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OBJECTIVE
Cancer is one of the most important causes of death, both in Turkey and in the world. Cancer also causes 
economic burden to countries. Therefore, it is important to evaluate the data and mortality trends re-
lated to cancer using statistical methods to take primary or secondary preventive measures. In this study, 
we aimed to analyse the recent changes in cancer mortality via using Joinpoint Regression Analysis 
(JRA) method between 2009 and 2017.

METHODS
The data on cancer-related mortality in Turkey from the database of the Turkish Statistical Institute 
(TurkStat) were obtained and analysed with the JRA method. Age-standardized mortality rate (ASR), 
annual percent change (APC) and average annual percent change (AAPC) were calculated and com-
pared according to gender.

RESULTS
In female patients, the significant increase in mortality trends were observed in breast, gastrointesti-
nal system (liver, pancreas, and colon) and gynecological cancers (ovarian and corpus uteri). In male 
patients, liver, pancreas, colon, lip, oral cavity, pharynx and bladder cancers were shown to increase 
significantly. There was no significant increase in other cancer sites.

CONCLUSION
To our knowledge, this study is the first study that has analyzed cancer and cancer-related death trends 
using JRA at the national level in Turkey. We think that our study can demonstrate the contrast trends in 
cancer rates. According to these results, better health interventions could be developed to fight against 
cancer and to reduce the incidence of cancer-related morbidity and mortality.
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Introduction

Cancer is one of the most important public health 
problem and cause of death both in Turkey and in the 
world. The number of cases and deaths is expected to 
increase rapidly due to growth and aging of the popula-
tion, changes in lifestyle behaviours, including tobacco 

use, sedentary lifestyle, high body mass index (BMI), 
and reproductive patterns that increase cancer risk, es-
pecially in developing countries.[1]

The increasing number of deaths due to cancer is 
responsible for its high mortality worldwide. In 2012, 
there were 8.2 million cancer-related deaths all over 
the world. The most common causes of cancer-related 
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39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74 and 
≥75years).

Statistical Analysis
JRA is a statistical modelling approach, which is gen-
erally used for modelling the time trends in a data set. 
JRA begins with the minimum number of joinpoints 
and tests whether one or more joinpoints are statisti-
cally significant and should be added to the model. The 
number of joinpoints is determined by Monte Carlo 
permutation tests.[7] The final model shows the best 
fitting joinpoints, where the rate changes significantly. 
Each joinpoint provides information about statisti-
cally significant changes, estimated APC and AAPC 
that are computed with their 95% confidence intervals 
(95%CI). AAPC is the geometric mean of the annual 
changes from all of the partitions.[8,9] Analyses were 
carried out using Joinpoint Regression Program soft-
ware version 4.6.0.0–2018 provided by the surveillance 
research program of the National Cancer Institute, 
USA.[10] The AAPC for death rates were calculated 
with the 95% confidence interval. 

The first step is applying the simplest model to the 
data (e.g. for cancer rates) on a log scale using this for-
mula: ln (age-adjusted death rate)=a+bx, where x rep-
resents the age of death. APC is computed as [100*(eb 
-1)]. APC is statistically significant if its confidence in-
terval does not contain the zero value. Since our study 
included nine years, we allowed only two points as a 
maximum number for analysis.[11] The significance 
level for the analyses was 0.05.

Results

The number of deaths and ASRs according to major 
cancer sites in men and women in the period of 2009-
2017 are presented in Table 1. In 2017, the three leading 
cancer sites that caused death in male and their ASRs 
were estimated to be lung (ASR, 47.5), stomach (ASR, 
9.9), lymphoid and hematopoietic (ASR, 8.4). Lung can-
cer was the main cause of cancer death. For the same 
year, breast cancer (ASR, 8.0) was projected to be the 
leading cause of cancer-related death in female, followed 
by larynx, lung and bronchus (ASR, 6.9) and lymphoid 
and hematopoietic (ASR, 5.3). ASR change in percent-
age was varying according to the site of cancer. ASRs for 
colon, liver and pancreatic cancer were over 20% in both 
male and female. In male, although the lip, oral cavity, 
pharynx cancers revealed the highest increase in ASRs 
by 85%, the lowest decrease was revealed in rectum 
and anus cancer by 6% for men. In female, the highest 

deaths were respiratory and gastrointestinal system 
cancers.[2] Thanks to early diagnosis and treatment 
of cancer, cancer morbidity and mortality have started 
to decrease in developed countries; however, they still 
continue to increase in developing countries.[1] In 
2018, the mortality rate was estimated to be 57.3% in 
Asia, 20.3% in Europe and 14.4% in America.[3] The 
leading cause of cancer-related death is lung cancer 
in men (22.0%) and breast cancer (15.0%) in women. 
Thus, it is important to detect the most important 
causes of cancer-related death and to take preventive 
measures against.[3] 

In modelling trends over time, many statistical 
methods have been developed to detect the changes in 
cancer trends and deaths. One of them is the joinpoint 
regression method that is used to detect changes and 
determine the trends between joinpoints. Cancer not 
only causes morbidity and mortality in patients with 
cancer but also causes economic burden on countries. 
Therefore, planning prevention programs against can-
cer and evaluating their efficiency by monitorization of 
changing trends on cancer statistics, especially mortal-
ity, are highly important for countries. Herein, our goal 
is to reveal alterations in the cancer-related death rates 
in Turkey (2009-2017).

Materials and Methods

Data Collection
Mortality data of cancer in Turkey between the years 
2009 to 2017 were accessed over the Turkish Statistical 
Institute death database.[4] WHO ICD code (revised 
version 10) was the reference on this data collection.[5] 
Different cancer sites and their ICD-10 codes are listed 
here: lip, oral cavity, pharynx (C00-C14), oesophagus 
(C15), stomach (C16), colon (C18), rectum and anus 
(C19-C21), liver (C22), pancreas (C25), larynx, lung 
and bronchus (C32-C34), skin (C43), breast (C50), 
cervix uteri (C53), corpus uteri and part unspecified 
(C54-C55), ovary (C56), prostate (C61), kidney (C64), 
bladder (C67), lymphoid, hematopoietic and related 
tissue (C81-C96).[5] Analyses were stratified according 
to the male and female gender. Age-standardized death 
rates per 100.000 people (WHO Standard population) 
were determined in order to make direct standardiza-
tion.[6] Ages were categorized by 5-year age groups for 
standardization purposes, which is also beneficial to 
make comparisons with other countries.

The number of deaths for each cancer site was pre-
sented according to gender and age [year] (age cate-
gories: 0-4, 5–9, 10–14, 15-19, 20-24, 25-29, 30-34, 35-
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increase in ASRs was observed for pancreas cancer by 
31% and the lowest decrease in ASRs was observed for 
at cervix uteri by 18%. The results of the JRA, APC and 
AAPC for both genders are shown in Table 2. Evaluated 
according to the cancer sites, a single joinpoint model 
is found to be the best-fit model for male deaths rates 
in the lip-oral cavity-pharynx, colon and larynx-lung-
bronchus cancers. ASRs from lip-oral cavity-pharynx 
cancer decreased from the year 2009 till 2015 (APC: 
-0.2). After 2015, ASRs increased significantly (APC: 
31.8). ASRs from colon cancer increased (APC: 5.4) 
from 2009 to 2014. And after 2014, ASRs decreased sig-
nificantly (APC: -0.2). Similarly, ASRs from larynx, lung 
and bronchus cancers also displayed a rising trend from 
2009 to 2013, followed by a significant decrease except 
between 2013-2017 (APC: -2.2). For other cancer sites, 
the zero joinpoint model was determined as the best 
model. A steady, significant increase was observed in 
only three cancer sites (liver, pancreas, bladder) during 
the analysed period. 

One joinpoint model (in 2003) was obtained as the 
best-fit model for female deaths rates in the stomach 
and larynx-lung-bronchus cancers. ASRs from stom-
ach cancer were shown to increase by 1.8% per year 
from 2009 to 2014, and to decrease significantly by 

4.5% per year after 2014. ASRs from larynx, lung and 
bronchus cancers also were shown to have a significant 
increase trend from 2009 to 2015, followed by a decline 
between the years 2015-2017 (APC: -2.4). 

In other cancer sites, the zero joinpoint model was 
determined as the best model. A steady, significant 
increase was observed in six cancer sites: colon, liver, 
pancreas, breast, corpus uteri and unspecified, ovary 
during the analysis period (2009-2017). 

Discussion

Cancer with cardiovascular diseases is the main etio-
logical factors for morbidity and death globally. Cancer 
is the first or second leading cause of death in nearly 
100 countries.[3] It is also publicly announced that ap-
proximately 18 million new cases and 10 million cancer 
deaths were estimated to happen in 2018 worldwide.
[12] The risk of cancer varies according to genetic risk 
factors, regional variations, lifestyle and environmen-
tal risk factors that some of which can be changeable.
[13,14] Thus, it is important to take precautions. Many 
countries adopted preventive measures to reduce the 
cancer burden at the World Health Assembly and have 
built a global action plan.[12] 

Table 1 The number of deaths and age-standardized death rates for major cancers in Turkey, male and female, 2009–2017

                             2009                      2017

                       Male                   Female                 Male                 Female               ASR% Change

 Death (n) ASR Death (n) ASR Death (n) ASR Death (n) ASR Male Female

Lip, oral cavity, pharynx 429 1.3 202 0.5 578 2.4 306 0.6 85 20
Esophagus 351 1.0 268 0.7 502 1.1 338 0.6 10 -14
Stomach 3216 9.5 1790 4.3 4465 9.9 2222 4.1 4 -5
Colon 2019 5.9 1619 3.8 3485 7.7 2606 4.7 31 24
Rectum and anus 610 1.8 396 1.0 769 1.7 520 0.9 -6 -10
Liver 1290 3.8 693 1.7 2094 4.7 1174 2.1 24 24
Pancreas 1737 5.2 1169 2.9 2824 6.3 2094 3.8 21 31
Larynx, lung and bronchus 15625 47.3 2582 6.4 21017 47.5 3731 6.9 0 8
Skin 196 0.6 154 0.4 268 0.6 214 0.4 0 0
Breast 68 0.2 2550 6.5 72 0.2 4443 8.0 0 23
Cervix uteri - - 406 1.1 - - 476 0.9 - -18
Corpus uteri and part unspecified - - 582 1.5 - - 964 1.8 - 20
Ovary - - 993 2.6 - - 1547 3.1 - 19
Prostate 2652 7.5 - - 3687 7.7 - - 3 -
Kidney 504 1.5 263 0.7 757 1.7 337 0.6 13 -14
Bladder 1168 3.5 224 0.5 1863 4.1 396 0.6 17 20
Lymphoid and hematopoietic 2943 8.5 2062 5.2 3712 8.4 2704 5.3 -1 2

ASR: Age-Standardized rates
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using the JRA method. This study also has the impor-
tance of being the most actual analysis investigating 
the cancer deaths within the country. The used anal-
ysis in this study, namely the JRA is usually applied 
to analyse varying trends over time. In addition to 
providing important baseline data on present can-
cer deaths, this study also demonstrates contrasting 
trends in cancer rates over the past nine years. Our 
study is an answer to the question of whether cancer 

In Turkey, the government has also adopted pre-
cautions nationally. Turkey bridges between Asia and 
Europe geographically. As mentioned before, the risk 
of cancer varies according to genetic risks, regional 
variations, lifestyle and environmental risk factors. 
Therefore, cancer types vary in the West and East Re-
gions of Turkey.[15] 

To our knowledge, this study is the first epidemi-
ological study analysing the cancer trends in Turkey 

Table 2 Trends in age-standardized death rates for cancers in Turkey according to joinpoint analysis, 2009–2017 (Male, 
Female)

 AAPC (95% CI)                                       Trend 1                                        Trend 2

 Full Range Period APC (95% CI) Period APC (95% CI)

Males
Lip, oral cavity, pharynx 7.0^ (0.3-11.2) 2009-2015 -0.2 (-3.4; 3.2) 2015-2017 31.8^(8.6; 59.9)
Esophagus -0.2 (-3.6; 3.3) 2009-2017 -0.2 (-3.6; 3.3)
Stomach 0.5 (-1.1; 2.2) 2009-2017 0.5 (-1.1; 2.2)
Colon 3.2^ (1.4; 5.1) 2009-2014 5.4^ (2.8; 8.0) 2014-2017 -0.2 (-5.5; 5.4)
Rectum and anus -0.4 (-1.8; 1.1) 2009-2017 -0.4 (-1.8; 1.1)
Liver 2.1^ (1.0; 3.2) 2009-2017 2.1^ (1.0; 3.2)
Pancreas 2.6^ (1.1; 4.0) 2009-2017 2.6^ (1.1; 4.0)
Larynx, lung and bronchus 0.1 (-0.4; 0.6) 2009-2013 2.4^ (1.5; 3.4) 2013-2017 -2.2^ (-3.1; -1.2)
Skin 2.3 (-2.0; 6.7) 2009-2017 2.3 (-2.0; 6.7)
Breast -1.6 (-9.8; 7.3) 2009-2017 -1.6 (-9.8; 7.3)
Cervix uteri -
Corpus uteri and part unspecified -
Ovary -
Prostate 0.3 (-1.2; 1.9) 2009-2017 0.3 (-1.2; 1.9)
Kidney 1.6 (-0.4; 3.6) 2009-2017 1.6 (-0.4; 3.6)
Bladder 2.3^ (0.7; 3.9) 2009-2017 2.3^ (0.7; 3.9)
Lymphoid and hematopoietic 0.3 (-1.0; 1.6) 2009-2017 0.3 (-1.0; 1.6)
Females
Lip, oral cavity, pharynx 1.7 (-0.3-3.9) 2009-2017 1.7 (-0.3-3.9)
Esophagus -0.1 (-2.4; 2.3) 2009-2017 -0.1 (-2.4; 2.3)
Stomach -0.6 (-2.5; 1.3) 2009-2014 1.8(-0.8; 4.4) 2014-2017 -4.5(-9.7; 1.1)
Colon 2.1^ (1.2; 3.0) 2009-2017 2.1^ (1.2; 3.0)
Rectum and anus -1.2 (-3.4; 1.0) 2009-2017 -1.2 (-3.4; 1.0)
Liver 3.1^ (1.8; 4.4) 2009-2017 3.1^ (1.8; 4.4)
Pancreas 3.4^ (1.9; 4.9) 2009-2017 3.4^ (1.9; 4.9)
Larynx, lung and bronchus 1.2 (-0.5; 3.0) 2009-2015 2.5^ (1.0; 6.4) 2015-2017 -2.4 (-10.6; 6.4)
Skin 0.8 (-2.0; 3.6) 2009-2017 0.8 (-2.0; 3.6)
Breast 2.7^ (1.0; 4.5) 2009-2017 2.7^ (1.0; 4.5)
Cervix uteri -0.1 (-3.0; 1.1) 2009-2017 -0.1 (-3.0; 1.1)
Corpus uteri and part unspecified 2.9^ (1.3; 4.6) 2009-2017 2.9^ (1.3; 4.6)
Ovary 1.8^ (0.2; 3.5) 2009-2017 1.8^ (0.2; 3.5)
Prostate - - -
Kidney -0.3 (-2.3; 1.8) 2009-2017 -0.3 (-2.3; 1.8)
Bladder 2.0 (-0.3; 4.4) 2009-2017 2.0 (-0.3; 4.4)
Lymphoid and hematopoietic 0.3 (-1.0; 1.6) 2009-2017 0.3 (-1.0; 1.6)

AAPC: Average annual percent change; CI: Confidence interval;  APC :Annual percent change; ^APC and AAPC are statistically significantly different from zero 
(two-sided P<0.05)
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Conclusion

To our knowledge, this study is the first study that has an-
alyzed cancer and cancer-related death trends using JRA 
at the national level in Turkey. We think that our study 
is demonstrating the contrast trends in cancer rates. Ac-
cording to these results, better health interventions could 
be developed to fight against cancer and to reduce the 
incidence of cancer-related morbidity and mortality.
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