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Abstract

Objectives: To evaluate how the certification of specialised
Oncology Centres in Germany affects the relative survival of
patients with colorectal cancer (CRC) by means of national
and international comparison.

Methods: Between 2007 and 2013, 675 patients with
colorectal cancer, treated at the Hildesheim Hospital, an
academic teaching hospital of the Hannover Medical
School (MHH), were included. A follow-up of the entire
patient group was performed until 2014. To obtain inter-
national data, a SEER-database search was done. The
relative survival of 148,957 patients was compared to our
data after 12, 36 and 60 months. For national survival
data, we compared our rates with 41,988 patients of the
Munich Cancer Registry (MCR).
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Results: Relative survival at our institution tends to be
higher in advanced tumour stages compared to national and
international cancer registry data. Nationally we found only
little variation in survival rates for low stages CRC (UICC I
and II), colon, and rectal cancer. There were notable varia-
tions regarding relative survival rates for advanced CRC
tumour stages (UICC IV). These variations were even more
distinct for rectal cancer after 12, 36 and 60 months (Hilde-
sheim Hospital: 89.9, 40.3, 30.1%; Munich Cancer Registry
(MCR): 65.4, 28.7, 16.6%). The international comparison of
CRC showed significantly higher relative survival rates for
patients with advanced tumour stages after 12 months at our
institution (77 vs. 54.9% for UICC IV; raw p<0.001).
Conclusions: Our findings suggest that patients with
advanced tumour stages of CRC and especially rectal cancer
benefit most from a multidisciplinary and guidelines-
oriented treatment at Certified Oncology Centres. For a
better evaluation of cancer treatment and improved national
and international comparison, the creation of a centralised
national cancer registry is necessary.

Keywords: cancer registry; certification system; colorectal
cancer; epidemiology; oncology.

Introduction

Colorectal cancer (CRC) is the third most common cancer in
men and the second in women worldwide. Between one
and two million cases are diagnosed every year [1].
Furthermore, it is also one of the leading causes for cancer-
related deaths worldwide alongside lung cancer and breast
cancer [2, 3]. In Germany, the 5-year-prevalence for CRC
(ICD-10, C18-21) was 116,000 among men and 98,000
among women in 2013 [4]. Moreover, there was an increase
of 38% in the 5-year-prevalence rate for women and 79% in
men between 1990 and 2004 in Germany [4]. The German
Robert Koch Institute (RKI) estimated the age-standardised
incidence rate of CRC at approximately 63,000 cases in
2014; 35,000 among men and 28,000 among women [4].
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Therefore, a more integrative and multidisciplinary
approach with optimised clinical pathways is necessary to
successfully handle the rising numbers of CRC. There are
various studies suggesting that patients may benefit from
cancer treatment in specialised and centralised institutions,
which are often referred to as high-volume hospitals [5-9].
Taking the above mentioned into consideration, the German
government implemented political measures to support the
development of centralised cancer care. In 2008, the na-
tional cancer plan was initiated by German cancer societies
including the German Cancer Society (DKG) and the Federal
Ministery of Health (BMG). Four goals were set: reducing
cancer-specific mortality through screening programmes,
treatment decisions should be made according to evidence-
based guidelines in order to maintain quality assurance,
efficient oncological treatment should be associated with
the collaboration of federal cancer registries, increased
patient orientation should improve the quality of oncolog-
ical care [10]. We aimed to analyse the importance of the
German certification system and its benefits for long-term
patient survival. We also intended to solidify the necessity
for integrative patient treatment and a multidisciplinary
centralised approach for CRC.

Methods and materials
Study design

The study protocol was presented to the ethics committee of the
Medical Association of Lower Saxony and successfully underwent the
official processing. Informed consent and assent for prospective data
collection were officially obtained from all patients. The outcome
assessment was performed retrospectively.

Subjects

Between 2007 and 2013, we recruited 675 patients (388=57% men;
287=43% women; median age: 71 years) with newly diagnosed CRC at
the Hildesheim Hospital. The patients underwent detailed follow-up in
2014.

Patient data acquisition

The analysed data was requested from the GTDS-database (Gieflener
Tumordokumentationssystem) which is used for patient data manage-
ment at the Hildesheim Hospital [11]. The GTDS allows the user to
analyse cancer and patient-specific data. Furthermore, detailed infor-
mation about the individual course of the disease, including survival,
are provided by the software [11]. The Hospital is certified by Onkozert as
an official Oncology Centre. The hospital also serves as an Academic
Teaching Hospital of the Hannover Medical School and has a capacity of
566 beds and 19 specialised departments.
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From 2007 to 2013, all documented primary cases of CRC, that
underwent elective surgery at the Hildesheim Hospital, were
included. Malignancies of the colon, the rectosigmoid transition
zone and the rectum (ICD-10, C18-20) were included. Data comprised
patients with RO-, R1- and R2-resections. Patients with newly diag-
nosed malignancies of the anus and the anal canal (ICD-10, C21) were
excluded from the study.

SEER-database

The SEER-database (Surveillance, Epidemiology, and End Results) of
the US National Cancer Institute (NCI) contains patient data regarding
demographic aspects, tumour localisation, tumour stage, and survival
data from different national cancer registries. The database was
accessed after online registration at https://seer.cancer.gov/seertrack/
data/request/ and downloading the dial-up software (SEER*Stat version
8.2.1; 4/8/2015). The request is based on Incidence — SEER 18 Regs
Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2015
Sub (1973-2013) data record [12].

All cases of CRC between 2007 and 2013 were included. A request
was made for “colon” and “rectum”. Additional search criteria for
“sexes”, “all races”, as well as “all ages”, were added. Further filter
settings were microscopical confirmation, malignancy, known age,
and active follow-up. The total number of analysed patients was
148,957 for CRC, 103,613 for colon cancer and 33,850 for rectal cancer.

Any case with missing data for malignancy, age, follow-up and
patients with cancer diagnosed by autopsy or by death certificate were
excluded.

National comparison

For national comparison, we used publicly accessible data from the
Munich Cancer Registry (MCR) for the years 1998-2019. The MCR is a
clinical cancer registry of the Faculty of Medicine at the University of
Munich. Approximately, five million people belong to the catchment
area. The data has been provided by cooperating hospitals and
practising physicians, as well as health authorities of the neigh-
bouring districts [13-16].

All registered patients from 1998 to 2019 were included. The total
number of evaluated cases was 41,988 for CRC, 26,811 for colon cancer,
and 15,177 for rectal cancer.

Patients without information about the above-mentioned char-
acteristics were excluded.

Statistical analysis

Relative survival was calculated using population-based mortality data
from 2007 to 2014 for the region Lower Saxony (Niedersachsen) by a
SAS® software-based program (V9.4, SAS Institute, Cary, NC, USA).
The starting point for the overall survival (OAS) was defined as the
absence of tumours after curative surgery. The endpoint was the last
information available or death. The cut-off date for patient follow-up
was November-16-2014 so that a minimum 10-month observation period
was ensured. In the case of patients with a loss to follow-up, the data
were censored. The graphic display was made by using GraphPad Prism
(Version 6.00 for Macintosh, GraphPad Software, La Jolla California
USA, www.graphpad.com). The calculated relative survival after 12, 36,
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and 60 months was compared with the SEER data and also analysed.
Calculating relative survival granted us a direct comparison of the two
population groups with regard to different distributions of age, gender,
and year of operation. Since the original data of the cancer registries was
not analysed, Wald tests were used to allow an approximate comparison
of fixed time points when confidence intervals or standard errors were
available (SEER data). The Munich Cancer Registry data did not include
confidence intervals and standard errors, therefore a simple tabular
comparison of relative survival rates was performed.

Results

From 2007 to 2013, the 5-year relative survival rate for
colorectal cancer at the Hildesheim Hospital was 65.3%
(95CI; 59.6-71.7%). The rate was calculated for both sexes
and without stratification. The result was independent of
the underlying surgical method.

Figure 1 shows the relative 5-year survival rate for
colorectal cancer from 2007 until 2013 at the Hildesheim
Hospital. Relative survival for (p)UICC-stage I was 95.5%
(95% CI; 86.6-105%). Stage II and Stage III showed
survival rates of 79.4% (95% CI; 68.3-92.4%) and 64.7%
(95% CI; 53.8-77.8%), whereas Stage IV was 19.7% (95%
CI; 11.3-34.4%).

Figure 2a shows the relative 5-year survival rate for
colon cancer from 2007 until 2013 at the Hildesheim Hos-
pital. The rates were calculated for both sexes and results
were independent of the underlying surgical method. Rela-
tive survival for (p)UICC-stage I was 91.9% (95% CI;
77.9-108%). Stage II was 78.7% (95% CI; 65.3-94.9%) and
stage III 63.2% (95% CI; 51.5-77.5%). Stage IV showed a
survival rate of 7.3% (95% CI; 2.7-19.8%).
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Figure 1: Relative survival by stage for colorectal cancer and
patients at risk from 2007 to 2013 in Hildesheim.
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Figure 2b shows the relative 5-year survival rate for
rectal cancer from 2007 until 2013 at the Hildesheim Hos-
pital. The rates were calculated for both sexes. The results
were independent of the underlying surgical method.
Relative survival for (p)UICC-stage I was 99.4% (95% CI;
89.9-110%). Stage II was 81.5% (95% CI; 63.8—-104%) and
stage I11 65.6% (95% CI; 51.5-83.5%). Stage IV showed rates
of 30.1% (95% CI; 17.8-50.7%).

National comparison of relative survival

Relative survival for patients with CRC at (p)UICC-stage I
after 1, 3, and 5 years were 98, 96.3 and 95.5%, respectively,
at the Hildesheim Hospital. Survival at stage II was 93.6,
87.7, 79.4%. Stage III and Stage IV showed survival rates of
93.8, 72.1, 64.7, and 76.8, 33.4, 19.7%. In comparison, the
survival rates of the Munich Cancer Registry (MCR) from
1998 to 2019 for patients with CRC at (p)UICC-stage I after 1,3
and 5 years were 97.4, 97.2 and 95.1%, respectively. Stage II
had rates of 93.8, 89.0, 84.0%. Stage III and IV were 91.3,
78.6, 69.1, and 59.2, 25.3, 14.6% (Table 1) [15].

From 2007 to 2013, relative survival at the Hildesheim
Hospital for patients with colon cancer at (p)UICC-stage I
after 1, 3, and 5 years were 97.5, 96.4 and 91.9%, respec-
tively. Stage II showed rates of 93.6, 86.7, 78.7%. Stage III
and IV were 92.4, 72.3, 63.2, 26.9, 7.3%. In comparison, the
survival rates of the Munich Cancer Registry (MCR) from
1998 until 2019 for patients with colon cancer at (p)
UICC-stage I after 1, 3, and 5 years were 97.4, 97.5 and 96.2%
%, respectively. Stage Il had rates of 93.7, 89.7, 85.3%. Stage
III and IV showed survival rates of 89.9, 76.4, 68.2, and 55.9,
23.4, 13.6% (Table 2) [14].

From 2007 to 2013, relative survival for patients with
rectal cancer at the Hildesheim Hospital at (p)UICC-stage I
after 1, 3, and 5 years were 98.6, 95.8 and 99.4%, respec-
tively,. Stage II was 93.5, 89.0, 81.5%. Stage III and IV
showed survival rates of 95.5, 72.3, 65.6, and 89.9, 40.3,
30.1%. In comparison, the survival rates of the Munich
Cancer Registry (MCR) from 1998 until 2019 for patients with
rectal cancer in (p)UICC-stage I after 1, 3, and 5 years were
97.4%, 96.7% and 93.3%, respectively. Stage II had rates of
93.8, 87.6, 80.9%. Stage Il and IV showed rates of 93.1, 81.4,
70.3, and 65.4, 28.7, 16.6% (Table 3) [16].

In summary, the national comparison between our
single institution and the Munich Cancer Registry showed
little variations in relative survival for UICC stages I to III
(Table 1-3). A difference for all entities was observed at
UICC stage IV in favour of our Certified Oncology Centre.
The most substantial difference was seen in rectal cancer
after 12 months with up to 25 percentage points (Table 3).
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Figure 2: (a) Relative survival by stage for colon cancer and patients at risk from 2007 to 2013 in Hildesheim. (b) Relative survival by stage for
rectal cancer and patients at risk from 2007 to 2013 in Hildesheim.

Table 1: Relative survival for CRC at the Hildesheim Hospital from
2007 to 2013 compared to registry data of the Munich Cancer
Registry from 1998 to 2019.

(p)UICC-stage

12 months

36 months

60 months

|
Il
I}
\Y

98% (97.4%)
93.6% (93.8%)
93.8% (91.3%)
76.8% (59.2%)

96.3% (97.2%)
87.7% (89.0%)
72.1% (78.6%)
33.4% (25.3%)

95.5% (95.1%)
79.4% (84.0%)
64.7% (69.1%)
19.7% (14.6%)

Table 2: Relative survival colon cancer at the Hildesheim Hospital
from 2007 to 2013 compared to registry data of the Munich Cancer
Registry from 1998 to 2019.

(p)UICC-stage

12 months

36 months

60 months

|
Il
I}
v

97.5% (97.4%)
93.6% (93.7%)
92.4% (89.9%)
64.3% (55.9%)

96.4% (97.5%)
86.7% (89.7%)
72.3% (76.4%)
26.9% (23.4%)

91.9% (96,2%)
78.7% (85.3%)
63.2% (68.2%)

7.3% (13.6%)

Table 3: Relative survival for rectal cancer at the Hildesheim Hos-
pital from 2007 to 2013 compared to registry data of the Munich
Cancer Registry from 1998 to 2019.

(p)UICC-stage

12 months

36 months

60 months

|
Il
I}
\%

98.6% (97.4%)
93.5% (93.8%)
95.5% (93.1%)
89.9% (65.4%)

95.8% (96.7%)

89% (87.6%)
72.3% (81.4%)
40.3% (28.7%)

99.4% (93.3%)
81.5% (80.9%)
65.6% (70.3%)
30.1% (16.6%)

International comparison

From 2007 to 2013, relative survival at the Hildesheim
Hospital for patients with CRC after 1, 3, and 5 years for

stage “local” was 92, 85 and 81%, respectively. For stage
“regional”, it was 94, 72 and 65%. Stage “distant” showed
a relative survival of 77, 33 and 20%. In comparison, the
relative survival of the SEER-data for stage “local” was
95.5, 92.8 and 90.2%. For stage “regional”, it was 87.6, 71.1
and 60.5%. Stage “distant” showed a relative survival of
54.9, 23.6 and 13.7% (Table 4) [12].

From 2007 to 2013, the relative survival for colon cancer
at the Hildesheim Hospital after 1, 3, and 5 years were 92, 85
and 79%, respectively, for stage “local”. For stage
“regional”, it was 92, 72 and 63%. Stage “distant” showed a
relative survival of 64, 27 and 7%. In comparison, the rela-
tive survival of the SEER-data for the same period was 95.4,
93.3 and 91.1% for stage “local”. For stage “regional”, it was
86, 69.2 and 59.7%. Stage “distant” showed a relative
survival of 52.5, 22.4 and 13.5% (Table 5) [12].

From 2007 until 2013, the relative survival for patients
with rectal cancer at the Hildesheim Hospital after 1, 3,
and 5 years were 92, 85 and 84%, respectively, for stage

Table 4: International comparison of relative survival data for
colorectal cancer from 2007 to 2013.

SEER-stage/ Relative survival Relative survival p-Values
UICC-stage/ % SEER % Hildesheim (Raw)
Months 2007-2013 2007-2013

Local, I + 11,12 95.5 92 0.0434
Local, I +1I, 36 92.8 85 0.0037
Local, I + 11, 60 90.2 81 0.0170
Regional, IIl, 12 87.6 94 0.0560
Regional, I, 36 711 72 0.8461
Regional, Ill, 60 60.5 65 0.4636
Distant, IV, 12 54.9 77 <0.001
Distant, IV, 36 23.6 33 0.0825
Distant, IV, 60 13.7 20 0.2834




DE GRUYTER

Table 5: International comparison of relative survival data for colon
cancer from 2007 to 2013.

SEER-stage/ Relative survival Relative survival p-Values
UICC-stage/ % SEER % Hildesheim (Raw)
Months 2007-2013 2007-2013

Local, I +1I, 12 95.4 92 0.1432
Local, I + I, 36 93.3 85 0.0221
Local, I + II, 60 91.1 79 0.0261
Regional, Ill, 12 86.0 92 0.0587
Regional, Ill, 36 69.2 72 0.6446
Regional, Ill, 60 59.7 63 0.6201
Distant, IV, 12 52.5 64 0.093
Distant, IV, 36 22.4 27 0.5373
Distant, IV, 60 13.5 7 0.1369

“local”. For stage “regional” it was 96, 72 and 66%. Stage
“distant” showed a relative survival of 90, 40 and 30%. In
comparison, the relative survival of the SEER-data for the
same period was 95.8, 91.7 and 87.9% for stage “local”.
For stage “regional” it was 92, 75.4 and 61.8%. Stage
“distant” showed a relative survival of 61.9, 26.3 and
13.7% (Table 6) [12].

In summary, the international comparison showed a
significantly better relative survival in CRC and colon
stages I-II for the SEER registry data, whereas no signifi-
cant difference was observed for rectal cancer in UICC
stages I-II. In contrast, a better relative survival was seen at
our institution for advanced tumour stages (UICC III-1V).

After 12 months, a significant difference (raw p<0.001) of
more than 20% was seen for CRC (UICC IV) and rectal cancer
(UICC 1V) at the Certified Oncology Centre (Table 4 and 6).

Discussion

In this study, we compare relative survival rates of patients
with colorectal cancer at a Certified Oncology Centre,

Table 6: International comparison of relative survival data for rectal
cancer from 2007 to 2013.

SEER-stage/ Relative survival Relative survival p-Values
UICC-stage/ % SEER % Hildesheim (Raw)
Months 2007-2013 2007-2013

Local, I +1I, 12 95.8 92 0.1604
Local, | + Il, 36 91.7 85 0.0957
Local, I + I, 60 87.9 84 0.4529
Regional, Ill, 12 92 96 0.2266
Regional, Ill, 36 75.4 72 0.6337
Regional, Ill, 60 61.8 66 0.61
Distant, IV, 12 61.9 90 <0.001
Distant, IV, 36 26.3 40 0.083
Distant, IV, 60 13.7 30 0.0526
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accredited by the German Cancer Society (DKG), with
national survival rates published by the Munich Cancer
Registry (MCR) and international survival rates obtained
from the American SEER-database [12, 13].

For early tumour stages, we noticed only minimal
variations between the relative survival rates at our insti-
tution and the compared national data. In international
comparison, there was a significantly better survival at
early tumour stages in favour of the SEER data. Both, for
national and international data we recognised a trend
towards higher survival rates in advanced tumour stages
(UICC II-1V) — especially for CRC and rectal cancer at our
institution.

To analyse differences in treatment quality we
compared the relative survival of a single institution with
German registry data from the Munich Cancer Registry
(MCR) and the SEER database, comprising data by different
types of hospitals and private practices. Including certified
as well as non-certified hospitals, we assumed that relative
survival at a single certified institution would be better
than the compared pooled data.

Significant differences were seen for advanced tumour
stages with a relative survival benefit for patients treated at
a certified institution as compared to the national and
international databases. The success of the initial surgical
treatment is crucial for the final outcome of CRC patients
and is often more challenging in advanced tumour stages,
requiring a high surgical expertise. Since the certification
process is accompanied by a minimum number of
procedures performed by surgeon, a certain level of expe-
rience can be presumed [17]. According to the benchmark
report 2013 by OnkoZert [18], the Hildesheim Hospital had
60 primary cases of colon and 32 cases of rectal cancer in
2011. The median of 230 other certified institutions was 50.5
cases (range 25-171) for colon cancer and 26 cases (range
12-106) for rectal cancer. This supports our assumption
that Hildesheim Hospital is a representative institution
within other certified centres.

A literature review revealed studies that showed a cor-
relation between hospital volume and a better outcome in
colorectal surgery [5-8]. This volume-outcome relationship
appears to be even stronger for the individual surgeon than
for the hospital [19]. According to the German Cancer Society
(DKG) surgeons at a Certified Cancer Centre require 15 colon
and 10 rectal surgical procedures per year as a minimum
requirement [17]. The American Leapfrog Group sets the
minimal hospital volume for rectal surgery at 16 cases per
year and six per surgeon [20]. These variations need to be
considered when comparing national and international
data, a clear definition of the required hospital volume could
be useful. As advanced tumour stages of CRC often
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present as complex diseases, a multidisciplinary treat-
ment approach may appear to be most beneficial in this
patient group. We assume that the multidisciplinary and
integrative approach, offered at a Certified Oncology
Centre, may lead to better patient care and improved
overall survival. The multidisciplinary approach as
defined by DKG includes parameters like pre-
therapeutical and post-operative interdisciplinary case
presentations, specific (immuno-)histopathological ana-
lyses (e.g. microsatellite instability), psycho-oncological
care, social assistance, genetic counselling and partici-
pation in medical trials. Depending on the tumour stage
systemic therapies are initiated in collaboration with the
oncology department. Moreover, the precise documenta-
tion of complications and patient follow-up is necessary
[18]. The combination of the mentioned factors may have
an important influence on survival.

For early-stage CRC we observed better survival rates
for the international pooled data. This could be based on
the high level of standardisation and increasing expertise
in the treatment of patients with early-stage CRC, as well as
the implementation of improved guidelines. Hereby the
influence of the certification by itself seems to be more
substantial for patients with advanced tumour stages and
probably with concomitant comorbidities.

The ongoing certification has led to different para-
digm changes in the treatment of CRC in the last decade. A
study from Kowalski et al. outlined three fundamental
changes caused by the implementation of the certification
system — multidisciplinarity, fair processing for certifi-
cation and improved collection of data for comparison
[21]. Among these three changes, we believe that multi-
disciplinary treatment is the most important factor influ-
encing our calculated survival rates. A recent study by
Wesselmann et al. supports this assumption and also
emphasizes the standardised multidisciplinary treat-
ment. A focus on interdisciplinary collaboration is an
important quality indicator in the certification process
and a major goal of OnkoZert and the DKG to improve CRC
treatment across Germany [22]. Some recent studies could
already prove the benefit of the certification process for
CRC, e.g. Volkel et al. analysed data of a clinical cancer
registry (Tumorzentrum Regensburg) and demonstrated
patients having a long-term survival benefit when treated
at certified cancer centres compared to non-certified
hospitals [23]. Another study by Trautmann et al.
indicates that the implementation and assurance of
evidence-based quality standards have substantial posi-
tive effects on various patient-relevant outcomes in colon
cancer care [24].
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A major challenge accompanying such studies remains
the complexity of the multifactorial evaluation making it
difficult to identify all contributing aspects that may inter-
fere with the treatment. Since individual hospital reports
often do not include relative survival rates, a national cancer
registry may improve the evaluation and the outcome of the
certification process. Similarly, meaningful international
comparisons are still complicated by the lack of a central-
ised national cancer registry. Though improvements in
transparency and increased implementation of the certifi-
cation across Germany were achieved, more research needs
to be done to better evaluate the impact of the certification
on the treatment of colorectal cancer in Germany and
worldwide.

Regarding our study, there is a limitation due to its
retrospective design and the difference of the registry data.
Moreover, no detailed information on additional patient
characteristics, such as comorbidities, psycho-oncological
factors, and chemoradiotherapy was available.

In summary, we conclude that advanced stages of CRC
and rectal cancer benefit most from treatment at a Certified
Cancer Centre. We assume the effect being mostly based on
the multidisciplinary and integrative approach.
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