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Abstract
Background and Objectives: Increase of mortality rates of gastric cancer in Iran and the world in recent
years reveal necessity of studies on this disease. Here, hazard function for gastric cancer patients was estimated
using Wavelet and Kernel methods and some related factors were assessed. Materials and Methods: NinetyÀYHJDVWULFFDQFHUSDWLHQWVLQ)D\D]EDNKVK+RVSLWDOEHWZHHQDQGZHUHVWXGLHG7KHHIIHFWVRIDJHRI
SDWLHQWVJHQGHUVWDJHRIGLVHDVHDQGWUHDWPHQWPHWKRGRQSDWLHQW·VOLIHWLPHZHUHDVVHVVHG)RUGDWDDQDO\VHV
survival analyses using Wavelet method and Log-rank test in R software were used. Results1HDUO\RI
SDWLHQWV ZHUH IHPDOH )RXUWHHQ SHUFHQW KDG VXUJHU\ WUHDWPHQW DQG WKH UHVW KDG WUHDWPHQW ZLWKRXW VXUJHU\
7KUHHIRXUWKVGLHGDQGWKHUHVWZHUHFHQVRUHG$OPRVWRISDWLHQWVZHUHLQHDUO\VWDJHVRIWKHGLVHDVH
LQORFDOO\DGYDQFHVWDJHDQGLQPHWDVWDWLFVWDJH+D]DUGIXQFWLRQHVWLPDWLRQZLWKWKHZDYHOHWPHWKRG
VKRZHGVLJQLÀFDQWGLIIHUHQFHIRUVWDJHVRIGLVHDVH 3 DQGGLGQRWUHYHDODQ\VLJQLÀFDQWGLIIHUHQFHIRU
age, gender and treatment method. Conclusion: Only stage of disease had effects on hazard and most patients
were diagnosed in late stages of disease, which is possibly one of the most reasons for high hazard rate and low
VXUYLYDO7KHUHIRUHLWVHHPVWREHQHFHVVDU\DSXEOLFHGXFDWLRQDERXWV\PSWRPVRIGLVHDVHE\PHGLDDQGUHJXODU
tests and screening for early diagnosis.
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Introduction

Materials and Methods

The increase in mortality rate of gastric cancer
(Joossens and Geboers, 1981; Boring, 1994; Parkin et al.,
1999; Pisani et al., 1999; Leung and Sung, 2003) reveal
necessity of studies on this disease. On the other hand, to
obtaining pattern for rate of occurred death, the hazard
curve is more obvious than survival curve (Klein and
Moeschberger, 2003). The common methods for estimation
of hazard function (Antoniadis, 1989; O’Sullivan, 1988;
Kooperberg and stone, 1992) have time-consuming and
complex calculations or programming. Recently Wavelet
estimation of hazard function is considered that fast speed
calculations is its excellent advantage (Antoniadis et al.,
1999).
Therefore, the aim of this study is to estimate the
hazard function of gastric cancer patients in Fayazbakhsh
hospital in Tehran, using wavelet and kernel smoothing
methods, to compare.

1LQHW\ÀYHUHFRXUVHSDWLHQWVWR)D\D]EDNKVKKRVSLWDO
between 1997-2003 years, with gastric cancer were
considered as a prospective study. These were all patient
with definite diagnosis, and with complete records,
therefore there was no sampling. The last follow up of
the patient was done with a telephone call in 2009.The
proposed event for these patients was death from Gastric
Cancer, so those who were still alive at the end of study,
or with no information from their situation after some
VSHFLÀFWLPHFRQVLGHUHGDVULJKWFHQVRU,QWKLVVWXG\WKH
patients’ lifetime for their age (<60 year, 60-70 years and
>70 years), gender, stages of disease, type of treatment
VXUJHU\ QRQVXUJHU\  ZHUH DVVHVVHG )RU GHÀQLWLRQ RI
stages of disease, staging system and TNM method was
used. According to this system, the patients were divided
into following three categories: a) Early stage Gastric
Cancer, involvement of the mucosa and sub-mucosa
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without regional lymph node involvement. b) Locally
Advanced Gastric Cancer. c) Metastatic Gastric Cancer
with any distant metastases.
For data analysis, survival analysis with wavelet
method and for the comparison of hazard function in
different levels of each variable, Log rank test was
used. The wavelet smoothing method, which was used
in this study, has widespread applications in functions
approximation, and one of its most important applications
in statistics is the estimation of hazard function in survival
analysis. The simplest form of wavelet analysis has base
on Harr wavelet and for introducing wavelets people starts
with Harr wavelets. In this method, a series of discrete
available observations of the hazard function are used to
approximate the function graph (Nason, 2008).
For data analysis the wavethresh and muhaz packages
in R software were used. The study was done with the
hospital and patients’ permission, and their data kept
FRQÀGHQWLDODQGZHUHDQDO\]HGXVLQJDQRQ\PRXVFRGHV
The patients were allowed for withdrawal the study
anytime they wish.

Results
Twenty-four (25.3%) of patients were female and 71

)LJXUH  7KH &RPSDULVRQ RI (VWLPDWHG +D]DUG
)XQFWLRQ8VLQJ6PRRWKLQJ0HWKRGVRI:DYHOHWDQG
Kernel

(74.7%) patients were male. The mean age was 63.2 year
in females, 63.5 year in males and in total participant,
it was 63.4 year. Twenty-nine (30.5%) patients had the
age of 60 or less, 39 (41.1%) with 60-70 and 27 (28.4%)
with the age of more than 70.Thirteen (14%) patients had
surgical treatment and 82 (86%) patients had non-surgical
treatment. Seventy-one (74.7%) patients died until the
end of the study and 24 (25.3%) were censored. Nine
(9.5%) patients were at the early stage with the mean age
of 56.4 year, 51 (53.7%) patients in local spreading with
the mean age of 63.5 year, and 35 (36.8%) patients were
in Metastatic stage with the mean age of 65 year.
Figure 1 shows the estimate of hazard function using
both wavelet and kernel smoothing methods. As it can
be seen in wavelet method, the death rate for gastric
cancer in more than 35 or less than 75 month, follow up
after diagnosis, is almost zero. Also, the most death took
place before month 35 of diagnosis. The same trend can
be observed in kernel method.
Figure 2 shows the estimation of hazard function using
wavelet and kernel methods for patients’ three age groups.
The graphs are almost the same as it can be seen, and there
ZDVQRVLJQLÀFDQWGLIIHUHQWEHWZHHQWKHKD]DUGIXQFWLRQV
using log rank test (p=0.14).Using log rank test there was
QRVLJQLÀFDQWGLIIHUHQWEHWZHHQKD]DUGIXQFWLRQVLQPDOHV
and females (p=0.296).
Figure 3 shows the hazard function for three stages of
disease using both wavelet and kernel methods. As it can
be seen from hazard functions, the functions are different
in different stages of disease. Using log rank test, there was
DVLJQLÀFDQWGLIIHUHQWEHWZHHQKD]DUGIXQFWLRQVDPRQJ
stages of disease (p<0.001).
 ,QDGGLWLRQWKHUHZDVQRVLJQLÀFDQWGLIIHUHQWEHWZHHQ
hazard functions for the type of treatment using log rank
test (p=0.997), so surgical and non-surgical treatments
KDYHQRVLJQLÀFDQWHIIHFWGLIIHUHQWLQWKHKD]DUGIXQFWLRQ
7KHUHIRUHWKHRQO\YDULDEOHZKLFKKDVVLJQLÀFDQWHIIHFW
on hazard function in this study is stages of disease.

)LJXUH7KH(VWLPDWLRQRI+D]DUG)XQFWLRQ8VLQJ:DYHOHWDQG.HUQHO0HWKRGVIRUWKH$JH*URXSV a) 60 and
less, b) between 60 to 70 years and c) more than 70 years

)LJXUH  7KH (VWLPDWLRQ RI +D]DUG )XQFWLRQ XVLQJ :DYHOHW DQG .HUQHO 0HWKRGV IRU 6WDJHV RI 'LVHDVH a)
Elementary, b) Locally advanced and c) Metastatic
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'LVFXVVLRQ
The variable of patients’ lifetime in different age,
gender, stages of disease and type of treatment were
assessed in this study. The hazard function showed
VLJQLÀFDQWGLIIHUHQWIRUWKHVWDJHVRIGLVHDVH7KHGHDWK
rate for disease in time more than 35 month and less
than 75 month was almost zero. The most death was
before month 35. This is probably due to the recourse of
patients at the advanced stages of disease, because only
nine patients recourse at the elementary stage and the rest
recourse were in local spreading or metastatic stage, then
their life time reduced and do not remain at the study for a
long time. Therefore, most of death occurred before month
35 and patients which were remained until this time, are
probably alive at the end of the study except a little patient
which died at the end of study. On the other hand, the death
rate after month 35 is almost zero and patients which were
remained until this time, have small probability for die.
At the end of the Figure 1 the probability of death event
has increased due to remain fewer patients with hazard
exposure.
Although in some studies, it proved that age is
a significant factor in lifetime (Matley et al., 1988;
Mitsudomi et al., 1989; Arveux et al., 1992; Maehara et
al., 1995; Haugstvedt et al., 1993; Bucchi et al., 2004;
Enzinger and Mayer, 2004; Saidi et al., 2004) there was
QRVLJQLÀFDQWUHODWLRQVKLSEHWZHHQDJHDQGWKHOLIHWLPH
in this study but, in some other studies there was shown
WKDWWKHUHLVQRWDVLJQLÀFDQWUHODWLRQVKLSEHWZHHQDJHDQG
the lifetime (Khedmat et al., 2007; Biglarian et al., 2009;
Roshanaei et al., 2010).
The cause of not being relationship between age and
lifetime is probably due to the method of changing the
age to three categories. When there are old patients in
lowest age group (less than 60 years), they cause reducing
WKHOLIHWLPHRIWKHLUJURXS7KHUHIRUHÀQGLQJVLJQLÀFDQW
UHODWLRQVKLSEHWZHHQÀUVWDQGVHFRQGFDWHJRULHVEHFRPHV
PRUHGLIÀFXOW,IWKHDJHFDWHJRULHVZHUHGLYLGHGLQWRIRXU
new categories such as (less than 50 years, 50-59 years,
60-69 year and 70 year and more), we would probably
EHDEOHWRÀQGWKHVLJQLÀFDQWUHODWLRQVKLSEHWZHHQDJH
and the life time.
7KH QH[W QRQVLJQLÀFDQW YDULDEOH RQ OLIHWLPH ZDV
gender. The result of the study is different from those
ZKRSURYHGWKDWWKHUHLVVLJQLÀFDQWUHODWLRQVKLSEHWZHHQ
sex and the lifetime (Bako et al., 1985; Curtis et al., 1985;
Jonasson et al.,1994), but the study results is the same
DVZKLFKSURYHGWKDWWKHUHLVQRWVLJQLÀFDQWUHODWLRQVKLS
between sex and the lifetime (Damhuis and Tilanus, 1995;
Sigon et al., 2003; Liu et al., 2004).
2QH RI WKH FDXVHV WKDW JHQGHU KDV QRQVLJQLÀFDQW
relationship with the lifetime, may be due to the disease
diagnosis in all patients which was in advanced stages
of disease for every gender. In other word, the ratio of
patients in advanced stages of disease is the same in both
JHQGHU DQG LW ZDV QRW SRVVLEOH WR ÀQG DQ\ VLJQLÀFDQW
relationship between gender and the lifetime.
The stages of disease have significant effect on
patients’ lifetime (P<0.001), such as many other studies

(Msika et al., 2000; Barchielli et al., 2001; Thong-Ngam et
al., 2001; Tian et al., 2004; Khedmat et al., 2007; Biglarian
et al., 2009; Roshanaei et al., 2010) and this proved the
necessity of disease diagnosis at early stages of disease.
,QDOPRVWDOOVWXGLHVWKHUHLVDVLJQLÀFDQWUHODWLRQVKLS
between disease stages and the patients’ lifetime. It seems
the cause of this event is the growth of gastric cancer in
the body and existence of metastasis to other body parts
due to late diagnosis of the disease. Therefore, with spread
RIWKHGLVHDVHLWVWUHDWPHQWLVPRUHGLIÀFXOWDQGKDVPRUH
mortality.
7KHW\SHRIWUHDWPHQWKDVQRWVLJQLÀFDQWUHODWLRQVKLS
with patients’ lifetime which is similar to a recent study
(Biglarian et al., 2009).In khedmat study (Khedmat et al.,
2007) he proved that patients which received no treatment
had more mortality than patient with surgical treatment.
7KHFDXVHRIQRÀQGLQJVLJQLÀFDQWUHODWLRQVKLSIRUW\SH
of treatment may be due to the short number of patients
(13 patients) with surgical treatment. This can be due to
the large number of patients in advanced stages of disease
which it has metastasis to other parts, so surgery treatment
is less applicable.
It can be concluded that the advanced stages of disease
has relationship with lifetime. Almost 90% of patients
refer to doctors in local spreading or metastatic stage and
this is the most important cause of death hazard and low
lifetime. The delay in disease diagnosis causes spread
of disease in other parts of body (metastasis). In this
condition, the treatment has less success and therefore,
these patients have low lifetime.
It is important to educate the element signs of disease
to the public and performing regular experiments for
early disease diagnosis. In addition, it is possible to
divide people into different parts according to probable
factors affecting the disease, which people with high
probability of getting the disease, can be separated from
others. Using this method and applying consultation and
regular experiments, it is possible to consider people with
more risk of disease. With early diagnosis of the disease,
it is feasible to treat the patients and reduce the disease
mortality.
We used the estimation of hazard function using
wavelet method for right censored data. It is possible to
perform the same research with left and interval censored
and right and left truncated data. In addition, it is feasible
to use wavelet method with other methods of estimating
hazard function such as penalized likelihood and the
methods which are relying on multivariate regression.
Also, more than age, gender, stages of disease, and
type of treatment which used in the study, it is possible
to consider weight, using smoke and alcohol, nutrition,
family history of cancer, BMI, the location of tumor etc.,
IRUÀQGLQJPRUHIDFWRUVDIIHFWLQJJDVWULFFDQFHU
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