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cancer is expected to rise in all countries due to population growth and ageing.
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Abstract

Colorectal cancer (CRC) is the third most common cancer worldwide and ttte fmst common cause
of cancer death. Predictions of the future burden of the disease inform health planners and raisesawarene
of the need for cancer control action. Data from the World Healttar@mation (WHO) mortality
database for 1989-2016 were used to project colon and rectal cancer meaitisditsd number of deaths
in 42 countries up to the year 2035, using age-period-cohort (APC) modelling. Mawdgdis for colon
cancer are predicted to continue decreasing in the majority of included courdrief\f§ia, Europe,
North America and Oceania, except Latin America and Caribbean countrieslityoetes from rectal
cancer in general followed those of colon cancer, however rates are predicted t@ isgbssantially in
Costa Rica (+73.6%), Australia (+59.2%), United States (+27.8%), Ireland (+24a2fb) Canada
(+24.1%). Despite heterogeneous trends in rates, the number of deaths is expectédual &l deantries
for both colon and rectal cancer by 60.0% and 71.5% until 2035, respectively, dualatipomrowth
and ageing. Reductions in colon and rectal cancer mortality rates are probably dter tacbessibility
to early detection services and improved specialized care. The expected increaakdarreet mortality

rates in some countries is worrisome and warrants further investigations.

Keywords: Colorectal cancer, Mortality, Projections, Worldwide



I ntroduction

Colorectal cancer (CRC) is the third most common malignant neoplasm and thenfiaimticause of
cancer death in the world, with nearly 1.8 million new cases and 881,000 ide2@18* Several studies
have shown that CRC mortality ratesvbaeen steadily decreasing for at least two decades in many high-
income countries in Northern America, Oceania and Northern and Western Edi©pethe other hand,
significant increases are seen in CRC mortality rates in less developed canmsis Africa, and Latin

America, where rates have been historically f6w.

Early detection through screening through the removal of adenomatous polyps afidatientof early
stage disease? as well as advances in CRC treatment and an increase in colorectal stamiced 2
may partly explain decreasing mortality trends in high-income coudtridis.contrast, the majority of
transitioning countries suffer major challenges in realising such trends Igivieed resources, health
infrastructure and a consequent lack of effective screéhidgalongside issues of access to cancer

services and appropriate cafe.

Predicting future mortality trends is an important aspect of cancegibamee, as it often points to the
need for specific interventions and aids the prioritization of resources andrigaeech® In this study,
we predicted the future burden from colon and rectal cancer mortality separat@lgountries in eight

world regions up to the year 2035.

Materials and M ethods

Deaths from malignant neoplasms of the colon (International Classifidatseases (ICD)-10 C18) and
rectum (C19-C21) were obtained from the latest update of the WorldhH@atfanization (WHO)
mortality databasecountries were included if they could contribute at least 25 yearstafadd more
than 50 deaths from either colon or rectal cancer in the most recent gdablavto allow for robust
projections. A detailed assessment of data completeness and quality has been condumtsty prévi

brief, completeness of death registration data was assessed against estwaateéaths for the
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population. Moreover, the proportion of deaths with underlying cause coded to a sthofrtsth-called
“garbage codes” (ill-defined cancers: C67, C80, and C97) were estimated. A summary usability asore w
calculated as follows?(Percent Usable) = Completeness (%) * (1-Proportion Garbagé)countries
with a mean percent of usable below 65% were excluded for the remaining countriéseanbroad
categories were defined as follows: a) High-quality data: There i%>&impleteness and ill-defined
codes appear on <10% of registrations, b) Medium-quality data: There is 70-90%teoessd and ill-
defined codes appear on 10-20% of registrations, c) Low-quality data: There is <70%teneygd and
ill-defined codes appear on >20% of registratifngvVe only included only countries with at least
medium data quality, applying to 42 countries from eight world regions. Since themrepamted
differences in the epidemiology and clinical characteristics of colon and canotdr, we examined these
separately. Moreovegs overall mortality trends are similar in males and females, we présefinal

results for both sexes combined and by sex in the supplementary m&gsEkementary Tables 1-4).

To predict the number of deaths and mortality rates of colon and rectal cance@@btby country,

gender, and age, we fitted a log-linear-gmpgiod-cohort model that levels-off exponential growth and
limits linear trend projection to recent trends (1989-2013). The NOMRIDPRoftware package,
developed and implemented Ry has been shown to perform well empirically in projecting trends into

the future'® The three or four most recent 5-year observed periods (depending on dataligyaileioe
extrapolated using a power function to level off the growth, with a projectidmedfrtear trend for the

last ten years that was attenuated by 25%, and 50% in the second and third prediction period, respectively

and 75% for both the fourth and fifth prediction period. Projections were carried out in peyeals.

The numbers of deaths were predicted up to the year 2035 by taking a weighted af/énagprojected
mortality rates in the last two future prediction periods, centering on 203%hemapplying the United
Nation UN) national population forecasts available for each country for that year.isThased on the
assumption that trends observed in the recent past will continue into the Ropréation predictions

(based on the UN medium-fertility variant) were obtained from the UN World PapuRitospects 2017



Revision, by country, year, sex, and ay&/e calculated and present age-standardized mortality rates
(ASR) per 100,000 person-years using the world standard popfafiengraphically summarize the
direction of the trends, locally weighted regression (lowess) curves ekttt provide smoothed lines
through scatterplots observed of ASRs by year. Stata 13 and R 2.15 were used for, anchilydiisg the

functions available in Epi package version 1.1.36, R Studio and the NORDPRED p#4ckage.

Results

Predicted changesin mortality rates 2013-2035

The observed and predicted trends in colon and rectal cancer mortaktyratpresented Figures 1 &

2. Tables 1 & 2 show the observed number of deaths and mortality rates in the latest year available f
colon and rectal cancer, respectively, alongside the respective predicted valug@3%omand the

percentage changes over the predicted period.

Decreases in colon cancer mortality rates are predicted in 32 of tmudRies (mainly in Northern and
Western Europe but also Oceania and North America), with the largestitmwqtajected declines seen
in Australia (-50.0%), Ireland (-49.2%), Czech Republic (-37.8%), Austria §32.and Germany
(-25.8%). In contrast, colon cancer mortality rates are predicted to incredise femaining 11 countries
(mainly located in Latin America and Caribbean), with the most substantiebges in Chil¢+16.9%),

Brazil (+14.3%), Uruguay (+13%), Romania (+1(38%), and Finland+8.0%0) (Table 1).

Rectal cancer mortality trends are predicted to follow only slighfferéint patterns from those of colon
cancer. While decreases in rectal mortality rates are predicted in 25 out@imtfies (no changes were
detected for France), increases are predicted for some countries in the LaticaAemd Caribbean
region as well as countries from Europe, Oceania, and North America, with the nstahsabincreases
in Costa Rica (+73.6%), Australia (+59.2), United States (®£2).8reland (+24.2%), and Canada

(+24.1%) Table 2).



On average, colon and rectal cancer mortality rates are predicted to drop dmly kiig8.4% and 5.1%,
from 2013 to 2035 respectively, from 7.1 in 2013 to 6.5 per 100,000 in 2035 for colon candesmand
3.9 to 3.7 per 100,000 for rectal candeig(re 3). In supplementary analyses, countries were combined
into two groups 1) countries predicted to have decreasing mortality rates, 2) counitiefgereasing
mortality rates predicted, for colon and rectal cancer separately. Counttie@%wchange in mortality
rates were excluded (France for rectal cancer). In countries with decreasitajity trends, colon
cancer mortality rate is predicted to drop by 13.0% and in countries withkagiicg trends, it is expecte

to increase by 8.0%S(pplementary Figure 1). Rectal cancer mortality in countries with decreasing
trends is projected to fall by 16.2% and in countries with increasing trends, it is uidjecise by 18%

(Supplementary Figure 2).

Predicted changesin the number of deaths 2013-2035

Deaths from colon and rectal cancer are predicted to increase subgtaptitd 2035 in almost all 42
countries, as a result of both changes in risk factors as well as populatiagh grawageing. In Latin
American and Caribbean countries, the humber of deaths is projected to do@bi@sbyor both colon
and rectal cancer. In only two countries, in whicheclining number of deaths is predicted by 2035,
(colon cancer in Australia, and rectal cancer in Bulgaria and Czech Reptihiic)s paralleled by

declining mortality rates over the next decadeab(es 1 & 2).

Overall, the total number of deaths from colon and rectal cancer across all dnotwohdries is predicted
to increase by 60.0 and 71.5%, respectively, when comparing between 2013 and tkierpfoje2035
(colon cancer: 158,816 vs. 254,165 cagestal cancer: 72,649 vs. 124,614 casé&syufe 3). The
increase in number of deaths was most pronounced in countries where mortalipregesdicted to
increase, while the increase in number of deaths was more modest in countries vdmresndalectal
cancer mortality rates are set to decrease (48.2 and 32.8%, respecBuglp)erfentary Figures 1 &

2).



Discussion

This study is the first, to our knowledge, to predict the future burden af @wid rectal cancer mortality

in a global context. For colon cancer, other than in certain Latin American and Caribba#res, most

studied countries are expected to see ongoing dedtinedes up to 2035. Rectal cancer followed the
same trends as colon cancer, but with increases predicted for severaésonriurope, North America

and Oceania. For the most part, this assessment of future mortality trends mirsinteredie advances

in colon and rectal cancer control. Although mortality rates are seb algcrease in most parts of the
world, the absolute number of deaths from colon and rectal cancer can be expected to continue growing in
most countries due to population growth and ageing. A recent study with the foddarapean

countries, predicted continuing falls in CRC mortality rates in both sexes up t622018.

Previous studiés® demonstrated that CRC incidence and mortality rates have been decreasing in most
European countries (mainly located in Northern and Western Europe), North Amerégamig@and in

some countries from Asia such as Japan. This study showed that this decrease isnsietuen Early
detection and screening have been suggested to play a major role in this develogment. T
implementation of screening has been shown to lead to short-terrasecire CRC incidence as a result

of increased detection of prevalent ca8agpically followed by a long-term reduction in incidence and
mortality from CRC due to the removal of precancerous pdat/phis may for example explain the
decrease in observed CRC mortality rates in Israel and Japan, couiitriesigstanding CRC screening

programs in place since the early-1990s.

The global variation observed in CRC mortality rates across countriesls@mype explained by risk
factors impacting on incidence, including the underlying prevalence of oBesitghysical inactivity?®

29 smoking®® 3L alcohol consumptiof?; **andadiet rich in red and processed meat, artificially sweetened
foods, and salt, with minimal intake of fruits and vegetatfte§ Other established risk factors for CRC
such as a family history of CRCand inflammatory bowel dise&$eare unlikely to explain such

disparities between countries as only less than 1% of the CRC cades aitaputable to these factors in



the general population. Driven by societal and economic gains, many countries hawponmder
significant nutritional transitioff and the overweight and obesity rates have increased dramaficdlly,
possibly due to increased consumption of energy-dense foods and decreasing platisital The
results of a recent study indicate that overweight and obesity (body mass BMigx>@5 versus <25
kg/n?) are responsible for 12% of all colon and 6% of all rectal cancer dase®dcurred in Latin

American (including Caribbean) in 20%2.

Considering that more than half of Latin America’s population is predicted to be overweight or obese by
20307 this could thus be one of the key drivers of increasing rates in tlmnrégarked rises in CRC
incidence in Uruguay and Brazil have led to rates similar to those in the U.Saaad#? Increases in
mortality may thus be a result of equivalent increases in incidence. Irigsfyedhe number of deaths
from both colon and rectal cancer are set to dolpl2035 for most countries in this region, suggesting
an alarming increase in the future burden of CRC and the need for stroagentjgn programmes

intended to promote healthier lifestyles.

This study also highlights that rectal cancer mortality rates have retted to rise in several high-
income countries including Australia, Canada and the U.S. The underlying reasongthiavee fully
understood, but in recent years, increases in incidence of colon and rectalhearecbeen observed in
younger age groups (e.g. 55 years and younger), a development that was more pronouectal for r
cancer®® A study from the U.3% showed that the risk of colon and rectal cancer was two- (incidence rate
ratio (IRR)=2.40, 95% confidence interval@l) 1.11 to 5.19) and four times higher (IRR =4.32, 95%
Cl12.19 to 8.51), respectively for those born circa 1990, compared with adults borbo&ceSimilarly,

in Western Australia, between 1982 and 2007, a 3.0% annual increase in CRC incidence wad obser
among adolescents and young adults-89%ears).** As screening is usually recommended for adults
aged 50 to 75, changes in incidence in this group is most likely not imgdactecreening. Possible
explanations are changes in the prevalence of risk factors such as increasing batyameipwer

physical activity*® 44



Advances in treatment options and regimens differ extensively among countries, whialsonayplain
lower CRC mortality rates in some countries. Adjuvant chemotherapy is recommended émtatith
more advanced stages of colon cancer, and is associated with an approximate reducroim tfi@0isk

of disease recurrence, and a 22-32% reduction in mortaliar limited metastatic disease, advances in
surgical techniques can result in clinical cure, while significant progrestidmotherapy treatment
during recent years in advanced metastatic colon cancer - which has been assadbi&geavi survival

in the range of 5% - may have resulted in improvements of short-term surtfabr rectal cancer, the
major treatment advances are a result of improved surgical techniques often comtiinaeeyerative
chemo-radiation therapy or radiation aldhe® In many less developed countries, the lack of access to
adjuvant therapy has been previously repottddoreover, lack of awareness, higher diagnostic costs,
and delays in treatment may explain part of the higher mortality trebhserved and projected in the

Latin America and Caribbean regith.

Although these future predictions are based on long-term recorded modaié from the WHO
mortality database and extrapolation of rates using empirically evaluated ABEEIstna number of
limitations should be noted. Trend-based predictions should be interpreted witin Giinitie they are by
definition based on the assumption that trends observed in the past will contmdieeiftiture. The
predicted numbers of deaths are also reliant on population projections which are wherstire
estimates based on assumptions on birth and death rates, immigration and emigrediontries, where
screening programmes have been launched only in recent years, effects wgulik arflected in
mortality rates with some delay. It should also be noted that ideally eelggih on incidence, risk
factors, screening implementation, treatment and survival is needed to rqdvadibt the future burden
of CRC- such information is however not available for all countries. Furthermore, iigiligl of death
certification may vary between countries, which in turn might have affdbe accuracy of the mortality
rates utilised, therefore our results should be interpreted with c&bttiastly, data on rectal cancer

mortality also included data on anal cancer as their codes are inseparable in theditelily database
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yet we believe that it would not affect our analysis, as anal cancer is faidyarat much less common

than colon or rectal cancer.

In conclusion, we observe declining rates of colon and rectal cancer tyidrtatiost countries, with the
exception of Latin American and Caribbean countries where increases are prageatedtinue
throughout 2035. The reductions seen in Europe, Oceania, and North America may reflect adcombine
influence of an increasing implementation of, and greater participati®weening, greater public
awareness of the disease, and improved therapeutic procedures and patient managemest frotocol
contrast, the increase in cancer mortality predicted in certain countriepanaiply be explained by
underlying increases in incidence rates, late diagnosis and limited actesdrtent. Increases in rectal
cancer mortality in some high-income countries such as Australia, Canada, and theSthwéscdare
worrisome and the underlying mechanisms warrant further research. In any case, dagaggaphic
changes will lead to a rise in the number of deaths from colon and rectal pangggar in the vast

majority of countries, with a doubling of the number of predicted deaths by 2035 in some.
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