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ABSTRACT

Incidence with five-year follow-up and mortality data of Trivandrum Cancer Registry for the year 2012 showed
that the burden due to cancer among women is increasing substantially. The total female cancer deaths in
Trivandrum accounts for 784 (42.2%), of the total breast, cervix-uteri, ovary, corpus-uteri and lung together
accounted for 48% of female cancer deaths in 2012. Hence potential years of life lost (PYLL) due to cancers
among females and burden due to cancers among women in Thiruvananthapuram were assessed. Measures like
PYLL, Kullback-Leibler Survival (KLS) divergence measure (relative entropy), Mortality Incidence Ratio (MIR)
were used to estimate the burden. The present study observed that PYLL due to cancer in women are substantial as
majority of our cancer load is due to breast, lung, cervix uteri and ovary. PYLL and KLS analysis together would
help to assess the life-years lost from premature death due to cancer.

KEYWORDS: Burden estimation, Cancer, Kullback-Leibler Survival Divergence measure, Kaplan-Meier
method, Mortality Incidence Ratio, Potential years of life lost.

INTRODUCTION

Cancer is a leading cause of premature death among both
genders in India after cardiovascular disease.! Patients
with cancer generally have a poorer prognosis in low-
income and middle-income countries, including India,
because of relatively low cancer awareness, late
diagnosis, and the lack of or inequitable access to
affordable curative services compared with patients in
high-income  countries.”® Death records are an
important data source for assessing mortality rates and
health disparities because they cover the whole
population and include the information regarding age,
sex, place of residence and of death, and underlying
causes of death. But in most of the developing countries,
the cause of death may not be correctly registered
especially for cancer cases. Usually, cause-specific
mortality is typically reported using traditional
epidemiologic measures, especially counts and rates
(including age adjusted rates), that are heavily influenced
by deaths among older residents. For most causes, these
measures are not very sensitive to deaths occurring at
younger ages, which are more likely to be premature,
preventable deaths if it has been detected in early stages.

Deaths due to cancer accounted for 1594 deaths in
Thiruvananthapuram district during 2012."7 Many of
these deaths may be postponed or avoided entirely
through the use of appropriate interventions such as
primary prevention, screening/early detection, and
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increased application of state-of-the-art treatment.”! A
death which occurs before the end of average life
expectancy is, by definition, a premature death. The age-
adjusted and age-specific cancer mortality rates do not
fully address the issue of premature mortality and
therefore other measures are needed. Cancer death is an
important public health concern, and a major cause of
premature deaths worldwide.!®” The number of deaths
alone does not reflect the complete burden put on the
society, as some cancers harm younger people more than
others. The number of potential years of life lost (PYLL)
therefore depends on the age at death and the number of
deaths at each age, and may resolve some of the
mismatch of disease impact derived from death numbers
alone. PYLL data may be more useful in resource
allocation and design of prevention programs. %0112
The different cancer subtype contribution to cancer-
caused PYLL wvaries substantially, and hence
comprehensive and updated data on a population level
are warranted.

A total of 2480 females reported in Trivandrum district
in 2012.%%1 Of the total 1594 cancer deaths, in 2012,
female cancer deaths accounts for 784 (42.2%) (Breast:
175, Cervix: 43, Ovary: 32, Corpus Uteri: 13, Lung: 56
together accounts for 50.9% of all female cancer
deaths)*. The leading cancers among females in
Thiruvananthapuram are breast (28.8%), cervix-uteri
(6.7%), ovary (6%), corpus-uteri (4.5%) and lung (4.1%)
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(excluded thyroid 10.7%). Many of these cancers are A KLS value close to zero indicates no difference
diagnosed in younger age group®. The number of between the two survival function (larger the value, the
potential years of life lost (PYLL) depends on the age at higher the information loss). Here in the present study,
death and the number of deaths at each age. The specific F, is the survival probability corresponding to the
objectives of the study are to estimate PYLL due to all observed life years gained after disease (OLYGAD) and
cancers among females in Thiruvananthapuram district G, is survival probability corresponding to the expected
and to assess the burden of life lost due to cancers among remaining life years (ERLY). The F, and G, is estimated
women in Thiruvananthapuram. using Kaplan-Meier™ method. Hence KLS measures the
information loss (potential loss of life years) due to
METHODS premature death. The estimation was done using
Demographic and death-specific data for 2012 were Microsoft Excel and SPSS version 11.0.
obtained from the population based cancer registry data
base, with five years of follow-up. Tabulated life ~ RESULTS
expectancies for each age level per sex are available The life expectancy from birth was 74.9 years for males
from Census of India: Life tables and 77.8 years for females in 2012.%4 The mortality to
(www.censusindia.gov.in - 2010-2014).  The incidence ratio (MIR) was, 55.4, 34.7, 24,5, 23.5 and
mortality-to-incidence ratio (MIR) is generally used as a 14.3 respectively for lung, cervix-uteri, breast, ovary and
high-level comparative measure to identify inequities in corpus-uteri (Table 1). Based on the total number of
cancer outcomes. It is calculated by dividing the deaths at each age level, the total of 14337 PYLL over a
mortality count by the incidence count in a given year.™ period of 5 years was observed. Cancer caused PYLL of
The deaths and population estimates were aggregated total PYLL in five-year follow-up period were 3451.1
into four age intervals (<40, 40-49, 50-59 and >60 (24.1%), 1034.5 (7.2%), 971.7 (6.8%), 74.5 (5.2%),
years). The 4-level age intervals were used for 251.3 (1.8%) respectively for breast, lung, cervix uteri,
calculating expected PYLL for women. The calculation ovary & corpus uteri. In all age group, the major
of PYLL was done with the following formula for each contributor to YLL are due to breast cancer [< 40 years

type of cancer™®: (14.7%), 40-49 (28.2%), 50-59 (31.3%) & >60 (17.7%)]
PYLL = ?=1Di = EL; (1) (Figure 1). For age group <40 years, followed by breast
cancer, the leading sites based on PYLL are lung (8.2%),

D; = No. of deaths at age i ovary (7.1%) and cervix uteri (2.6%) (Figure 1). For all

o ) other age groups, the PYLL is of the order cervix (7.4%,

E'L ;= expected remaining life years at age i. 7.5%, 9.1% respectively for 40-49, 50-59 & > 60), lung

(7.1%, 5.7%, 8.6%), Ovary (5.8%, 4.3%, 3.8%) and
The Kullback-Leibler survival (KLS) divergence™”is a  corpus uteri (4%, 1.3%, 2.5%) (Figure 1). The expected
measure of how one probability density function PYLL, the difference in OLYGAD and ERLY survival
(f.) diverges from a second (g,), the expected probability probabilities was obtained and are given in Figure 2. The
density. It is also called the relative entropy of f, with KLS divergence shows that the deviation from the
respect to g, in information theory. The KLS divergence average expected survival is higher for lung cancer
between the survival functions, F,and G, is given by!*®! followed by cervix, breast, ovary and corpus uteri

(Table 2).

KISGEIIG) = R0 1 (20) - (R0 - 6,0)] @

G (%)

Table 1: Incidence & mortality rates of leading cancers among women (2012).

Sites CIR CMR MIR
Breast 41.5 9.8 24.5
Cervix Uteri 9.6 3.3 34.7
Ovary 8.6 19 23.5
Corpus Uteri 6.5 0.9 14.3
Lung 5.8 2.6 55.4
All Cancers 114.3 35.6 31.7

CIR: Crude Incidence Rate, CMR: Crude Mortality Rate, MIR: Mortality Incidence Ratio

Table. 2: Kullback-Leibler divergence measure for various cancers among women.
Sites Breast | Cervix Uteri Ovary Corpus Uteri Lung All Cancers

KLS(F,|IG,) | 16.49 17.02 13.46 11.88 17.61 9.81
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Figure. 1: Comparison of PYLL due to cancers among women.
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Figure. 2: Expected survival probabilities for potential years of life lost due to cancer among women.

DISCUSSION

The PYLL estimates obtained for female cancers gives a
clear indication of the cancer specific burden in
Thiruvananthapuram among women over a period of 5
years. The knowledge about the burden was cross
verified using the KLS measure (relative entropy) and it
was observed that the information loss on the survival
probability is high for lung cancer among women
followed by cervix uteri and breast cancer and the
difference in KLS value for all these three sites are
marginal. The results obtained using KLS divergence
measure also moving in line with the MIR ratio, whereas
the PYLL is highest for breast and it is mainly due to the
larger mortality. Brustugun et al® has studied the YLL
as a measure of cancer burden in Norway and showed
the relative contribution to premature death due to
number of cancers can be expressed using PYLL. The
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present study also agrees with the findings by Brustugun
et al.”? that cancer risk is inherently linked to higher
age, but a number of cancers harm relatively young
people (eg. breast, lung, ovary). The cancer burden
estimate made by Dhillon et al.Y! showed that there was a
heterogeneity in site wise burden between the states in
India and supports our findings of increase in cancer
burden among women.

The study by Yabroff et al.?!! estimated the value of life
lost due to cancer death in the United States, showed the
cancer burden among female was higher for lung
followed by breast, colorectal, ovary and pancreas,
whereas for the present study higher PYLL were for
breast followed by cervix-uteri, ovary, corpus-uteri and
lung. This shows the trend for cancer burden in Indian is
different from United States. Yabroff et al.” also
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pointed out that life lost due to cancer is substantial and
was projected to increase dramatically even if mortality
rates remain constant because of expected changes in
population size, age composition, and life expectancy.
Small decreases in mortality rates may lead to large
reductions in the value of life lost.

The age group wise PYLL shows that the mortality due
to breast cancer is high in all age group, whereas PYLL
for ovary is comparatively high for younger age group.
The difference in survival probability between the
OLYGAD and ERLY using the area under curve
(Expected PYLL), also gives clear picture about the
potential years of life lost and the KLS shows the
corresponding magnitude of loss in life years. The PYLL
shows higher for breast, whereas KLS is higher for lung;
this is because PYLL take into account only the
difference between The CIR, CMR and MIR are useful
measures to identify trends in incidence and mortality in
a specific population. But to assess the burden of a
particular disease, these measures alone is not sufficient,
hence these measures along with PYLL and KLS gives
meaningful information and inference. The estimated
PYLL and KLS is substantial and expected to increase
even if mortality rates remain the same, as the life
expectancy is showing an increasing trend for the last
four decades.

In conclusion, the present study observed that PYLL and
Kullback-Leibler divergence measure, which gives the
magnitude of information loss, can be used as a useful
measure to resolve the mismatch of disease impact
derived from premature death alone to estimate the
burden of cancer.
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