2010 4 4 13 200 2 BO
26 30 B84 B18 240 2 60
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NOTATION

GP=DRUG (Bzd - Placebol
R=Radiation weeks

Al =4drea of reaction
AZ2=Severity of inflammation
A3=Inflammation surface
Ad=Max. Stze of Ulceration
AS=Total Area of ulceration
AB=A1 3 A2

A7=A2 ~ A3

AB=A1 »* A2 ~ A3

TBD=Tissue Breakdown

* =Missing value



TABLE 3
The measurement of the amount of SALIVA CS1 & S2) & the type
Of Radiation C(GLAND in Drug group CGPD

The negative entries of 5f{ & S2 indicate increased amounts of
Saliva at rest (S1) and Saliva during Estimulation (S2).

GP S1 S22 GLAN

i -3 -14 1
1 3 »* 1
i -1 -3 1
i -5 -7 1
i -2 -3 1
1 »* »* 2
1 -2 (0] 2
1 -4 2 2
i -2 -1 2
1 3 -1 2
1 -5 1 2
i -3 -3 2
i -1 -1 2
i -1 -8 2
1 -3 O 2
i -2 -6 2
i -7 -2 2
i -4 -2 2
1 3 »* 2
1 % »* 2
1 e -1 3
i1 -2 -2 3
1 »* »* 3
i -1 -1 3
1 2 -5 3
2 -3 ~4 1
2 -6 -7 1
2 O -1 1
2 -18 -14 1
2 -8 -11 1
2 -3 -9 1
2 -2 -3 1
2 -3 -2 1
2 »* »* 1
2 -1 -1 2
2 3 (0] 2
2 -3 -3 2
2 -4 -3 2
2 o -1 2
2 (0] 1 2
2 1 (0] 2
2 -8 -4 2
2 -4 -3 3



TABLE 4 The Tissue Breakdown (Al to A8), the Saliva produced
CS1 & S20 and the Drug group C(GPD

TBD CAl to A8> was measured BY maximum minus initial valus &
SALIVA CS1 & S20 were measured by minimum minus initialvalues

Al to A8 and Al & S2 are ordered by (S1+4582D

GP Al A2 A3 A4 AS AB A7 AB Si1 s NOTE
1 7 63 0 1 42 2 14 -3 —-14 for notation
1 13 74 3 7 g1 2 23 -5 -7 see table-2
1 6 63 1 1 3B 2 12 -7 -2
1 6 4 4 1 1 24 1 6 -2 -6
1 8 105 1 2 80 2 16 -4 -2
1 40 16 8 2 20 640 2 80 -1 -5
1 10 83 2 6 80 3 27 -3 -3
1 3 21 1 1 6 2 6 -2 -3
1 i7 105 1 7 170 2 34 -1 -3
1 25 7 4 1 9 175 2 44 -5 1
1 20 B 3 8 14 1202 40 -2 -2
1 11 12 3 2 9 132 4 44 -2 -1
1 3B 12 6 5 8 426 2 71 2 -5
1 25108 3 8 2502 50 -3 O
1 8 54 1 2 40 1 io0 -1 -1
1 1z 32 1 1 39 1 19 -4 2
1 ce 6 3 8 14 132 2 44 -2 O
i 5 91 2 8 45 @8 45 -1 -1
1 189 11 8 312 209 2 42 2 -1
1 22 105 1 10 220 2 44 3 -1
1 7 4 3 1 1 28 1 aQ * *
1 X X X % E 3 E 3 E 3 ¢
1 * M ¥ X M »x ) » »
1 25 6 3 2 8 18583 2 51 * .3
1 * O X K K »x 3 » : 3
2 19 84 1 2 152 2 38 -18 -14
e 46 7 4 9 37 322 2 80 -9 -11
2 8 42 2 7 IZ¥2 16 -6 -7
2 164 20 7 B 27 3272 3 467 -8 -4
e 6 62 2 B 3B 3 18 -3 -9
2 28 94 4 10 22 2 63 -3 -4
2 B9 156 1 17 10353 2 172 -4 -3
2 10 73 3 B 702 23 -4 -3
2 58 15 5 14 35 870 3 174 -3 -3
2 20104 413 2002 B0 -3 -2
2 25105 B20 2802 ©SO -2 -3
2 24 11 4 5 17 264 3 B6 -1 -1
e 24 105 1 6 240 2 48 o -1
e i e O O 2 1 i o -1
2 30 84 818 240 2 60 O 1
2 7 4 3 1 2 28 1 9 i O
e 31 896 618 279 1 46 3 O
2 34 17 86 B 12 578 3 96 3 »
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TABLE S

The number of weeks of radiation therapy
for the two groups:

Bzd and Placebo group

GROUP 3 weeks 5 weeks
Bzd 14 11
Pl acebo 11 7

» Column heading refer tc approximate duratiocon of

radiation therapy.



TABLE-B6

Summary data for Bzd & Placebo groups:

1.

.

Time collapse Study varitables

X x X < Z Z Z Z b~ Z
b~ b~ b Ly ~ ~ 2>~ X &) o< 0V W
O~ N o~ ~ QO W TLOMN_ WX w~ Lo~ ~Z DX
Z ZNH2O 203 Ly LO~N~NEZODMKN Ok < AfuTrzEpaw
O ~ Ly Z Z L G} | N ZZIEQ I - < N AN ZITWNIW
[ G“NPHerN”g“NI;N,UT‘G;LG.AnvAquHI'LF,l T o~ b ] D X
] DX K o~ NEEDNIIDRMIWTN LXMW~
< R”UT‘U.AA“H‘AA”UP“AHKN”RnuR“KrhErrN“UAAZ,anRpuMHLA“U”NM“V__E
= QM <@ QWA ANMNARKRAMNAOITIEZVNVONQAI NI JUB VWO~ Qg
O nn i I ]| 1] 1] Il ] ] It I TRV || D1 i g m 0N
z [\ - | m S 9] (0] [ 44 « 0| m =2 19} - v X [
O N b S S S S S S < < < < < %)) N
% DX AX AN ANANNNADOOAUNL XX AXDNA OISO AMNMNAUOAXNDAM AN
_____________‘ﬂ | .| __._1_______4.___
ﬂ ANXaXNALHSAN AN AAMAND X XNDKXDOANNDADOIANNAaXNMNMDFO OO
I [ T N TS R E O NN [N N I B | _____‘ﬂ_________
0
< OO AAUANFAUNDPADMNDONODAAAAXOXDNMNILOMNANNOODOMOINMNNDIONNON®
< - Ql - — - A A= M M - -
< DAAUXNDAANNA=AN A NN A1 O A X A XN Aa DD A1 MOTOONDODLNNDIAO0OND
-
Y]
< O XDNMANODNM DO OOXONO XD XIIOINOIFONODFSOLOODANFONN
|
< NOD Xt OMONNONDOVOFODOIXOXNMMNODPOFOONMNOODaAaMNDONMNODN < ®
- - - - - - - - Ql - e - -
M DODODXIOMNMPDAMMONOHDODOMNNMXAUAXNODANDINDIDLIONO ATV OOD WO
MmN — - - — - < QA - A NO A0 AMAMmIO0 <+ © m
-
04]
> DO MANMNMODINAUIAADNUNNAANAFAONONDNDNMODANNODMNAND AN N
-
~
> DeaDONDNONDANNANNEAEDONOMNMAMAUOANANONDNDANNDMITFOAO0OO0ONOOO -
©
> OO ODLNDODONANNNMIONNOA0ANNMOANNMNOMNMDOND AN NDANFAANMA«N
0
> OO NDAUNOOANNANANNMNDOONNOANNDOONONIONDMNMANAMNNOOOOOANON
< - - - - - - -
> ROOMNMODOONDNOOANMNOQOOQOOHAONNDVOAINNMNINDNANLDOOOIOCANONID
-
M
> RNYOPOOOVOMNMOOONMAOOO0O N 00NNORNDLMOAUNONMNDOODOMOONONO
-
Qd
> DOV MNMINDNODA@NOMNANMNOUDFOONNOOFYAD0ONNDNDAIMNINMNIDAONWND OO
- -
W DOMNODODNDND -« OMOMDONDOODINOANFDO ANV ONOIODDIAOFDNO
-
0,
0] At Ao oAt A A A A A A A A A AAA NNV AN AN ANNANANANNNNNQ
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TABLE 6

6.2 Summary data for Bzd & Placebo group:

Background Variables

GP A B C D E F 6 H I J K L M N
166 1 1 1 O 260005108 8 0 O 1 O©0
1 41 2 1 4 O 1 4688 3105 3 O 1 1 1
171 2 1 2 1 2600085108 7 O O O 1
1833 1 1 2 1 25B0003109 1 O O 1 O©
1880 1 1 3 3 250003108 3 O O 1 O©
167 1 1 1 1 7855003121 66 1 0 1 ©
163 1 1 4 1 750004 ©3 2 O O 1 O©
1 64 1 1 4 O 350004 83 65 1 1 1 O
163 1 1 3 1 252803117 2 O 0O 1 O©
1 67 2 1 2 0 3B0O0005108 7 O O 1 O
1 84 1 1 2 O B5 60005108 4 O O O 1
173 2 1 3 O 352803113 2 1 1 1 O©
172 2 1 2 O 25B7605102 5 1 0 1 O
1 80 1 1 4 O 352503117 3 1 1 O O
176 1 1 3 1 18B250 3117 5 1 1 1 O
1 8 2 1 4 O 730002 70 2 1 1 O O
1 B8 2 B % » 85000 3108 5 0 O O O
1 61 2 4 4 O 462506108 7 O O O O
183 1 1 3 O 3B00051383 2 O O 1 O
1 47 2 3 * »* 8 5000 3112 4 1 O O O
178 1 1 2 O 560005128 4 0 0 O O
152 1 1 2 1 352803133 7 1 0 O O©
1 38 2 4 2 0 752803133 7 1 1 1 O
1538 1 1 4 O 280005108 2 O O 1 O
174 2 1 &2 0 75203108 5 0 0 O O
260 1 1 4 3 1 850003108 3 1 1 O O
285 1 3 % % 85000 31158 3 O O 1 O
237 2 4 * » 850003108 8 0 O 1 O
248 1 4 x % 4 45004 79 4 O 1 1 O
246 1 4 »x » 260005108 7 1 1 1 O
262 1 1 2 1 3800085108 8 O O O O
260 2 1 1 0 1858803113 8 1 0 1 O
23 &2 4 2 2 1600051089 68 O O 0O 1
261 1 1 3 1 152503113 4 O O O O
244 2 1 2 O 15852803117 3 1 1 O O
261 2 1 3 1 350003108 3 0 O 1 O
265 2 1 3 O 260004120 3 1 1 1 O
226 1 1 4 3 3B0003120 2 1 1 O O
286 1 4 3 1 35503130 2 O O 1 O
267 1 1 2 1 3B0005183 7 O O O O
276 2 1 3 1 350003110 3 O O 1 O
244 2 4 * »* 5 40003 78 3 O O O 1
263 2 1 2 O 6 6240 B % 4 O O O O

NOTATI ON

GP=DRUG group
A=Age
B=Sex
C=Diagnosis
D=Tumor stage
E=Tumor size
F=Tumor Location
G=Dose
H=Radiation week
I1=TDF
J=Last week asses
K=Non-narcotic
LL=Narcotic
M=Xylocotic
N=Mucosal infect
»=Missing wvalue



TABLE 7 The mean and SE of each measurements of:

PAIN, SALIVA & Tissue Breakdown (TBDD, wvariables
G R OUP
VAKTI ARLLE NAME Bzd Pl acebo
PAIN Mean * SE Mean * SE
Burning at rest 3.680 + 0.66 4.39 * 0.67
Rurning with eating 4.22 £ 0.63 4.82 = 0.85
Fain at rest .40 * 0.58 3.84 * 0.79
Fain with eating 3.44 * 0.65 4.94 * 0.7
Burn with drug 3.52 * 0.65 4.17 * 0.88
Taste of drug 2.08 * 0.42 2.61 * 0.44
Analgesia drug 2.44 * 0.324 1.83 * 0.47
Over—-all drug pain 3.16 * 0.485 3.44 £ 0.56
G R OUP
VARI ABLE NAME Bzd Placebo
SALIVA Mean + SE Mean + SE
Saliva level while
resting -=2.00 * 0.860 -2.60 £ 1.17
Saliva level during
stimulation -2.84 = 0.83 -3.82 * 0.99
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GROUP

VARIABLE NAME Bzd Pl acebo

TBD Mean + SE Mean + SE
Area of reaction 15.36 * 2.c22 23.853 + 8.74
Severity of inflammation 7.66 * 0.76 9.56 + 1.11
Total imflammation
surface i1nvolved 32.80 + 0.32 4.22 * 0.35
Maximum size of
ulceration 2.20 t 0.83 4.26 = 0.38
Total area of ulceration 6.74 £ 1.19 14.03 = 2.87
Area of reaction x
severity of inflammation 142.14 * 33.1g2 451 .22 * 176
Severity of inflammation
per surface invol ved .27 * 0.35 2.11 * 0.16
Area of reaction x
severity of inflammation
per surface involved 28.29 + 4.19 74.78 + £23.67
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TABLE 8.1

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS

BURN WITH EATING

BURN AT REST

TIMECweeks)

GP O 1

TIMEC weeksD

2 3465

e 3465

GP O 1

E 3

1 85 5

1 5858 5 B »x x

1 00 O B 78
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TABLE 8.2

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS

PAIN WITH EATING

PAIN AT REST

TIMEC weeks)

GP O 1

TIMEC weeks)

GP O 1

2 348

2 3465

1 22 4 898
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TABLE 8.3

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS

TASTE OF DRUG

TIMEC weeks)
GP O1 2 3465

BURN wWiTH DRUG

TIMEC weeks)

2 3465

GP O 1

1 % O 0 4 4 4
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TABREL 8. 4

THE MEASUREMENT OF PAIN FOR THE TWO GROUPS

TOTAL DRUG FPAIN

ANALGESIA DRUG

TIMECweeks)

GP O 1

TIMEC weeksD
GP 01 2 245
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TABLE 9.1

THE MEASUREMENT OF TBD FOR THE TWO GROUPS

SEVERITY OF INFLAMMATION

AREA OF REACTION

TIME Cweeks)

TIME C(weeksD

2 3 4 5
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TABLE 8.2

THE MEASUREMENT OF TBD FOR THE TWO GROUPS

MAX.SIZE OF ULCERATION

TIME Cweeks)

INFLAMMATION SURFACE

TOT.

TIME C(weeksD
GP 01 223465
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TABLE 9.3

THE MEASUREMENT OF TBD FOR THE TWO GROUPS

TOTAL AREA OF ULCERATION

TIME C(weeks)
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TABLE 10

THE MEASUREMENT OF SALIVA FOR THE TWO GROUPS

SALIVA DURING STIMULATION

SLIVA AT REST

TIMEC weeks)

TIMEC weeks)
GP 01 23 48

1 2 3 4 5

GF O

*

1 3 O O O =

3
5
3
*
3
*

3
3
3
3
3
3

» O OO0
1 001
4 % % %

1
1
1
1
1
1
1
1
1
1

3 6 7

1 12 10 11 12

5 3 4 6

B 2 »

5 4 3 3 3
5 5 4

1
1

68554 3 %
3 2 a2 *

*
E 3

E .3

32 * 1

g 7 B8 6 6
7 6 3

1
1
1
1
1
1
1

6755 B %
4 1 1 %

3
1

1
1
1
1
1
1

2 4 3 2 3
7 3 6 7

o0 O O O

8 3 2

2 2 O

1123 2

1111
4 36 6
2111

E .3

E 3
E 3
E 3
E 3

4 3 2 *

1

7210

2 0 O

1

1 2112 O01
O »* 3 %

1
1

k3
k3

E 3
E 3

* 1 2 »

110 @8 9 8 B

669 B *
O % % %

1
1
1
1
1

k3
k3

E 3
k3

g 3 3 3 x

1

6 565 4

E 3
*

E 3
E 3

6 1 3 X

2 3 3

1

7 85 6 %

X X X

N M

nNmm

Mo

0o

NN

N -
m <
<
0o

c 34 3 4

aQN

217 6 4 4 4
2 5 4 6 @9
e B 4 B 6
2 4 2 3 2

*
=4

22054 3 2
1133

2

2%
O

1

»*
»*

e Bz22i1
2 3231

E .3

X X X

<+ X X

<+ X X

LmMm

Mo <

m < <

WY

X X X
Mm X X

m X
m o
< @
< 0

1 1 1 3
* 2 O 1
c 4 421
2 4 1 1

VA

c
2

*
*

»*

1

2 4 4 2

E 3
E 3

E .3

X N

X ©

b 3 (¢]

Ao

mom

m o

NN

X 0
XM

b i¢)
oM
<+ 0O
MmN

A

x %
*
3

2 3 3 x x
e 9 4 3 3
c 3 4 4 x

2 9 4 2 2 »x x

2 3 4 5

k3

66



TABLE 11
11.1 The number of missing values for the measurements
of PAIN in the two groups
The measurements of FAIN:

Burn at rest,Burn with eating,Fain at rest,& Pain with eating

TIME (weeks)

Group O 1 a 3 4 5 N
EBzd O O 2 8 17 20 25
Pl acebo O O O Fad 12 14 18
Group O 1 = 3 4 5 N
Bzd O O 2 2 17 20 25
Pl acebo O o} O Fad i2 14 18
Group O i 2 =2 4 5 N
Bzd O o} = s 17 20 25
Pl acebo O O O 2 i2 14 i
Group O 1 2 3 4 5 N
Bzd O O 2 s 17 20 28
Pl acebo O O O 2 i2 14 18
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11.2 The number of missing values for the measurements

of PAIN in the two groups

The measurements of FAIN:

Burn with drug, 7Taste of drug, Analgesia drug, & Total pain

TIME (weeks)

Graoup O 1 2 3 4 5 N
Bzd - 0] 2 8 17 20 25
Placebo - (0] O 2 iz 14 is
Group O 1 2 3 4 5 N
Bzd - 0] 2 8 17 20 e5
Placebo - 0] 0] 2 i2 14 i8
Group O 1 2 3 4 o] N
Bzd - 0] 2 8 17 20 25
Placebo - ) ) 3 iz 14 ig
Group O 1 2 3 4 5 N
Bzd - 0] 2 8 17 20 25
Placebo - (0] (0] 2 iz 14 i8
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11.3 The number of missing values for the measurements

of Tissue Breakdown (TBD) in the two groups

The measurements of TBD:
Area of reaction, Severity of inflammation, Total-

inflammation surface, Maximum size of ulceration

TIME (weeks)

Group O 1 2 3 4 B N
Bzd 1 4 4 11 is 22 25
Placebo O O 1 4 13 18 18
Group O 1 2 3 4 B N
Bzd 1 3 11 i8 22 24 25
Placebo O O 4 13 15 18 i8
Group O 1 2 3 4 5 N
Bzd 1 3 11 18 2e 24 cs
Placebo O O 4 13 15 i8 ig
Group O 1 2 3 4 o] N
Bzd 1 3 11 18 2e 24 25
Placebo C O 4 13 18 i8 18
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11.4 The number of missing values for the measurements
of Tissue Breakdown (TBD) in the two groups
The measurements of TBD:

Total area of ulceration

TIME (weeks)

Gr oup O 1 2 3 4 5 N
Bzd 1 3 11 i 22 24 28
Placebo O O 4 13 18 18 18

The number of missing values for the measurements of
SALIVA in the two groups
The measurements of SALIVA:

Saliva while at rest, Saliva during stimulation

TIME (weeksD)

Group 1 2 3 4 5 N
Bzd 3 6 11 18 22 25
Placebo o) 1 (s} 13 16 18
Group 1 2 3 4 5 N
Bzd 3 6 11 18 22 25
Placebo o) 1 6 13 16 18
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FIGURES

The measurement of Paing
Fig 1.1 a> The means of the burn at rest

for the Bzd group
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Fig f.1C8> The means of the burn ot rest

for the placebo group
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The measurement of Paing
Fig 1.2Ca> The means of the burn with eating
for the Bzd group
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Fig 1.2(b> The means of the burn wtth eating
for the placebo group
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The measurement of Paing
Fig 1.3Ca> The means of the Pain at rest

for the Bzd group
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Time CweeksD
Fig {.3Ck> The means of the Fain at rest
for the placebo group
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The measurement of Paint
Fig 1.4Ca> The means of the Pain with eating
for the Bzd group
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Fig 1.4C(b> The means of the Pain with eating
for the placebo group
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The measurement of Pain:
Fig 1.5Ca> The means Of the Burn with drug

for the Bzd group
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Fig 1.5Cb> The means of the Burn with drug
for the placebo group
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The measurement of Pains
Fig 1.6Ca> The means of the Taste of drug

for the Bzd group
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Fig 1.6C(b> The means of the Taste of drug
for the placebo group
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The measurement of Pain:
Fig 1.7Ca> The means of the Analgesia drug

for the Bzd group
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Fig 1.7Cb> The means of lhe Analgesia drug
for the placebo group
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The measurement of Pains
Fig 1.8Ca> The means of the Total pain of drug
for the Bzd group
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Fig 1.8(b> The means of the Total pain of drug

for the placebo group
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The Measurement Of Tissue Breakdown (TBD)
Fig 2.1Ca> The means of Area of reaction
for the Bzd group
TBD
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20 B - MmEAN
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Fig 2.2Cb> The means of the Area of reaction
for the placebo group
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The Measurement Of Tissue breakdown
Fig &2.2Ca> The means of Severily of inflammation
for the Bzd group

TEBD
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Fig 2.2¢(b> The means of the Severity of inflammation
for the placebo group
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The Measurement Of Tissue Breakdown
Fig 2. 3Ca> The means of Total inflammation surface

for the Bzd group

TBD
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Time CweeksD

Fig 2.3C(b> The means of Tatal inflammation surface
for the placebo group
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The Measurement Of Tissue Breakdown
Fig 2. 4Ca> The means of Maximum size of ulceration
for the Bzd group
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Fig &2.4Cb> The means of Maximum size of ulceration
for the placebo group
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The Measurement Of Tissue Breakdown
Fig 2.5Ca> The means of Total area of ulceration

for the Bzd group
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Fig 2.5(k> The means cof Total area of ulceration
for the placebo group
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The Measurement Of Saliva
Fig 3.1Ca> The means of Saliva while
for the Bzd group
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Fig 3.1C(b> The means of Saliva whtle
for the placebo group
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The Measurement Of Saliva
Fig 3.&Ca> The means of Saliva during stimulation

for the Bzd group
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Fig 3.2Cb> The means of Saliva during stimulation
for the placebo group
SALIVA

10

Time Cweeks>

88



APPENDIX-A

- Iteratively Reweighted Least Squares

The purpose of this section is to show how McCullagh attempts to
find the MLE for the cumulative logit model. In fact, McCullagh
did not show how to find the MLE in GLIM, he just pointed out how
to find the estimated wvalues via a quasi-likelihood function
COLHD). This process required a modification of the estimation
algorithm of the generalized linear model (GLM) in order to adapt

the Gauss-Newton algorithm used by the QLHD.

The QLHD function was proposed by Wedderburn (1872) in
fitting the GLM. The statistical properties of the QLHD function
are similar to those of the ordinary log-likelihood, except that
the dispersion parameter o°, when it is unkown, is treated
separately from the parameter 2 and is not estimated by weighted

least sqguares.

McCullagh pointed out that, since the quasi-likelihood CQLHDD
function is invariant under invertible linear transformations,
there is no difference whether we use the cumulative observation
Z  or the actual observation Ytj in the maximization of the

vl

likelihood function.
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However, McCullagh shows that if Z = LY where L is the lower
triangular matrix, then the expectation and wvar-cov of the 2Z
should be expressed by nyp = nLll and o2LVLT respectively, where nll

, , 2 . .
is the expectation of Y and ¢ nV is var—-cov matrix of Y.

Now let the Y ,...,Y be a random sample of multinomial
1 m
vectors where each Y = CY],...,YkD is a k—-nomial distribution with
1. 1 1
the n trial. Let Ti be the probability of cocutcome J in the n
L ) 3

trail. The covariate vector X associated with the (i, jd> cell of
1

the K-nomial observation usually denoted as: X = (X 1,...,)(_ .
L L vp
The likelihood of a k-—nomial vector is given by
L - nl 11 nYik
v Y ...Y _I vk T vk
11 1k
=K . expl Y InCll 2 + ...+ Y InCll 3 ] g cid
L L1 L1 vk 1k
Then the log-likelihood 1 for m observation Y,j having k
1
categories could be written as:
1C TICR LY D = } } Y logC ﬂijD ced
1)
where, E } and T(3) is parameterized into parameter

=CB, B, 30

Thus the maximum likelihood equation for (3 can be written as
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follows:

. a1 -
Since o T = V CY nllD
a1 o1 an
the = x
en 3 3T 9 p
= 25Ty ey —nnd =0 C2D
3
= DV CY - nm
= DwWn'y - =0 C4d
) g Tl -1 - - . ,
where, D = a5 W =n V and V 1is a generalized inverse of V.

Since the variance of Y relies on 1 which is in turn some function

of 3, then to solve (40 1t 1is more appropriate to use some
iteration scheme which at each iteration uses the preceeding
estimate of (3 to produce an updated C(newl) estimate of 3. The

-
Fisher scoring method was used in these iterative procedures to

produce the maximum likelihood estimates of 3.

Denote 1 to be the Fisher information matrix of the model

3
under discussion and SB is the sceore function.
2
_ a1
If? = E C 3 2D
= D'V D 4=
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Q
—

3

Q@
"

D'V CY - nD 4>

H

To determine the values of (3, the log LHD or Q-LHD needs to be
maximized in order to calculate the roots of the eguation (4).
These equations are non—-linear in {3, so a numerical algorithm is
needed to find the rootls. Here, the Fisher scoring algerithm is

given by:

11
—
|

F,- By = 1S,

[ D'V D 3 MDDV Y - nD ]

il

This is readily recognized as the Gauss—-Newton algorithm for
fitting the response [1 to the observations Y with weight W. The
maximum likelihood estimation can be carried out. via a non—line;r
regression program, such as BMDP3R, which uses the Gauss—Newton
algorithm. This result is intuitively reasonable since, after all
we could view Y =11 + &£ , with ECed = O. Then using %o, as
initial wvalues, the updated (newd estimate wvalue is %1, again we
use ﬁ1 as initial wvalue to get the updated estimate value Bz, this
iterative procedure of estimation is repeated until the sequence
of estimation converges. That is, the iteration is terminated when
1% ﬁo.

B

o+
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