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ARTICLE
Epidemiology

Treatment and survival of rectal cancer patients over the age of
80 years: a EURECCA international comparison
Yvette H. M. Claassen1, Nina C. A. Vermeer1, Lene H. Iversen2,3, Elizabeth van Eycken4, Marianne G. Guren5, Pawel Mroczkowski6,7,
Anna Martling8, Antonio Codina Cazador9, Robert Johansson10, Tamara Vandendael4, Arne Wibe11, Bjorn Moller12, Hans Lippert6,
Harm J. T. Rutten13,14, Johanneke E. A. Portielje15, Gerrit J. Liefers1, Fabian A. Holman1, Cornelis J. H. van de Velde1 and
Esther Bastiaannet1,15

BACKGROUND: The optimal treatment strategy for older rectal cancer patients remains unclear. The current study aimed to
compare treatment and survival of rectal cancer patients aged 80+.
METHODS: Patients of ≥80 years diagnosed with rectal cancer between 2001 and 2010 were included. Population-based cohorts
from Belgium (BE), Denmark (DK), the Netherlands (NL), Norway (NO) and Sweden (SE) were compared side by side for
neighbouring countries on treatment strategy and 5-year relative survival (RS), adjusted for sex and age. Analyses were performed
separately for stage I–III patients and stage IV patients.
RESULTS: Overall, 19 634 rectal cancer patients were included. For stage I–III patients, 5-year RS varied from 61.7% in BE to 72.3% in
SE. Proportion of preoperative radiotherapy ranged between 7.9% in NO and 28.9% in SE. For stage IV patients, 5-year RS differed
from 2.8% in NL to 5.6% in BE. Rate of patients undergoing surgery varied from 22.2% in DK to 40.8% in NO.
CONCLUSIONS: Substantial variation was observed in the 5-year relative survival between European countries for rectal cancer
patients aged 80+, next to a wide variation in treatment, especially in the use of preoperative radiotherapy in stage I–III patients
and in the rate of patients undergoing surgery in stage IV patients.

British Journal of Cancer (2018) 119:517–522; https://doi.org/10.1038/s41416-018-0215-6

INTRODUCTION
Colorectal cancer is the second most common cancer in Europe
and is the second cause of death from cancer, with an estimated
number of 215 000 deaths in 2012 in Europe.1 Rectal cancer is
predominantly a disease of older patients, as the median age at
diagnosis is 69 years.2 With the ageing population the number of
older rectal cancer patients is expected to increase further. Older
patients often have more comorbidities, an increased complica-
tion rate and a poorer prognosis.3 The evidence regarding the
most optimal treatment for older rectal cancer patients is rather
limited, because older patients are frequently excluded from
randomised clinical trials.
Surgery is the cornerstone in the curative treatment of rectal

cancer. The outcome of rectal cancer has improved dramatically
after the introduction of total mesorectal excision (TME) surgery,
the recognition and evaluation of the circumferential resection
margin and after the introduction of neoadjuvant chemora-
diotherapy.4–7 Although treatment guidelines vary between

countries, most agree that patients with stage I disease (T1-
2N0M0) should undergo surgery without neoadjuvant therapy,
and that patients with locoregional advanced disease stages need
neoadjuvant chemoradiotherapy. Most countries apply preopera-
tive radiotherapy or chemoradiotherapy for defined subgroups of
patients. However, unresolved questions remain about the
fractionation and duration of radiotherapy (short course vs. long
course), optimal time to surgery and the benefit of the addition of
chemotherapy. In general, when downsizing of the tumour is
desired, treatment with chemoradiotherapy and delayed surgery
is preferred, and for less-advanced tumours short-course radio-
therapy can be used.6,8 For older or frail patients, short-course
radiotherapy with delayed surgery may be preferred over long-
course chemoradiotherapy, and also dose reduction or omitting
the chemoradiotherapy could be considered.9,10

For rectal cancer patients with limited metastatic disease (stage
IV), a treatment strategy with curative intention may combine a
R0-resection of the primary tumour as well as resection of the
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metastases, often after induction treatment.11 However, most
stage IV patients are incurable and palliative chemotherapy (with
or without targeted agents) is the therapy of choice, although
some patients are not eligible for chemotherapy due to frailty or
comorbidity.11

Comparative effectiveness research has gained interest over the
years.12,13 Given that randomised clinical trials are not feasible for
older patients and that outcomes should reflect a real-world
clinical scenario, comparative effectiveness research on
population-based observational data is a very suitable way to
gain new insights in the best treatment strategies in geriatric
oncology. Therefore, population-based data of rectal cancer
patients aged 80+ of five different European countries (Belgium
(BE), Denmark (DK), the Netherlands (NL), Norway (NO) and
Sweden (SE)) were collected. The current study aimed to compare
treatment strategy and survival in rectal cancer patients in these
five European countries, separately analysed for patients with
stage I–III and stage IV disease.

MATERIALS AND METHODS
Data and study population
Patients diagnosed with rectal cancer between January 2001
and December 2010 from BE, DK, NL, NO and SE, of 80 years of
age or older were included. Data were obtained from the
Belgian Cancer Registry, the Danish Colorectal Cancer Group
database,14 the Netherlands Cancer Registry, the Norwegian
Cancer Registry supplemented with data from the Norwegian
Colorectal Cancer Registry15 and the Swedish Colorectal Cancer
Registry. For BE, only data of the period 2004–2010 were
available. All rectal cancer patients, defined as DC20 of the
International Classification of Diseases and Related Health
Problems, with all stages of disease were included.16 The TNM
Classification of Malignant Tumours (fifth, sixth or seventh
edition) was used for defining tumour stage.17 Tumour stage

was based on pathological stage; in cases where this was
missing clinical stage was used. Pathological stage consisted of
ypTN stage (patients who received radiotherapy or chemor-
adiotherapy following delayed surgery) or pTN stage (patients
receiving immediate surgery). In the current study patients were
divided into stage I–III and stage IV disease. In addition to
survival data, data collection consisted of the variables surgery
(yes/no), preoperative radiotherapy (yes/no), chemoradiother-
apy (yes/no), adjuvant chemotherapy (yes/no), radiotherapy
without surgery (yes/no) and preoperative chemotherapy (yes/
no). Surgery was defined as surgical resection of the tumour,
irrespective of curative or palliative intent. Local excisions were
included while construction of a stoma without tumour
resection and endoscopic techniques were excluded. Follow-
up time was defined as the time from date of diagnosis until
death or until end of follow-up (censored). In case of missing
follow-up data, patients were excluded from survival analyses.

Statistical analyses
Relative survival (RS), expressed as relative excess risk (RER) and
adjusted RER (adjusted for sex, stage and age), and corresponding
95% confidence interval (CI) were calculated for each country.18,19

RS was defined as the ratio of the survival observed in the cohort
and the expected survival based on the matched general
population in the respective countries. National life tables of the
respective countries were used to estimate expected survival. RER
and 95% CI were calculated for the differences between countries,
using a multivariable generalised linear model with a Poisson
distribution, based on collapsed RS data, using exact survival
times. RS and RER were truncated at 5 years.
Analyses were performed separately for patients with stage I–III

disease and patients with stage IV disease. In case of missing
stage, patients were excluded from the stratified analyses.
Treatment strategy and RER were compared between neighbour-
ing countries: DK vs. SE, NO vs. SE and BE vs. NL.

Table 1. Patient and tumour characteristics according to country (2001–2010)

Characteristics Belgium (n= 3627)a Denmark (n= 2444) Netherlands (n= 6465) Norway (n= 2925) Sweden (n= 4173)

Rectal cancer

Sex

Male 1766 (48.7) 1206 (49.4) 3022 (46.7) 1427 (48.8) 2175 (52.1)

Female 1861 (51.3) 1238 (50.6) 3443 (53.3) 1498 (51.2) 1998 (47.9)

Age (years)

80–84 2213 (61.0) 1368 (56.0) 3843 (59.4) 1645 (56.2) 2421 (58.0)

85–89 1073 (29.6) 788 (32.2) 1982 (30.7) 919 (31.4) 1312 (31.4)

90–94 278 (7.7) 249 (10.2) 559 (8.6) 302 (10.3) 372 (8.9)

95–99 58 (1.6) 38 (1.6) 77 (1.2) 51 (1.7) 64 (1.5)

100+ 5 (0.1) 1 (0.04) 4 (0.1) 8 (0.3) 4 (0.1)

Stage

I 631 (17.4) 375 (15.3) 1474 (22.8) 951 (32.5) 732 (17.5)

II 858 (23.7) 550 (22.5) 1618 (25.0) 499 (17.1) 879 (21.1)

III 918 (25.3) 421 (17.2) 1331 (20.6) 539 (18.4) 887 (21.3)

IV 457 (12.6) 640 (26.2) 996 (15.4) 497 (17.0) 698 (16.7)

Unknown 763 (21.0) 458 (18.7) 1046 (16.2) 439 (15.0) 977 (23.4)

Grade

I 562 (15.5) b 310 (4.8) b 128 (3.1)

II 1780 (49.1) b 3026 (46.8) b 1005 (24.1)

III 434 (12.0) b 647 (10.0) b 159 (3.8)

Unknown 851 (23.5) b 2482 (38.4) b 2881 (69.0)

Data are presented as n(%) aOnly data of the period 2004–2010 were available bNot registered in data set
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and adjusted RER of patients with rectal cancer aged 80 years and older with stage I–III disease (2001–2010)
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STATA/SE version 12.0 was used for all analyses. A p-value < 0.05
was considered as statistically significant.

RESULTS
Patient characteristics, tumour characteristics and median follow-
up
In total 19 634 rectal cancer patients were included (Table 1). The
majority of patients were between 80 and 84 years in all countries.
In DK, 26.2% (n= 640) of the patients was diagnosed with a stage
IV disease, compared to 12.6% (n= 457) in BE, 15.4% (n= 996) in
NL, 16.7% (n= 698) in SE and 17.0% (n= 497) of the patients in
NO.
Median follow-up was 2.5 years (range: 0.0–13.5 years). Median

follow-up of patients alive at the end of follow-up was 3.3 years
(range: 0.0–13.5 years).

Stage I–III rectal cancer
Comparison of treatment and absolute survival between neighbour-
ing countries. Stage I–III patients in SE received 29.3% preopera-
tive chemoradiotherapy or preoperative radiotherapy in
comparison with 10.8% of the Danish patients and 8.2% of the
Norwegian patients (Fig. 1). More stage I–III Danish patients
underwent surgery compared to Swedish patients and Norwegian
patients (92.4% vs. 92.0% and 77.3%). Stage I–III Swedish patients
had a significant better survival than Danish and Norwegian
patients (adjusted RER 0.76, 95% CI: 0.61–0.94, P= 0.01; adjusted

RER 0.67, 95% CI: 0.56–0.81, P < 0.001).
Preoperative treatment (chemoradiotherapy or radiotherapy)

was given more often in NL compared to BE (36.4% vs. 24.7%,
Fig. 1), whereas Belgian patients received preoperative chemor-
adiotherapy more often (10.6% vs. 2.3%). In NL, 34.1% of the
patients received preoperative radiotherapy compared to 14.1% in
BE. The rate of patients undergoing surgery in NL and BE was
comparable (86.2% vs. 84.4%). Survival of Dutch patients did not
differ compared to Belgian patients (adjusted RER 1.01, 95% CI:
0.88–1.14, P= 0.92).

Relative survival. RS according to country is shown in Fig. 3a.
Five-year RS of stage I–III patients in SE was 72.3% (95% CI:
68.4–76.2), whereas 5-year RS in BE was 61.7% (95% CI: 58.0–65.4).

Stage IV rectal cancer
Comparison of treatment and absolute survival between neighbour-
ing countries. The proportion of stage IV patients in DK and SE
who received chemoradiotherapy or radiotherapy (17.5% and
18.0%, Fig. 2) was higher compared to NO (8.7%). Less Norwegian
patients received chemotherapy (2.2%) as compared to the Danish
patients (11.1%) and Swedish patients (12.4%). Less Danish
patients underwent surgery (22.2%), in comparison with 34.0%
in SE and 40.6% in NO. Stage IV patients in SE had an improved
survival compared to NO (adjusted RER 0.86, 95% CI: 0.75–0.97, P
= 0.002), whereas no survival difference was observed between SE
and DK (adjusted RER 1.03, 95% CI: 0.91–1.17, P= 0.60).
The proportions of preoperative chemoradiotherapy and radio-

therapy given to stage IV patients in BE and in NL were not
significantly different (9.4% vs. 7.5%). More often stage IV patients
in BE (17.7%) received chemotherapy, compared to 2.2% in NL
(Fig. 2). A larger proportion of the Belgian stage IV patients
underwent surgery compared to the Dutch patients (39.8% vs.
28.1%). Stage IV patients in NL had an impaired survival compared
to BE (adjusted RER 1.20, 95% CI: 1.05–1.37, P= 0.006).

Relative survival. RS according to country is shown in Fig. 3b. For
stage IV patients, 5-year RS in NL was 2.8 (95% CI: 1.2–5.6)
compared to 5.6% in BE (95% CI: 3.0–9.5).

DISCUSSION
In this study, the variety of treatment strategies and survival of
rectal cancer patients of 80 years or older was evaluated in a large
population-based cohort from five European countries. A wide
range of variation in treatment was observed, especially in the use
of preoperative radiotherapy in stage I–III patients and the rate of
undergoing surgery in stage IV patients. Furthermore, substantial
variety in 5-year RS between countries was found.

Stage I–III rectal cancer patients
It has been shown that that preoperative radiotherapy and TME
reduces the rate of local recurrence compared to TME alone, and
preoperative radiotherapy or chemoradiotherapy has played an
important role in rectal cancer treatment since.20 However,
different neoadjuvant strategies for rectal cancer care are
implemented across Europe.21 Recently, Glimelius et al.22 com-
pared local recurrence rates and survival in rectal cancer patients
between NO and SE. Entirely different neoadjuvant approaches
were observed; in SE, 49% of all rectal cancer patients received
radiotherapy (mostly short course) compared to NO where 26% of
patients received radiotherapy (mostly chemoradiotherapy).
Interestingly, similar survival and in later years similar local
recurrence rates were found in the two countries.22 In accordance
with these results, the current study of elderly rectal cancer
patients showed a large range of variation in the use of
preoperative radiotherapy and chemoradiotherapy across the five
European countries. A high proportion of the Swedish patients
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(29%) received preoperative radiotherapy compared to neigh-
bouring countries NO (8%) and DK (8%). Similar rates of Swedish
and Danish underwent surgery (both 92%), whereas this number
was lower in NO (77%). These high percentages of operated
patients in SE and DK might be a reflection of a better
performance status of these patients, but this information was
unfortunately not available. This could have contributed to the
high 5-year survival in SE. Furthermore, this high survival curve in
SE might be explained by the aggressive treatment strategy,
consisting of a high proportion of patients undergoing preopera-
tive radiotherapy and surgery.
Although it is shown that preoperative radiotherapy decreased

local recurrence rate in rectal cancer patients aged 70+ compared
to no or postoperative radiotherapy, a lower rate of the use of
radiotherapy alone or in combination with surgery is seen
compared to younger patients.23,24 A recent registry study of
patients with rectal cancer stage I–III has shown that preoperative
radiotherapy or chemoradiotherapy is associated with reduced
risk of local recurrence, and tendency of improved survival,
significant in patients >70 years.25 An explanation for the lower
use of radiotherapy might be that a higher risk of recurrence may
be deemed acceptable in elderly patients, as in this group
maintaining health and function is of great importance in order to
maintain ability of self-care.26 On the other hand, radiation
therapy alone, for instance in combination with endorectal
brachytherapy, might be an option for achieving local control,
as recently explored in the HERBERT study in elderly or inoperable
rectal cancer patients.27 A high overall response rate was
observed, however, with a high rate of severe late toxicity.
Variety was seen regarding the rate of operated patients in

stage I–III rectal cancer patients. In SE, 92% of the patients
underwent surgery, while only 77% of the patients in neighbour-
ing NO were operated. Several studies have shown that older
rectal cancer patients are less likely to undergo surgery.28 In the
Surveillance, Epidemiology, and End Results database between
1998 and 2009, approximately 80% of the rectal cancer patients
aged <80 underwent surgery, compared to 70% of the patients
between 80 and 89 years, and only 50% of the patients 90 years or
older.28 The operated patients aged 80+ had a better survival
compared to the not-operated patients, suggesting that surgery
should be considered for each patient, irrespective of age.28

Nevertheless, due to the retrospective design of this study,
selection bias is highly expected, as only a proportion of older
patients underwent surgery, which may reflect a selection of
patients who are physically more fit and have a better
performance status.
Regarding the outcomes after surgery for older rectal cancer

patients, some studies showed comparable outcomes after
surgery in rectal cancer patients aged 70+, whereas other studies
showed a higher rate of complications and worse survival.3,29

Especially for elderly, local procedures such as transanal endo-
scopic microsurgery should be considered as an option in order to
avoid major surgery.30 This surgical approach is a local excision
technique, suitable for well-selected T1 rectal cancer or patients
with T2 rectal cancer who are unsuitable for major surgery due to
comorbidity. Another suitable alternative for rectal cancer surgery
might be the “watch and wait” strategy for tumours with complete
response after radiotherapy.31–33

As in the older rectal cancer patients prognosis and treatment
decisions are greatly influenced by comorbidity and frailty, a
geriatric assessment has become an important component (in the
preoperative phase) in the treatment of older colorectal
patients.26,34 The International Society for Geriatric Oncology
recommends that a geriatric assessment should be implemented
in current guidelines in order to optimise clinical decision-making
for older rectal cancer patients, so age itself should not prevent
patients from receiving treatment recommended in guidelines for
colorectal cancer.26

Stage IV rectal cancer patients
The typical treatment backbone of stage IV rectal cancer patients
comprises chemotherapy.35 Older rectal cancer patients have
been highly underrepresented in most chemotherapy trials,
although during the latest years more data have become available
for this group of patients.26 Fit older patients seem to derive a
similar benefit of combination chemotherapy (and bevacizumab),
but data concerning improved survival and acceptable quality of
life are still lacking for this population. Also, older rectal cancer
patients are less likely to undergo radical resection compared to
younger counterparts and a bigger proportion of patients receive
palliative radiotherapy.
In the current study, stage IV patients in NO were approximately

twice as likely to undergo surgery compared to DK (40.8% vs.
22.2%), illustrating the different treatment approaches. Currently,
there is very low-quality evidence available regarding the benefit
of surgical resection of the primary tumour in stage IV colorectal
cancer. Some studies showed survival benefit in stage IV colorectal
patients in favour of the resection group compared to the non-
resection group, while other studies did not report any significant
difference in survival.36,37

Strengths and limitations
To our knowledge, an international comparison between
European countries of rectal cancer patients aged 80+ regarding
treatment and RS has not been performed before. Furthermore,
the data of five different countries and the large number of
patients from the national cohorts strengthen the results of this
study. Considering that outcomes of older rectal cancer patients
are rarely reported, outcomes of this study are valuable to
determine the most optimal treatment for this population. Our
study showed that substantial variation in treatment between
European countries exists, emphasising the need for uniform
definitions and registration of data to study outcomes of
treatment strategies.38

Although adjusting for sex, stage and age in current
analyses, residual confounding cannot be excluded. Additional
confounding factors, as comorbidity and emergency surgery,
were not available in the national data sets. As this study
contains data of several national registries, there could be
differences between these registrations such as the reliability of
the data, which may have obscured the results of the current
study. Data on chemotherapy in NO are for instance based
on the planned treatment, which might be different from the
actual received chemotherapy. Furthermore, the non-staged
patients could have influenced the results as these patients were
excluded for the stratified analyses. This group could contain
patients who are not deemed fit for surgery due to frailty
and comorbidity and as a consequence, better results
might have been observed in the current study. Finally, no data
were available about the chemotherapy regimens and number
of courses, although recently it has been shown that
chemotherapy is increasingly used in older stage IV colorectal
patients.39

CONCLUSION
In conclusion, this observational international comparison across
five countries of rectal cancer patients aged 80+ showed a wide
range of variation in treatment strategy, especially in the use of
preoperative radiotherapy in stage I–III patients and the rate of
undergoing surgery in stage IV patients. Moreover, variations in
5-year RS in stage I–III patients were observed. A clear pattern
between treatment and survival was not observed. Further
research into selection criteria for certain treatment strategies
could lead to tailored treatment for older rectal cancer patients
in order to achieve the ultimate aim of improving outcomes in
this growing group of patients.

Treatment and survival of rectal cancer patients…
YHM Claassen et al.

521



ACKNOWLEDGEMENTS
We would like to thank A.J. Breugom, M. Kiderlen, V. Valentini, V. Lemmens, P.G.
Boelens, L. Pahlman and H. Ortiz to enable this international comparison.

AUTHOR CONTRIBUTIONS
Y.H.M.C. C.J.H.V. and E.B. made substantial contributions to conception and design,
made substantial contributions to acquisition of data, made substantial contributions
to analysis and interpretation of data, participated in drafting the article of revising it
critically for important intellectual content and gave final approval of the version to
be published. N.C.A.V., L.H.I., E.E., M.G.G., P.M., A.M., A.C.C., R.J., T.V., A.W., B.M., H.L., H.J.
R., J.E.P., G.J.L. and F.A.H. made substantial contributions to acquisition of data, made
substantial contributions to analysis and interpretation of data, participated in
drafting the article of revising it critically for important intellectual content and gave
final approval of the version to be published.

ADDITIONAL INFORMATION
Competing interests: The authors declare no competing interests.

Funding: The study was initiated by European Registration of Cancer CAre
(EURECCA), which is funded by the European Society of Surgical Oncology (ESSO).

Ethics approval: The study was performed in accordance with the Declaration of
Helsinki

Note: This work is published under the standard license to publish agreement. After
12 months the work will become freely available and the license terms will switch to
a Creative Commons Attribution 4.0 International (CC BY 4.0).

Disclaimer: European Society of Surgical Oncology did not have a role in the study
design, data collection, analysis, interpretation of the data, writing of the manuscript
or the decision to publish.

REFERENCES
1. Ferlay, J. et al. Cancer incidence and mortality patterns in Europe: estimates for 40

countries in 2012. Eur. J. Cancer 49, 1374–1403 (2013).
2. Norwegian Colorectal Cancer Registry, annual report 2015. https://www.

kreftregisteret.no/globalassets/cancer-in-norway/2015/cin_2015.pdf.
3. Shahir, M. A. et al. Elderly patients with rectal cancer have a higher risk of

treatment-related complications and a poorer prognosis than younger patients: a
population-based study. Eur. J. Cancer 42, 3015–3021 (2006).

4. Heald, R. J. The ‘Holy Plane’ of rectal surgery. J. R. Soc. Med. 81, 503–508 (1988).
5. Glynne-Jones, R., Mawdsley, S. & Novell, J. R. The clinical significance of the

circumferential resection margin following preoperative pelvic chemo-
radiotherapy in rectal cancer: why we need a common language. Colorectal
Dis. 8, 800–807 (2006).

6. Bosset, J. F. et al. Enhanced tumorocidal effect of chemotherapy with pre-
operative radiotherapy for rectal cancer: preliminary results--EORTC 22921. J. Clin.
Oncol. 23, 5620–5627 (2005).

7. Sauer, R. et al. Preoperative versus postoperative chemoradiotherapy for rectal
cancer. N. Engl. J. Med. 351, 1731–1740 (2004).

8. Erlandsson, J. et al. Optimal fractionation of preoperative radiotherapy and tim-
ing to surgery for rectal cancer (Stockholm III): a multicentre, randomised, non-
blinded, phase 3, non-inferiority trial. Lancet Oncol. 18, 336–346 (2017).

9. Radu, C., Berglund, A., Pahlman, L. & Glimelius, B. Short-course preoperative
radiotherapy with delayed surgery in rectal cancer—a retrospective study.
Radiother. Oncol. 87, 343–349 (2008).

10. Pettersson, D. et al. Preoperative short-course radiotherapy with delayed surgery
in primary rectal cancer. Br. J. Surg. 99, 577–583 (2012).

11. Van Cutsem, E., Cervantes, A., Nordlinger, B. & Arnold, D. Metastatic colorectal
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann. Oncol. 25(Suppl 3), iii1–iii9 (2014).

12. Committee on Comparative Effectiveness Research Prioritization IoMINPfCERW
(National Academy of Sciences, Washington, DC, 2009).

13. Witt, C. M. et al. What can comparative effectiveness research contribute to
integrative health in international perspective? J. Altern. Complement. Med. 20,
874–880 (2014).

14. Ingeholm, P., Gogenur, I. & Iversen, L. H. Danish Colorectal Cancer Group Data-
base. Clin. Epidemiol. 8, 465–468 (2016).

15. Guren, M. G. et al. Nationwide improvement of rectal cancer treatment outcomes
in Norway, 1993-2010. Acta Oncol. 54, 1714–1722 (2015).

16. World Health Organisation. International Statistical Classification of Disease and
Related Health Problems, 2nd ed, World Health Organization, Geneva.

17. Greene, F. L. P. et al. AJCC Cancer Staging Manual 6th edn (Springer, New York,
2002).

18. Suissa, S. Relative excess risk: an alternative measure of comparative risk. Am. J.
Epidemiol. 150, 279–282 (1999).

19. Lee, W. C. Excess relative risk as an effect measure in case-control studies of rare
diseases. PLoS ONE 10, e0121141 (2014).

20. van Gijn, W. et al. Preoperative radiotherapy combined with total mesorectal
excision for resectable rectal cancer: 12-year follow-up of the multicentre, ran-
domised controlled TME trial. Lancet Oncol. 12, 575–582 (2011).

21. van den Broek, C. B. et al. Differences in pre-operative treatment for rectal cancer
between Norway, Sweden, Denmark, Belgium and the Netherlands. Eur. J. Surg.
Oncol. 40, 1789–1796 (2014).

22. Glimelius, B., Myklebust, T. A., Lundqvist, K., Wibe, A. & Guren, M. G. Two countries
—two treatment strategies for rectal cancer. Radiother. Oncol. 121, 357–363
(2016).

23. Martijn, H. & Vulto, J. C. Should radiotherapy be avoided or delivered differently
in elderly patients with rectal cancer? Eur. J. Cancer 43, 2301–2306 (2007).

24. Papamichael, D. et al. Treatment of the elderly colorectal cancer patient: SIOG
expert recommendations. Ann. Oncol. 20, 5–16 (2009).

25. Asli, L. M. et al. Preoperative chemoradiotherapy for rectal cancer and impact on
outcomes—a population-based study. Radiother. Oncol. 123, 446–453 (2017).

26. Papamichael, D. et al. Treatment of colorectal cancer in older patients: Interna-
tional Society of Geriatric Oncology (SIOG) consensus recommendations 2013.
Ann. Oncol. 26, 463–476 (2015).

27. Rijkmans, E. C. et al. Endorectal brachytherapy boost after external beam radia-
tion therapy in elderly or medically inoperable patients with rectal cancer: pri-
mary outcomes of the Phase 1 HERBERT Study. Int. J. Radiat. Oncol. Biol. Phys. 98,
908–917 (2017).

28. Bhangu, A., Kiran, R. P., Audisio, R. & Tekkis, P. Survival outcome of operated and
non-operated elderly patients with rectal cancer: A Surveillance, Epidemiology,
and End Results analysis. Eur. J. Surg. Oncol. 40, 1510–1516 (2014).

29. Jiang, D. M. et al. Clinical outcomes of elderly patients receiving neoadjuvant
chemoradiation for locally advanced rectal cancer. Ann. Oncol. 26, 2102–2106
(2015).

30. Doornebosch, P. G., Tollenaar, R. A. & De Graaf, E. J. Is the increasing role of
Transanal Endoscopic Microsurgery in curation for T1 rectal cancer justified? A
systematic review. Acta Oncol. 48, 343–353 (2009).

31. Habr-Gama, A. et al. Low rectal cancer: impact of radiation and chemotherapy on
surgical treatment. Dis. Colon Rectum 41, 1087–1096 (1998).

32. Appelt, A. L. et al. High-dose chemoradiotherapy and watchful waiting for distal
rectal cancer: a prospective observational study. Lancet Oncol. 16, 919–927 (2015).

33. Beets, G. L., Figueiredo, N. L., Habr-Gama, A. & van de Velde, C. J. A new paradigm
for rectal cancer: Organ preservation: Introducing the International Watch & Wait
Database (IWWD). Eur. J. Surg. Oncol. 41, 1562–1564 (2015).

34. Ommundsen, N. et al. Frailty is an independent predictor of survival in older
patients with colorectal cancer. Oncologist 19, 1268–1275 (2014).

35. Van Cutsem, E. et al. ESMO consensus guidelines for the management of patients
with metastatic colorectal cancer. Ann. Oncol. 27, 1386–1422 (2016).

36. Ahmed, S. et al. Survival impact of surgical resection of primary tumor in patients
with stage IV colorectal cancer: results from a large population-based cohort
study. Cancer 120, 683–691 (2014).

37. Yun, J. A. et al. The role of palliative resection for asymptomatic primary tumor in
patients with unresectable stage IV colorectal cancer. Dis. Colon Rectum 57,
1049–1058 (2014).

38. Messager, M. et al. Variations among 5 European countries for curative treatment
of resectable oesophageal and gastric cancer: a survey from the EURECCA Upper
GI Group (EUropean REgistration of Cancer CAre). Eur. J. Surg. Oncol. 42, 116–122
(2016).

39. Bradley, C. J. et al. Trends in the treatment of metastatic colon and rectal cancer
in elderly patients. Med. Care 54, 490–497 (2016).

Treatment and survival of rectal cancer patients…
YHM Claassen et al.

522

https://www.kreftregisteret.no/globalassets/cancer-in-norway/2015/cin_2015.pdf
https://www.kreftregisteret.no/globalassets/cancer-in-norway/2015/cin_2015.pdf

	Treatment and survival of rectal cancer patients over the age of 80 years: a EURECCA international comparison
	Introduction
	Materials and methods
	Data and study population
	Statistical analyses

	Results
	Patient characteristics, tumour characteristics and median follow-up
	Stage I–nobreakIII rectal cancer
	Comparison of treatment and absolute survival between neighbouring countries
	Relative survival

	Stage IV rectal cancer
	Comparison of treatment and absolute survival between neighbouring countries
	Relative survival


	Discussion
	Stage I–nobreakIII rectal cancer patients
	Stage IV rectal cancer patients
	Strengths and limitations

	Conclusion
	Acknowledgements
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS




