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Hl . A model based on the'Semi-Markov ﬂtocess.for predicting »
the survivad of cancer of the cervix patients is pf?posed. The

[

model has three tran51ent states- under-treatment, recovery and
L . oo - ‘.""-

relapse; and two ahsoxbing.states: 'deatn-due to ‘cancer of the S

c cery{x and death due'tO'othef'causes’o; lost to follow-up. The

. Semi~Markov model is a generalization of a Markov model in:which’ T "v
. D) , Lo, . . . .

Y i . : ’ . ..
the transition_probability from a given state to any other state
s ~

depends not only on the given state but also on the duracion in\?ﬁa(

state dependxng on the next state entered. ’ . -

The model has tested on 101 patients available .from
[ . . . LT . ) R

victoria 'Hospital’ Cancer Ciinie,. London, Ontario. 'me“transition .
probabllity matrix and holding-timé matrlx’(the “&wo sets of -
L] ’ -

parameters of this model) were estimated by the meximum likelihood

method. The first five years data afte: diagnoszs was used to \
. - l
éstimate_these parameters; The predictions were then made for exght n

years from initial'observatibn point. Comparisons of survival rates
predicted. by the Semi-Markov and Markov models were made with the
! i ) ‘ ‘. : .

cbserved rates. The predicted_rates by the Semi-ﬁarkot model were

in close eqreement with the observed rates; whereas the Markov model
[} > ’ o ' . , N

underestimated the survival rates-at all points. Thus, the ' - ’ )

' R Sl e

-Semi-Markov model.can be useéd to desoribe the prognosis of cancer R
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of the cervix. 1In additicn,ﬂlt can be used vfo;'_ bmdicting;

. .
- .

future survival rates from a limited. fc;l'ldv':-up.' The life table

R o C. o )’ .
“lacks this flexibil.ity; SN I8 )

L J
. i /
The effect of chanqes in the parameters\i" the mdl;’.l )

surwiiiral are discussed, . 'I‘his type‘of analysis provides a tool to”

‘ c11n1c1ans to compare the alternatlvg approaeh in treatment p,oﬁ{:y

3

without actually performimg the experiment Var:.ou; éther uses of

. » : -
‘the model dre also presented.' BN .
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CHAPTER 1 .
. 2 . _,‘
.. INTRODUCTION - N e T
L o } B . ’ " B
. . = [ ¢ .- . ‘ s .. Q Lo [} °
o . * . . . . 9 . .\.
1.1 Objectives B . o ' .
o ) o . : ) . . , ) " . o
) . L. . 4 : L. . A ;-‘ © .
. fraditiofrally, the prognosis of chronic diseases, and *

‘
o

_rCancer in, particular, has been studied by computing the 'T-year ’
. . ‘ . ) .
»: . survival rate'*, - Tﬁg method of choice often is the clinical life .

.

: °
a

table as deyélopédaby Cutler and Ederer (1958)., “Clinical trials
. er s . v o . 3

" have alsé employed T-yea¥ survival répes'to compare the efficacy
v 4

a - e. .
aQ

of varidus, treatments. This approach requires’T-year follow-Up

. - a

of,at Jeast some sﬁfviviﬁg patients. However, if the ;nvestigapor .
- . ,

is-‘interested in the survival beyond T-yéar;, this mithod does

., a

<

not provide an-.adequate answer to.it. Further, the efficacy of ‘

the treatments can also be compared by studying not only the
° e : o C W T
survival but the duration of a relatively 'disease f;ee; period. °
© e - » . % o
Clinicians and health planners may he interested in estimating the

P '~

length of stay distribution of the patients among the’ various

4

states (viz., disease free and requiring treafment éetc.) at -

" varidus time points in future for planning’ medical facilities. .
. 0 © [

v

" .
¢ - N -

* T-year survival is usgd for convenience. ,, However, any time
: . .

.interval can Bbe used without altering any condlusion and meaning.
y . . ) ‘ -] .’ &

R . . * *a

>
g




LY . 3 . . . . . .
-The clinical 'li-fe table approach for. analysif\g survival curves is

: not sua.table to ‘answer these <quégtions when only 'a limited f&1¥dw-up

-~

2

f ﬂ .
data jls available.
v /‘ M «

/. Attempts to.wards'g developing Tmeth ogy to answeﬁp these

queJtJ.o.n& were made in the’ early 40'3 and Sp s. 'The n@table worlgs ’ Q,

,have been <;ue to };‘_ix & Neyfnan (1951) ' Boag (1949)'~an‘d Beerksor; & L
G;ge (1.952) One of the major problems thatf was 1gnored by ?1x‘ .. '
and. Neyman (1951) was t&e heterogenelty of the patlents ih -tezrms’
ot the:.r beha\uour ot' relapse and tecovery depench.ng u;0n the ° i
dx;ratlor‘m of. the exposure to these condltlons s Boag (1949) and~

. Berkson ‘s Gage (1952.)'used a ooncapntually different approach to"

o 2

tackle this p leni. Théy dlvs.de,g a group of: cancer' patxents 1nto
cgored and n- cured groups- of batlents. ’I‘he unq.xred patxex}ts were
assumed= to follow a 1ognorma1 distribution by Boag (1'5&9) and an
)
[ s

exponentlal distnbutlon by Ber‘kson & Gage (1952) wh:.le x.he cu}ed

-]

p‘atients followed the surviva]. patt;rn of a general population._

- " e r.

However, Berg (1965) npted that this approach did not. expla:m the

.
T ..

observad survival- pattern. Th*érefore, the present almfof ﬂus

S g E - ' L
thesis is™o . ) G . o .

o
-

1. suggest a Semi-Markov moc;ei to ‘overcone the difficulties

“s . . - 4

L3

¢ ®

mentioned above, in partigular-" ‘ .
- o . v © % .
(a) predict surv:l.va’l rate from*the ‘shore term data,
. R 5 LI
(b} estimate 1ength of &ra‘tlop in ‘various stgtes;
. v, -, .

(viz., disease free and requiring, treatment étc.);

-

c

2." .- study cancer of. the ceri:'@x by the model developed
above; and .
-~ - .

*3. , compare..tltis model with bthér methods.

J‘ 'a.
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- : . > ' N ¥ »

1.2 Organization . ‘ < e f .

‘ . 5, i . Y R PR s

.- The material of this thesis is organised as follows:
- ‘ ° -

'Chapter 2 begins with an introduéfion of Mafkov and
-

%le—Markov process and proceeds to establ;sh the necessary .

.

deflnltlons, notatlons and results which are most relevant 4o this

:'5§K .o ’ - N7 :
" - project. THe use of Semi-MarKov cdncep?s-from this chapter is

<

<

made in chapter 4 and 5 to study the survival distributiom of
‘ \ - ) I 1 Q -
cancer of cekvix patients. | P,

\ « In chapter 3, a critical review of the uses of the
s , . ‘ 5

. , - . i .
« Markov model and the other methods in the prognosis of cancer
» ° . .

patients are preh;nted. < . J

€ Chep;er 4 is devoted solely to the developmeny:ef Fhe
Semi—Markﬁvﬁmodel in the eﬂhlzsis‘df%the prognosis of cancer "of
cervix patienes}\ Esﬁimates basedcon semiaﬂarkovcmodel are
cbmparéd with thOSe obtained by usiné'Markoy moeelndeveloped hé

Fix and Neyman (1851) and the observed values. 2 -

- . <

: S Chapter 5 is concerned with some of the applications of

3 - T . (O : +

the Semi—Markov-model and rp is noted that ;he mode1>}s-flexible,

egeugh gb be used in studyinghthe effect -of changes iﬁ_thé- é e .

- ¥ . ’

. . ) 1,
parameters. ) )
In chapter 6, conclusions, 1imitatiqu and applications
- ‘ ‘ A o . - ’
of the model,axe,discuSEEd. Suggestions for futurp research” are

‘e

o .

also presented. . - 1} i . .
A . : R .
N ) . . T o @
‘ . ' | S
[ 42 L -
- . - <
‘ 7 -
3 ‘ J > - o 13
) ) | .
-, ;
: . . o ) "P'-

2}

$f

3
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of the proénosié ef cancer pat;énts, The basic netatiens and -,
N r . B ¢ < f A '

- 2.2 Notation

3 Q PR ‘/
@ \' T e :
[y -]
] 3 ‘ ¢
Ed M . o -
-
, £ . °
CHAPTER 2 - .
« ° °
o , oy *
a MARKOV AND SEMI-MARKOV PROCESSES o ]
- n
N oy
-
- ) 2

»
2.1 Introduction . . iy . .

-~ < ' -

- -

v

This chapter pohtaing a summary of thosé conecepts in’

‘ [ - . ' ..
' Markov and Semignafkev'processes which are necessary for the . o :
developmept~ahd application of these processes in, the analyéis * °

- i .
terminology of Markov and Semi-MarkoVv processes of this chapter

will be explainéd in terms of maiigant disease.* The gontents bf .

-~ 3

. r=
is .thapter will be used freely throughout this thesis. Detailed
AN - ’ * R
A . . .,
treatments. of the ﬁ%rkov and ‘Semi~Markov prqcesses are given in |
e o . [+]

. ‘ . ™ o . b : . °
Kolmogorov (1950), Doob (ibgga, Smith (1955), Feller (1957), e
’ € - . .

. \ .
Pyke (1958, 1961), Parzen (1962), Karlin (1969) and Howard

o

(1971) . I o e, e
» Q
' ) . ) . S,' a

~e

>

- «

- + ’

The fol;owiﬁg notations will be used extensively:
° . ‘

“, i . . &
o

, "- / Il . - . .
* m's Number’of states in the model; °
< ‘ . .
For example, using cancer, as the mode} diseasé&, the states © |

%

.
°

of the patients can be characterized és'follows:

L)

. 4 ’ - . % e

L Y
)



o G

- )

. ee 5 -

a, * R < P
Sl = under-treatment, S,2 ?fapparént; recovery, 83 = relapse,
Sé, = death due to cancer and S, = lost from the study or °

death gdue to other causes. Therefore, in this example .

S«

n'=

Tradsition probability;

Conditional probability

<

gtate ¥, giver that the

~
S
E)

.

Q,

aa
’

.

that the next transition s to

o
‘Last transition was to state i.

-

Thus, for exampie, in cancer patients the’ .

L4

4 v

ransition probability p,,’is the®fobability that'a

<

patient presently in state $ (under—treatmenﬂ will-- " -

o

1

-~

occupy state S

4]

(apparent recavery) after the next °

2 &
. <
trgmsit‘io'n .- - - - . . .
_ . ] o E
“The holding-time for the transition i > j, the. time the

o

3 i ' 2 ‘ . Q Ay ] ) ' - .
Patient willespend- in state i before making a tran51tlo§1 .

P, e . L s a . -
:to o ., For example, s\qppose, a patient gpends 3 months ‘

©

T ¢ o a .
defined as: T o ¢° - <
. * ’-= o
el L e ¢ -
_Frebability that, the patient will'be in state § ‘st time t
. ’ ‘ . . ¢
given that he was jn° statei’at time zero. ” >
- - 14
o - : . .
h o ° s L
- 4
’ « o A 4 e . ot © ¢ v ° -
] s e 5 o o 21 ” o,
' ’ : A ' ] ° ' ° < S 3
o 2 " - o L] v * oL ’
: . . . S
) . v © P v ° ° s . N a, . s .
e < . u s N < ey ) . . .
. L oc LI Mo & ' . ¢ o !
< o , e <
' . - o . - v,
X g, . B o ' . o
- ! © ’ ’ . 2 o ¢ " .
. - = < - ‘ o - O
B . ' S e ’ “ B & % o
" i ., ] < . Y L4 © ¢ )
R N I A ————

L]

@

undef—t;g;éatr,nent "($,) beforehe ‘recovets (S;-) » then in ° .
& . » * . \ a ° ‘o o .o
© - ¥ 2 s
tttat <§ase le = 3.‘ o o s ©
b1 ¢ -

: o < o, o * . T, “
,Interval transition probdbilty from state 1 .t state i {

2




» . N . 4 2
! \ oL e o .. ~ ’ . Za
o S “ o ’ o - .»'°
. e o ¢
- ° S Le - e .
- u |. - 9 . ‘ V-“:ﬁ;
4 v e 3 . . R - ,_‘.‘a-,
Hi’j(t) = Holdlng t:une digkribution functlon 1n qtate i ﬁoi a
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Con51der a fandom® va.r:La.b‘le Such ds the” .
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we' may descn.be thesé deaths by a counting '

A3, l Stochastlc Process.

°occurrence of deat.hs R
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' functiqn“ ﬁc(t) . def:.ned for all” t > 0 .which represents the e
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number of "deaths\'that have occured durlng the titfe perlod» fro‘ﬁl .
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2.3.2 .Markov Procass. B discrete parameter. stochastic iirocess e
. ~ ’ - : .o . ' < .

Ax(t); ' =0,1,2,........} or a continuous parameter process "

. {x(’t); t >0} constitutes a Mavkov process if, for any s of
n tige points €< £ <......i...:< t_ in the index/Set of‘tha .
. o > . o ¢ . o= +
‘process and -d4ny real numbers. ¢S11.8,0 waanaeni Sy . ot
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This Markowian property has been _shown to be equivalent
to stating that the cdnditional probability at time t depends’on . °
. o 0 « ° . o q

Sthe outcome ate time ¢ 'tn:l .and ‘on nothing that ooccoulrredo at any" '
¢ previous time point. ° E ‘ “ L
L] : % K4 ’ = : e - .a - “; . ' 'c‘. I

¢ - o Thus a_ Markbv process can be \:harac}:erized' as follows: .
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The°typical'e1ement of P(t) is also real and non?negagivg
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and subject to the’cénéition
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Such a matrix P(t) is called a transition probability
4 . N o

matrix in which the typicgl.element pij(t) cis defined as the

" conditional probability that an element is in

©

¢

£’ givén that it was in state i at time (t-1).

state j " at time

. e e

2.3:3 Markov Chain. ‘A Markov chain is a Markov process whose :

<

v

state space is. countable or finite an§ for which time is discrete.
- . . - [} -

-~

‘Remark. Th

calculating the t-step transition probabilities P
- Ls )

If the txanqitibn probability matrix P is given by e&uatiqp

(2.3.5), where
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. ) he X v
o .- Then the Markovian assumption allows us to express t-step ) | o
. . e.’ N M ) B , . ) NS
@ transition probabilities im the following form: ) \ ‘ o 4 )
. .- ) r ., ) - -
) ‘ . ~
v . C p(t) _ pt : %
4 o . »
which implies that the numbers Py 5 (t) may be regarded as the
SR t- “th T
entries in the wmatrfx P, the t  power of P. .
-2 N <}
o - r t‘. : 2 ! -
/ The Chapman-Kalmogorov equation provides a method for ; -
calculating these t-step transition probabilitiesxwhich are given
¢ . by : l 1y =
n ‘ ! N )
. () = L . Cft- . : .3.7
plj( ) Plk(r)pkl;t r), ] (2.3.7)
. : k=1 . .
; for any r < t. The summation in the equation is over all states :
_ of the Markov chain. = ‘ . ’
R . o *
. ! 2.3.4 Stationary ‘i‘ranSition Probabjlities. When transition -
. . . N - " . T
probabilities are independent of t, i.e.,, . 1
1Y ‘\‘ " ° . .
) o N\ ‘- - ; , L :
P{(t) = P \ o ® (2.3.8)
® . 3 v
o . ‘ ‘ \’ ' * . ¢ - )
Then such transition probabilities’are said to be stationary. .
' g , ) Y - o
2.3.5 Transient State. A state i is said to be transient if and -
) 7 only 4f starting from state i there is a §ositive probaﬁilit':y - ..
. that the process may not eventually return to this state. ,For. . ;
4
exa:i\p;e in cahger of the cervix, state of recovefy will be a D
¢ . . .7 . ) ' , - .
transient, state. L ’ ) .
o, 4 .
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. 2.3.6 Absofbing State. A sta.te i 1s sa:Ld t'o bg an absorbing state

4 » ) ¢

.
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’ 1f and only if p = 1. Death due td canger’ “of ~the cerv1x Ais an
" / ‘ e
, absorb:.ng &te. ‘ 'y ot . t f, ’ Ly
’ . S * . \".
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2.3.7 éemi'-'Markov Process. ' Let *f xQ:‘); t > 0} ‘be a stochastic

, ' * . < 9 ¢ . .
- process, where x(t) = 1 denotes‘ t.l"at the process is in state i
» . 'Y [y P
. . .
. ’- .
at time t. Suppose that the process has just entered a state,

”

say i, the- transit:.on to the next state lS made accord:u.ng to the

v . ¢ .
7 f . >
transition probablllty matn.x‘ - ' ‘
- b g

P | P = [},ij]' o - -.(2.3.9)

°

and the.distribution functiop for the 'wait’ of the process in

state i given that the néxt transition will be-te‘state j is
. - a L4 ‘

. . ~——

* denoted by the holding-time matrix . . e

H(t) = fhij'(t)l . . (2.3.10),

. L .
’ ’
£

Such a process x(t) based 'on-g:wo s'etsc of pax:améters

“(p, H()) is called a Semi-Markov process. ,

Remark. If we iénore the random natyre of transition times in

‘ . N i

Semi-Markov process and focus on the transition inst;.ants. the .

process is an'ordinary Markov process. However, when the .

. 0" N
# holdz.ng time behav:.ou; is included, thq Semi-Markov' process will .

.

not satlsfy t.he d\apman‘-x.almqoxaov equat:.ons unless the holding— g

[

times are ‘all exponent:.ally distrlbuted . Kurtg (1971) has .

. % . ™ -
.

AN

shown under reasonable assb__tmptions that a- &mi-narkov process

»~
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amEle. Consider an il],ness and death- process having thrée .st.ates

.,ﬂ,

.00 1af 2.

We can 1nterpret such a process by t.hlnklng of state’

-~

-

3

:

°

¥

¥

) : . : L e ) -
* pgrsornr starting from state 1;will be at state 0,

F)

Phe

'units. time.

-

<

EN

1 ak ‘h&alth, 0 as ‘Zi.llnesé_ ar;d 2 as death.

L

We can -imagine that: a

4

1, ‘or 2

>

after t -f

A* transltion f‘rom 1 to O, corresPopds to an

"illness_'n;"

. 1 ‘. - hdd rd
y whlle a trans:.tion from hto 2. corresponds to, 'death‘«. 'I'he
Y, ¢ _': s . i
' transition probabii:i.ty matrix is’; e - .
":\‘ ) ~ - * ‘_ -
) ~ ‘Illness Health Deaths : '
e . - {0) L (1) (2) -~ . .
Illness (0) | Py, Pore@ p-oz‘-]v t
P = Health (1) | Py, P11 P13y s
‘ peath (2 | Pag “Pa1 P |l ,
. .. A ‘~ -
. N h -® PR £ k3 R £ . L
0 and 1 are both transierit states and 2 is an absorking state. , .\

This is an example of a simple Markov chain. 1f“we ihclude the: v 3

holding-time be.hav:'..ou_r between transitions i.r; this example, vize, -

the length of time a person stay in any state depends on both - -

)
* - -

vggere he is and where he goes, then ﬁ_h:i.'Q is an"example of a

. N . : ”

. L .

- -
o T - Iy
. -,
. .
.

Semi-Markov process.
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. 2.4 Holding-Tifp and Waiti

I

s e Tt
> e
§

introduced in the analysis
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The concept‘oﬁfholding:ti

&D

ng~Time Distribution

.

"

me distribution has been

of" Semi~Markov process. The figure .

LI

2.4.l.represents a portion bf,pbséible realization for a discrete

time Semi-Markov process.
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The. figure shows that a patient entered in the state of

under-treatment (Sl) at time 0, stayed in that state for one time unit,

Q 8

then made a transition to stété of recovery (Si). He stayed in

the state of recovery (52) for three units and then moved to S

)

3 .

‘relapse'. The patient stayed in state of relapse (s3) for two
P c : . . ©

time units and“theh moved: to state of recgovery (Sz) when last observed.

- e
~
.

¢ Lot Ti’be the waiting time im state i. Let h; (t;) denote

- ° . - . .
thé d;écrete density function of the unconditipnal wait in state

i. Then we have: . _ ) . tL
n L ‘ L
hi (tl) = ?21 Pijhij (tl) = Prol? Q‘ri = tl) | (2.4.1)

“ which is the probability that the patient will spend t] time units
in state i if we do not know its shccqgsof state. The cumula;ivef'
and complementary cumulative probability distribution for the

. — ~
; -
\waiting times are given by:
;
t ’
H,(t) = Prob ( T,8E) = I Lhy e
.o t.=0 ) o
- . 1 ’
. t n ."
=,z I  p,.h,.(t]) ‘ (2.4.2)
t.=0 j=1 33,131
1. ; .
W x* . ) . ’
; a:(t) = Prob (1, >.t) = I. h,(€)
. t,=t+l
, . N 1
. ' . P n , . - ‘ . - ¥ ( - . )
=" I I p.,.h () . {(2.4.3)
. oty=tel 3= RS ! S
‘ . - .
. < ' A
. . .
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2.5 Interval Transition Probability-Matf&x-
) ‘
In this analysis of Semi-Markov process (P, H{t)), a

o

Pl

‘o L] . . ’:. . N :l
basic statistic to be computéd is the ihterval transition
x 1) - -

Py

ﬁrgbability, ¢ij(t) which corspsponds to the. t-step transition //.

probabilities for the Markov’procesg. This quantity ¢ij(t) ié:

A -
the probabilty that the person is in state j at time t, given
that he entered state i at,time zero. The interval transition

probability can be dalculated. from the parameters of the Semi-Markov

pr&éesses (P, H(t)") as follows:

- - ’ .

. & ' '
A person starting in state i can be in state j at time

t i{'qither a ) - ) : .

©

1. the person never left state i.throughout the interval

= . >
[+
(0, t), i.e., i = 3j, or o :
- 2.  the person made zt least one move during the interval
{0, t), i.e., the person could have made the first ’
< * v . .
move from §tat%‘i to some state k at timectl, 0< t1< t,
‘ and finadly reached j at time t. o
The probabilit}gsJof the®above two mutually ‘exclusive
cases lead_ué to the foifowing equation: © [ -
Y - - . -
# -
N - o n t . :
. o = H. + z 3 ] v - ~ - -
¢13(t) 61] 1(t) Plk,z 2 hlk(t1)¢k3(t tl) (2.5 %)
k=1 tl=0 - . -©
- * / .
where, 't 2 0,° 1 ¢ i,j & n, . . i

=]
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The Q?tation Higti is the probability that’ the pe;sdn"Willcleave

< v e s o

the starting state i at time® greater than t.
% ° ’ o * °. :
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Matrix Formulation. A matrix formulation of the equation (2.5.1) ‘"
- ~ [+] v

¢

<o o

- with’ defining the following matrices:

< Q -
en '\ ° ’ . : . e" —
o rw s Dy g o
-
‘ o . -p “‘7:‘ [bljJ "
° ~ ¢

% N '
We also define the following diagonal matrix:
o . - -]

o <
. [ .
. - - ] 4 . . . R oy
- < ~c - ¢ c
B () (o5, 5,5) ]
. . \ S
o @ y
. . T
o ~

¢

Let us depg}e a special kind of matrix multigifcation by-

<

If A, B, and ¥ are n,by n square matrices, then

- . N (=4 -
©

c = A3 B,
2 - o

The a%ove equ&tion:implies:_

2

@

o

0

is necessary in qfder to simplify the computation. Let us start
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This means that 'box’
.‘multiplication.
' &

c

<

c Y
[+]

»

c

operation is an element by element matrix _

L

A

The equation (2.5:1) for estimgiing interval transition

’ L4 ° -

probabilﬁg}es car” be written in matrix form as follows:

o ‘

-

HO(£) +¢ I

.
t

E

where £t = g, 1, 2,,3, ceeea e

0,

CPOH (&) A0(e=E)

v

(2.5.6)

-

LY

$(t) is thus the interval ‘ansiti_on probability matrix
\ . T

a
= for the Semi-Markov processes ( P, H(t)

At t = 0, the above équat%oa reduces to

o (0) = I,

Y R Y-

’

L

where I‘ié the identity matrix.”

Thus the equation (2.5. 6) " provides é'conéenient

) in the inférval (0,t) .

.

A

f‘(2;5.77

wéy to-

calculate the interval trénsitien probabilities frmm;fhe:bgsicl

Ve

parameters P and H(t) of the'Semi-Markov

-
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»
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In order to compute tnis quantity? we define an -
indicator varlable u (t) as follows. . = 3
; & - e . N
. j —s * . A - . N
. . ,ij(t) =~ 1

This quantlty has practical significance
\{r managements as well-as for physjc1an.

For,"example, an;th
anners might be interested to know how long a patient stays. 1n
: 2
the hospltal.

<

T A
when the process is in state j at time t,

- gPven that ;henprocess entered state i at
- -time zero; T I . s .
. N : - o o
. 0 _otherwisg; . R ] o, . s
Let vij = the total time the process will °spernd in state 3 1f : -
- . . ¥ ' . :
it is started :iﬁ state i. ° .
~ . . . "}‘ ©
we have: ’ i »
- ° N * *
‘0 ‘. 2 j
. co i
. v, = r - c(t) .
: 3 =0 Y3 . °
and the expected time the pergon will spend in state ¥ ’ )
i
-
* . ° ) s B
N ) « . , @ - c
- - _ _' p“ *
v = = . = . . 0 ;
i E(v_ J) E( I (t). ) ,Z_ _ _F?(ulg (t1)y- (2.6,2)
- . - tzo “ - t"o - 9
S~ .o AT S ‘
The probabllity that u j(t) =Y is ¢ij(t).‘Therefore, we have . )
P ) Tooe : e ) - ‘o .
E (u .({:'“% y = .- ) . (2.6.3) -
1] ij ° ' o . o
. - g . 4 L - Q . @
3 3 . ) s ' -
o . e -
. : c"' ° G’

b - - o
, ™ * - <
< . ‘. }\
|. a -
L P \‘
a 17
kN . R 3 > .
PR e PR ) :’ LI
4 - . . o .- - -
] 2.6 Duration Distribution. = -~ - . . °
N A T . N - '1 .
-, i ~ TR e t e . . 2 v
. The duratlon measure is defined as how long a person
. o ~ - L
'stast;;,a quEn state. is”
S, 6



o

o B I ER- r ) . »" .~18

°

- » . .
. . 8

v, S B(v..) = T ¢..(t) e "(2.6.4) °. 1
, . 1 . t J d . .

i3 . i i
) d =0 X : -
% o
& . % o , o ~
. . . - = Co
The - setond moment is: ¢ . o _y - :
s, ° ©
BN . . :
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e The variance in the time a:patient, wfll spend in state: i
. b - o> -
Al - - - .C - v
:j, given that he started in state i, is given by v . v
- . - , b > . . ) “
- - 0.4 © © i . N 3 e X
¥ = . = - o

- R - 2 4 .
var (vij) = E(v,.) i (Ef(vij)") , - : :

- N - -

». = (v.. .
! . 1] . 3] s . 5
. =1
il ° ! < 2 i \O c
, - s 2 o

@ [ o o
A -« © o e o . s
. Q 20 Q . °D L © o R
K4 g = y
: When i = j, w& have c > o . , .
I ’ @ g ¥ o ¢ -
. e . P d
1 e -7 ’ 2 . N R N . j
O; h -~ - o % .Y o b= . N
var (v, =0 v, (F,. - 1) A 2.6.7 - .
. “( 11) > 11( Y}l N . f : ® (, @ ) o .. q
LI o ) - . g v . » ‘ Q 901 4\ s
s ee . . - S > re . T e
. It may be noted that if Vij is fairly large, the sd:ax;ldax;d~
a .2 ‘ - o : & 3 2 L
: : o O oL o ‘ >
- deviation of length of stay will be.almost ag:large as its
. ‘o' - .. Y P " ov v s o - R “ N . o _
expectation. . . : : .- v e
- 9 ’ - N . - 2 - N o ] . . 2,
) . :, . . . - o -7
- In order to estimaté the mean and variance.for the . -
’, < . . 5 o s 4 a" - o o °
duration of stay in tramsient ,states,.t’.he_ matri appreach, is used, L. &
- M . nc ot ' . b ST < . 5 . .
N » . N -— . i} . "y &
Let us define a matrix N with element V.., then using the °
4 . o= . ", H . <, N J , . . & - s «©
3 < . ¢ ¥ .- . © .
. - - - s . s K
o s . o .
-~ ~ . c e
N ° ° .t . < ° . 2 o v
4 s R ., . - hd - \ i}
- . ‘0 - B o o . 4
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3.1 Introduction ° : , - .

2. ? 4 s . o . o e
< , - < «
< o [
. B @ .
o o

: o, Varioys methods have been ‘developed for étudy‘ing mortaljty &

El ~

a - c <
L}

. . '
%xperience of a population. T-y?e;:\r_ survival rate is the most common

9 - = . . . @ -
° . e ]
3 o a

meas;ure used for such studles. "Thig is definegi as %the p'i'opc;rtion .
P o, e 2 > - o

-8f a populat:.on:who surv1ve for. at least T-years from some defmed Coe

¢ °

o >

approach for calculatmng the 'T—jear suf\iival ‘rate' :ain clinica'l

.

szt‘uathns but°such a .method, udoes not prov1de an?@equate tool

I

. for thé early predlctz.on of :later results. o » Co 0 ®
? Booag (1949)r cons;‘;c;e*red‘ a‘ lognqrma.l Wl toj descrlbg . o a": o
1l xhilsotrlbutlonc'for ca-ncer-;aa*:lents which could be used 8 0:2,;
£or "predié*cw‘:aepur‘poses. Fix and | Neyman k1951°) p£o;;oszad acm?or% o &

. « Yo . ~

L] = Q

gene,ral stoc.hast:.c; model, us:Lng the Mz;x;kov process in the s‘fudy of the

AY < 0 -

o

prognosis of chrom;p dlse%se and f'liiustrat’ed its u§e w:.th “an
o s R e 'o *
“ - - v, : o
ex;ample -from can,cer,, L 5 o L e
s o " . s R ) »

The follow.mg sect:.ons describe’ the variols mea:hods

o P [ o ©
. o -

ment:.oned above a;nd dzscuss their advantages ‘and lim:.tat:.dns. ?t LT

N .

1s proposed that t.he Sem-ﬂarkov approach will prov:.de a mode'ff that 3 ‘/ "

&

c it B
Y .
w111 be closer to real‘ity than the ones’ p’rev1ously descr:.bed .
o
. ° - ” . ‘ ° o
. ’ . , i o - e . P
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_the probability.qQf surviving various time period- reckoned .from

-

The main:objective of the lif¥ ‘table 48 to calcﬁlate

3 . L4

<

o . M 9 .
"' “ c . A ° 4
o [\ 75
) ‘ N .
- 00 LY - % . W R
. a F" > v & ' ke
a . by - v
R 3 21
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L J L
d o
- ° e o. © e,
3.2 Life Table Method (or Actuarial Method).' :
" » =] ~ ©
e ' . - ¢
s .

I3

‘some initial “time. The‘basic principfé uhderlying this approach

o

o

@

’ : - . . N . . : * ®
interval. * Then the survival to a élven time point can be

cb%puted by multiplying

probabilities, of dying. The basic' data needed for this method

0

during?fhe intervai.

E}

(4

3

<

died due- to' disease, diéd due'po other

¢

©

. e ¢ . st
the unit interval is given by :

e’

a

L

-4 d -
i
rW, =
1
'.(a
N, =
1
c <
<
i -
Lo s
i

e >

the compliments of the indivi&ual

~ > &

"

4 A

© .

is to.calculate tife probability of dyind during each unit timé
[+ . M

are: numbem-of .patients at the.begin&ﬁg of the interval, patienfs
- K o

causes, and withdrawn alive

Then the risk of death due.%o disease during

. . .
v : 2
: K}
P .D
c
e
°°'_= . d , ¢ . Q
3 i
_ e P . (3.2.1)
- L4
N. - % w, -
. i ol - -
e ,.; o - -
: ° . " :

©

Number 'of demths due to diseasé during the

°

interval, .

"

? Number of deaths dué to ofher .causes or

= grobabiiity of death due tb &isease,
31 < ’

v

- e

o r
o
o 3

.
.

.

. W . . . > 7
‘withdrawn alive during the interval, and

<
z

. “a
v'interval.q o

©

a . e
4

Number ©f patients at theogeginning of the
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.
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It is assumed

o ©

that times to deaths due to other causes or

u

o o - ‘. ~
withdrawal are uniformly distributed. Thus, a patient who has

'9ied’from ofhe?”causég during'the ;ntervaluwill.be at ffsk of ' “ AN
death from disease under study for oﬁly half thé Yength of the . °
interval.: This ;ccgunts for the adjustm;étiin the denominator. .
L Ié is obviou; from equation (3.2.1) thaé_at leas? some _

. patients would have to be observed and their status determined at

tﬁe'edﬁ of the per@dd for which thq survival probabilitygis to o
. be calculatedd. Thus, the survival in future could not be predicted
. . : 5 )
from obse?yinggonly a part of the experience.

3y v v

-

[~]

3.3 Lognormal ‘}dodel

. - & »

.- Béag {1949) tried to overcome this difficulty to some

exteﬁt‘by using a ‘lognormdl model to describe the survivership f9r

cance€r patignts and placed most emphdsis on the early prediction

ot

. ‘ _ . 4 .
of results. He divided the population of patients treated for

F «

cancer into cured _and non-¢uréd groyps. Let c denote the proportion

of cured patients\ (1-¢) the proportion of non-cured patients. He

assumed thiat the cured patienté had. sutvival similar to that of a

<

general population, while the non-cureq‘ﬁatients had survival times

given by the lognormal distribution L '
. . ¢ ’ o . b'
‘, . . N ' . ’ L3 A.
L ‘logt -u 2 |
N . . e B . *) X . . o
£ o= ——— . - . P N
(t) Fo ’ Y (3.3.1)

o . . . " -
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o where,'t‘ii the time to survival; y and ¢ are the mean and standard’

. deviation of the hétura% logarithm of survival times.

+

Yhe method of'maximnm likelihood is used to estimate the

3 < -
5 three parameters u , ¢ and c. The explicit expression for -the

3 -

: ’ j
- 1likeTihood function is’ a8
. : | (1-c) £(t) : .
o L = I log‘{-———:;——- } + I log{ ¢+ (l-c)q }
A . B,C , ‘
’ i + I log (1-c)gq ’ (3.3.2)

4

where, q = fE f(t)dt; ’ : '

» . N 3 o
A = Group A : Those who have died with cancer -
. . ) , present at time t, reckoned from the

.commencement of treatment;

o - - . B = Greup B : Thos& who have died of other disease
o . - : at £ime t; ° : -

. - - C = Groﬁp C
. R - [

Y

Those who remain alive and symptom

)

‘frée after time t; and

_, o *'D = Group D : Those who remain alive but with

o

oot : . ' cancer progressing at time t.

.
1 ¢ < .

Each summation in equation (3.3.2) being éxtended over all patients

in the group whose riotation is placed below the summation sign.

-

° - o ’ :

. . N
= s . . . @




In ac'uordance wJ.th the pr1nc1ple of maxlmum l:.kelihbod

the values of yu, 0, and c are to be estimated wh:.ch makes L a maximum,

This requires that i, . .
O‘ ¢
3L AL _ L _ ‘ - St
3 = 30 "~ .5e .= O. ‘ ' (3.3.3) )
W
. LI > [ ’ ’ o
L e o - S ‘ ©
where, 3, , 3_and 3  are the partial™derivatives with respect
ou 30, - 3¢ - L
tou , o and ¢ respectively. N T . ot

g

~ .These equations are solved by anciterative process. Such
a process is very cumbersome and in practice, it is found that the
sequence of iterations may not converge or may lead to a value of‘

o which is unrealistically large. An alternative approécl"x

sugwge’ste:d by ;30ag‘of fixing t.lqe .Ex_‘lue of o frcrm past.experiente
~of other series, is open to criticism on the gro;mdﬂ that. the final
estimate é_f 'c' is dependent on the value of ¢ chosen. Also the
.past experience dges not ‘necessarity enable o to be chqsen- with

sufficient accuracy. It was shown by Berg (1965), Gehan (1969)

and Campos (1971) that the f:.tt:mg of the lognormal model to .

B.3

cancer data was often poor in many instances.

- . 3
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.3.4‘Mérkov Model For Recovery; Relapse And Death ~ .

B ~
v A 4
v .

A conceptually'different approach is used by Fix .

-
-

and Neyman (1951) in formulatlng their Markov model ﬁqr recovery,

Yelapse and death. They assumed that a patient sufﬁégkng from

-

Y.

". cancer Mhy go through the following exclusivq states during the

course of .follow-up study:

.5, = State of being under-treatment for caner;

. ' ' 0 o
Sl - State of béing dead immediately followjng treatment -
_ - for cancer; ’ .
52 - state of recovery in which the patient is not
“. under-treatment but under observati‘n;
S, -~ < State of being lost after recovery or death due

’

to other causes not.related with cancer.
é
» . »

s A patient who is under—treatment (state S )'can leave

(Y

.~ the state S by dylng (transfer to state S ) or Qy recoverying -

(transfer to state S ). Similarly, the patlent c’leave state. of

recovery (state S ) in only one of two ways, by havzng a relapse

«{transfer to state S ) or by being lost or by dyln?}from other
causes not related with cancer (state S ) The allowable

transitions in this model *rare indicated ‘in Figure%3.4.1.

»




Death due to
disease

. Sp

- Figure 3.4.1.
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i ' et P, (t) be the probability that the patient is found
Tor ' in state i at time t, when i may be O, 1, 2 and 3. Assumihg‘fhaf
the time‘sgent‘fﬁ state S0 and SZ are negatizg exponential <random
variables, then the forward Kélmogorov'equation% { equation, 2.3.7)
. for the model can be writtgﬁ as follows:
Po(t) = - (»qu +_q02 )Po(t) + qzon(t) (3.4.1)
’ [ d. " .
. P (t = 4 (t) "1 (3.402) ¢
18 = 9%t +(3.4.2)
e < N .
Pz(t) = ( dyg + 9y, )Pz(t) + qozPO(t) f3.4.3)
. . .
, P3(t) = q,4P,(t) . . . (3.4.4)
- - LS
‘where, - > .
/ . -
. - N
‘ . Todlp (), . da(p. (t))
. e ) Po(t) - dt 0 r o \Pl(t) RS - dt l ’ -
s : , ’. ) “ N . N . b
A _ d(P_(t)) - T a(P(t)) -
Pz(t) = 3t 2 - and P3(t) = & 3 .
. , Py (t + At) - ’
q; = Limit -_JZE__ v -
] At > 0 , c
- . . . . .
3 o . . y
for every pair of states i and j, i # j, amd these qij are called
. » \ . ) ‘ A
A transition rates. - . ' ’




. N | ‘ | | ... - .
e Using Laplace techniques, the following solutions’ of the
X above differential equatiohs ar€ cbtained:
P (t), = (p, +a,, vq,, e
3 -
\0:. Pl PZ 1 20 23
“ o SRS LN o
) _‘- ( P, + dyq * 9p3 e ‘ } . . (3..4..5):
' “ . .
o p t
_ T20- * 923 Py +'d50 * Bp3t 1
¢ Pl(t) T 45, { + n = B
\ ‘ P1Pyr PytPy = Py
- . ° B “ . )
o - :
© p,t ° (3.4.6)
' fPg ¥ ayp Y 4y3) 2y .
PyiPy = Py) X
' . c. [3
Pt p,t .
3 1 2 o
p(t) =02 (e” -e”) (3.4.7)
< 2" . pl - P2 .
) p-lt p2t n
- ( 1 . Py = Pye ) s )
. P (t) = q g — + —— }. (3.4.8)
. 3 J02%3 PP, pipz(‘p1 P,) o’
< ' .
. o . -
. where, N . e o
_ -B-JB°-4ac c, :
‘ Py 2 e ,
- . _ =B+ B2 - 4 ¢ .
p2 2 r o A -
' = + + Q.
B, o1 % Fo2 T 20 T N3z7, .
. . . i “
and € = dp19 * 1%3 * 0% ‘
» -A‘ ) - ’
- /:‘ v . . s .
P : . :
* _',"/ e 9%

r
e
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Nhe net -risk of death frd@ cancer can be obtained .

o

by substituting dy5 = o, tg'éliminate.the risk of being lost to

foliow—up"of dying from other gadses, This_approéch prdvides

- 2

estimates which appear to be more. meaningful -and reasonable

] To.

than the esgimateéwob;aineg.by thé frequen£1y~used simple

oy -
actuarialaadjuétmeqﬁ for deaths due to &ther causes or4Z6st to
in table 3.4.1 as given by Fix and Neyman (1951) were used to

o . - ° Y .
estimate probabiyﬁties o£ dying at various time intervals.

- - ~
- [ .

< o

‘rable 3.4.1'

s
a ©

Transition Rates Fox_Two Different Treatments (Fix and Neyman, "1951).

' ‘ ¢

© P

~ Transition' rates "Treatmsat-l>‘ Treatment-2

9, ‘ 1.0 0.2-

h o . . ¥ - i u
- C 9y, T 2.7 ’ -0.2 4
. e
P’ ‘ ;
9,0 - 012 ‘ ' 0.4

follow-up. To demonstrate the preceding point, transition rates-
: 0 ° . ) ' .

Y

©




Using the abdve rates in equations (3.4.6) and (3.4.8),
the probabilities P

cancer “and other causes respectively for treatment 1 'are' given by

pil’(tf = 0.42553 - 0.17743 e~ )
- 0.24804 ¢~ 3:8%624t .7 (3.4.9)
péi)(t) = 0.57447 - 0.61323 e 0.24376t . :
“« > . ? N
: & A
- 3.85624t c : -
+ 0.03876 o e (3.4.10)
Similarlf for treatment 2,the p?robabiélities are . N
e : , - .
9{2)(t) = 0.75 - 0.66667 e~ 2%, CoT A _
o . . ..
§ o -
- 0.08333 ¢~ O-8F (3.4.11)
-: .C‘ Y . . . )
o
pf"(t) = 0.25 - §.33333 ¢~ 0-2%¢
+ 0.08333 e~ 0-8t . s . 7 (3.4.12)
. i n

Putting d,4
A
PlO
1

¢

for treatment 1 is given by

B ¢ R LT |

+- . - .
{1) (t) and P;l) (t) of dying at time 't' due to

o
B
Y

0.24376t

»
@

ey

=90, tl;e het risk of dea'th due, to cancer ‘denoted by .,

<

o

= 1.0 - 0.75073 e~ 0-03193t
- 0.24927 ¢~ ©-84805t. " (3.4.13)
. - . ) |
o ’ -
A ,




And, for treatment 2, the net risk of death due 6 cancer -denoted .
by Pio is given by IR S

c

- 220 - 1.0 - 0.85355.2~ 9-11716¢t

2

/014645 o= 0-68284t

The net risk of de€ath due to capcer at time 't' as

/ ) . , . . ‘ .
estimated by the actuarial method is given by & &
. , - . 3

re

} ?l(t) . ] ;i( :
_'___—_,—_' - . C, 5. 6.4_15 e .
1-%P,(t) : <

> .. * -
- < -

A
Rl(t)

< R 'f-‘\
" The=net risks of death due to capcer éﬁlcalated by the Markov
. . » ) » . e~
model and actuarial method 4t different periods of time aré - '
. =]

.

présented in table 3.4,2: .The mortality curves for treatmegt 1

. R .. - * - 7o . - ) > .
and treatment 2, from the gbové tables are presented in figures
. 4/-:,‘.:_,.1) N =, - 4

3.4.2 3and 3.4.3 réspectively. The crude death rates for bgﬁp the .

t

v

- treatments are lower than the net ra£7é calgufpfed°by“the two

methods. 1Initially the met rates obtained By the éctuarial methodnare

higher than those given by Markov model. ‘Hoﬁever,'as the time interval.
! , w . - " ' -

increases, the net rates from Marﬁﬁr model start climbing higher ‘than
= o o ?

’ Ay . . s v
the, actwmarial method. ”fn the limit .3s time approachesinfinity,
. 2 % ) . .
these rates tends to one Wwhile for actuarial methdd, the limif is
. - . - i .- &7 .
. . . . "
"less than one. Logically, the net risk sﬁ%nld approach *one as

o

time approaches infinity.
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Table 3.4:2 .

o

*

k-

Deq;h Rate of Canper for F1x & Nefman Data Uging

=]

‘i) Markov Model & 11) Adtuar;al Method

Treatment 1

. Treatment 2

g

15,
Pk (t%

20 (&)

P). ()

(t)

I

2a
'Pl

< 0.0% 0.00000 - 0.00000
L. . » ‘ -

(o)
0
0
Q
0.
0.
0]
C
0.
0
0’
o
0

0.

0

&

23238

.28124

. 0.23215

N

0428199

. ,'@'

.301%7

.31645

32905 |

34013

.34993

.35861

36629

f37398

37910

.38443

%

.38915

39332

39702

~ 0.30480

"0.42ig4

0.32327..

0.34071

0.35763 .

V@izuil-

0.3901i5

<0.40579

9.43587
.10.4303A

-0.46443

"1 0.37816

- 0.49154

~°0,29522

. 0.32599
0. 37415
0.43288

,0.44935

9.55438

0. 00008

©

d 23679

0.00000

0. 09091

<

0. 16673

0.23102

1 0.35120  0.28629

©.33437

<

0.37556

0.41387°

O 39535

0.41491

©

0.44705

0.47668
" 0.50322
5
0.52706

- ' L@

o 49048 : 0.54852

0.47806

0. 50171 - 0..56785

0.51185 ’ b 58529

-4

0.52099 0 60104

.

Coptinue

"0.16683

0.09092
0.23143
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3.5 Discussion

4 . '

s ©
. . E

In the preceding sections, the actuarial method, . y \
. . Al N . o ‘a
" lognormal mofel and Markov model have been®examined. It is. ‘ .

\ . obse;#éd tha% actuarial method could not be used for predictive
* N . N - rd . o « -

. purposes. The lognormal model propésgd by Boag (1949) éopld be

-

~ used for the early prediction of later results. But such a’

A -

model was:very:cuﬁbersomg to mse and &id not describe the data

.

adequately'in’sevgral instances-observed by Berg (1965), s

[ 3

Gehan (1969) and Campos (19A1). . ‘ ‘

+

v
~

With minbr.va;iations, Fix's & Neyman's approach of .
. i - e
Markov. fhodel has been used by. several other iﬂvestigators.
’ ' ' Te L
' [} .
Zahl (1955) further discussed this Markov model in more general

térms and intrpduéed,é time-stationary centinuous Markov process

. s . ..

with.é finite humber of. states as a model for the follow-up .’ -
‘study in gancef. Alling (1958) used such a model to study -
' mortality from tuberéu%ggis. This model of tuberculosis provides
. . . [] .. . : . . . .

predictions Of the expected proportion of patients with active

+

-,

. ' tuberculosis, the"praportion with~ariestedrtuﬁerculésis at yearly

<

intervals after a certain.starfing‘point.iﬁ'time. Sverdrup (1965)
b © e

. . . also applied the Markov model‘té the flow of peoéle-between=
different states of health such as 'able', 'disabled’ and 'dead’.
Marshall and Goldhamer (1965) used the Markov process to
- . o .

'characteqize the agé distributions of the mentally-ill population..- - -

"~
- \ S -

2




" that a patient's future change of state depends on his present

‘transition probability'of going from state 'si' (i = 0 or 2) to

‘transient state (S ‘and s ) is exponentlally dlstrlbuted.e =

‘irregular intervals of time, then it seems reasonable not to

. in any -state follows an arbltrary distribution that depends - upon

P . € 2 b n
P v

Their approach for estiﬁating_the paraméters, howevéf, differed

.

somewhat .depending upon the availability,of the data. v
. ' ?

Since -the Markov model of Fix and Neyman (1951) assumes

state of health:without knowing its pastlhistory, i.e., that the

K 13 ’ . . »

state"sj' (j,= 1 or 3) depends only on state 'Si'. This simply =~ .

. -4 ’,

o -

1mp;1es that holdlng time den51ty functlon {section 2.2) for each

L

Fl

prever,‘if patients change the}r state of health (SD and 52) at

- . - )
<

assign equal probaﬁilities of transition to two patients,.one -+ ' .~ Va

of whom had to stay for many days in one state and the other ‘ .

°

just a few days. dIn such cases, along with probabilities of . *

-

transition, distribution of lengths of time between t:ansftions
. . 2 - . o

should be consideréd. Ahconvéhient model for such a situatioﬁ

ban be gi\én by a Seml—Maskov process, in which the time spent - )
. —_—_— .

the present state as well as on the next state to be visited. It

is this inclusi;n of the time dimension which makes the Semi;hagkov

model mors-reslistié than Ehe Markov modél of Fix and Neyman

(1951) - ’A gepéralvdiscriptioniand an a?plgpétion of Semi-Markov

model for cancer of cervix patients are discussed in the next

-

cﬂspter.




4.1 Introduction

Iﬁreg principallépproaches‘go the study of cancer mortality
were discussed in the previous cnaéter. These methods did not
provide an adequate description of thg prognosis of tﬁe disease.»i
Lifg Lable metho?s are noé sditéble for predi;pioﬁ of future

- mqrt;iity beyond the dsser§ation point. boag:svmethod did have

. : this capacity. However, it is éumbe:soﬁé to use and heterogeniety

among patients was poorly handled. fhe usé}of Markov model by Fix
and Neyman (1951) does wéo?; take j.nlto accouh£ the time spentcby the
patients in various states which is an iméor£ant contributing |

* . 'factor in‘tpe'sdrvivalAbatte;h, In addiinn,‘ﬁopé of these methods “

provides any estima;e“of the expectation of duration of reﬁaining )

relatively free of disease or being under-treatment. This -

information, along with survival rates is importanf for comparing

“ efficacy of two.treatmenta. 1In order to plan health fdcilities S
-, and allocate resources efficiently, health planners need to know

éxpec;ed prumbers of patients ie various states.of recovery~relagpse

-

death system. - . . - - v - - : .

B ©
' . A .
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*r It is proposed that a ﬁodel(baséd on Semi-Markov process

o

. will provide answers to some of the problems assos}ated with the

-current methods in use. Such a model will be developed for cancer’

of the cervix. It will be demonstrated that this model provides a

better representation of the actual prégnosis of the cancer of the *
,-; : - N i . . . ?
cervix as compare to Markov model of Fix and Neymah011951). Boag's .

'-'methéd will not be considered any further due to the  difficulties

. *~, .
for estimating the parameters and it was found by Berg (1965),

Gehan (}969) ‘and Campos (1971) that the model often did not describe

the data adequately. - ’ N

.

_4.2‘Desc£iption of Semi-Markov Model

- *
. °©

° Let us consider a woman in recovery-relapse-death system

3

of the cancer-of the cervix. At a given time, a woman can Be

-

classified to belong to one of the following exclusive states: .

z m " °
- * - X % - -
Slf- Under-treatment
k S, - Stdwe of recovery in which the %gtagnt is not
ynder-treatment but under obserwation;
2 - . - ) . N
. - : {
. . , . % N ;
53,— State of relapse; g wot . .

©

S o= ADeath due to cancer of the cervix; .

4
,55 - State'ofs/being lost after recovery or dedth due .
. ' ’ - T

. to other causes not rel-ateci to cancer of the

: cervix. | ‘ ’ . :

s ‘ ' . . .
. !
. ” ) . . 5 . .




) | S |
{ © . | M ! . . LD .

. ' ' i L4
’ In the model all patients enter the study ih state
" X - . . .
=5 (i.e. under-treatment). After a course of treatment a patient o ?
. - : -

<
-

- R .
. mMay recover,, in which case shé. is said to have tramsitted to

state 82 or may die-due to cancer of the cervix, i;‘that'casé she .
-7 »
transits to 84. ‘Theoretically, a patient under-treatment can die
. - M M - N o

9 . , . .
- from other causes or be lost to follow-iup. Howéver, in our model

b M o I
such a transition was not considered, since cases of this nature
. . A

were not available for validating the model. Thus, 'the transition

from’gl to S

+

is not possible in this model. A patient who is

5

-,

* -

under recovefy\(sz) may have a relapse,(s3) of may digﬁdne to other

causes or lost to follow-up (SSY. Further, a patient who is in the

state of relapse may go back to recovery (52) or may die due to

% . v &
.cancer of the cervix (54).]_There are no cases from relapse (53)

to death due to other causes or lost to follow-up (Sg). Thus,

was’ not included in the mode;.s It sa

L)
transition from S, to S

3 5

be noted that this model consists of three tggnsient states, -

e -

namely, under-treatm ),-;ecovery'(sz) and relapse‘(ss){and

Q

two_absorbing states 'S
sy

1
da s

°

4 corresponding to death due td cancer

. . - o
of the "cerwix and death due to other causes or lost to follow-up

5

N H

respectively. The model is graphically represented in . figure

- ] -5

.4.2.1. 'The arrows indicate the direction of the poSs;Ble

&

_transitions between the states. ..

.
© . -
PO )
. o . )
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3 . .

/o rar ene ae u

So far the description of thi§ model corresponds to .

¢ '

-

ordinary Markov protess. However,’fhe mortality experignce of a o
u‘ N\ . - ’ ° i

wQman suffeétﬁg £rom cancer of the cervix depends not only-on the

transitions from one state to the other but alsb on the duration’

© ‘

of stay in a given state depending on the next state visited. The

model should therefore, account for these durations of stay., The

—

knowledge of the sequence in which- these states are visited and
- "‘ ' . . -

v
-

the leﬁéth of the timee spent in each‘state-at each visit will then

®

- N e

B « ' t) B \
characterize the survival distribution in the course of follow-up.
it is legical to consider thgg)the length of time spent under

treatment state (Sl) is a random vaxiable which;depends uypon a ¢

number of factors such as treatment conditions, biological variations'_

and individual charact;eristics.n In the §aﬁe manner, the length

P ©

of stay of a woman in each of the other two transientfsggtes of

o

; <

the model are also random variables. With the introduction of this

o . °
N -

element of duration of stay, the model for prognosis of cancer of

the cervix as specified above corresponds to Semi-Markov process.

« c . ¢

Though a graphic reﬁresentation of a general Semi-Markov model was
. : ' L . <

éiﬁen in figure 2.4.1, an example to explain the description of the

o [

folldw;up‘df a, cancer of the ‘cervix éatient by the SemifMarkov model

is iresentedchere in figure 4.2.2 to Eeep the discussion:self-contained.
.. ) R : .

°o -
1
.

“a

-
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Thus, a patient who is’ undexr-treatment (Sl) may stay for

-
- . -

‘one time uﬂitqin that state before going to the state of recovery

B ¥ . *

u _(82) whexeéthe-patient might stay 3 time units before getting a .

L +

relapse (33). The patient now remains in state’ of relapse'for one

4

permamently. In terms.of mathematjical notations, the patient is

time unit befgfe finally dying due to diseése (S,) and remains there

‘ ! °

absorbed to state S

4- 'In=a follow-up study, a patient can visit a

: transient state several times depending upon the frequenéy of recovery -

and relapse. -

. - <
-

In order to predict the future outcome of the patienté in

various states, this,model'requi;eé to estiméte the transition
- prébabiiity mat;lx,_holding-time matrii and interval “transition’
: mahrixf fﬁé backgroﬁndnmaterial for estimating theseﬂparameters
. is pg@§§?ted in chaptér 2. '

o
2

4.3 Description of the Data’

. k]

2
o 3

o

¢ ‘ ‘ Iﬁ order to illustrate the. application of the foregoiné'

. mModel for cancer of.the cervix, the data for all preﬁiously-untreated'

B
< i
- R R o

.patients admitted fo and treated at Victoria Hospital Cancer Ciinig,

&

London, Ontario bétwigg 1965 and 1966 have been collected. Each '

> patient is followed upto 8 years. ‘'The following ipformétion from

v

~
e - - o
o a .

» the individual medical filss of the patients was extracted on the

o

7

"form attached ‘in appendix 1:




& o * ' .

- « . i ° ' v i - v
‘1. Age of the patient at the tiime of admissidn;
. 2. 'Stag'e of the disease; Lo ‘ . . /_j.a < s
- R e d - '.
¢ 3. Type of treatment used (which if our cases is fthe
. B . . . o r\\ N .
usual radium therapy combined wit$ cobalt 60); * .
- . " 4. ‘Time spent in each state of recovéry system (viz., . .
-under~-treatment, ‘a’pp'_x‘arem; recovery, and rel'apse)_; and? -
F . 57 _ Time of death due to ccéncgr of the cervix and due to -
" . T . ] : ) 5
. . other causes not related to cancer.of the cervixg®
T '~ The appraisal. of the sfage of theWrancer.of the cervix
: ~. \ . - - _" . . . -
- - was done according to the International classification whigh is based
“om. objective ‘and often on the .surgeon's ‘subjective estimate. ~The
. .. . . . < A,'L, v -
four classifications are: & B .07 ‘
. - Stage I:.  The carcinoma js strictly confined to the-cervix. -
. . - . o -
- ) . T : o . I
. Stage %1: ¢ The carcinoma extends beyond thre cervix but{
< - . v «
¢ « . i -
.- © . reachéd the pelvic wall. ) S o :
Stage IIl: The ca_';:cinoma.- involves either the lower.third of
~ . s Wt L : *
. the vagina or has reached the‘Pelvic wall, ise.,.. o
3 ‘ i ) > . - N . -' » B . ) .
. . there is no canggr free space .between the tumour Lt
i : ’ 2 [N . + ’
and the pelvic wall’ T Lf
. ’ - < ’ N ¢ .
‘ Stage IV: The carcinoma jinvolves thbe bladder .or the &ctum, —
- . or both. .
- . ’ . : . ~ .
- o b~
. - ». . It is important to note the distinction between stage
, .o . - . - . P .' . ‘J' . ‘3 ‘ . ) * j ) M - - . ‘-
and state. Stage refers ta- severity of the diseasg whereas state
L) i - - i
' . . . B - . . o‘
refers to the recovery-relapse-death system. _ . ’
. o ] Y ‘
- - R . - 7, ° . . S . Y
v . . @ T s
- 4 - .
. e
. ) .
: . - > RN (
- < O ¢




Tpe term ‘recovery

patients.

o

not shown signs of cancer.

sﬁqu.‘

‘diagnosed by the‘physiéian.

-

'

R

) “ ©

.

o

L

is difficult to define for canceY

$orensgh-(1958) défined recoverﬁ as' follows:

Reiapse.is defined as the reaﬂbearance of cancer as ;o

-

-

-Patients

Lo

designated as recovered means that current diagnostic methods have

‘We shall use this definition in this

°

.. LT ‘

T A

* The primary treatment of carcinoma of the_cervix in. our

\.'

cases is the usual 1ntracavitary radlum appllcatlon combined wmth

cobalt 60 radxatlon and the lé : of treatmenb usually varies

. e i .
@b 38 days to 35 days. - . i .
2 “ . ' -
The choice of a proper starting point in follow-up .

“. - o - .. - s - =
M} . : '

o . e . . *
studies 1s obviously important.

a

Often -comparisons’ between_studies

—are;complicated by diffegené;choices of starting points and

N i A
initiation of the treatment . .
. Q . ' 'e-
for cancer is clear cut and unamblglousLy recorded, 1t was taken to )

. &

aﬂbiguity ;p tﬁeir definition. Since

be the start of follow—up from wﬁJc£~a11 mortallty and other )

o o . . S \

variables were regkoned._ . - . “
e c . . . ) - -y
- The total number of cases of canter of the cervix in

2

o = . . ‘- <

" ’ : ‘ h . o - 2 ’ ° - p
“this study is 101. There were only four cases. 0f stage IV which.

The distribution of cases , * )
- s ' ‘ , .

atcording to the stage of tHe disease is4given in table 4.3.1.
, - ‘ . , "R

_ o have been excluded frém'the.data.
. 1) P °




o

" Table 4.3.1

< f" ’ %‘

Distribution off Patients .Trgated for Cancer of
. ’ ° ' ' : . o
- : - &

)

Cervix According to Stage of Disease

- e ¢

” 5

N 3

NUMBER OF :CASES

c

.
B

el

. .

B

- EN

. In orderx ta prevernt the various age-groups from being
S i ) : ?
. . . - - . . - 3

‘too.small and to maintaiﬁ'homogeneity with ;espect'to the mortality 2

e

o'

z o ) < ; ) % . ) E -2 " |
. within age-group, the cases have beert divided in_the present study.
. s . e - T 7 '~

o

~into three age-groups; less than 40 years; 40 to 60 years. and
@ . ’_‘7 . . - t

greater than GQ\Zggrs. The distribution of the cases.and dpé;hs

° * . ‘

. - - . . = - . . N -
.from cancer of the_cery;x and due to other .causes accordlng o

e . B £ g
)

varidus age-groups are presented in table 4.3.2.°
) . : . -
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S

[

B
©

] 5
» @ . N [
. . 1. g
o -
= e © _° .
- «
-~ .
. % - ce - '
~ »
» A o
E :. - »
9 . 2 * . R N N . .
Table 4.3.2 . s T ‘ . $ -
2 e —————————— - - - o

<

°

~

Diétribﬁtion of the Number of Patients Treated .and yuﬁber
. . ‘ - - rooe <

-

" . of Deaths due to Cancer-of Cervix and O

»

ther Causes’

»
i

L .

choiding to

Age-group

‘ . ’ .
Age-Group Number of  Number of deaths Number of deaths
Years Patients due to cancer of due to;other’ P
. o7 g'thercervix causes ° )
c< 40 23 E I ° 0 ,
- - . N )
40 to,60 ° 55 . 22 2°
Y . . .
> 60 . 23 ) 14 s '
/ - -7 : . - - ! .
TOTAL 101 ’ 44 6 )
: . ' ' \

"The deaths from other_éauses are not equally d@vided

\

‘between the various ages. .Instead, as might be expected, they

increase,with qge.; The effect of deaths due to other causes

7 . .
. M . c >

hecomes increasingly importént in the higher'age~grdupsi

\ particularly'éince these groups are oftgﬂ small..

a t ' -
- .

The table-4.3.3 represents the obseryed number of deaths ° hd o
2 - . 3 + e ce T ‘

- . due hq cancer of the cervix and due to other causeés or lgst to

follow-up during each year of observation. - N e e , .[

" - - ' B -
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3 - . .
\ ' . .
8 ~ . .
. y &
- . Table 4.3.3 o ;
. : ; o \- . .
oot Distribution of Deaths D;.te=t;o;Cancer of Cerwvix .
. . 3 “
. . afid Due to Other Causes or Lost to .
. » - s 5 : ,
N L, . ‘ Follow-up for All Patients : ’
. - ‘;7 . ., @ ‘_r -
Ydar - . Number of patients Number of deaths during the
‘ after alive at the year -due’ to N
begirining of the, ’ . Co
Jreatment . yegr g R cancer of the other causes L.
- , .- cervix . ’
- s
i 0 =, * o101 - 15 = 0
) 1 - 86 _ 10 2,
. .
2 - 74 . g 0 ’ - L7
3 - 66 o 2 0 .
. " . |
4 - . 64 4 L . 1 ’
] . 5 - 59 4 1 . . .
6 - 54 . 1 0
- 7 - 53 ‘ 0 z R
- /\ . - !
- P - ' * : ) o
‘. ’» ° - - &
” . e .P ‘ .
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4.4 Estimation of Transition Probability Matrix

.

A patient who is suffering from cancer of the cervix, on

, a .
any day can be considered -to .belong in one of the five states

-

e last

a patient who entered state Si (i =1,2,3,4,and 5) on

transition will be in state Sj (3 = 1,2,3,4 and 5) on the next

transition. The transition probability pij must satisfy the

following relation:

£
piﬁ > 0,. i, j =1,2,3,4d and 5 7 (4.4.1)
N T, / ) A1 ’ - , B
5 : < .
> Piy = 1; i=1,2,3,4and5 . (4.4.2)
J=l 2 o

R
4 ¢
. . X i - .

.

The maximum-1tklihood technique for estimating

transition probability pij given by Anderson and Goodman (1957)

was used. Maximum-ldikelihood estimates of the Pig are .,
- calculated by dividing the number of times patieﬁts move from

a state Si (i =1,2,3,4 and 5) to state Si (3 = 1,2,3,4 and.5). -

.

" by the total number of transitions from Si to all the states of ’-

12

the system. The estimates of the Pij are then given by

-~

listed in section 4.2 of the model. Let Pij be the pr§babil'ity that

v "y
- . 1. -y ®
= ——t] . .
. Pij 5L - J(4-4.3)
- -z fa . -
- j=l. ) : - » "




where 1,. is the nﬁmber of transitiona_%rom state S, to S..°
ij a 1 J

' The number of, transitions lij are obtainéd from counting the

transition. from Si.to'sj from observed datd.
- . <2 o “ -
Initial five years follow-up ‘data were used.to estimate

. . . €
these transitions and transition probability matrices for all the
.patients combined. These matrices were also eétimatgd for the
three.stagés of the disease and the three age-groups separately:ﬂ
; A _ .
These matricésﬂere prééehtgd in the following tables 4.4.1 to
4.4.7. ’ i
¥ .
&
Transition Probability Matrix for Stage'I Patients -
Estiﬁated from .5 years Foilow—up= h .
Sl 82 S3 .'S4
s, 0 0.9167 . 0 l0.0833 ; .
f
s, 0 "0.6970 0.303Q 0. I
S "s; |70 0.2000 o  0.8000 |~ *
. S, L.O ': .0 . 0 ) 1,0000‘4 . A
Note: There are no.deaths due to other causes or
lost to follow-up for stage I cases;,fhus r
- : there is no state $§"fpr stage I patients.
. - 5 ( _ .
/ .



Table 4.4.2 ,
- -
Transition.brobability Matrix for. Stage II batienté

Estimated From 5 Years Follow-up

0.95%65 . ©
0.4771 0.4091

0.1111 ; o 0.8889 -

1.4000

c . N

0 ', 1.0000

<

)

Table, 4.4.3

2
3

.

Transition Probal?ilj:ty Matrix for Stage III Patients

|
e

Estimated From 5 Years Folléw-up

0.6842
0,1538 0.7692
0- 1+0000

0 1.0000 0

o 0 1.0000




Transition Prgbability Matrix for All Patients

Table 4.4.4" .

-

"Estimated From 5 Years Follow-up

+

[
L 4
s
S,
53
v S4
. 35

1 2
0 0.8911
0 0.5111
0 0.1503
0 ; 0
0 0

e

3 - 4
o 0.1089

0.4222" - 0 °
0 0.8947
0 1.0000
0 0

0

/

' 1.0000

.0667
0

0

LS

E]

S

Table 4.84.5 -

~

°

-

40 Years Estimated From 5 Years Follow-up

'Transit‘%n Probability Matrix for Age-group Less Than

0

Note:

Since there- are no deaths due to other causes or

thus there is no state S

o

S

S

2’ 3
0.9131 0
0.6667  0.3333
0.1429 0

0" 0

S4
0.0869 |
0

0.8571

1.0000

5

in this case.

'

L

lost to follow-up for age-group less than 40 years;

53

/

/

~—~

1
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' Table 4v4.6
. ) - . . - © [
‘I‘raﬂsition Probability Matrix for Age-group Between .
40 to 60 Years Estimated From 5 Years Follow-up - ‘
. ’ . t
. . . -
B L . »
. - . 5 52 - 53 Sa S5
' . p— < < . ' . o — )
- - s, 0 .0.9273 0 0.0727 0
S 0 0.5490 0.4118 4] 0.0392
2 . S
. o )
S 0 0.1429 0 0.8571 )
. P
. ) . :
o S, | O 0 .0 1.0000 ° 0 .
S5 | 0 - 0 0 . ) 1.0000 7 J
P
N ~ E" - -
'S o
Table 4.4.7 fo -
. Transition Probability Matrix fqQr Age-group Greater h
Than 60 Years Estimi:lt'ed"From 5 Years Follow-up ” T
1]
v ] i .
L5 Sy Sy 0 ST S50 |
‘sl [0 0.7826 - © 0.2174 . 0o | ‘ ) )
s, 0 0.2778 0.5000 0 0.2222 i -
¢ S, 0 0 0. 1.0000 . O -
S, - 0 0. 0 1.0000 0 1 - )
se Lo o0 0 © 0 .1.0000 - s .
- ! ’ ) - “ *
B ’ [ 4 'y
Pt
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< 4.5 Eéﬁimatién of Holding-Time Matrix ® J »
The iéngth/g; stay in state SE (i =1, 2, 3) given that

¢

%he next transition ‘to state Sj (j =1, 2, 3, 4, and 5) is a random

variable Ty Let its probability distribution function be

- »
v
- £
o . ' 3 a

hij (tl) = <Prob s Tij = tl ) . - (4.5.1)

‘. - s

Subpoge that the patient moves from state Si (1 =1, 2, 3)
. . . . -

“to state sj' (3 =1, 2,73, 4 & 5) each month witk probability 0.5

-~

~ . . ’
'« and stays in Si with probability (@ - eij). Then, the total length.

b .

a

of sta? in Si given that the next transition 'is to state Sj can be

'ccnsidered to hawe the geometric distribution .

I @

RN hij (frl)

(1-86..) 0. . . . a2

where, t 1, 2, 3, !

1 REREE

This is also called the 'Holding-time' “distribution.
. . . ‘ 2 .
It is import&nt to note at this point that if eij does -
" T ‘ . h lad

process. ' That is, the hblding-time density function for all .

¢ transitions out of a state must be identical and therefore must.-

o

- eqgual the waiting time density function for that’ state. ihus.thé

¢ o

discrete-time Markov procgss must have geometrically distributed
. SR

. waiting times. L

.

.

- . ) -
. -~

not depend aon j;:then the’.Semi-Markov process .is an ordinary Marxkov -

.

&



0 ¢ 13 r
. . E
s e, e 4
.o The maximum likelihood e_si:imate of eij is given by . , ]
) . . e . - . T L]
. S B 1 v , . (4.5.3) 3
& ca =TT . ¢ . .. k
4 . X i E(Tr,.) . :
, o ] i3 : o / ¢
vc b ) P " i s B . ° » ' s
o The parameters eij are calculated ftu_ﬂf"“d:re.‘olgserved ,
. a a i . . . . c ‘”u ) -
- data apd®is.estimated by the reciprocal- of the_ average holding-tire,.
Tij' The holding-time matrix corresponding to transitiodn probability
. matrix °in tables 4.4.1 to 4.4.7 are given in tables 4.5.1 to 4.5.7
y ‘respe ctively.’ ,
Table 4.5.1 . (x _ L
< - ° hd . \,*__r -:'/ o -
' Hol'ding-Time Matrix for Stage I Patients .& < ;.
- 2 . o7 ‘ Estimated From 5 Years Fqllow-up . g ’ -
. ! (2 ¢
] ' 51 <. . 52 _ 53 . ' 5y . - ’
T - P % 17 ¢
ot Sl . 0 (0.74) (0.26) . 0 (0.18):(0.82) . “
< : - A ¢
s, 0 0 (0.03) (0.97)7* 0
' R ’ . ' o l - ¢ - ¢ ‘ t<
: s, 0 (0.53r(0.am) "t 0 (0-11) (6.89) 1 .
.o s, 1.0 ., 0 c 0, 0. ]
¢ . e @ < -~ .
' € P ] . 3 e N oo El
y _“ ° .
. ) ° . J 2 e
. I . )
, . , : + K
iy o s v St :




- 14 \ & s .
] : ‘Table 4.5.2 7 ;
¢ . Holding-Time Matrix for Stage II Pafients - .
: P i ) 4 ‘ . N ’ s 6
. - Esiamatedp From 5 Years FqQllow-up . - v
‘v\ . - a
' .- . 3 .
i . E ¢ . N L3
51 tz , : 53 %4 °s
¥ - . pp——
' sy | o (0.84) (0.16) 7% 0" (0.08) (0.92) %! 0
S : t-1 " ) ' -1
e *Sé--L-O A 0 (0.04) (0.96) 0 (0.29) (0.71)
s;|o (0.18) 0.8 0 (0.14) (0.86) 71 - 0
. o 1o, . 0 |
S4 0 0 ,, 0. . 0
1 S 0’ 0 . o .0 0 0
g 5L ; . , _
s & l
Table .4.5.3 ©
Hoiding-Time Matrix for Stage III Patients
Estimated Frou)l/S Years Follow-up R L
. .
: 51 52 53 S4 o 5s
‘ - ¢ _ .
To (0.79) (0.217%F 0 (0.12) (0.88) 71 "0

(0.05)(0.95) %71

e
3
v

o . 0.02)(0.98)%!

o 8 (0.09) (0.91) ¥71 0
o 0 0 .0
0 0 BN I
4 r o - ‘
-
.
- N I
&, o ¢




2 ) ‘ . - °

Table 4.5.4

°Hdlding-Time1Matrix for All Stages Combined
/- ° . ' . T
N Estimated From 5 Years Follow-up

<

g < s ’ ‘ -
s o @ ° N ,,“'f/’ PS ~
. . S5 S, . B, 5 S .
e . . e , S 4
- < = . -] e - > ) —\ 7
: - s, [0 (0.79) 021" s o }(0.12)(0488)t_1_/ 0 |
. - . ~ . _ *
s,-|0 -0 '(0.05) (0.95) 571 7 o (0.02) (0.98) =71
s,.|0 (0.26) (0.74) %7, - Q. (0.11) (0.89) *7% 0. ‘
) | .
¢ ( . : r
54 0 0 c 0 0] 0
s Sg 0o C P .. 0 o] - ] .
h Y 'J ’ 1 = R © 'Y
> v A
. . € - : . . ‘
e Table 4.5.5 , -
.., ——————
Holding-Time Matrix for Age-group Lésg Than 4d(Yedrs
g “ i ) & 1 . ,
- Estimated From 5 Years Follow-up, . .
= . - + . y Q -
¢ - . ) o " » : - ’
. s . oo i : o
N X - % S R ' :
s, |0 (0.69) 0.3t 0 (0.1 (0.87) F71 | ' : (
S, (9O 0. ¢ * (0.04) (0.96) ="t o0 s 4 . .
s, |0 (0.10) (0.90)* 7%, o ° (0.10) 0lset Y °
5.0 0 o - ) d s .
i y, ;, , . .
. . ] — - /\
& P’ d )
1 . o " \ o
t °
v . '
i, . 2 .
‘a ~ ’ - e ‘
-l / -
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‘ . "Table 4.5.6 S .
o -
‘ T e ST N ' . - -
Holding-Time Matrix for Age-group Between 40 to 60 Ye3rs - ?
) . . LT e . o v
Estimated From 5 Years Follqw-up _, MR s
o * - . . -~ -
= . : -. . . * 'l
Py - c —
’ [ ] * B - “ 4
S S2 eS3 >4 . ¢ Sg
> od . - , ; L —
0 (0,86) (0,14) %71 o - {0~08%,(0.92) =7 \ o .
» . L . . ¢
. ' . - - . . ct=-1
5,40 0 (0.04) (0.96) " .0 . 7 40.02y(0.98) Y
L ] . ¢ -
'k - _ . - »
e (0.59)@.41)% r o e L (6.23). (0% 77) 71 R 0
. L .
4.?) 0 s _ao < o0 _ o -
- e e , : N
0 0 b : e- © o o 0 -
04 . ,: - -~
. . . 0“. ' -: ~ . » R
) . “® ) . . vy K o Y
- Table #.5.7 ' T
. . [ 3 - . . -
. 'Sy :
Holdl?g T:Lme Matrix for Age~group C{reater Tl'zan 60 Years . ) o=
= LI Esgimated From 5 Years Follow-up T
T -l P - ) 4 a
h.d ] i
-~/ 5 . 52 Sy ’ - 54 Sg
. ' . - 4 . c )
o - X - - . puvs
o (0.78) (0.22) 71 S 0.17) 0.83) F71 o .
1. : X . o oL TR T ¢ L
5 0. w0 (9.04) (0.96) F71 0 {0.03) (0.97)
[ i : ~
. ¢)
3 {0 ‘ 0 - (0.06) (0.,94) v 9
. - . B
0 o] . &' o 4.0 0 '
4 " e r 2 T e .
L] . . ‘ ° R
g LO _ o o \ 0 . °o. .
. - . .2
- - - R : . < -
. e - »
> j . ‘
- - -
2 P .
L J : ~
- o * <
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4 5} Estlmatlon of Proportion of Patients . 1n'Var10us States

"t a
N <«

E °

Thé'trahsition probability matrix and‘ho}dlng—time :
. “ v - : o
.matrix corresponding to the different stages of the disease and (
-various ‘&;e—groups for cancer oft cervix f_aatients have been completely

1 4

Y

specifjied iﬁtsection 4.4 and 4.5. Also, we have seen in chapter 2,

+

-

- c_'." -
the Seml—Markov model can be charactenxzed by tréz;itﬂbh probability

-~

"mqtrlx P and holdlng-tlme matrix H(t), therefore, 'hqveﬂ%“

complete description of the Semi—Markov model’ for cancer of the
- [d

/
hY

- l » ) b ‘: .
cervix patients. The essential statistic in the Semi-Markov model
is the irterval transition probability, ¢.;it) which can be computed;

.t - e '
by solving equation (2.5.1). If we assume’ that the holdlng-tlme
den51ty functlon for all tran51t10ns out of a .state 1s an identical

geometric distri@ution,othen—¢ij(t) corresponds to éhe°t-step

transition probabilitie.‘é e Markov model. - ' ' ' f .
< The estlmatloh of ¢ (t) is requlred to solve the eduation
~
(2.5.1). Using the estlmated parameters P and H(t) from sections

4.4 and 4.5, the interval transition probabilities corresponding to

various‘stages‘of the diéease and different age—groups are presented

in appendlx 2 and 3 resp!ctlvely at varlous t1me points.

13 ‘ We define 'State probablllty as the probablllty that a

’ -

'patlent is 1d'state s (i =1, 2, 3 4 and ﬁ) at time t and will be -

denoted bi wi(t)E i=1,2, 3, 4 and 5. ‘The state probabilities
. 3.t in our model must satisfy the relation .
~ g ’ !




0 ) . -
; g - 61
’ - ’ -: ‘ 7
. » . . N ) ‘
- 5 - © - , ,
L Ll (;) = 1, N . {4.6.1)
i=1 o ' '
- where t = 0}1;2,3,.a.%..... ’ . ';_z v
- - . R . - i o 2 - . ¢ &\/‘ ~
-~ . . » . - . 3 n v ’

Let II{t) dénote the row vector whose elemenéggare the

.

state probabilities. Then ‘ . . ,
£ . ’ . — ) 0 s - . » = )
. R / ' - =] o, .( . y
- n{t) ' = Ew/i.(t), ML eE), Ty (t), W, (8], ns(t)] . (4.6.2)
for t = 0, 1, 2. suunn. . o
. ) ) B \ < N N
The elements of this row vector correspond to the proportion of the
patients in various states of the system at time;'t'. This vector: .
- ‘. ) - e T - * Lt - '
‘can be estimated by using the following relation: .
'
I(e) = T(0)o(t) (4.6.3)
" : . . L g
- . . ) . N + s . -
‘for £t =0, 1, 2, v..... . . L.
5 . A
where N(0) is the vector whose elements are the proportion of patients
in different states at the start of the followjﬁg. . In our case,
since all the patients enter the study in the state Sl 'under- .
treatment', I {(0) is given by
i T « 7 . i
. ®mo) = [1,0,0,0, 0] . (4.6.4)
N - . £ . o o, R
o ! . °
£ .
»” [ 2 3 - e * ’ »
t * Q
.k N 4
. '\
d ' ’ . - [4 .
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ksl

From equation- (4.6.3), the probability that a patient
' .

will be in state Sj'(j =*1, 2, 3, 4, and 5) at time t can be

written as - - | *an
< 5 : . o .
ComL () = I 7w.(0)4,.(t) o ('4.6.5)
! J P 1 lj v R .
i=1l . )
- where,.j = 1,¢2,43, 4, and 5; : .

t=0,1, 2, 3, .... ; and

+

¢ij(t) is the (i,j)th element of the imterval transition
; . .
matrix. ‘ i

hd L}

Inital vector ﬁ(O) is- known. Thus, using equation
. . = a
(4.6.5)4 the proportion of patients "in various states of the

‘szstem at different time points cansbe easily estimated. .

e

< e - .

-

4.7 Evaluation of the Model

- v,
‘The main objective 6f developing the model in previous

sectionss is to provide a tool for estimating the expected
. B

proportion of patienis in various s;atesljg the system such as

r .

*. ' recovery, relapse, or death etc. Before it can be recommended

for practical use, it needs .t& ba evaluated. Generally, the model
h .

if based on reasonable assumptions'will provide an adequate fit
fgr the observed data'which were used to estimate parameters. It
) ’ . -

: . &,
is, therefore,‘ﬁmportant to evaluate its.performance not only on
these data but also in predicting beyond this set. The baramete;s
of the Semi-Markow modél were estimated from S5 years of observed

- follow-up data. Using this modél, the prediction for survival

N



Y

4
<

rates are made upto 8 years since observed data were available upto

~ that time, '

. Al -

The shqvival raegs at different time points are equal to

.

1r4(t)

1-% 7_(t)
L3 ‘ 3

o '

Where n4(t) and ns(t) refer to the p&obabilit{ of dyiﬁg at time t

dge to the cancer of cervix and other causes respectively.
. f .

The suryivgtﬂgzies for Markov model were obtainéd by

substituting aﬁpropriate holding-time matrix as déSglibed‘in

.section 4.5. Appendix 5 provides the estimated t-step transition
- s
[ §

probability matrix used f% computation of surwival rates for

>
-

Markov model. .. ~ . C . ’
. N - ' - "
The validity of the model is first tested on over-all

. Adéta for tancer of -the cervix patients. .It is further evaluated

for prediction in various stages of the disease and in the three
' 1
age-groups.

Over-all Data

r

¢ -

A comparisoﬁ of observed survival rates and predicted§

survival rates based on the Sémi-Markov model and the Markov model

are presented in table 4.7?1. . * /




L3

- * _ Table 4.7.1 B

Observed and Predicted Survival Rates for

o . Cancer of the Cervix for All Patients

sarvival, percentage by different methods

~Years after

treatment Semi-l;darkov Markov  Obseryed
- Y - _ 87.0 o 85.0 . 85.1
27 76.1 © 76.4 75.q f
3 - " 68.7 "‘ ' 67.2 66.9%-
’ 4 _ 63.4 - 59.3 . 64.8 - .
. 5 © 59.9 - 52.4 60.7 o
’ . . :
. 6 ., 574 ., 46.4. 56.6
i 1 55.7 - .41.2 ' 5.5
| - . .
- 8 . 54.5 36.7 55.5
: T ¢ |

d g ° [l

£ince the five years observed data is used In the model,

« the resulting predictions for 5 and 8~years generated 'by +the

. *®

Semi~Markov model and*Markov model are compared with  the observed

r
rates by means of chi-square statistic. The chi-square statistic®

'

is summarized in table.-4.7.2. , : - :




-
N x

Table 4.7.2

i
’

Summary of Chi-square Test Compériﬁg Predictions Between
Semi-Markov Model and Markov Model with the .

Observed Survival Rates for All Patients-

:2 . ' Chi-square with one degree .

v of freedom between

Years of Follow-up Semi-Markov  Markov & v

- & obsérved . obgerved . -

Ak

L3

.. . 5 years " 0.,01717 1.42151

8 years , 0.01999. -  7.19365 -

©

The values of cRi-squate in table 4.7.2 at 8 years

-

suggest that the predictions based on Semi-Markov model are not
- . L[4

_statistically significant;’while f‘t the ﬁarkov model,” the
’ b ' . .
Predictions are highly significant. Further, Markov model does

«

not show statistical significance at 5 years. It shquld-not be

surpriéing bedause the model is based on 5 years obs ed data.

~

The figﬁré 4.7.1°shows that Semi-Markov model predicts the survival

rates at each year very closely to the observed ?ateé- On the other

REN
4
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Figure 4.7.1 " .

/ o
°

Comparision'of40bserved and Predictéd Survival Rates

for Cancer of the Cervix for al}l Patients
A .

L
L]

Percentage Surviving

- o




ay

, ’ .
hand, Markov mpdel wmnderestimates the survival rat:,e at each year

G

and undereétimation increases with the years of follow=up. The
diff%rgnce increases from 0.1 pergcent at 1 year to 18.8 percent

at 'year eight.

1 . [N

Stages of the Disease

%
’

The adequacy of the model is further tested by grouping
. ‘ Y
the data into different stages of the disease. The tables 4.’{(\.3,

Y
4.7.4 a@@jd.?.s present the observed survival rates and the predicted
survivalﬁ?étes based on the Semi-Markov and Markov "model for stage

y .
I, stage II and stage III patients respectively.

Table 4.7.3

¢ - ,

.

Qbégrved an@ Predicted Survival RaAtes

e v
For Cancer of the Cervix for Stage

~ L)

Suryival percehtage by different methods

Years i x
after treatment . Semi-Markov Markov served
L
1 90.1 89.1 88.9 -
2 " 84 8 " 83.3 . 83.3 ’
— ¥ ;
Fa - 81 6 77.2 83.3 .
4 78.1 71.4 80.5 g
5 ‘ 74.9 66.1 . 75.0 ey .
- 6 o 73.1 61.1" '72.2
o ' .
7 . 71.7 56.6 - 69.4 .
. . - N '~
8 , 70.7 52.3 69.4 "’
. ‘ - P
)
™~
’ . . ! <

LIS



Table 4.7.4

“

»

. ’ .
Observed and Predicted #vivail Rates for ,

Cancer of the Cervix for St;_age 11
- ” {

»

/ .

Survival percentage by different methods

Y

A 0y

Years _
after treatment Semi-Markov Markov Observed

*

v .

= 90.8 . ’ 89.1

1

79.5
71.5

66.3




t
. * Table 4.7.5 i ,
!
H . ;‘g ’
Observed and Predicted Survival Rates for ‘
Cancer of the Cervix for Stage III . . :
Survival perce@tége py different methods . ;
<  Years ‘ .
after treatment , Semi-Markow. Markov Observed ’
) ‘ ‘ - -

1 . 61.5 .62.7 68.4 .
2 ' St 47.1 45.9 52.5 ° .
3 , 33.9 31.4 «® 315
4. ‘ 25.7 21.0 26.3 R

. ®» ' ’
5 ) 20.8 14.3 20.4
6 . 17.9 10.0 *13.6 ' .
7 e 15.1 7.4 13.6 -

’ L
8 14.5 ‘ 5.7 13.6 . .
o
»/ .

v P 4 ’




Thé summary of chi-séuare tatistic according to the
stage of disease comparing/ébserved survival rates with Semi-Markov
. o= R 4 \\\ T
and Markov model are given in table 4.7.6. e, . -
. . g
Ll : Table 4.7.6" ~
] »~
. - . . , i
Summary of Chi-square Test Comparing Prédictions Between s
Semi-Markov model-and ‘Markov model With thé Observed -t
c‘ Survival Rates Ac%ording to Stagg
] Chi-square with one degree of.
. ] j’freedom bngeen )
, . Stage - ¢« Years
. ' . of - Qf B . : o
disease  follow-up - Semi-Markov = Markov & K
< , & observed observed O, ’
. a T
I . 9 0.00064 0.58381" '
.8 . 0./01410 2.10389., :
- 3 -5 L 0.06179 2.78261

8 © T 0.12163
. ) 111 5 .. . 0.00071

- 8 .. 0.00863

¢ . »

Q.44779

'0.29619

~0.78553

AY
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- .

Pfedictién of survival rates based on Semi-Markov model

T,

appear to be in c%Pse agreement with observed rates in each stage
- of the disease .as canibe seen from figures 4.7.2, 4.7.3, and 4.7.4.

Thg”phi-squqré test (table 4.7.6) support this obsqrvation. The

survival curve obtained by Markov model does not approxXimate the,

~ ’

sobserved éxpérience that well.. The tables 4.7.3, 4.7.4 and 1.7.5

‘-L

. show that the survival rates obtained by using Markov model- are

éatsisgeqtly lower ;han the Semi -Markov modei and observed survival

rates gxéept for sﬁagemII cases where theytare:slightly h%gheg

during iirst;;g;eé yeérs.A The discreééncy‘begwgen'obserygd‘Fnd
‘Mqupv modeL~b¢comes Qe;ynnptibabie wh;n predictions ;;e made * : -

beydnd the data used for estimation. The differences between
qbserved rates and prgdicted surgﬁval rates by,Markov model_ at

8-years- are 17.1 percent,vls.o percent, and 7.9. percent ﬁor'stage H

I, stage II and stage IIi“résbéctivélf'coﬁpﬁred'withlthe maximum

aifferencecof only 1.3 pefcent\%n any étage for Se;;;ﬁark?v‘ K"

model. Tho'ggh, the chi—s;qpaié atest did not show sﬁigaitd:istj.cal L N
"sign;ficanbe fox stage I and III sﬁrvival‘réﬁes, the differénces' ’i. . t

are large enough toisuspedp the adequ&&y,pf Markov modeliin

predioting the survival. It may De due td smaller number of cases  ° .
. s he S , . .

in stage I and stage III. ) \\;\\ - - o
% ) ' . . Lo P

% ~
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> Age-groups A . .
. ‘Since mortality due to cancer depends.upon the age, thé ~
model is aléo.tested for each of the séveral relatively homogeneous
age-groups.‘ Three ége-groups i¥ss than 40 years, between 40 to 60 .
4 . - ’ v - L]
* years and greater than 60 years were chosen to tegt the model. The
» N ’ ¢ :
survival rates for these age-groups, using Semi-Markov model,. Markov
" ;
¢l ’
. model and observed rates are given in tables 4.7.7, 4.7.8 and 4.8%9.
‘i v : . . 1 I . 4
.F y - . '
. - a Table 4.7.7 ; # .
- ' ( - v » :
- .
' Observed and Predicted Survival Rates for Cahcer of the
Cervix Patients for Age-group Less Than 40 Years ,
| . n] .‘ ) ‘ ” ‘
‘ - - . v - . ~ L4
‘ A ‘ , L . .
- . » Survival percentage by various methods
N & Years e L
. ’ after treatment _ Semi<Markov. Markov Observed
- . © ¢ ’ B .
/ 1 - '88.1 ) 88.6 87.0
: ' 2 " 80.5 82.3 73.9
’ 3 .  74.8 75.5 73.9
© <* v "
. 4 S 71.1 . - 68.9 . 739 .
‘ : j . 4 ) : ’ . ‘,
i 5 68.9 63.0 '73.9
o . B
) . 6 67.0 57.5 69.6
- - N 7 66.0 52.5 65.3
D’ <~ \ ,
Y I 8 < 65.2 ‘ 47.9 65.3 .
- ; ' -~ R «
« * ..‘ M

*h




’ e . ¢ T
- ) Table #.7.8
) - .. /:o\ . ’( /\ ' o
|. : ; R ) 3 N -
. Observed and Predicted Survival Rates for Cancer of the
, Cervix Patients for Age-group Between 40-60 Years
N ‘ .
r\ : ‘ Survival percentage. By varilous“method‘s ‘
Years " e
, ‘ after treatment Semi-MArkov Markov Observed
» .
. 1 87.7 90.0 . 87.3
2 Y76.4 82.6 78.1
3 69.4 73.9 - 66.9
. ]
» _ 4 ' 64.9 65.6 63.2
: 5 62.2 57.9 63.2
6 60.3 51.1 T 61.4
— - "7 59.2 45.1 - 59,5
8 58.5 -39.9 59.5
. : -7 S -
-~ . — X . ‘
- - N .
-
' » . /
- - y ,
* y ‘ RS .
\ '
N —— -
[} -
° © ! -
, .
£

w
*




Takle 4.7.9

. Observed and Predicted Survival Rates for Cancer of the .

Cervix Patientwwfor Age-group greater :than 60 Years

. R

-

] - [ 4
. ~ Survival percentage by various®'methods

P * - . <
- -

. . Years . ' ’ .
/ after treatment Semi-Markov Markov Observed

»
s .

1 76.5 » 75.2 78.3 '

2 - 65.6 . . 67.1 - 67.1 .

3 . 56.5 57.6  53.2

]

) 4 T as.9 48.5° 53.2




o O
.
¢ e ¥ B ’ . N - ’ ~— .
v

3
Chi-square values with one degree of freedom fo

comparing the observed and predicted survivorship for diffi\epé

ége-groups are p;:esented in table 4.7.10. T
. - . . »
. . “ L v .’ ,
Table 4.7.16° - . ff‘_
s : VA

Summary of Chi—s_quare“ATest Comparing Predictions Between

Semi-Markov Model and Markov Model with tﬁé Observed

. Survival Rates.for Different Agé—,cjroups

. = . v . N

, . ‘Chi-square with“one degree of 5 - . , ®
« freedom between - A PR

Age Years of —— 2 ’
grouip - follow-up Semi-Markov. Markow;' & o
years , & observed - obge;;ed - ‘

* £ ) ! % -
‘ _ -
< 40 5 | 0.10723 0.62945 - . ,
" 8- "0.00047 11538 IR} '
) . “‘ » . » B
40-60 5 0.00699 - 0.34251 )
3 0.00939 -  4.24167 S
> 60 5 : 0.00044 . 0.02232° - * - T
: ‘ ) 1
, 8 « 0,08157 "0.10931 oo
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< * " The tables 4.7.7, 4.7.8 and 4.7.9 show that sufvival rates

» ~ .

using-Semi-Markov model‘fértage—group less than 40 years, between -

40 to 60 }earstand greater. than 60 years are in g;osq agreement with {

. . . .
the observed survival rates. The values of chi-square in table.

et
U e

4.7.10 between -Semi-Markov model's predictions and observed rates
L

e 8 ' _ .
afe—ﬁotésignificéntjat*S*percent-level. Thus, tlris mpdel adequately .,
v ' v ;® »

describe the survial within age-groups. * The predicted survival

- rates at.8 years for age-groups between 40 to 60 years,; using MarkoG
L . - :

model is significant at 5 percent level. Though the chi-square

values for other two age-groups do not show' statistical significance

®
- P « '

Retween Markov model's-pEediction.qnd“observed rates. The differences . -
are fairly large as compared with Semi-Markov model. The differences
J * v - A .

e ¥

. . d 'y
between predicted suryival rates obtained by Semi-M:arko‘v' model and .
—r ’ - A o . ?
observed rates at 8 years for various age-@roqps,varies by a maximum :
'. . . “ vy : .

of 3.8 percent. )ﬁawever, in case of Markov model, the difference

. .

_ ranges between 4.2 to 19.6 percent.,derthég, it may be noted that o

- L .

»

. - 9
¥ in all cases Markov model undereglimates the survival probabilitjes »

as was the case in over-all and stage-wise estimation.. Thus,

.Semi-Markov model provides a better }epresentation of the prognosis*

. e o .
of cancer of the cervix. . . -
Application of the Model ‘on Other Data »
“ ’ It is possible that the Semi-~Markov model is adequately

. - \ ‘ E] ¢
representing the set of data used for developing this model. But
: , ge g :

® 1

it may not be suitable for a different set of data. For this reason,

—

a different. set of data was used to evaluate the suitability of the

v 1

.
. .
N » . . . ) . N
.
- N -
.
.




Semi-Markov model in describing the survival experience of- cancer
B ! - ' N - /] Lo
o . . . -

of the cervix patients. T .

- , ' - N
R The model is applied in a series of 36 case histories for

a

cancer of the cervix patients given -by Sorensen (1958). The patients "

)]

were treated for cervical carcinoma during the perlod 19224Vp 1929

- v o o
at® Radium centre, Copenhegan. Ih these cases, there’ we&e many cases

2 -
”

of advance# disease. The results of the model based on. bvg,years

observation are given in table 4,7.11.
-

“

«Table 4.7.11

L 4

Observedq?ﬁd Predicted Sql%ival Rates for

‘a.

- Cancer of the Cervix_ .

Surv1val percentage by dlfferent methods

Yemrs . : +— i

C /’»\r'
M )

follow-up Seml-Md;kcv Markov ﬂrebserved

(AL

/_ S i s

} -@5.8' ©76.1

55.9 " 69.9

. 80.5

L)
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The table 4.7.11 shows that thé"sufvival.rates estimated ,

o
by Sem1-Markov~model are closer to the observed surv1va1 rates than

PR

’

thbse preaicted by Markov model. Markov model, again underestimates

» f
Ll

‘ the survival rates for this set of data as Qell. -The underestimet;gﬁ

\\WNB increases as the time from the start of follow-up becomes more :
gietant. All of these results in different situations indicate that
the Semi-Markov mpdel is a suitable model for fepresentiné'the

'survival- distribution for cancer of the cervix patients. As

« o, . * corT ot

' ' Y e TN L o Y
4.8 Discussion e S R T e T ] ’
- ,,._L:«, N . - SR .
' . e I . - “' - .
NI SR AR N 0 o ¢ theoretlcal grounds it was hypothesized that the .

Semi-Markov micdel will be more suitable té describe the course that

» ’ . T

2 . - 7 a
. a patient of'cancer of the cervix gi%l,take from the time of .

- . »
. . N /

treatment to the end of follow-up. Tbe main characteristic in this
-y " -

model wh1ch makes 1t more versatlléfthan other models is the faet

L

- -

b o o
X \\ that_;t accounts for the duration that a patient stays in a paxticular

o y
\;ftate ofvdisease. For example, if a patient stays recovaered, forg

SN ,

a‘longer;time, changes of her relapse are less.' However, the modgl ; .
w1ll be of no practical value unless At could be demonst;ated thqk

. ~

. the model adequhtely descrlbes the oﬂserved mortality experleaeé}

-

. of a group pf patlents suf’erlng from cancer of ﬁhe cervxx. "

\
. M . ’/ ”
R £ The.data from Victoria Hosp1ta1 cancer Clinic, London v
v were availapble for ah.e—yéar follow-up. The first five years data
- ] . * R ~ »
) ) were used to estimate the parameters of the model. ‘These were then : ’ \\\\
usged to predict future outcheﬁqf cghcer of ‘the cervix pétients, L {J//

- L)
i

. .
. . . . . ‘ P
. 4 . - \ . A o
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"

-

anq comparison was'madi'gn the 8-year rates. ' J
Lt @
There were 101 cancer of the cervix patlent‘: The close .
agreement between the rates predicted by the Semi-Markov model and.
the‘obeerved rate is evident from figure 4.7.1. Chi—sguare test‘suggeste

that the difference between these. two rates is not significant. The

rates predigted by the Markov model‘v‘ve‘r:'e~significantly different

from ,the obser d rate. ’I'hlis_ ,j,_x\tgp,lies,tl\a-trwthef'narkov ‘model does
| ! -

- riot fit -the observed data and hence is not an adequate representatlon

of the real prognosis of the disease. Furthex;{ th'e Markov model \
- I 1
I -
. underestimates the sarvival rates at all time points. This

. 3
3] .
underestimation increases from 5.5 percent at 4-year‘to 18.8
2

percent at 8-wear from follow-up. In case‘of 7zhe Semi-~Markov model

e

» 3

there is a maximum difference'of only one percent with the observed .

] o
/

rate at any time. The underest:.matlon of surv1va1 rates can be
0 .

explained by the fact that%the %ov model assumes geometrical

survi_’val dégtribution which implies a coWant force of mortality

v ]

over time; fof exmmple,’ the prigh,ility of surviving another year

P co- T, . \

+

is the same for a Qa'tien-t who has survived 7.,years as one who has
‘. ’ * < ‘

survived 3 years.. This constant force of mortalify is to some -

‘ extent taken cared in the Semi-Markov model by considering the .
4 . « -
survival distribution depending bqoth on the staté occupied as well

. he .8

as on the next state visited. . . n ‘ T
. ‘l pre B . . °
- After being Satisfied that the over-all prediction by -
] ’ ’
Sem:.-ﬁarkov model is adequate, the ques;ion was askea whether th}s -

., -
s v

model wlll describe the mortali,ty experience of patients with

- - N .
. - .
'
-

>




. | . | &3

¢

various stages of disease.

.

.
The survival rates were estimated s?parately for djifferent

-

stages. The differences in. survival rates predjcted from thé

Semi-Markov model with the observed rates vary from 0 to 5 percent.
L

(tables 4.7.3, 4.7.4, and 4.7.5) approximately; and with the Markov,

model, this difference increases to almost 18 percent. It can be

’

seen from figures 4.7.2, 4.7.3, and 4.7.4 that the Semi-Markov

model is adequate for predicting the morality expexience in various

¢

stages. It is well-known that the mortality of cancer paﬁients is

dependent on age. Therefore, the patients werg divided into several

homogenous age—ﬁroups. The modeﬁ;in these cases also predicted the
R B I \’\ . “ '

survival experience to'a great degrqs of accuracy, and in-all

Asituations;ﬁétter than Markov model which again underestimates the

survival rates in various age-groups (tables 4.7.7, 4.7.8, and

4.7.9). ' T

N 3

It may be argued that this model was suf?icientaﬁhe case

u

of this particular set of data, but may not hold true for ahb?her

.set of data. To.validate this model for universal use, another

13

set of data was used (Sorenson-1958). ”@he paramete}s ©f the model

-

were estimated for these dafa and predictions were made. It is, .

¢

demonstrated as is evident from the table 4.7.11 in section 4.7
that the Semi—Ma?kov'model is in close ‘agreement with the observed

rates, whereas the Markov model is again underestimatinﬁ the

- ' 3 ‘ \ ]
survival probabilities of these patients. The procedure used .in




- 9

.o ‘ &
Semi-Markov model for estimating the parameters is less cumbersome

than «the iterative proceddre uéd by Boag (1949) in cage of
lognormal model where in certain c¢ases the iterative prb ss\ does

not converge. Also, in many-instances, the lognormal model was

»

not suitable to describe the survivorship as,discusséd by Berg

’

(1965), Gehan (1969) and Campos (1971)., In summary, it can then )
be concluded that the Semi—?arkov model describes the mortality P
. experience more adequately than any .other models that exist so

' far.

~»
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' CHAPTER 5 ! .
- . 2 -~
\ . .
; - ) .
FURTHEI{ USES OF THE MODEL
‘ .
5.1 IntrQ&uction > o7
' ! rf.
‘ ‘. - - o*

Most of the cancer studies emphasize the sgurvivorship as

-

the end point and ignore the duration of reffiining relatively free ¢*

E}
.

of disease, viz., 'recovery' which is an important dimension of the

- . N .

. -3

. broader picture of the prognosis of the cancer. Thi!.bomponent .
" e ¢ . a e

could differ widely for different trecatments while the survivorship *

may remain the same. Therefore, the treatment for which the | -

duration’ of recovery state jis longer should logically be considered
’ Do

superior to others. However, tHis aspect of prognosis has not

A

received much attention from inve'stigators. Lack of proper

, . 5 ¢ e o
methodology might have been responsible to a great extent. Tpe

<

Semi-Markov model developed #n the prewvious chapters attempts to

bridge this gap to’some extent. The model can also be used to )

estimate the survival rates from different points of time, viz.,®.

"
,

from the time of relapse and recovery etc. in addition, its use

, -8
in estimating the’ impact of changes in the parameters of the model

will be demonstrafgd for the matients with cancer of fhe.cervix. i

.

4
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5.2 Length—of—stay Distribution in Transient States
M - v ) * * H A
The mroposed Semi-Markov model for cancer 6f the cervix-
- ~ . < .“'_{_ - o

has ﬁhrge transient states:'under-treatment_(Sl), recbvery (Sz)

r
<l

and relapse (S3) And two absorbing states: death due to cancer of

* the cervix (84) and death due to other causes or lqé; to follow=-up

(§5). Let the fandom variable‘vij represent the number'of months

< =}
- .

- that a patientnwili spend in the transient state Sj (3 =1, 2, and 3)

’
\

if he moved from the transient éﬁate Si (i =1, 2, and 3). For

example, a patient might have to spend on qﬁerage six‘ménths in the

state of relapse\(SB) if he ha$ moved' from the state of recovery:
. . - . . . v p.’ ‘;‘

(éz). The prdbability mass functions of random variables vij (1,3 =

1, 2, &1%,%ue completely determined by the transition probabilities

-

and holding—tiﬁe distributions of the Semi-Markov process. -Thef‘

y . . q .
- ' expression for mean ahd variance for‘vij (i,j =%, 2, & 3) in terms

-

3t ‘. v .
of thé parameters”of ‘fhe Semi-MarKgv model are given in section,2.6.

" Let N;.1 be a 3 by 3 métrix with elements Vip (i,iué 1,2,3);' o
1/ ' . L .
o .
¢ . ) 2 -
. N = [¥9.] . ) (5.2.1)
*\\‘EV, N 1] N - < .
where, vij =2 E( vlJ ). . , !

‘ ,
- , L

The above matrix.ﬁ; is‘estimftea by the following matrix
eguation: ) ' o~ . .

-
(Y

N = (I - PO ) M . / . ° .-(5-2.2‘?)

a
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wh&ré,. is a 3x3 #ransition pfbbabii!ty m&trixrcdrresponﬂiﬁg to -

Ehe traqsient states; M;a 3x3 diagonal matrix of-mean waziing time

for the transient séates, and 1 is the identity matrix. Detail . ;’_
o 4 /r o .

have been previously given~in section 2.6 o‘ chapter 2 , ; .

o

. %{ .The vatiance of,;vij {i,J ‘1, 2, & 3) is given by ;
A,

\ ’ - ) - .
- - .I - ¢ 51, -
vapn. (v .) = V.. ( 2V, -1-7,_ Yt (5.2.3)
)\ (13 F iyl 33 w ) , , f’ ')’{
.. : ’4\V)//z’/,r 0y RS
. . . Let %he -standard deviation matrix for Vi (4,3 =1, 2,
and 3)fbe'denofed by N, with element$ dij? ‘ )
L4 . \-“ . .
) N, .=" [ 7y 1,  i.,5 = 1,2, &3. " (5.2.4)
: o . ) . - . [ . .
Wherée'q = War (v.%) - ' N
- ij R . . T
Y- P 3§ﬁ°order to obtain“‘Nu and No‘?atriceé for'the'expectég \
) - ‘C ) “ Va’ ’
duration of stay, -the matrix Po' the inverse of the matrix
. - - - . s -

(T - P; ) ‘and matrix M were estimated from the observed data which -

~

4 L4 .

-are given in appendix 4. ‘Thesg matrices were then used to estimate

-

the matrices Nﬁvand N, -~ The table 5.2.1 presqpts'the mean -and

P @

- sgandardcdeviasirn matrices Ibr all the patﬁents together." Similar

matrices, for the three stages of ,the aiseaséyare given in,tabieé

. . 7
5.2:2, 5.2.3 and 5.2.4. ' :
o . A \ ~)
. ' ™~
J - . ] )
. . ~ i -
y - . < )

L
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Table 5.2 1

» - hed 2

-

Mean and Standard Deviq!:io'ﬂ Matrices for

5 -

' for All P'at:ieni:ls

-

<

ij

5 Sa .

s, 12.074 . 91.351
= g 0 102.519

S, L O 10.794

*\.s, [1-493 101.459
= s | o 102.038

S, 0., 5671
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7’ b Table 5-2.2 :
o, - L} . L . .
’ T ~ Mean and Standard Deviation Matrices v__ .
. s for Stage I ‘
( ) ’ Sl .82 S3
c _sl' 1.702  200.483 ° 9,050
N,o=T s, 0 218.9_}9/ 9.871
. A\ s, L o - 43740 9.97m
N s, S,
T s,.[1.093  199.983 9.366
p N, =5, 0. “gla.ma 9.358
s, L o 131.054  9.358
L3 - . /
, o .3' ,'
g
. . t | . ‘
| “ ]
.ﬂ / N
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* Table 5.2.3

- °

Mean and Standard Déviatiod Matrices. for v
. . A . ¥

-for:Stage II

. L
* B B ‘
kR %2 B3l
: S,|1-658 79.773 5.792],
= 8 0 83.400 6.055 s
U 3 + ’
S, 0 9.26% 7.740
/51/ 520 . %3
v s, [1.045 82.842 7.094
= s, 0 . 82,899 7,143
s; Lo “38.084 7.223
\ [y
< I} .
’ ad |




Table 5.2.4

. _for Stage III

" .0 ‘ \
Mean and Standard Deviation Matrices for v

s '3.562

.. N .= s: |- o0

. d " : ' Sl‘

v

H

S?,

s
3

24.362. - 6.623

34.606

0 0~

33.422
LN T .
¢ 35.103

- 0

9.681

4

10.650

9.5187
104139

10.137
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I

, &




-

The tables SQZ 1to's. 2\4 give the mean and standard N

-

) )
deviatlon for the expected duration of stay in the tr&nsient states;
L 3 . . ‘%

yiz., under—treatment, recovery(and relapse. Knowxng these, it is
' - . » + ’ ’ ¢
-possible to write the~coﬁfidence statement, concerning the mean of
. 4 . ‘ '0

. _ _ ‘ . B —
the duration of stay ig transient states. The standard error of the.
mean ;1j is j/ vn , where n is theJXﬁmber of patients observed.

Using ndrmal tables, T 1 -« ) levél confldenee interval for vij - - i .
» . L

then can- ea51ly be calculated\\ o . . o .

It is seen’from table 5. 2 2 that a patient’ who entered in

the study suffering with stage I carcrnoma of the cervix is expected

to stay in the recovery state for about 200. 5 months with standard

dev1at1on 199 9 months after treatment; while fbr stage II patients

the mean_and standard devmatipn'ﬁor the length of stay‘in reCQVer

state are 79.7 and 82 8 montbs respectively (table 5.2, 37 and for

stage IIr cases, the corresponding mean and standard deviation are

“24.4 and 33.4 months respectrvely. The average length.of stay in L O

- , T : —y ’ . .
the recovery state decreases with the increasing severity‘of,the
disease. K o o Lot . oo .

) o Co ' fﬁ " ’ ) <
‘The coefficient of variation for the length of stay in

the’recovery state after treatment corresponding to stage I, stage . .

)

_II, and stage III are 99 7 percent, 103.9 percent and 136 9 percent . -

respectively. These coefficient of variations suggeat that the

diratiou of stay distribution in the recovery atate 28 highly variable.

Slmllarly, the durati®n of stay in other statea is also highly

Q
vatiable. Thua, these must be highly skewed. - - o .
‘e : . . .

P . - L]




5:3 Influence of Wplapse '

St . Kaplan (1962) suggested éﬁé use of computing sufvival
Ry ~
from thé time of :elapseLln the prognosis ‘of Hodgkin s disease. - ‘.f‘

It tharefore, ‘seems desirable to examine’ the sur&&val exgerience

£

from the tlme_of relapﬂb for cancer of the cervix patients:~The

Semi-Markov model providds ag easy method since wrEse probabjlities

™ \ . 1]
are already available as a by-product in the mortality experience.

" The survival rates ,from the time oflrelapse can be

directly obtained from- él;e interval trhansition'probg.bility matrices

N 14

as déscribed in sect}pd'ﬂ.?._ ThHe survival rates at 3 monthly

interval' from the” time of relapse are given in table 5:3.i. J .
- S \ .
o ( Table 5.3.1

» 3L

Surv1v€1 Rates Baﬁid on the Seml-Markov Model From tﬁi Time’

of Relapse Accordxng to the Stage of Cancer of the Cervix -
&>

'u%urvivol rates wit@;;eogéot to ;£§ges "‘—\\_
‘Months < . I &l III Al Patients . ' \
3 7170 67.9 7.4 736 .
!é. . 60.7 ~‘47.4 ;k 55.3 ‘5:4.9_' .
9 - 48.l8‘. 33'.9 41.2 . 41.2 .
i 403 2538 G0 L 323
15 ¢ 341 196 22.8 \_:‘-25.‘5‘ _
18 2.6 .. 15:9  16.9° ‘20:6"’ .
a . 26.3° 13.2 12.6 B ﬂ 17.1 .
24 . 23.9, 1.7 9.4 146
- . ! - ! .
R ) ) ."»
. .



[

’.0

s

i

A

The survival ratae of the patients in the three staqes pf

the ‘disease are plotted against time in fiqure 5 3. 1 to, examine the
L]
time trends. It appeasp mortality experiencé of stage;é{I patxents
« ' :

is_uniforﬁly.worse than stage I ox II patients. This prediEted o
- v ~ s

W,
Furth , at 2 years after relapse 24 percent patients in stage I

@

of‘dlsease sutvive as compered to only 9 percent in_stage II}’wzth '

.

esbpt 12-percent 1n'stege I1.. This demonstrates that the suxvival

experience of_erage I éatients even after relabse is better'thang

-

those' of stage III. v ' ;

- *®

Another aspect of comparing survival rates could be from '

the time of recovery instead of. measuring survival from the time

°

- of wreatment. This type’ of analyeis seems to be important since

the observed sﬁrviVal curves from the time of treatment in figurer

5.3.2 shcws that the surv1va1 during first year is better for stage

" IT cases than staqe I cases. But if the survival is plotted from

LY

;he time of recovery as in fiqure 5.3.3, it is eeen that-ﬁurvival

for stade 1 is un;formly betcer than staqe II.A The reason might ‘be’

v

that more patifnts dle durihg treatment for stage I cases. Therefo

-

1t also seems worth-qhile to jeasure survival from’ the time of

‘ [ . . } .- » ) . , .
recovery.. S o . *‘ o '

H ) * ) ! 5

ome corresponds to the expectation based on clinical judgement.
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:‘_' PN ] risge 5- 3.2
Qbserved Survival Curva_ﬁ for Cancer of Cervix
Patients According to the Stagd of Disease
. from the Time of Treatment.
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L ’ ) a.
5.4 Eygtﬂffect of Parameters change on %yrvxval b ;¢ .
‘ ' o N . ‘a '
- ‘2 .

L4

A Seml—Markov model can also ke used to study the impdct

Q

of chahge in any or a.combination oprarameters. Clinicians and

health planner ma¥ be interested in estimating the T-year survival

rate if the probability of dying quer-treatment,éou}d be: reduced
-4
by certain perciéntage poifits., This mode § caqigfgvide an, estimate’

'
immediately without conducting a long term trial. Of course, this

approach does not replace the actudl observed fact which will be

©

availaﬁ;e several years hgﬁcei but simply allows one to mékg'

3 . a
e

, intelligent decisions. . | . . -
. R i o ‘ c.) ,
- ° The estimates are subject to error. -It is important to
o . o = -

-

- o . . . @
investigate the tolerance of the model with respect to these errors °
@
in the estimation of parameters. This is. important since, large
° .° e B
" fluctuations .in the final resu%ts with‘minor changes in parameters

may require the estimation of these pafﬁmeters with grgét degree of’

p;ecision.= That may mean large.data sets and honsequeﬂtlﬁ higé

cost. R A . N
Y T ¢ . ~

s Though these two questions fFaised above are conceptually

4 w 2 3 o

distinct,” but the methodological approach is exactly ideqﬁiéal.

-
°

¢

Certain changes in ' parameters dre hypothesized and resulting’

Q

survival rates at dis%inct future time points are analysed. This

Q

appioachnwill be demonstrated by changing the probability of'Hying, e

relapse rate and duration of stay in recovery state. JIn fact, anj°
o . 0 2 .
comblnatlon of change could have been used but. tqkkeep the dzscussifn y
simple and to the poxnt only the above three w111 be considered.‘ e L
¢ ° > ' ' Y-
o , © .

° .




« B . . 2 o

. Cha;i’age in Pi'o'gabiLity of‘aDying pye to Tancer of the Cerwvix During -

. El e ' . >
- Pl o Il Y .« r . . - -
Treatment ' ’ - . : ) .
< i . C . ' RN ‘B .‘ -
. + Let us syppose that it is’-g’ossil'gle to develop a tr‘eatment .

.
M <

a Y . .
for.cancer of the cervix which may reduce th’rprobability of dying
N ) _ o iy

- »

" during t;reatn'nent by S.percent. The model is thep used to estimate B
the effect of this.chah;;e on thea sgrvival'nréte%“.' In order +& use

g
LR v s »

the model, one has to'adjust the other probabilities® in the tryysitioﬁn
- -] R - -

° o~ - . CE

. . o . . ’ - .
probability matrix. 1In our case, the-transition probability from _‘.
. A ] ’ ° . ) ) . N S, '.
yndertreatment to recovery _is increased by S¥percent. The eﬁ:imates e,

s 2 ' & ]

of this ‘chamrge on the survival rates for all patients are given in

table 5.4.1._ " . wy .- L
.e. - - .Table 5,4.1  ° .
\ - . ) : o o - /
Survival Rate$s Based on’Semi-Markov Model.for All Patients
With' Chacnges in probabij,"iﬂy of Dying" Due °to='Can‘cer‘of Ce}vix -
- — — - .
‘ . 5 . - : -
Years after G_ . rf:en'::D decrease imr 'pr?babllxty pf dy:.x‘z_gb" .
treatment  No change due;to ¢anter .of the’cervix )
1 * "g7.0 . 91.5 - .
2 - 76.1 T o831 .- Lo )
e b R . v e ‘s e S
3 . . 68.7 76.7.- . C LT
';",':a:\'” -;.::‘.e . . T ’
AR N T 63.5% . . 72,3:
-t © . ; "' o = s ' = . -_ = .
°5 © .59.9 " . S - - ' <
) . \".‘ T ,‘ ' N .
6 . 57.4 - ' 67.2 . -® o \
. R o, . . 'l - . .. . N
7 .55.7 T . .o 65.8 < . '
. .‘."@ * v . [ . - . 3 .
.8 54.5 - L% 4.8 ,
% t - . °
° T o
. 4 - 0-: ¥ -
© ° -
? & N » [y ‘
J v 2 - ] - _
. e : s e !




- : -

s . The table 5. 4 1 shows that the surv1val ;ates are increased .
by almost lO percent after S :years. Thus, an 1nvestigator can welgh
the lmportance of thlS 10 sgrcent 1ncrease in surv1véi against the °
o A
cost of reducing the mortallty during treatment . P "
. - . o » :
Changes in Relapse‘Rate'w ' A . - " 0 ‘
- A J © «
) The table 5.4.2 presents the survival rate when the ° )
i - ~ e * N N “. 7
probability of relapse -is {@ﬁuced at an interval.of 2 percent to a s
; < - ~ . . . ) . ‘ . J .
maximum of 10 percent:’ <A ° : : .
L a 1 . *
. ' Table 5.4.2 ° * eLo Y (
. : : : ’ 3 ’ : " : 9
Survival Rates Based on the Semi-MaerV'Model.for' e
& ) P A
. Caacer of the Cervix Patlents w1th - T ,\
- - Changes in ReIapse Probab111ty~ . o :
- . - » s - .
- <. = : N e ’
g . ..« ‘Decrease in relapse probability by -
— N 2y .
Yearg aftef S .- . . L ) °
~’ treatment No change 2% 4% 6% 8% 0% " ‘
¥ @ ‘ . ’e / - . ~
1 87.0 . 87.2 87.4 -87.6 87.9 88.1 [
2 . ' .
L2 76.1 . 77.1 77.7 78.F [78.9 7, 7194 .,
L 3 . 68.7 69.7° 70.7 71.7 ,72.7 . -73.6 < vy
- . - Y o . 3 ‘
4 63.5 64.7 65.9 67.1  68.4 69.6 . - -
.k . . B} N L * Je . o
) 5 59.9 - 61.3 62.6 64.1 65,5 = 66.8 : -
. 6 . 57.4  59.9 60.5 61.9 63.5  65.0 . . .
PR . 55,7 57.4 59% -60.6  62.2  63.8 . .
. . P - ° ]
"t fl - . .
8 54.§ 56.3 58.0 59.7 61.3 ' 62:9
A i < - i . ‘.
. » = - © ¢
. o ¢
s a * ’
’ ve . y 7
4 - . , [
e ‘ . *
. ) o .
- o .
[ . - ‘f'.
< - . ” R
» o . o ?
° A o
-




s &
The decrease, in transrtion probability from recovery to

. & ' ]
relapse given that the patient was in recovery state by 10 percent

s

~

in table § 4.2 shows that the surv1va1 rate increases about 7 percent

/,‘

., at 5 years and 8.4 percent at 8' years.

°

‘change in the survival rates during the first two years.

2

percent reduction in the relapse probabxllty.

>

<. of relapse.

¢

-3

o

4

However,

L

there is not much

The

&

survival rates change wvery slowly with the decrease in the probability

a

The changes lie Between 0.2 to:2-percent for each’ 2

o

‘It seems that in

.

order t001mprove survaval rate by a noticeable‘margih, a substantial

g

.reduction in relapse praebability will have to be achieved.
. [+

In o,

.other words, it éaﬁ be interpretedathataif:the_error in estimatien'bf°

. *

‘ relapse rate is small then the predicted results of the model wrll i

.

. ' not fluctuate ‘to any 1arge extent: .

. T ‘ ) »
. .a*-“ ! L @ ’
change in Expected Length of Stay,in Recovery State

g

o L]

: ; e N\
gi . The other possible.j}rlatlon in‘the ﬁarameters of the ,

model could,be the expected length of stay ih recovery stape before

©

b relapse. The effeﬁt of these changes on the survival rates are
0 ~
presented in table 5.4.3: . *, . . .
[ N -
L _ _ N o .
o' .
. » o - ’
) ' o.' \’Q ’ ° N (2] 2
G ' 4 s
- “ < L3 4
« *. .B 4 < Y
- . , .
: » ,
° - o
’ - i’ L




o

5, years and 1.5 percent at 8 years when the duration nof étay 1n the

'ou' ﬁ
recovery state is decreased by’ 10 months.

. of Cervix Patients With Changeb in the average

Length of State in Recovery Before ﬁelapae o
. 3 .

Years after

¥

before relapse .
o » 5

.

v

7

4

o

<

LS
I

4

Changes in average length 6f stay in recovery
) y B g

No

r *

s

o

.l) s a

treatment Decréaﬁssyyqdecreasq,ﬁy increase by
R : changeJ 5 gnenths 10 months | 5 months 4 10 months
1 87.0 | 86.2 84.9 . 87:6, | 88.1
< . ‘ v ° \ o \
2 - |76.1 | 74.5 71.9 o |77.9° T _].79.2
3 le8.7 | 66.4 63.5 ° | 0.8 . |.72.4
< . . g
Lo L " ) @
o4 63.5- | 61.1 . ‘[ s8.6 65.5 . |°67.3°,
. ° o,
5 © 59.9. | 57.8 5.8 p61.7 7 -1 834 .
) ¢ P ;’ W N
,C \ B o y . ‘,' .
.6 . 157.4 | 55.8 54.3 59,1 ] e0.6 -
"7 55.7 | 54.5* | 53¢5. 57.1 8.5  °
"o 4 ° < ¢ ’ [ "l‘ ) °.,
8 . uo ,53.7 o} 58.0 55.7 - 56.9
° 8, . P N i ] °
¢ s . = '9 oé' , “o . - o s *

(-]

the aVerage length of stay in tbe°state of recbvety by 16 months£

ipcréabe by-

b

.. The resultsoin the above tabléosﬁow“that the 1nctease in., .

[

Y
o

e O

increases the suryival zate by 3 5 percent at 5 xgars ané 2. 4 percgnt o

©

at 8-years; while ‘the survival rate is decreased hy 4.1 perbent at

T

1

2

<

Witk the increase ot

g @

2%
=



decrease ih duration qf the recovery state there has been some

a ° @

“ificrease or decrease in the surv:.val ratés at future' time poxnts.
-] . o >

However., these changes‘havea been yery modest. Agaln it widl appe_ar

-]

that even as 1arge a change of about 25~ pércent :m durat:.on of stay

-

in recovery does n& appre,,ca.ably alter the probab:.lity of surv;wal

c ‘ -

,,after 5 years of follovw-up. S:.milarly, concluslon ‘can als'o be
drawh _that to change th'e suryival.pattérn by changinng thg length

J .
- ° 3 o Q. 4 B
RS

N 2 “ : ‘ p ? (2
-of recovery_state, will require a substantial increase or- decreasg

in this parameter. 2 ,
- e
. ® P -

*, A

- N
5.5.Piscussion

. 0 - ) 'D' A o N . - Y
T It was demonstrated that Seriti-MarkOv— model can also be |
(3 S B e = - e <

P used to prov,;.de est;,mates and, 1ﬂfomation on aspects other than

°

d

/ survival, ‘alone.’ It can be used to estimate “Euture survi\&al patberns

k4
o

from the time of t‘reatnfent, fecov’erg or relapse. Expected dura_tion

<
e

© of stay im various states of the disease ca.n alsc be easily
© ) v o G
N <

estimatéd. o R °.
0

. L. The model was used to. study the efféct of relapse on the D

. ° ¢
. subsequent survival. It was estimated tifat 1426 percent oi the

et M

pat:.ents who relapsed survived 2 years from that time, whereas 76.1

o perceﬂt of the patiehts survived from the ‘time of &reatmnt. ',e° .
° 0 N

oo Obv:.ously, thé prognosis.of the patients \who relapse 1s bleak " The:

o

» mdel also perides gstimates oﬁ J:he prob%b:.lity ot survivix;zg from o

hd ° 8 © , ¢

the time pat:.ent goas under—treatment, and when she recovers. 'I‘hese

v Q@ L - ] .0

may pe ‘1mportanl iu case there is a substanti‘al mortality during

treatmerit. =




. . , ¥ e, . Exﬁected duration of stay in recovery sta;

- . e
@ . 4 - '

for,the three. stages of the disease. In agreemg' with clinical 4

)

g

) s R T .
+  Jjudgement, the estimated duration was highes for stage'I aﬁd

o * lowest fer.stage I11. This prov1des an alternative measure to

b4 0
L)
¢ o

w7 ‘compare the efficacy of - two passible treatmeﬂte.;.rhe trea{fent for

. s
LN < . s - o ’ e . o

cL. o which the expected dnretion of recovery state is lopge;,other

. ) . . - . N 5
. . ¢ . . . Weasures remxining constant,°will logically be considered to be

e . ‘ ” o . © v, . ~ .. ° ) ) , ° L? )
’ © Ssuperior. - A g ..

v . o v : .o o ce -

o . o ’ '

!
. . 4
. © *

Finally;-the model provides a useful ‘tool for- exploring

the. iipact of changés'in the parameters. It was shown ‘that a 5

’
s .

. o e T T e ¢ "
v

0 .percent decrease i@ ‘the morxtality due to céncer of the cervix during

<
° [

° - o treatment increased the suf&ivaloafter S years by 10 percent. The

e &

Sy < .’ ’ surv1val ‘rates did not change appreciably with the decrease rn the
' . prohabilxty of relapse or with subsuantial changes in the duration o
<
PRI . . of recovery This type of analysi& allowé Fhe clinician to anticipate

o v ‘?o

3

the Luture outcome of_ changes in treatment poligies. Without fhe ¢

-]

o o nnd 1, he has‘no other recourse but to wait for several years. to
° “ ’ .
o . \ . .
& ‘see’ the resglts to come. ° . .. ’ .
; ) R L . . . : : v
" c @ ° -
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4

. - ' Survivorship studiés in chronic ‘diseases.hrave relied
: ! : L 1 \

* heavily on life“table methods . Thiézin'genérA1 required a-long j{ ]
A . . o . - ° ‘ “ 5 a
LS

 follow-up of patiénts,.depending upon ‘the time period for whiich

o © Q
i; . the rates were needed.. Investigators cbuld not.ptedict fq&ure
< .
143 . 0 a

- - i survivorship from a 1im1ted follow~up. Boag (1949) in his attempt

"tq predict the survivorship used a Iognoryal-modeL.to describe the
- ] N - 4 ; “‘ ‘0 "
-~ 9 mortality experience of ‘uncured’'patients. This method required-
o :
- v v ‘e . 3 . ..

: . L . .
iterative procedures to estimate the parameters.which in some- 'Y .

- . instances did not converge.” Moreover, the model dig not provide a .

c

good fit tpsthe mbrtality data as observed by'Berg {1965),\behan s v

« G

(1969) and Campos (1971) L . ,

L > Rg / : Fix ang Neyman 61951) udéd a Markov prqcess to develop a

téchniéue for prgdictlng mortality for cancer-patlents. “They

’
+

o . . ‘assumed that the transition probability £from any state Si to any

o - v

other state SJ depends only on the state Si;, Their model does not
o ¢

- 4 -

5 ' ‘
v account for the duratxon 9f atay in a given state. This time

° T dimension appears,to be an important factor in the fotalqptognoéis‘bf

cancer.._' The’principles of the Semi~Markov process provide a handy

] 9 B <

.
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) approach to’'deal with this problem. Based on these pr%201plhs, “w ST
4 - . -
as states Gemi-Markov model for the prognosis of cancer of the ' R

' cervix was prOposed. The five states of the model are.:

. ¥

~§; Un@er%treatmeht; | . ‘ -
'S, Recovery; - . ’ \ e k
) N S3 Relapseg . o _ o ] : Lo
:_Lj‘ NI _ Death due to cancer of the cerVix, and . | \

oo s Death duexto other causes d& lost, to 'follow-up.

-

“a °

The length offstay distribution in €arious'traﬁsient states were
assdmed‘toifollowaa geometrical‘disgribution depending on the,state,

occupied % well -as on the next state entered.

¢

; #In order to‘investigate the validity of*the‘model;'the o .
:.data £rom Victcria HosPital Cancer Clinic, prdon, Ontario was : .

collected qu cancer of the cervix patients. There were -101

. »pétients. The performance of the model was .first. tested on all

* kS

batiehts. Later on; ‘the data was classified acoording to the stage

of the disease and .different age-groups. The parameters of the model

. - <

(1 e., Transition prohability matrix and.Holding-time matrix) were o

; O‘Q" 3'
estimated by the -maximum likelihood method” basea on data for the
first five years and the predictione were made for 8 yeare. Thege .

predicted rates were compared with the. Harkov model and observéﬁ

+ ’-h

.

<

rates. A brief summary ‘for these comparisons in differe%t situations

at 8-years 1s described as follows 5 /




w

* « e ©oer
- >

Seml—MaerV‘model

e at s-years by‘&
. R N . -~
All . t«. g‘
Patients
IR .
Stage I 3 70:.7
Stage II  58.4
stage III ‘ 14.5
<i40 Years 65.2f
40-60 Years . . 58.5

of these .cases.

L

> . 60 Years +33.4

o s

>

at 8-years by
.Markov model -

.

-

-

52.3

3

*41.4 -

5.7 ) ‘!

N,

47.9.

surv1val

. /5frcentqge -,
o .

"36.7° . .

55.5

69.4

Surv1va1 gﬁrcehtage Survival petcentage Observed

59.4

65.3

39.9 A \\s9.5

- 25.4

.
>
'y

29.6

The‘abovg results indipqﬁs ?haﬁ the Semi-Markov model

probides a_ploéet fitjtq the bbserVed‘d;Ea; while the survival iatgs

L

S 13.64 .

predicted py ;Markov model undere,st:’:i.matec the observed rates in ‘each

Q

I3

cancer of the céfvix @vailablé ffomeorénsen (1958) tO‘yﬁlidéte

theaappllcablllty of thls approach to a more. general situation. “The

k
predlctedusurviVal rates at .ten Years based on Semimnarkov and

o
. Markov model were’ 41 1 and 33.3 percenr

obseruéd rate was 42.3 percent.

§em1-Markqv podel provided better éetimaCes of survi#al rates ‘than

~

Again

those obtained from the Markov model.

~

]

observed data than the one provided by the;Markov epproach. It was

-~

-

<

L3

in this case, the

~ : Thus, the Semi-Markov model gave a better fit to the

4

observed in chapter 4 that the Markov model had’ a tendenby to

. 1

\\.
(4

Phe-model was further tested on another set of :data on.

A

-~

respectivaly whereas “the

-
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underestimate the surv.ural rates and this underestimation increases

s . . _' s
.

rapidly beyond 5 years.1 This undhrestxmation was probably due to

"( + L
H v -

the . assumption that the length of stay distribution in any transient
? ~F ‘L"‘ 3
stdte ﬂoefore transitting to any other state is a- geomet-rical

. s . ’ .

.
-

T distribution.; Thls implies a constdnt force of mortglity. This

L 4 -
assumptxoﬁ lS not realistic Siqce the force of mortality decreases’
+ (‘. - - ¥
: as the suﬂgival‘time 1ncreases~, The Seminerkov model ‘does not require
- . ry " .

‘this assumption. “Imfact, it—-assumes that the surVival distribution

v ¢ ¥

1nja given state depends‘also on the next state v1§ited. - -
o A L3
> In addition’ to being able to describe.the survival pattern
- .

of the observed data more: clpsely, 1t prOVides a’ tool for estimatinq

3

the lengtgeof stay in the transient states.“ The length of stay.is .

-

© an, importaht dlmBnSLOn pf the total prognosis which along with the

survival rates couid be used for comparing the effieacy of different

treatments. The quantitatrVe structure of this’ modcl could be
v b M
utilized to calculate the survival from the time of regovery, relapse
or any other spec1fied\state since these’ survival probabilities were
3 L ]

already available in the system during the estimation procedure..

! . Thus, “the Semi-Markov model provides a comprehensive and compaet

way to estimate these survival probabilities. whereas in, the life-table

£

one has to constrn‘ different 1ife-tab1es for different startinq

p01nts. o . _ o .., . B

The other use of the model. ¢ou1d be 1n‘the

planning purposes; The proposed model can be used to consider the

effect of changes in the parameters on’ the prognosis of the disease.

»

. : ., -
"o N ’ . ) » -
. . . ] e R ‘ .
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Severalinlimtratlons of this aspect of the model are provide-d in

chapter S. i?or' ’instance, it was shown that' a decrease of 5% in the

- .v:
.

probablllty of dy:!rfg dur:.ng treatment increases the survival b .

probability by 10 perctmt. ﬂowever, decrease or :mcrease iri’ duration

— '
4 - 4
»

of about 10 months d;d not effect the survival to any great extent. ‘ &.

~

'l‘h_is Anformation is vital to any decision maker. -The model &_\

- -

provides an e:qaldcit!and iogical tool for the 'anal&sis and evnglua'tion'

of changes %n the system. A bétter insight j:nto'the“prognosis’ of, | /
the diseaee’;t;w'itho,ut‘_ wait?.n}g for vthe res'ults for a lo;g time"isv .
achieved'? ﬂis, ‘of‘ course, does not el:_i.n.tina'te 'the_n’e'edefor 'a‘ctu'al‘
‘ohse‘rvation over'a period of time, I.t, howe‘ve,r,' prov:tdes an ohj‘ect’ive

-

assessment ~-of the posslble outcome of various alternative polxcies

-
v o
t o Y. s “a

for thﬁ decis:.on makexr to evaluate. - ey .

. ‘.
- In sunmary, it can‘be oonclud'ed that the Semi-uark'év mode:).

w N -
B - ~ .

prcsv:n.des an adequate descr:.ption f.Or the prognosis of cancermf :the

"~ o~ - .

, cervix. It is superior to the Markov model,which undere_e.timetes( S
. ! - - . t . . c o
the survival proha.bilities'. . : ’ )
. Kl -, .,:\ . -‘
Suggestionq for Further Worko - ' R ooa -

_‘T v f,u,,w“‘;, .- AA‘_ [
Th4 model presented m thig® thesis suggests at least some

directions in 'hich future research might proVe useful One of .

these is explorat:.on of . the-appl:.cabilxty of s:l.mﬂar models to other

types of cancer. The, other is the explcration of more complex ) N

models, such as. models in whi&t ‘the assumption of a clqsed population is

elaxed, i.e., the population state :Ls an open system. °In, nodel:tng
L7
. a closed system, a patient cohort is assumed to follow a Semi~Markov '

b‘-ru . . . r
‘ ' ' . - .
a ! - ¥
.

<

(




- T
3 -

" process while adding new patients ‘into the system means that each
. ) . o i . : e

time a patient enters-the recovery system, anejﬂLr Semi—Mgrkov
process begins. Combining these many Semi-Markov procésses, it

~is possible to calculate the proportion of patienés in various

v

)

. states of the recovery system. . ° . ’

° JEE N
< <

-
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APPENDIX 1 . .
- 3. ’ . . Lo ° "
Form Used In Data Collection
. .
: £
, Case |Year Age Pex Stage of [lype of | Observed State Pbserved Time .
e ~ . >
No. disease  [treatmeny : | period .
. Under-treatment , ’
‘ ‘ . ) Recovery fo
) Relapse R , . °
& — R ‘
B 7" | peath due to , ‘ )
. N 4 v v
. dlse_ase , e .
s . 3
Y Death due to
; ° . ,
. / b other causes
N~ or lost. to.
b. i .
© - fOllow—uE * L3
L ' . ) ’ .
¢ = < -
7 , — '
o‘ X J .
* I3 { . o P
o "l ‘o o i
: L)
' /a - 3 ° b
%
b | .i »
» ¢ ]
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", , APPENDIX 2 .
o [ o »
¢ . < M . :D ©
. ) > Interval Transition Probability Matricés «b(t‘;)'," at
o ¢ i . -4 E) o e o l .
t = 12, 24, 36, 48, 60, 72, 84, and 96 months -
N - for Various Stages. of the Disease *
’ o ° oLy o, s
p % . [
; < - Table 1
- - . ) | - T T e 4
° ' ) Interv#l Transition Probabilitiés for Stage I .
; -2 é \ I -
, ° =R | . ‘\ . -
. .5, [0.00738 "0.85789 0.03615  0.09836]
| s, | ~ 0 .0.92916 0.04077 0.03006
) o ®(12) = . %
L s; | ° o 0.18769 0.21519 0.59711
.- . s, | o o 0 1.00000 |
s N
: . _ ~
R ¢ s, [0.00065 0.81076 ©0.03723 0.15135
2 o : . R
. 8 0 - "> 0.87952 0.03991 0.08057
. ,2‘ . X -
. . 9(24) = A - = . K .
- : s, .0 0.1773% 0.06196  0.76075
- s L - s 9
e fz"' . o 0 0 1.00000 |
‘o’ o ‘\ ’
s, [0.00086 o\.ﬂsn" 0.03012  0.19369 ]
[ ’ . -
. . s, 0 0.84305 0.03191 0.12504 |}
e N L "
) o(365 = S3 0 0.16963. 0.02059 0.80978
) ’ .8, . o " 0 0 +1.00000 |
. s, [0.00001 * 0.75065 0.02285 ~ 0.22646 ]
) o ¢ s, 0. 0.81625 0.02411 0.15964
' Fas = s 0 0.16399 = 0,00867 0.82734
. s, L © 0 0 1.60000 |
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° e b ‘ ‘
| - & ) . i
SRS U 5 - I
\ - o . T .—'
s, [ o 0.73198  0.D1698 0725104}
) o L, . ». s 0O . 0.79655 0.01789" 0.¥8558 | -
, , - P2 .
- T¥(72) = . . , :
e . .83 1 @ 0.15986  0.00469 0.83545
) - : 'S, L O -0 .0 .1.00§00
. ‘@
o :
A o‘ N . ‘- - - _
° - . " i ’ ’ -
» " o v - - -
. . -_sef o _&{0814 1 0.00922 . 0.38264
& . - -t
¢ - s, | o % o0.77144 0.00971 0.21885
; ° ¢(84) = ‘ N ;
. s, 1 o 0.15458 0.00210 1 0.84331
» . : 3 : ‘ .
e e oS, Lo 0 - 0 1.00000 |
y . . o ) : .
_ ' s, [o 0.70072 0.00677 0.29250]
: " ! < Oc ‘: -
: s T 0.76362  0.00712 0.22924
. @(96) = .- - . - /
‘. sy, | o, 0.15294 0.00152 0.84554
[+] : - -
s ‘ o o ;0 1.00000
»
) . : . } 3 . .
- Note:  There are no deaths due to othgr causes or lost
. ‘ ' to follow-up; thus there is no state Sg- for
Q = .
stage I cases. . L ' b3
’ T -
» o
\| ’ 5,
, ) -
e n ? .
v L]
i
S ‘ ' ) ' N
- ) g . , .e i ,
- <>
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- Table 2 s
’ ’ ’ ’ M , )
‘Interval’Pransition Probhbilities for Stage II
R . ' ’ 'S .
, STy, S, S, S4 Ss
s, | 0.01527 0.72435. 0.06687 .0.08682 0.10669
s, 0 0.74528 'H.07042 #0.07164 0.11266
10
| g : ;
e(12) = sy | o 0.08064 0.16624 0.74328 0,00984|,
. s, » - 0 0 1,00000 o f
. IR = X
s L .o 0 . 0- 0 1=3ﬁabo
s, [0.00s36 -.0.63489 0.05603 19292 0.11079):
s ‘e & * ] ) N ’ £
s, | 2 0 0.65676 0.05665 0.17061 0.11599
0(24 = s, 0 0.07659 . 0.03308 0.87782 0.01251
s, |% o o O o . 1.00000 0
s, L o €y - T o 1.00060)]

¢, [o.co188 0.57934
s, |. 0 * 0.60138

’46.06959

"
%

0_-

s Q °'0
s L 0 0

2

s. [.0.0096¢

‘0.03829
\ .
0,03842

> 0:00948 ° 0.90801

0 1. 00090

0 0

£.31805

S, %

"
Y
o

(W}

0.54352 0.02509

0.56533°

=]

0.02513 0.29168

:0.06466. 0.00419. 0.91810

%
]

0

hd .

°1.00000

0

0.11195

0.11713

0.01293
0

1.00000 |
0.11269]
0.11787

0.01305

Lod
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1
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°
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. 2 o . o 2
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= < 3 Q
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0 e 0 -3 ) 1.00000 S e Lle
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Intérval Transition Probabilities for All Patients
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. " APPENDIX 4
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