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Abstract
Purpose: Incidence and mortality of colorectal cancer (CRC) declined over the last decades. However,
survival depends on the primary tumor location. It is unknown if all progress in outcomes vary depending
on left-sided (LCRC) versus right sided (RCC) colorectal cancer. We compare incidence and mortality rates
over time according to the primary tumor location.

Methods: Data from the Austrian National Cancer Registry spanning from 1983 to 2018 were used to
calculate annual incidence and mortality rates and survival strati�ed by primary tumor localization and
stage. Joinpoint regression with linear regression models were used on different subgroups to identify
signi�cant changes of incidence- and mortality slopes.

Results: A total of 168,260 (incidence-data set) and 87,355 cases (mortality data-set) were identi�ed.
Survival of disseminated RCC was worse compared to LCRC (HR 1.14; CI 1.106 – 1.169). Total and LCRC
incidence- and mortality-rates declined steadily over time, whereas the rates of RCC did not. Incidence of
disseminated RCC declined signi�cantly less (slope -0.07; CI -0.086; -0.055) than in LCRC (slope -0.159; CI
-0.183; -0.136); mortality rate of RCC was unchanged over time. Incidence and mortality of localized RCC
remained unchanged over time, whereas both rates declined independently of stage in LCRC. 

Conclusion: Colorectal cancer outcomes during the last 35 years have preferentially improved in LCRC but
not in RCC, indicating that the progress made is limited to LCRC. It is necessary to de�ne RCC as a
distinct form of CRC and to focus on speci�c strategies for its early detection and treatment. 

Introduction
Incidence and mortality rate estimates of cancer are valuable tools to evaluate the effect of innovations
in management of these diseases (Carioli et al. 2021). Colorectal cancer (CRC) is the third most common
cancer worldwide (Ferlay et al. 2015). Fortunately, over the last centuries the incidence and mortality of
CRC show a consistent decline (Malvezzi et al. 2018). This positive impact over time is based on more
than one factor. For example, CRC incidence and mortality tend to response faster and more sensitive
than other cancer types to lifestyle and dietary changes, which has been suggested by migrant
studies (Kolonel and Wilkens 2009). Such dietary and lifestyle adaptions have been occurring during the
last centuries, leading to a convergence of CRC mortality in the European Union (Fernández et al. 2005;
Bosetti et al. 2011). Besides that, due to slow progression of precancerous lesions and the high cure rate
of early stages of CRC, screening strategies by endoscopy and other methods for prevention and early
detection of  are very effective (Issa and NouredDine 2017). Finally, progress in treatment of CRC in both
localized (eCRC) and metastatic (mCRC) stages have signi�cantly contributed to the decrease in
mortality. This clinical progress is exempli�ed by the introduction of doublet chemotherapy in the
adjuvant setting in eCRC based on data from several trials (Sargent et al. 2011). In mCRC the addition of
oxaliplatin or irinotecan to 5-�uouracil as backbone as well as the introduction of targeting the epidermal
growth factor receptor (EGFR) and angiogenesis in systemic treatment concepts has led to steadily
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increasing survival even in the metastatic setting (Bokemeyer et al. 2012; Douillard et al. 2014; Glimelius
et al. 2021). This progress in disseminated disease is further supported by the introduction of multimodal
treatments (Heervä et al. 2018). However, CRC is not a homogenous disease. In particular, tumors arising
from different anatomic regions of the colorectum are clinically and molecularly different (Bu�ll 1990;
Carethers 2011; Yamauchi et al. 2012a, b; Missiaglia et al. 2014). It is hypothesized, that differences in
the luminal content, e.g. the bacterial �ora, as well as ontogenesis with left-sided colorectal cancers
(LCRC) deriving from the hindgut and right-sided colon cancer (RCC) deriving from the midgut are at least
part reasons for theses side speci�c differences (Iacopetta 2002; LaPointe et al. 2008; Holch et al. 2017b;
Boeckx et al. 2018) (Iacopetta 2002; LaPointe et al. 2008; Holch et al. 2017a). The most appropriate
embryonic demarcation line to delineate distal LCRC from proximal RCC is found in the distal third of the
colon transversum. This region is di�cult to de�ne in a clinical setting. As an approximation the splenic
�exure is used to separate LCRC from RCC in most clinical reports (Modest et al. 2014; Von Einem et al.
2014; Loupakis et al. 2015; Tejpar et al. 2017a; Sunakawa et al. 2017). Only few reports solve this issue
by excluding cases with the primary in the colon transversum (Venook et al. 2017). On the other hand,
some authors exclude rectal cancers from LCRC (Meguid et al. 2008). However, as similar outcomes in
rectal cancer and left sided colon cancer has been shown, rectal cancer is assigned to the LCRC
group (Price et al. 2015).

Clinically, RCC and LCRC differ substantially. LCRC is more common and more frequently associated with
chromosomal instability and a gene expression pro�les suggesting the activation of the epithelia growth
factor receptor (EGFR) pathway. RCC is more frequently associated with mircrosatellite instability, is
usually diagnosed at higher stages and shows more often driver mutations of RAS, BRAF and PIK3CA
genes (Bendardaf et al. 2008; Missiaglia et al. 2014; Guinney et al. 2015). These differences translate in a
much worse clinical outcomes for RCC compared to LCRC, especially in disseminated disease (Benedix et
al. 2010; Weiss et al. 2011; Modest et al. 2014; Von Einem et al. 2014; Missiaglia et al. 2014; Loupakis et
al. 2015; Zhang et al. 2015; Guinney et al. 2015; Krauth et al. 2018). However, side-speci�c differences
have not been implicated in clinical trials, which makes it currently di�cult to consider sidedness for
treatment decisions in clinical practice. In addition to a poorer prognosis of patients with RCC, screening
colposcopy seems to prevent LCRC more e�ciently than RCC, which might be based on side-speci�c
appearance of precancerous lesion (�at-serrated in the right side, polypous on the left side), in
combination with technical di�culties associated with completing colonoscopy to the very proximal
regions (Brenner et al. 2014). 

Less early detection rates and worse survival raise the question as to whether improvements in clinical
outcomes of CRC over time are similar for LCRC and RCC. The aim of this study was to investigate stage
speci�c overall survival, incidence- and mortality-rates of LCRC and RCC in the Austrian population from
1983 to 2018.    

Material And Methods
Sample population
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Data for incidence and mortality of colon cancer from 1983 to 2018 were exported from the Austrian
National Cancer Registry (ANCR) and the und the Austrian Causes of Death Statistics, extraction code:
DBABZUG_20201217101752454. End of follow up was Dec 31st 2019. Variables contained year of
diagnosis, diagnosis and anatomical location coded according to the International Classi�cation of
Disease, 10th revision (ICD-10) codes, stage at diagnosis (local, regional, disseminated, death certi�cate
only [DCO] or unknown), gender, survival time in days, year of death and cause of death based on the ICD-
10. 

Primary tumor location (PTL)

LCRC was de�ned based on the ICD-10 codes as cancer arising from the rectum (C20), rectosigmoid
(C19), sigma (C18.7), colon descendens (C18.6), and the splenic �exure (C18.5); 

RCC was de�ned as cancer arising from the colon transversum (C18.4), hepatic �exure (C18.3), colon
ascendens (C18.2), coecum (C18.0) and the appendix (C18.1). The codes ‘Others, not speci�ed’ (C18.8
and C18.9) were excluded from the analysis. Also patients coded for ‘in situ’ disease (D01) were
excluded.

Statistical analysis

Overall survival (OS; Kaplan-Meier method) and Hazard Ratio (HR) were calculated to describe the
difference in survival between LCRC and RCC in metastasized and localized cases. In the statistical
models, the values were normalized to population data and rates per 100,000 residents. Joinpoint
regression with linear regression models were used on different subgroups to �nd the in�ection point
(joinpoint year) of slope changes (Muggeo 2003). Assumptions of linear regression models such as
normality of residuals, no outliers or in�uential cases, Homoscedasticity, linearity and independence of
residuals were veri�ed using graphical methods (Q-Q-plot, scatterplots) and the Durbin Watson value. One
outlier (mortality data-set, LCRC, year of diagnosis 1983) was deleted.

The results of the joinpoint analyses with linear regression models of data after the joinpoint year were
reported with model �t, model coe�cients and p-values. Additionally the slopes were compared via 90%
con�dence intervals (CIs) with no overlap of the 90% CIs to show signi�cantly different slopes at a
signi�cance level of 5% (Goldstein and Healy 1995).

The software R version 4.0.3 was used for all statistical data analyses (https://www-R-project.org). The
package segmented in R was used for joinpoint regression. A level of signi�cance of 5% was used.

Results
Population and distribution of PTL

A total of 168,260 incidence cases diagnosed with colon cancer were identi�ed in the ANCR from 1983 to
2018. Data on the PTL was available 81.2% of the cases. Of these, 73.4% were LCRC and 26.6% were
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RCC; 59.3% were located in the colon and 40.7% in the rectum. Information on stage distribution at
diagnosis was available in 79.7% of the cases; 22.6% were diagnosed with metastatic disease. A total of
87,355 cases died from colon cancer during the study period.  Data for PTL in this mortality dataset was
available for 53.1% of the cases. Of these 86.4% had LCRC and 13.6% RCC; 40% had colon cancer and
60% rectum cancer at death. Information on stage distribution at diagnosis was available in 69.5% of the
cases; 39.8% of the cases had metastatic disease (Table 1). 

OS according to stage and PTL

PTL was associated with OS in the whole sample. LCRC showed longer OS than RCC (HR 1.14; CI 1.106;
1.17; Figure 1A) in metastatic disease. This difference was not evident in cases without metastases at
diagnosis. Survival curves in this group were crossing, which not allows calculation of a HR and making
a reliable interpretation di�cult. However, it suggests no impact on survival (Figure 1B). 

Incidence and mortality according to PTL

Jointpoint regression of the incidence showed a signi�cant decrease since 2000 for LCRC and since 1999
for RCC. A stronger decline was observed in incidence for LCRC (slope -0.739; 90% CI -0.799; -0.678) than
for RCC (slope -0.124; 90% CI -0.156; -0.092). The missing overlap of the CI values of the slopes suggest a
signi�cant difference (Figure 2A). Similar results were obtained for mortality. The jointpoint for both
incidence and mortality was 1988. Comparison of the respective slopes of the linear regression showed a
stronger decrease in mortality for LCRC (slope -0.169; 90% CI for slope  -0.185; -0.154) than for RCC (slope
0.01; 90% CI for slope  0.003; -0.016). Again, the missing overlap of the CI values of the slopes suggest a
signi�cant difference for mortality over time (Figure 2B). 

Incidence and mortality according to PTL and stage

The incidence of LCRC showed a steady decline over time in both non-disseminated (slope -0.53; 90% CI
-0.589; -0.471) and disseminated disease (slope -0.159; 90% CI -0.183; -0.136). In contrast, the incidence-
rates of RCC declined less in cases with disseminated disease (slope -0.07; 90% CI -0.086; -0.055) and
remained almost unchanged in non-disseminated cases (slope -0.062; 90% CI -0.088; -0.036). Non-
overlapping CI ranges suggest a signi�cant difference of the slopes (Figure 3A and C).

Similar �ndings were observed for mortality over time.  Mortality of LCRC showed a strong decrease in
both non-disseminated (slope -0.116; 90% CI -0.126; -0.105) and disseminated disease (slope -0.078; 90%
CI -0.103; -0.054). Almost no change in mortality over time was observed for RCC in both non-
disseminated (slope 0.005; 90% CI 0.001; 0.009) and disseminated disease (slope -0.008; -0.017; 0). Non-
overlapping CI ranges suggest a signi�cant difference of the slopes (Figure 3 B and D).

Discussion
Our analysis shows, to our knowledge for the �rst time that both the incidence and mortality rates over
the last 35 years have developed differently for LCRC and RCC. While the rates of LCRC have been
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steadily declining over time, the rates for RCC remained largely unchanged. The lack of progress in
outcome of RCC might be due to several factors. Several trials since 1992 suggested a major protective
effect of colonoscopy and sigmoidoscopy against colorectal cancer by detecting and removing
precancerous lesions, which resulted in an increased screening activity in many countries (Selby et al.
1992; Newcomb et al. 1992; Winawer et al. 1993; Stock et al. 2011; Shapiro et al. 2012; Issa and
NouredDine 2017). This might be one of the major reasons for the decline of incidence rates since then.
However, the detection rate of proximal neoplasms is signi�cantly lower than the detection rate of distal
neoplasms (Bressler et al. 2004, 2007; Singh et al. 2006; Brenner et al. 2014). Another reason might be
found in well-known differences in the appearance of premalignant neoplasms, including �at lesions in
the proximal colon, which are rather overseen compared to the typical polypous lesions in the left
colon (Iacopetta 2002; Nawa et al. 2008; Arain et al. 2010). This might be reasonable, if sigmoidoscopy,
inspecting parts of the left colorectum only, were the predominant method used in these publications.
However, the same difference in detection rates is found if total colonoscopy is used (Baxter et al. 2009;
Mulder et al. 2010; Ostenfeld et al. 2013). It has even been shown, that the reduction in CRC-related
mortality in a colonoscopy-screened population seems to be restricted to LCRC without affecting
mortality from RCC (Singh et al. 2010). This observation is in line with our �ndings that the mortality rate
for RCC remains unchanged over time, while the same rate for LCRC is constantly declining over the last
centuries. 

Incidence-rates according to stage at diagnosis showed that the occurrence of disseminated RCCs have
been declining to some extent. Here again the effect is much more pronounced for LCRC and non-
overlapping CI-ranges of the two slopes suggest a signi�cant difference. This difference in incidence-
rates was not found for localized disease, implying a stage-migration from disseminated disease to
locoregional disease that potentially is gained by screening also for RCC. One could hypothesize that the
main effect of screening is earlier detection, but not preventing RCC. However, the mortality rate for
disseminated RCC has not changed to the same extent as the respective incidence rate. This might re�ect
the reduced bene�t that RCC gains from oncological treatment based on the biological differences
between RCC and LCRC, especially, if the RAS-mutation status is considered in oncological treatment
decisions (Benedix et al. 2010; Weiss et al. 2011; Modest et al. 2014; Von Einem et al. 2014; Missiaglia et
al. 2014; Loupakis et al. 2015; Zhang et al. 2015; Guinney et al. 2015; Venook et al. 2016; Arnold et al.
2017). Both less effective screening and less effective treatment aspects contribute to an unfavorable
development in mortality of RCC, especially in disseminated stages.

In published observations reporting on differences in the clinical outcome in LCRC and RCC the relative 5-
year survival rates are applied for comparing oncological outcome between distinct time
intervals (Brouwer et al. 2018; Dulskas et al. 2020). The risk of a lead-time bias in such approaches is
problematic, especially in CRC, which is a screening sensitive disease. This potential bias in that context
has been addressed by several authors (Welch et al. 2000; Gigerenzer and Wegwarth 2013). Comparing
time intervals before and after the millennium is particularly problematic, as screening was introduced
around the turn of the millennium leading to earlier diagnosis of CRC, which implies the risk of prolonged
overall survival times. This might explain to some extent why not all of the published results are
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conclusive. For example, in one study the relative increase in clinical bene�t from 1998-2008 compared to
2008-2012 was 11% less for LCRC than for RCC (Dulskas et al. 2020). This length bias can be avoided by
using mortality rates rather than survival times or survival rates (Welch et al. 2000; Gigerenzer and
Wegwarth 2013).   

Several factors underline the reliability of our results. In addition to the high numbers of cases included,
the information on the location of primary tumor was available in 81.2% of the cases for calculating
incidence rates. The distribution of LCRC and RCC within this population can be well compared to the
literature, as it re�ects PTL at diagnosis. We found 73.3% LCRC and 26.6% RCC, which is a well
comparable distribution also found by others and supports, that our dataset is not biased by
documentation issues (Benedix et al. 2010; Holch et al. 2017b). Furthermore, our data on 22.6%
disseminated disease at time of diagnosis align with those reported from a dataset of the Netherland
Cancer Registry (Brouwer et al. 2018). 

Variations in the prognostic impact of PTL on survival were also found in our study. This stage-speci�c
difference is well known and broadly reported and  the accordance of our results with the literature
indicates the validity of our dataset (Weiss et al. 2011; Tejpar et al. 2017b). Information on PTL at time of
death derived from death certi�cates was available for half of the cases; due to the lack of reports
describing the distribution of PTL at this time point, it is di�cult to compare these numbers with the
literature.

This study provides a nationally representative perspective in trends of colon cancer outcomes. We report
an evolving disparity in outcomes for patients suffering from RCC compared to oncological progress in
patients with LCRC in both incidence and mortality. These �ndings underline the necessity to consider
RCC as a distinct disease, which requires more e�cient  prevention-, treatment- and speci�c future
research strategies.  
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Figure 1

Overall survival of patients according to primary tumor location. (A) disseminated (metastatic) disease
and (B) non-disseminated disease.
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Figure 2

Standardized annual incidence- and mortality rates over time according to the primary tumor location. (A)
Incidence rates in left and right sided CRC and (B) mortality rates in left- and right sided CRC
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Figure 3

Standardized annual incidence- and mortality rates over time according to primary tumor location and
stage. Incidence rates in (A) non-disseminated- and (C) disseminated disease; mortality rates according
to primary tumor location according to primary tumor location in (B) non-disseminated and (D)
disseminated disease.


