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Graphical abstract Abstract

breast, colorectal, and lung cancers with 528 000 new cases every year. It is also the fourth
most common cause of cancer death with 266 000 deaths in 2012 among women
worldwide. In Malaysia it remains to be a great concern among clinicians; yet published
works on survival of cervical cancer patients are somewhat limited. In this study, two
survival regression models which are parametric Strafified Weibull model and Weibull
wi Accelerated Failure Time (AFT) model are considered as the alternative and improvement
: : : of the well-known Cox proportional hazard model to evaluate the prognostic factor that
effect on survival of patients with cervical cancer. Comparisons were made to find the
best model. Data were taken from Hospital University Science Malaysia (HUSM) over a
period of 12 years. From the analyses it was found that the AFT model was the most
appropriate. The AFT model has shown that the median survival fime for patient at stage Il
& IV (14 months) is about one third that of those at stages | & Il (40 months) for the same
distant metastasis group. While, the median survival time for patient with distant metastasis
(17 months) is half that of those without distant metastasis (34 months) for the same stage
group.

e Cervical cancer is the fourth most common cancer affecting women worldwide, after

Keywords: Accelerated Failure Time (AFT), cervical cancer, prognostic factor, stratified
weibull, survival
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1.0 INTRODUCTION

Cervical cancer is the fourth most common cancer
affecting women worldwide, after breast, colorectal,
and lung cancers with 528 000 new cases every year
[1]. It is also the fourth most common cause of cancer
death with 266 000 deaths in 2012 among women
worldwide [1]. It remains to be one of the major
cancer that burdens worldwide particularly in under-

developed and developing countries [2]. Cervical
cancer develops from cells that changes caused by
the virus called the Human Papilloma virus (HPV)
which is predominantly fransmitted through sexual
intercourse [3].

In Malaysia, cervical cancer is the fifth most
common cancer to occur, but ranked second among
female-related cancers [4]. The age standardized
incidence (ASR) for cancer of the cervix was 7.8 as
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per 100,000 populations and there were about 847
cases registered with Natfional Cancer Registry
Malaysia in 2007 [4]. The burden of cervical cancer in
Malaysia is comparable with other developing
countries such as Thailand, Myanmar, Vietnam, India
and some countries in South America [5].

The incidence rate increased with age after 30
years and has its peak at ages 65-69 years [4].
According fo ethnicity in Malaysia, Indian women had
the highest incidence for cervical cancer followed by
Chinese and Malay [4]. In Malaysia, it remains to be a
great concern among clinicians; yet published works
on survival of cervical cancer patients are somewhat
limited. Latest information on cancer survival s
important as reference material for clinicians,
oncologists, epidemiologists and scientists involved in
clinical work, medical auditing or research [6].

In published studies, Cox proportional hazard
regression model was frequently used when
examining the relationship of the survival distribution fo
covariates [7]-[?]. This is perhaps due fo the fact that
although baseline hazard is not specified in Cox
model, the parameter can still be estimated. When
the hazard assumption is not safisfied, stratified Cox
model which is a modification of the Cox proportional
hazard model that allows for control by stratification of
a predictor that does not satisfy the proportional
hazard assumption is used instead [10].

But in some cases, parametric models are more
informative than the Cox model such as the baseline
hazard and survival estimates are known. Several
examples of parametric models can be found in the
following studies [11]-[15]. Previous study has
compared the Cox and Weibull model in modeling
the gastric cancer data and found that the Weibull
model gave more a precise results in than the Cox
model [16].

In this study, two survival regression models which
are parametric Stratified Weibull model and Weibull
Accelerated Failure Time (AFT) model are considered
to evaluate the prognostic factor that affect on
survival of patients with cervival cancer. Comparisons
were made to find the best model. A stratified Weibull
model was used since there was a time-dependent
covariate that caused the proportional hazard
assumption violated. While the accelerated failure
time (AFT) model was presented as an alternative to
the Cox regression model in the analysis of time to
event data.

2.0 MATERIALS AND METHODS

The cervical cancer data was taken from Hospital
University Science Malaysia (HUSM). The data
comprise of 120 patients who have been diagnosed
as cervical cancer and obtained treatment from the
hospital from 1st of July 1995 to 30th of June 2007.
Patients who were died due to other competing
causes of death (noft cervical cancer), or with
incomplete data were excluded from this study.

The variable time (in months) is the survival time which
was measured from the patient was diagnosed with
cervical cancer up to the time of death. Therefore,
fime was considered as the variable of interest. In the
analysis, other variables that were considered were
ethnicity, lymph node involvement, distant metastasis,
histology, primary treatment, stage and age at
diagnosis. Statistical package TIBCO Spotfire S-Plus ver
8.1 was used to perfome data analysis.

By using log-cumulative hazard plot, the suitability of
the Weibull model for the data was assessed.
Univariate analysis was conducted using the simple
Weibull regression analysis to identify the significant
prognostic factors individually. Significant factors from
the univariate analysis were then further analyzed by
the Weibull multivariate analysis to model the
prognostic factors. Forward variable selection method
was used where variables added to a model one at a
fime and selection ends when the next term for
inclusion ceases fo be significant at a pre-assigned
level a=0.10.

The test based on Schoenfeld or known as the
cox.zph test in S-Plus was applied to assess the
proportional hazards assumption [17]. As the
proportional hazard assumption was not satisfied, a
strafified Weibull model [10] and Weibull AFT model
were used instead. For the stratified Weibull model,
the strata divide the subjects into disjoint groups, each
of which has a distinct baseline hazard function but
common values for the coefficient vector B [17]. It is
assumed that the effect of every covariate is constant
across strata. Under AFT model the direct effect of the
explanatory variables on the survival fime are
measure instead of hazard.

To assess the goodness of fit of the model,
Martingale residual was performed for the stratified
Weibull model and the standardized residual plots for
the Weibull AFT model. Figure 1 shows a flow chart
which summarizes the steps of the stafistical analysis
performed in this study.
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Assess the suitability of the survival time
distribution

Univariate analysis

Multivariate analysis (variable selection using
forward selection method)

Checking the proportional hazards
assumption

I Weibull stratified model and AFT model

Assess the goodness of fit of the model

I Obtain the best model I

Figure 1 Flow chart of the study

3.0 RESULTS

The log-cumulative hazard plot in Figure 2 shows that
the dofts in the plot form a straight line. This indicates
that Weibull model is suitable to fit the data.

log(-og(S(t)

Figure 2 The log-cumulative hazard plot

The characteristics of cervical cancer patients
freated in HUSM were shown in Table 1. From the
univariate analysis, three factors were identified
significant  namely, stage (p=<0.001), distant
metastasis  (p=0.0005) and primary freatment
(p=0.009). The three potential factors were then further
analyzed by the forward selection procedure in
multivariate analysis, two variables namely stage and
distant metastasis were found to be significant factors
(p=<0.001).

Table 1 Characteristics of cervical cancer patients treated in
HUSM

Variables Description No. of (%)
patients
Ethnicity Non malay 21 17.5
Malay 99 82.5
Lymph node Negative 89 74.2
involve Positive 31 25.8
Distant without distant 83 69.2
metastasis metastasis
with distant 37 30.8
metastasis
Histologic Squamous cell 93 77.5
type carcinoma
Adeno cell 27 22.5
carcinoma
Stage I &Il 89 74.2
& 1Iv 31 25.8
Primary Surgery 40 33.3
Treatment Radiotherapy& 80 66.7
chemotherapy
Age at < 40 2 1.7
diagnosis 40-59 97 80.8
> 60 21 17.5

From the cox.zph test, it was noted that distant
metastasis (p=0.032) did not satisfy the proportional
hazard assumption and a stratified model was then
considered. The first stratum consists of patients
without distant metastasis and the second stratum
were patfients who do have distant metastasis.

Parameter estimates of the stratified Weibull model
were performed in order to obtain the hazard ratio for
stage variable as shown in Table 2. Hazard of death
for patient at stage Il & IV without distant metastasis is
2.3 times greater than patient at stage | & Il. While
hazard of death for patient at stage Il & IV with
distant metastasis is 3.5 times greater than patient at
stage | & I.

Table 2 Hazard ratio for variable stage stratified on distant
metastasis

Stratum Coefficient (f) Hazard ratio (g)
1=without distant 0.832 2.30
metastasis

2=with distant metastasis 1.261 3.53

Then Martingale residual was performed for the
strafified Weibull model. Figure 3 shows that most of
the residuals are between -50 to 50. According to [17],
for stratified model, the best model need not have the
smallest sum of square (ss) Martingale residual. No
influential observation was seen in the plot. The
Martingale residuals were skewed. Those near to -50
have long survival time and those near to 50 died too
soon. The relationship looks reasonably linear.
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Figure 3 Martingale residual for the stratified Weibull model

The AFT model was applied to the previous model
which consists of variable stage and distant metastasis.
The data set was fitted using Weibull AFT model.

Table 3 Output of Weibull AFT model

Variable Value
(Intercept) 4.656898
(Scale) 0.9437051
Stage -0.8422007
Distant metastasis -0.6478107

The hazard function and median survival fime can
be obtained from the output in Table 3. The first value
appears in  the output is the intercept,
iw=4.65868958 and scale, ¢ =0.9437051. The survival
time under Weibull AFT model has a W(ae™" b)
distribution. The parameter a.b. §; in the Cox model

can be expressed by .4 .

o= exp(-Z) = 0.00713 (1)

b=12=1.059 (2)

Ly

g =~7 8

Where a is the scale parameter and bk is the shape
parameter. The shape parameter, b is greater than
one, thus the hazard is decreasing over fime. Under
the Weibull AFT model the hazard of death at time f
for the i-th patient is

hi(t) = eP¥ho(eFie) (4)

where x; takes the value zero if the i-th patient is at
stage | & Il and unity if the patient is at stage Il & IV.
For the Weibull distribution, the baseline hazard
function is

ho(t) = abt® (5)

which is the hazard function for patient at stage | & II.
Hence,

hit) = (e™)°abt (6)

where w; = Bixy; + Brxg + o+ Boxy; 1S the  linear
component in which xj; is the éxblonofory variables
j =1.2,...p fori-th individual, i= 1,2, ..., n.

On fitting this model, for the variable stage, the
estimated values of the parameters are given

by @ = 0.0071% b=1=1.0597 and
@ —D.B4T2007 -
f=—-= —Dsezos = 0-B924. The accelerated factor,

¢ of AFT model is estimated by &f = g™¥344 = 3,441,
The survival time of a patient at stage Il & IV for the
same distant metastasis group is  therefore
accelerated by a factor of 2.4 under this model. The
median survival time under the Weibull AFT model is

t(50) = [%]l” (7)

The estimated median survival time for patient at
stage | & Il (x; = 0) is 40 months, while that for patient
at stage Il & IV (x; =1) is 14 months. The median
survival time for patient at stage Il & IV is therefore
about one third that of those at stage | & Il for the
same distant metastasis group.

Next, for the variable distant metastasis under the
Weibull AFT model, the hazard of death at time t for
the i-th patient is

hi(t) = eP¥ho(efe) (8)

where x; takes the value zero if the i-th patient without
distant metastasis and unity if the patient with distant
metastasis. The baseline hazard function given as

hylt) = abt®* %)

which is the hazard function for patient without distant
metastasis.

The estimated values of the parameters are given
by @=0.00719, b=2=1.0597 and § = -2 = 0.68645,

The accelerated factor, ¢ of AFT model is estimated
by ef = ¢™2835 — 1 537 The survival time of a patient
with distant metastasis for the same stage is therefore
accelerated by a factor of about 1.98 under this
model.

The estimated median survival time for patient
without distant metastasis (x; = 0) is 34 months, while
that for patient with distant metastasis (x; = 1) is 17
months. The median survival time for patient with
distant metastasis is therefore half that of those
without distant metastasis for the same stage group.
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To assess the goodness of fit of the Weibull AFT model,
standardized residual plot and probability plot using
the Kaplan Meier against standardized residual were
performed.

Plot of standard residual against the fitted model in
Figure 4 does not indicate the presence of any outlier.
The values of sqrt (residuals) are small.

Figure 5 shows a probability plot of Weibull AFT
model using the Kaplan Meier against standardized
residual which gives a straight line. This suggests that
the Weibull AFT model fit the data well.

0.6 0.8 1.0 1.2 1.4
1 1

sqrt(abs(Residuals))

0.4

0.2

T T
40 60 80 100

Fitted : stage + DM

Figure 4 Residual plot for Weibull AFT model

Weibull Probabilities

T T T T T
0.01 0.05 0.10 0.50 1.00

. Residals

Figure 5 Probability plot for residual of Weibull AFT model

4.0 DISCUSSION

Published studies in the field of medical sciences are
often interested in Cox proportional hazard model
instead of parametric models. However, in a review of
survival analyses in cancer journals, it was found that
only 5 percent of all studies using the Cox proportional
hazard model with respect to checking the underlying
assumptions [11]. If this assumption does not hold, the
Cox model can lead to the unreliable conclusions.
Therefore, parametric stratified model became one of
the solutions.

As mentioned earlier, the main objective of this
study is to obtain a survival model for cervical cancer
patients in a hospital. In particular, two methods are
applied on the analysis namely parameftric Stratified

Weibull model and Accelerated Failure Time (AFT)
model.

In order to identify a set of explanatory covariates
that have the potential for being included in the
model, forward selection procedure has been carried
out. It is found that the most feasible model consists
two covariates namely stage and distant metastasis
are significant.

However, the proportional hazard assumption for
distant metastasis was not satisfied. Therefore, we
apply the parametric stratified model. It is found that
the baseline hazard is Weibull with shape parameter,
b=0.900901 and scale parameter, a=0.019229 for
stfratum 1 (without distant metastasis) and shape
parameter, ©b=1.364256 and scale parameter,
0=0.002520 for stratum 2 (with distant metastasis). This
study found that patients who were diagnosed at
stage lll & IV have greater risk of death compared to
those who were diagnosed at early stage, stage | & I
for both sfratum, with and without metastasis.

This finding is similar fo a study of 515 cervical
cancer patients in [18] that showed a significant result
for advance stage Il & IV with adjusted hazard ratio of
1.54 (95% Cl= 1.11- 2.14), indicating that patients with
advanced stage of disease had a 54% higher risk of
progression or death at any time than earlier stage
patients. Similar findings were also obtained by other
studies [19]-[22]. The advantage of stratified model is
that it handles variables that do not satisfy the
proportional hazard assumption and define the
baseline hazard. However, the disadvantage is that
we cannot obtain an estimated coefficient of the
categorical variable effect [10]. Moreover, the sample
size become smaller since it was divided into 2 strata
and stratification do affects parameter estimates.

Finally, the accelerated failure time (AFT) model is
presented as an alternative to the proportional hazard
model. Unlike the proportional hazard model, the AFT
model measured the direct effect of the explanatory
variables on the survival time instead of hazard. If is
found that the median survival time for patient at
stage Il & IV (14 months) is about one third that of
those at stage | & Il (40 months) for the same distant
metastasis group. While, the median survival fime for
patient with distant metastasis (17 months) is half that
of those without distant metastasis (34 months) for the
same stage group. From the analyses and the results
obtained, the AFT model is seen to be a more
appropriate modeling framework and has the added
advantage of being easier to interpret. In comparison
to the stratified Weibull model, the Weibull AFT model
is a better model.
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