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1. | NTRODUCTI ON:
The recent statistical literature attests to a consider-

able current interest in specialised statistical nethods for
the analysis of tine to occurrence or failure tine data in

nmedi cal research.

Frequently the primary objective of a failure time Study
concerns with the association between certain co-variates
Z= (%2, ..., Z,) and the time T > 0 to the occurrence of a
certain event. For exanple a clinical study may be designed to
conpare several treatment programmes in respect to the time T to
recurrence of a disease or response to treatnent of a disease.
The regression vector Z would include indicator conmponents for

treatnent as well as other prognostic factors.

The distribution of failure tine T can be represented in
the usual nmanner in terns of density or distribution functions

as well as in nore specialised ways such as the hazard function.
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|f the underlying process is continuous, hazard function at
time t among individuals with covariates Z is defined as

h (t, 2) = lim Pt <T<t +t/T>t, 7]/ Tt (1.1)

ft -> 0

The hazard function gives the risk of failure at any time given
that the individual has not failed prior to t. Since the
notion of failure rate is basic and conceptually sinple it
provides a starting point for nodelling the association

between Z and t.
2. (QOOX REGRESSION MODEL:

One such nodel introduced by Cox (1972) provides the
basis for nost of the discussion of this paper. This nodel
presumes that covariatos affect the hazard function in a nulti-

plicative nmanner according to
h(t ; 2) = hot) "’ (2.1)

where hy(t) is an unspecified function of time, bis a colum
vector of the regression coefficients and the factor e” des-
cribes the risk of failure for an individual with regression
variables Z relative to that of starting value Z = 0. gjnce
the ratio of hazard functions corresponding to any two Z val ues

Is a constant it is often referred to as Proportional Hazard

(PH Model .
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Cox nodel is a particular case of the general nodel that

has hazard function
h(t: 2 =h,g (2, b) (2.3)
The Cox nodel is also equivalent to the assunption of Lehmann

alternatives

1 - F(t; 2) = [1-F(t,0]%" *° (2.4)

The PH nodel provides a unified approach to inferences from

a variety of typos of failure tine data.

3.  ESTIMATION OF b:

The approach taken here is a distribution free one where
no specific formis assuned for hy(t). The main idea for
this originated with Cox (1972) who proposed a method for
estimating bin the absence of the know edge of hy(t) and al so

estimating for hy(t).

Consi der a random sanple of n individuals with k distinct
observed lifetimes and (n-k) censored tines, let the k observed
times be

t(l) <t(2) < ... <t(k)

and R = R(t(i)) risk set at tinme t(i)
The |ikelihood function for estimating bin the absence of

knowl edge of hy(t) is

k  z(i)p Z, B
L(B) = I ¢
izl[e | LER; ¢ ] (3-1)
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where Z(i) is the regressor vector associated with the indi-
vidual s observed to fail at t(i)(Cox 1975). The notivation

Is the probability an individual being fail is

h(t, zi) = LezR(t) h(t, z, )
- z b/ S ezl b
© I 1 R(t) (3.2)

The likelihood is formed by the product of all such factors
over the k uncensored lifetimes. The estimate b’ of bis

obtained by solving the set of equations

QL) -, (3.3)
0B
The another nethod used for estimating bis
k S5 ° |
L k)=ple /1 ( se” D (3.4)

| TR
where di is the number of lifetimes equal to t(i) and S

Is the sum of the regression vector Z for these di individuals.

4. STRATI FI CATI ON

When a factor does not affect the hazard multipli-
catively, stratification nmay be useful in model building.
Hazard function for an individual in stratumf wth regressor
variable Z is

h(t/2) = hy(t) € °



That is individuals in the same stratum have the sane proportional
hazards function but it is not necessarily the case for indi-
viduals in different strata. It is also assumed that the
relative effect of the regressor variables is the sane in
each stratum This condition sonetines needs to be relaxed
with bvarying fromstratumto stratum A partial |ikelihood
function L; (b)is obtained for each stratumand then the

overall partial I|ikelihood function for bis
L® =1L (b)... Ly (b (4.1)
After estimating bby maximsing L (b)the survivor functions

can be estimted by

Sop(t) = exp ['Oothoj(u) du] j =42 ..., (4.2)
5. PARAVETRIC MDELS:

If h(t, Z) is specified upto a finite nunber of para-
meter g, ordinary paranetric |ikelihood methods can be applied.
However, the presence of censoring except in a few extremely
special cases precludes the possibility of tractable exact
distribution theory. One paranetric nodel that has found

extensive application is the Wibull Mdel is given by
h(t) = ap (@t)” (5.1)

This model is the intersection of PH and AFT nodels. Wi bull

Is characterised by that model in which the regressor variables
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act multiplicatively both upon hazard rate and upon failure
time. The asynptotic, theory is readily applied to the Weibull
nodel with g= (a,p, b). The Wibull nodel can be witten as

log linear form as
y + Zb=d+ sv (5.2)

where y = logt, d=- log a,;s=p-L b =p' b

The error variable v has an extrene value density
f(v) = exp(v - e). (5.3)

Ot her paranetric cases include |ognormal, log |ogistic and
general ised gamma regression nodel corresponding to error
quantities v that are normal, logistic and |log gamma res-
pectively. On fully paranetric set up the precise conditions
of censoring mechanism regressor variables and the form of
h(t, Z2) that would be sufficient to ensure nodelling is not

yet known fully.

In studies involving human subjects no theoretical form
for survival distributions can be assuned and in such situat-
lons techniques based on PH nodel appear to be superior to
other nodels. The relative efficiency of Cox regression nodel
conpared with likelihood nethods that assune full parametric
form for the hazard function is generally good. (Breslow 1974,
Kal fleisch 1974, Efron 1977, Qakes 1977).
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6. A MXDEL BASED ON GROUPI NG DATA FROM COX MCODEL:

In many instances the life time T of individuals wth
regressor variable Z mght be assumed to cone from a continu-
ous proportional hazard model. |f the life times are grouped
into k classes, then a group regression nodel is obtained for

whi ch survival probability for the i-th interval [a;, &)

IS given by
- - exp(Z b) _ exp(Z b)
P(2) = S(ai/Z) = Sy(a) = P (O (6.1)
=12 .. . kwith PO =0.
This gives p.(2) = py(2) = p.(0) exp(Z3)
* p;1 (27 ~ i
(O .
wher e pi(O):p((O)) =1, 2, Lk
UE!

Use of this nodel produces a |ikelihood

k

SRR e o) (6.2)

which can be used to estimate band p;, p; ) Thi s
approach was first introduced by Kalbfleisch and Pkr'entice
(1973). The ml.e. for (6.2) is discussed by Prentice and
G oeckler (1978). The log likelihood can be witten as

I L (b, p) “1's - P oz b (Z b)
0g »P) = p - lo | | expl 4
E 11D . exp (Z; b) +I ISROg (P
P i

Prentice and { oeckler suggest using the paraneters

gi =1log (- log p) 1 =1 2 ... Kk (6. 4)

(6.3)
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The g; are unrestricted and they found that convergence in a
Newt on- Raphson iteration procedure was inproved when g= (g; ... 0y

was used in the place of p.

7. APPLICATION TO PULMONARY TUBERCULCSIS DATA:

The studies at the Tuberculosis Research Centre, Madras
have shown a negative relationship between tine to response and
the covariates Extent of Disease, Extent of Cavity and sputum
culture positivity on admssion (TRC 1966). Differential
treatnent nethods between lightly and heavily diseased patients
could distort the magnitude of relationship between two treat-
ment groups. The estimation of joint relationship of Tine to
response with each of the covariates Extent of D sease, Cavity
and culture Positivity not only gives the potential for naking
detailed and accurate assessment but also may provide valuable
insight into the response mechanism O particular interest in
terms of the response nechanismis the ability of Relative R sk
(RR) nodels that are nultiplicative or additive to describe
data. In general terms a multiplicative RR nodel would corres-
pond to a process where in an intial exposure induces a fract-
ional increase in the age specific failure rate which then serves
as a new base line rate that the RR function for the second

exposure variable nultiply.



8. METHODS AND MATERI ALS:

Tubercul osis Research Centre (ICWR) Mdras is conducting
studies since 1956 in pulnonary and extrapul nonary tubercul osis
patients to assess the therapautic effects when drugs are admin-

istered to the patients. Various tests have been carried out to

assess the eligibility of patients to the study before adm s-
sion and periodically to assess the response to treatnents
after admission. The assessnent of response to treatnent is
based on clinical, radiological, bacteriological, biochemcal,
i nmunol ogi cal and other investigations. The patients are

followed up to a maxinmum period of 5 years.

Qur study popul ation consists of 261 patients taken
from a study conducted at the Tuberculosis Research Centre,
Madras (TRC 1983). The patients belong to 2 treatnent groups

of a controlled clinical study of 3 short course reginens.
Qut of the two group one contained rifanpicin (R 7 series) and

the other no rifanpicin (Z/7 series).

RI7 Series: Daily chemotherapy for 2 months with rifanpicin (R
12 nmg/ kg body weight plus streptonycin sulphate (S
0.75 g plus isoniazid (H 400 nmg (incorporating
Pyridoxine 6 ng) plus pyrazinamde (2Z2) 40 ng/kg
followed by tw ce weekly chenotherapy for 5 nonths
with streptonycin 0.75 g plus isoniazid 15 ng/ kg

plus pyrazinamde 70 ng/kg the total duration
being 7 nonths.
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ZI'7 Series: The sane as the R'7 series but wthout rifanpicin
the total duration being 7 nonths.

O the 261 patients (132 R'7, 129 ZI7) 67% were mal es,
24% of the patients were less than 25 years of age, 63% were
between 25 and 44 and 13% were greater than 45 years. The
patients in the two groups were alnost simlar with respect to
age, sex and weight. Response to treatment times were available
in monthly intervals. Over 30 disease characteristics wore
available. A regression vector of 16 conponents is used to
illustrate the above procedures. The conponents used are as

fol |l ows:

Age - 3 conponents (1 for < 25 years, 2 for 25-45, 3 for > 45
Sex - 2 conponents (1 male, 2 female)

Extent of Disease (EQD)- 3 conmponent s (BODI, ECD2, ECDR)
Extent of Cavity (BOC) - 3 conponents (EOCCL, EOC2, EQC3)
Sputum Culture (CUL) - 3 conponents (CULI, CQU2, CUL3).

AV SR

An additional indicator variable distinguishing two
treatment groups taking value 0 for Z/7 series and 1 for R7
series is considered. The final conponent is another indicator
variable for patients response tine is censored (0) or un-

censored (1).

The radiographic and bacteriological findings on

admssion to treatnent were given in Table-I.
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TABLE-1

o Percentage of Patients
Characteristic Levels = ~-----==-=-=-------

___________________________ R 4T
ECD ECD1 29 27
ECD2 39 39
EQD3 32 34
ECC EQC1 43 39
EOC2 35 30
EQC3 22 31
CUL CULI 42 44
CUL2 43 38
CUL3 15 18

D S e Sl A T A+ ST B £ e V2 G iy IR e B S S W T D MM T T A W T S T W S — — e

The above variables are related to the hazard function
to response time to treatment for tuberculosis using the PH
model . A partial likelihood (Cox 1975) and Newton Raphson
iteration is applied to the data which gives a maxi mum
partial |ikelihood estimates for the corresponding regression
coefficients as given in Table-2. Mny refinenent are necessary

before claimng any association.

From Table-2 we see that the estimated regression
coefficient of RI7 series b= - 0.344 with an esti mated
standard error of bfromthe observed information matrix is
0.117, giving a T-value of 2.94 which is significant at 0.02

level. This suggests that the response tine is reduced by an
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estimated nultiplicated factor exp (b)= 0.71 in conparison
to Z/7 series. The other estimates of bfor the covariates
ECD, EOC and CUL are not significant. But we observe from
the table that the b's increases as we move from the | ower
levels to the higher levels of all the characteristics.

For exanple the duration of response is prolonged by a
factor exp (.083) = 1.09 for a patient with slight or
limted disease (ECDl). The factors for noderate (ECD2)
and extensive (EOD3) disease are 1.29 and 1.39 respectively.
For a patient with 2 or nore covariates the duration wll
be prolonged by exp (sumof the b's). For exanple the
duration of response to treatnent for a patient having
noderate disease (ECD2), extent of cavity (EOC2) and culture
result 3 + (CUL3) will be prolonged by a factor

exp (.173 + .238 + .112) = 1.67. |f this patient is
treated with R/'7 series the duration will be reduced by

a factor 0.71 in conparison to a patient in Z/7 series.

TABLE- 2

ML.E. FIT OF COX MODELS TO DATA ON 261 PULMONARY TUBER-
CULCSI S PATI ENTS.

Covariate ... b SE =Y
EOD1 0.083 0.101 NS
EQD2 0.173 0.210 NS
EOD3 0. 255 0.314 NS
EQCL 0.073 0.100 NS
EQC2 0.238 0.348 NS
EQC3 0. 255 0. 368 NS
CuL1 0.026 0.151 NS
CUL2 0.068 0. 250 NS
cuL3 0.112 0. 254 NS
R7 0. 344 0.117 0.01
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9. DI SCUSSI ON:

An inportant point particularly with strong regres-
sion effects concerns the appropriateness of PH assunption.
One possibility of testing proportionality is to stratify
the data and fit separate PH nodels for each stratum specific
plots of log (-log p(t,Z) at specified Z values should then
the separated by approximately a constant difference over
time if the proportionality assunption is appropriate.

Mre formal procedures arc available by introducing tine
dependent covariates into the nodel and testing for b= 0.
The starting point is usually to obtain estimators for the
val ue of bwhich will indicate whether individual covariates
i nfluence prognosis, whether the effect is favourable or
unfavourable and the magnitude of the effect. The standar-
di sed conponent of bcan be aged to determ ne whether the
corresponding covariate has a statistically significant
effect. A significant b; indicates that a highly significant
prognostic factor is Z. The value of b, are used to

estimate the effect of a particular covariate.

A nunber of paranetric nodels have been proposed many
of which arc unified in Farewell and Prentice (1977). Least
Square Models arc proposed by MIler (1976). The later nodels
are principly linear in logarithmof failure tines. Log |inear

model s are equally good.
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