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BACKGROUND: Colorectal cancer is the most common cancer in Germany and the second most common cause of cancer-related
deaths in both men and women. The aim of this study is to provide detailed analysis of recent developments in survival of colorectal
cancer patients using newly available data on a national basis.

METHODS: We included data from || German cancer registries covering a population of 33 million inhabitants. Period analysis and
modelled period analysis were used to provide most up-to-date estimates of 5-year relative survival in 2002-2006.

RESULTS: The analysis was based on records of 164996 colorectal cancer patients. Five-year relative survival was 63.0% overall,
decreased with age and was significantly higher among women than among men in patients under 75 years. Overall age-adjusted
5-year relative survival increased from 60.6 to 65.0% over the period 2002—-2006. Significant increase in survival was only observed in
patients with localised or regional disease. Highest subsite-specific survival was observed in patients with cancer in descending (67.7%)
and ascending (66.5%) colon.

CONCLUSION: Survival of patients with colorectal cancer continued to increase in the early 21st century in Germany, with 5-year
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Colorectal cancer is the most common cancer in Germany and the
second most common cause of cancer-related deaths in both men
and women (Husmann et al, 2010; GEKID, 2011). This underlines
the need for effective colorectal cancer control. Analysis of
population-based survival of cancer patients provides an invalu-
able tool for measuring progress in these activities.

Until recently, analyses of population survival in Germany were
based predominantly on data from the Saarland registry covering
only 1.3% of the total population (1.0 million inhabitants). This
registry provided data for the international EUROCARE (Brenner
et al, 2009a), EUNICE (Gondos et al, 2008) and CONCORD
(Coleman et al, 2008) studies. Since the 1990s, population-based
cancer registries have been built up in most of the 16 federal states
of Germany. In 2009, a collaborative project involving cancer
registries and the German Cancer Research Centre (DKFZ) has
been initiated, which now offers the possibility to study recent data
from 11 German population-based cancer registries, covering 33
million inhabitants (Hiripi et al, 2011). The aim of this study is to
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relative survival reaching 65% in 2006. However, lack of progress still persisted in patients with advanced disease.
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describe colorectal cancer survival over the period 2002-2006
stratified by sex, age, detailed subsites of left and right colon and
rectum, morphology and disease extent. Moreover, our objective is
to describe recent survival trends using the technique of model-
based period analysis.

MATERIALS AND METHODS

Sources of data

German cancer registries covering 13 of 16 federal states and 1
administrative region submitted data for the study. Only cancer
registries with estimated completeness over 80% in the period
2004-2006 and reasonably low proportion of death certificate only
(DCO) cases (under 20% throughout the study period or
constantly decreasing to levels <20% at the end of study period)
were considered for the analysis. We eventually utilised data
from 11 cancer registries covering a population of 33 million
inhabitants. Full details were described in detail elsewhere (Hiripi
et al, 2011).

We selected patients with a primary invasive colorectal cancer
(ICD-10 C18-C20) at the age of >15 years in 1997-2006. We
excluded cases notified by DCO. For the stage-specific analysis,
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stage grouping according to ENCR recommendations (localised,
regional and advanced cancer) was used (Berrino et al, 2002).

Site and morphology of tumours were coded according to
ICD-0-3 (Fritz, 2000). When aggregated subsites were used, right
colon included caecum (C18.0), ascending colon (C18.2), hepatic
flexure (C18.3) and transverse colon (C18.4). Left colon included
splenic flexure (C18.5), descending (C18.6) and sigmoid (C18.7)
colon. We used five morphology groups (invasive behaviour only):
adenocarcinoma in polyp (8210, 8261, 8263), mucinous adeno-
carcinoma (8470, 8480, 8481, 8490), other adenocarcinoma
(8140-47, 8190-8221, 8260-8323, 8380-8550, 8570, 8940) and
others.

Statistical methods

To quantify excess mortality due to cancer, relative survival is
commonly used in population-based studies. It is derived as the
ratio of the observed survival of cancer patients and the expected
survival of the underlying general population (Henson and Ries,
1995). In our analysis, expected survival was estimated by the
Ederer II method using life tables stratified by age, sex, calendar
period and federal state as obtained from participating cancer
registries and the German Federal Statistical Office. To allow for
comparisons between subgroups or populations with potentially
different age distribution, age adjustment was done using the
International Cancer Survival Standards proposed by Corazziari
et al (2004).

Period analysis (Brenner et al, 2004) was employed to provide
up-to-date estimates of 5-year survival in 2002-2006. Extensive
empirical evaluations have shown that period analysis provides
5-year survival estimates that are very close to 5-year survival later

observed for the patients diagnosed within the period of
investigation (Brenner and Hakulinen, 2002; Brenner et al,
2002b). In addition, model-based period analysis (Brenner and
Hakulinen, 2006) was used to investigate recent trends and to
perform statistical testing. Briefly, excess numbers of deaths were
modelled as a function of calendar year (numerical variable), and
year of follow-up (categorical variable) in Poisson regression
models, with the logarithm of the person-years at risk as an offset.
Individual models were fitted for different groups of patients by
age, clinical stage or disease localisation to estimate magnitude and
significance of time trends. Moreover, models including year of
follow-up and sex (both categorical variables) were fitted for
subgroups by age to test for gender differences.

All calculations were carried out by SAS 9.2 software (SAS
Institute, Cary, NC, USA), using a publicly available macro for
period analysis (Brenner et al, 2002a) and its adaptation for model-
based period analysis (Brenner and Hakulinen, 2006).

RESULTS

The analysis was based on records of 164996 colorectal cancer
patients from 11 German cancer registries. Slightly more than half
of the patients were males (52.5%, ranging from 46.6 to 56.2%
across registries). Median age was 70 years (range 68-72). More
than 94% of cases were microscopically confirmed in every registry
(Table 1).

Table 2 shows sex differences and time trends in survival by age
groups. Age-adjusted 5-year relative survival was higher in women
by 2.6% units. Significantly higher survival in women compared
with men was observed in patients under 75 years of age; however,

Table I Description of the data set used in period survival analysis, colorectal cancer patients diagnosed in 1997-2006 in Germany

Diagnosis period Exclusion based on Available Median age Micr
Registry included Cases DCO or autopsy (%) cases Males (%) at diagnosis confirmed (%)
Bayern 2002-2006 31971 17.1 26502 56.2 70 99.9
Brandenburg 1997-2006 18099 14.1 15530 544 68 98.0
Bremen 1998-2006 4983 .9 4392 48.1 72 98.5
Hamburg 1997-2006 10676 177 8790 46.6 72 94.8
Mecklenburg 1997-2006 11610 13.6 10029 54.4 68 98.0
Niedersachsen 2001-2006 37502 177 30851 51.9 71 969
Nordrhein-Westfalen 1997-2004 15272 8.6 13948 50.3 71 94.7
Rheinland-Pfalz 1998-2006 4218 13.1 3665 52.8 71 96.9
Saarland 1997-2006 9774 4.1 9375 529 70 99.1
Sachsen 19972006 34495 10.8 30755 52.7 70 979
Schleswig-Holstein 1999-2006 13487 173 1159 499 71 99.3
Total 192072 14.1 164996 52.5 70 97.8

Table 2 Age-specific 5-year relative survival (RS) of colorectal cancer for the period 2002-2006 by sex and modelled trends in age-specific survival

Sex differences by age

Time trends by age

Male Female 2002 2006
Age group N RS, %  s.e. N RS, %  s.e. Difference P value RS, % s.e. RS, % s.e. Change P value
15-44 2159 65.5 1.5 1954 718 1.5 6.3 <00l 64.0 1.9 72.0 1.6 8.0 <00l
45-54 6773 639 09 4826 672 1.0 33 <00l 638 [ 664 1.0 2.6 0.15
55-64 21782 64.4 0.5 13200 69.7 0.6 52 <00l 63.3 0.7 68.9 0.6 5.6 <00l
65-74 32760 63.1 0.5 22824 64.4 0.5 13 <00l 60.6 0.6 66.0 0.5 54 <00l
75+ 23230 569 0.8 35488 57.6 0.6 0.7 0.10 56.4 0.6 58.8 0.6 24 001
Overall® 86704 61.9 03 78292 64.5 03 26 <00l 60.6 03 65.0 03 4.4 <00l

*Age-adjusted relative survival, testing performed using age-adjusted model.
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Table 3 Age-adjusted 5-year relative survival (RS) of colorectal cancer in subsites for the period 2002—2006 by morphology

Adenocarcinoma

Mucinous Other

Overall in polyp adenocarcinoma adenocarcinoma Other

Subsite N RS (s.e.) N (%) RS (s.e.) N (%) RS (s.e.) N (%) RS (s.e.) N (%) RS (s.e.)
Overall 164996 630 (02) 7591 (46) 780 (1.0) 16922 (103) 595 (07) 129127 (783) 643 (02) 11356 (6.9) 389 (0.7)
Appendix 1103 664 (29) 15 (1.4) 297 (26.9) 342 (31.0) 449 (40.7)

Caecum 14604 61.7 (0.8) 615 (42) 766 (4.1) 2340 (16.0) 593 (1.9) 10726 (734) 625 (0.9) 923 (6.3) 43.8 (2.6)

Ascending colon 16087 665 (0.7) 539 34) 775 (3.8) 2365 (14.7) 664 (1.8) 12399 (77.1) 677 (0.8) 784 (4.9) 344 (32)

Hepatic flexure 5043 612 (1.3) 135 (2.7) 675 (134) 667 (3.5) 3981 (789) 61.7 (1.4) 252 (5.0) 22.8 (47)

Transverse colon 7880 635 (1.0) 264 (3.4) 1072 (13.6) 61.4 (26) 6141 (779) 648 (1.1) 403 (5.1) 370 (44)
Right colon 43614 638 (04) 1553 (36) 757 (24) 6452 (14.8)  63.0 (I.1) 33247 (762) 648 (0.5) 2362 (54) 38.6 (1.8)

Splenic flexure 3630 603 (1.5) 112 3.1) 425 (11.7) 635 (4.1) 2917 (804) 612 (1.6) 176 (4.8) 152 (4.5)

Descending colon 5135 677 (12) 241 (4.7) 544 (10.6) 622 (3.7) 4142 (80.7)  69.1 (1.4) 208 (4.1)

Sigmoid colon 38331 653 (05) 2083 (54) 855(l.7) 3047 (7.9) 579 (1.6) 31370 (81.8) 66.1 (0.5) 1831 (4.8) 379 (2.0)
Left colon 47096 652 (04) 2436 (52) 839 (1.6) 4016 (8.5) 589 (14) 38429 (81.6) 66.0 (0.5) 2215 (4.7) 369 (1.8)

Overlapping, colon 1817 584 (2.1) 63 (3.5) 263 (14.5) 1400 (77.1) 602 (2.3) 91 (5.0)

Colon, NOS 10985 552 (0.9) 489 (4.5) 80.1 (4.1) 1065 (9.7) 60.1 (2.8) 6970 (63.5) 609 (I.1) 2461 (224) 267 (1.6)
Colon, overall 104615 638 (03) 4556 (44) 805 (1.3) 12093 (11.6) 61.4(08) 80388 (76.8) 652 (0.3) 7578 (7.2) 374 (0.9)

Rectosigmoid 7252 652 (1.1) 365 (5.0) 693 (9.6) 59.6 (34) 5885 (81.2) 667 (1.2) 309 (4.3) 359 (42)

Rectum 53129 607 (04) 2670 (50) 739 (1.8) 4136 (7.8) 538 (1.3) 42854 (80.7) 618 (04) 3469 (6.5) 41.9 (1.3)
Rectum and rectosigmoid 60381 61.2 (04) 3035 (5.0) 741 (1.7) 4829 (8.0) 54.7 (1.3) 48739 (80.7) 623 (04) 3778 (6.3) 414 (1.3)

Abbreviation: NOS = not otherwise specified. Unstable estimates of survival (s.e.>5% or N< 100 or missing age-specific estimate) were omitted. All percentages represent
proportions of row totals. The ‘Other’ group also included microscopically unverified cases.

the difference was smaller in individuals over 65. Model-based
period analysis indicated an increase in age-adjusted 5-year
relative survival from 60.6 to 65.0% over the period 2002-2006.
Survival significantly increased in all age groups except patients
aged 45-54 years.

Table 3 shows the distribution of patients and differences in age-
adjusted survival in subgroups by subsite and morphology. Most
patients (~ 80%) were diagnosed with cancer of the morphological
group ‘Other adenocarcinoma’. Adenocarcinomas in polyp were
more often diagnosed in the left colon and rectum than in the right
colon, whereas mucinous carcinomas were more prevalent in
proximal sites (14.8% in right colon vs 8.5% in left colon and 7.8%
in rectum).

Overall age-adjusted 5-year relative survival of 63.0% was
observed for colorectal cancer patients. Survival was higher in
colon cancer patients (63.8%) than in rectal cancer patients
(60.7%). Localisation of the disease in left colon was associated
with a slightly higher survival (65.2%) in comparison with right
colon (63.8%). When looking at detailed colonic subsites
irrespective of the laterality, highest survival was observed in
patients with cancer in descending (67.7%) and ascending (66.5%)
colon and appendix (66.4%). Cancers in caecum (61.7%), hepatic
(61.2%) and splenic (60.3%) flexures were associated with some-
what lower survival. Survival was <60% in patients with cancer
within unspecified or overlapping site.

Overall 5-year relative survival was substantially higher for
adenocarcinomas in polyp (78.0%), which had the best prognosis
in all subsites. Patients with mucinous adenocarcinomas had
similar survival as the overall group when the cancer was located
in the right colon, but prognosis was substantially worse when the
mucinous carcinoma was located in the left colon or rectum. For
adenocarcinoma in polyp, mucinous adenocarcinoma and other
adenocarcinoma, survival was always worse for rectal cancer
patients than for those with colon cancer. Prognosis of patients
with cancer of other/unrecorded morphological types was poor in
both colon (37.4%) and rectum (41.4%).

Table 4 shows distribution of clinical stages in different subsites
and respective estimates of 5-year relative survival. Stage was

© 2012 Cancer Research UK

reported for 95422 (57.8%) cancer patients, of whom 44.2%, 27.7%
and 28.1% were diagnosed in localised, regional and advanced
stage, respectively. Proportion of cases with known stage was
similar over all subsites (range 56-64%), exceptions are appendix
(47%) and colon, NOS (35%). There was a very large gradient in
prognosis by stage of disease, with overall age-adjusted 5-year
relative survival of 89.5%, 65.4% and 14.9% for patients with localised,
regional and advanced tumour spread, respectively. For every
clinical stage, survival was higher in colon cancer patients than in
rectal cancer patients. The survival was slightly higher in left colon
cancer patients compared with right colon cancer patients with
regional (69.0% vs 66.0%) or advanced disease (16.5% vs 13.7%).
The lowest proportion of localised disease within individual colonic
segments was reported in patients with cancer in caecum (41.5%)
and splenic flexure (42.2%), the highest in descending colon (47.3%).
The lowest proportion of advanced disease was reported in patients
with cancer in ascending (26.4%) and descending colon (26.8%).

Table 5 provides estimates of recent trends in survival according
to site and clinical stage. Significant increase in overall 5-year
relative survival was noted in both colon and rectal cancer patients
(by 4.6% and 4.0% units, respectively). Most pronounced increase
in stage-specific survival was noted in patients with regional
disease (significant increase by 4.3% and 6.0% units for colon and
rectal cancer patients, respectively). A less pronounced increase
was noted for patients with localised disease (not significant for
rectal cancer patients). No significant changes in survival were
observed for patients with metastatic colorectal cancer.

DISCUSSION

This study provides estimates of colorectal cancer survival of
German patients over the period 2002-2006, based on a population
of 33 million people. Overall 5-year relative survival was 63%, and
a significant increase by >4% units was seen even within this
relatively short period of time. A higher 5-year relative survival
was noted in younger males and females. Survival in women was
significantly higher than for males <75 years of age. Prognosis of
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Table 4 Age-adjusted 5-year relative survival (RS) of colorectal cancer in subsites by stage for the period 2002—-2006

Localised Regional Advanced
Subsite N (%) RS (s.e.) N (%) RS (s.e.) N (%) RS (s.e.)
Overall 42224 (44.2) 89.5 (0.4) 26425 (27.7) 65.4 (0.5) 26773 (28.1) 149 (04)
Appendix 241 (46.2) 66 (12.6) 215 (41.2)
Caecum 3635 (41.5) 91.5(1.2) 2500 (28.5) 62.8 (1.8) 2634 (30.0) 149 (1.2)
Ascending colon 4571 (46.1) 94.8 (1.0) 2737 (27.6) 70.1 (1.7) 2615 (26.4) [16 (1.1)
Hepatic flexure of colon 1440 (45.1) 919 (1.9) 807 (25.3) 576 (3.1) 943 (29.6) 13.1 (1.9)
Transverse colon 2236 (46.0) 88.0 (1.6) 1210 (24.9) 68.0 (2.5) 1412 (29.1) 153 (1.6)
Colon, right 11882 (44.4) 922 (0.7) 7254 (27.1) 66.0 (1.0) 7604 (28.4) 137 (0.7)
Splenic flexure of colon 981 (42.2) 89.4 (2.3) 626 (26.9) 67.3 (3.3) 716 (30.8) 132 (22)
Descending colon 1518 (47.3) 909 (2.1) 828 (25.8) 65.2 (3.0) 860 (26.8) 230 (2.7)
Sigmoid colon 10528 (45.9) 90.7 (0.7) 5818 (25.4) 69.7 (1.1) 6571 (28.7) 16.0 (0.8)
Colon, left 13027 (45.8) 90.6 (0.7) 7272 (25.6) 69.0 (1.0) 8147 (28.6) 165 (0.7)
Overlapping lesion of colon 430 (38.8) 932 (32) 323 (29.2) 354 (32.0)
Colon, NOS 1268 (32.9) 86.2 (2.3) 852 (22.1) 64.2 (3.0) 1729 (44.9) 152 (1.5)
Colon, overall 26848 (44.3) 91.3 (0.5) 15767 (26.0) 674 (0.7) 18049 (29.8) 153 (0.5)
Rectosigmoid junction 1821 (44.5) 91.6 (1.7) 1138 (27.8) 65.0 (2.6) 1136 (27.7) 154 (1.9)
Rectum 13555 (44.2) 85.1 (0.7) 9520 (31.0) 61.5 (09) 7588 (24.7) 14.1 (0.7)
Rectum and rectosigmoid 15376 (44.2) 85.9 (0.6) 10658 (30.7) 61.9 (09) 8724 (25.1) 14.2 (0.6)

Abbreviation: NOS = not otherwise specified. Unstable estimates of survival (s.e.>5% or N< |00 or missing age-specific estimate) were omitted. All percentages represent

proportions of row totals (percentage among cases with known stage).

Table 5 Recent trends in age-adjusted 5-year relative survival (RS) by
site and stage according to model-based period analysis, 2002-2006

2002 2006
Change
Site Stage RS, % s.e. RS, % s.e. 2002-2006 P value
All Localised 879 06 906 05 2.8 <00l
Regional 625 09 676 08 5.1 <00l
Advanced 15.1 05 157 05 0.5 0.71
Overall 60.6 03 650 03 4.4 <00l
Colon Localised 89.1 09 925 06 34 <00l
Regional 650 .1 69.3 1.0 43 0.0l
Advanced 152 06 165 06 |.4 0.13
Overall 614 04 660 04 4.6 <00l
Rectum and  Localised 84.6 I 86.9 1.0 24 0.08
rectosigmoid  Regional 585 14 645 I3 6.0 <00l
Advanced 157 09 143 09 — 14 0.08
Overall 590 06 63.1 05 4.0 <00l

Overall estimate includes cases without recorded information on clinical stage.

rectal cancer patients was worse than for colon cancer patients,
where best prognosis was seen for tumours in ascending and
descending colon. Patients with adenocarcinoma in polyp had the
best survival expectations irrespective of the disease subsite. Very
large differences in survival were seen between localised, regional
and distant colorectal cancers. Recent increase in stage-specific
survival was substantial for patients with localised cancer and
especially those with regionally spread disease, whereas no
increase was achieved for patients with metastatic disease.

Our overall estimate of 5-year relative survival of 63% for the
2002-2006 period is substantially higher than estimates previously
reported for earlier periods from the majority of European
countries including Germany (Verdecchia et al, 2007). Although
previous estimates for Germany were restricted to Saarland,
covering a population of only about 3% of the population included
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in the current study, a very similar result was obtained when we
restricted our current analysis to Saarland, suggesting that the
difference in survival is due to a further increase over time rather
than to a regional variation. Our findings of decreasing survival
with increasing age are consistent with observations from other
European countries (Berrino et al, 2007). The existing gap between
older and younger patients has been observed to be growing
(Quaglia et al, 2009), which was also seen in our study, as survival
increase in elder patients was weaker in comparison with young
and middle-aged patients. Our observation of higher survival in
female than in male patients, especially at younger ages, is likewise
consistent with previous studies (Micheli et al, 2009). Hormonal
factors have been suggested as a possible explanation for this
observation (Koo et al, 2008).

We were able to provide relative survival estimates for cancer in
different subsites of left and right colon. The overall estimate of
5-year relative survival was only slightly higher for left colon
cancer patients; however, this difference did not apply for all
subsites of left and right colon. Survival of patients with tumours
located in ascending colon was considerably higher compared with
the rest of the right colon. On the other hand, splenic flexure
tumours were associated with lower survival compared with
adjacent segments and overall survival for left colon cancers. Few
reports actually provided detailed description of survival across
colonic subsites. One of the most comprehensive papers dealing
with the importance of colon cancer subsites and morphology was
a study comparing survival between EUROCARE and SEER by
Gatta et al (2003). This study was, however, concerned primarily
with explanation of international differences and did not focus on
differences between subsite- and morphology-specific survival
estimates. Moreover, published estimates were based on patients
diagnosed in 1985-1989, and were therefore considerably lower
than in our study.

Right-sided colon cancer patients are older, more likely to be
women and are diagnosed with more advanced disease. Survival of
right colon cancer patients is still lower, even after controlling for
age, sex and stage using statistical modelling (Meguid et al, 2008;
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Wray et al, 2009; Benedix et al, 2010). This is usually explained by
differences in tumours originating in right and left colon. These
may include different carcinogenic pathways, difference in
exposure to risk factors or differential sensitivity to chemotherapy
(Iacopetta, 2002). However, several prognostic factors change
across specific subsites irrespective of colon side, notably disease
extent, as measured by TNM status or disease stage. A recent
German study showed caecum and splenic flexure to have least
favourable distribution of clinical stages. On the contrary, diseases
originating in ascending and descending colon were diagnosed
early (Benedix et al, 2011). Bearing in mind very large differences
in colorectal cancer stage-specific survival, these findings may
likely explain the results seen in our population-based study.
Indeed, these findings are in line with distributions of clinical
stages across colonic segments seen in our study.

Our study also estimated up-to-date survival of patients with
colorectal cancer of different morphological properties. Adeno-
carcinoma in polyp had the best prognosis in all subsites.
Mucinous adenocarcinoma has a less favourable prognosis in left
colon and rectal cancer patients only.

Stage at diagnosis has been reported as an important explana-
tion for observable survival differences between populations (Gatta
et al, 2000; Ciccolallo et al, 2005), but it is often unavailable in
population-based studies (Morris et al, 2011). Our study reported
stage-specific relative survival estimates in colorectal subsites and
showed substantial survival advantages of patients with early-stage
tumours. Our results also suggest a higher survival of left-sided
colon cancer patients with regional and metastatic disease. This is
similar to previous results of studies using proportional hazards
regression performed in the United States (Meguid et al, 2008;
Wray et al, 2009).

Progress in survival can be attributed to either earlier detection
(increasing proportion of early disease) or improvements in
treatment (Brenner et al, 2007). The latter is observable as an
increase in stage-specific survival. In our study, both overall
survival and stage-specific survival in patients with localised or
regional disease were increasing over the period 2002-2006. As the
stage-specific survival increases in patients with colon cancer were
weaker than the overall increase, a shift of stage distribution
towards earlier stages at diagnosis may partially account for the
observed increase in survival. Such a shift may be explained in part
by the expansion of long standing screening offers with faecal
occult blood test by the offer of screening colonoscopy in Germany
in 2002 (Gross et al, 2006). This suggestion is supported by a
particularly strong increase in survival between 55 and 74 years of
age, where most of the screening takes place (Brenner et al, 2009b).
Cancer screening may add lead time or overdiagnosis bias to
survival estimates (Dickman and Adami, 2006); therefore, trends
in incidence and mortality have to be monitored along with trends
in survival to provide a comprehensive picture of colorectal cancer
control. As both incidence and mortality are decreasing since the
early 2000s in Germany (Husmann et al, 2010), it is unlikely that
observed trends in population survival could be fully explained by
screening-associated biases. Rather, the trends in incidence and
mortality point to true reduction of the burden of colorectal cancer
in Germany to which both early detection and treatment may have
contributed.

Contrary to localised and regional disease, no significant
improvement in prognosis was observed for metastatic colorectal
cancer. Even though there has been marked improvement in
recent trials, median survival of these patients has gradually
improved from 6 months to 24 months only (Glimelius and
Cavalli-Bjorkman, 2012), and the vast majority of these patients
still die within 5-years after diagnosis. The persistent lack of
progress in patients with distant tumour spread in our study
and also in other European populations (Brenner et al, 2011)
underlines the need of enhanced efforts of primary and secondary
prevention.
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Worse survival in certain colonic segments may be associated
with less favourable distribution of clinical stages. Colonic
segments with the highest proportion of localised and the lowest
proportion of advanced cancers in our study (ascending and
descending colon) were also harbouring tumours with highest
5-year relative survival. The reasons for the unequal distribution of
clinical stages in different colonic subsites may include worse
endoscopic accessibility and visibility of certain colonic segments,
notably colonic flexures and caecum (Bensen et al, 1999; Pickhardt
et al, 2004; Benedix et al, 2011), which were also seen in our study
to have both unfavourable stage distribution and lower survival.
Efforts should therefore be made to ensure a high quality of
colonoscopy, providing optimal visualisation of all parts of colon.
This should be associated with an improved early detection or
prevention of cancer in these problematic subsites (Rex et al,
2002).

Our study has a number of strengths and limitations. Major
strengths of this study include the large number of patients and
completeness of information on subsite and morphology. In
particular, this collaborative study provides up-to-date survival
estimates for Germany, which are based on an ~30-fold larger
database than previously available population-based colorectal
cancer survival data from Germany. The size of the database
enabled very detailed survival analyses by age, sex, morphological
subgroups and subsites. Major limitations include the still rather
substantial exclusions of patients notified by DCO and the limited
information on key prognostic variables, in particular stage at
diagnosis. Although high proportions of DCO cases are partly due
to the fact that many of the cancer registries are still rather young,
and some proportion of DCO cases may simply be cases who had
not been known to the registries as their diagnosis was made
before the registration period, the relatively high DCO may be
indicative of less than complete registration. As completeness of
registration is typically lower for patients with poor prognosis, this
may have led to some overestimation of survival (Pollock and
Vickers, 1994).

Our analysis employing techniques of period survival analysis
using large German national dataset provided up-to-date estimates
of 5-year relative survival expectations for subgroups of patients
according to sex and age suffering from cancers of different
localisation, morphology and extent, showing substantial survival
heterogeneity between certain groups. Model-based period analy-
sis disclosed notable increase in survival over recent years,
probably attributable to progress in care for patients with localised
and regional colorectal cancer and earlier detection, which was
also suggested by examination of age-specific trends.
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