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                        ORIGINAL ARTICLE    

 Survival for colon and rectal cancer in Estonia: Role of staging 
and treatment      

    KAIRE     INNOS  1  ,       JAAN     SOPLEPMANN  2  ,       TIIT     SUUROJA  3  ,       PRIIT     MELNIK  3   
 &        TIIU     AARELEID  1    

  1  Department of Epidemiology and Biostatistics, National Institute for Health Development, Tallinn, Estonia,  
 2  Haematology and Oncology Clinic, Tartu University Hospital, Tartu, Estonia and   3  General Surgery Centre, 
North Estonia Medical Centre, Tallinn, Estonia                              

 Abstract 
  Background.  International comparisons have indicated low colorectal cancer (CRC) survival in Estonia, compared to other 
European countries. The objective of this paper is to analyse long-term survival as well as staging and treatment patterns 
of CRC in Estonia.  Material and methods.  The analysis included all incident cases of CRC diagnosed in Estonia in 1997 
(n  �  546), identifi ed through the Estonian Cancer Registry and followed up for 10 years after diagnosis. Staging and treat-
ment data were retrospectively collected from medical records. Relative survival rate (RSR) was used to estimate the 
outcome.  Results and conclusion.  The 5-year RSR was 51% for colon cancer and 38% for rectal cancer; the corresponding 
10-year RSR was 50% and 39%. We observed no excess mortality for early disease. For stages II and III, the survival was 
markedly higher in colon cancer (5-year RSR 79% and 66%, respectively) compared to rectal cancer (66% and 30%, 
respectively). Around 30% of cases were diagnosed with distant disease. Among radically operated colon and rectal cancer 
patients, the 10-year RSR was 90% and 70%, respectively. Most patients with available pathological information had one 
to four lymph nodes examined. Survival has notably improved for colon cancer, but not for rectal cancer in Estonia. High 
proportion of cases with distant metastasis at fi rst diagnosis along with inadequate staging and low proportion of patients 
treated with curatively intended surgery and appropriate chemotherapy and radiotherapy may have contributed to this 
outcome. Progress could be achieved by earlier diagnosis and implementing higher standards for staging and treatment. 
These conclusions are likely to be relevant also for other Eastern European countries.   

 Colorectal cancer (CRC) which affects both men 
and women is overall the most frequent malignancy 
in Europe today. In Estonia, a steady increase in 
the incidence of CRC has been observed during the 
past decades, with an age standardised (world) 
incidence rate of 25.4 per 100 000 person-years in 
2008 [1]. The incidence is slightly higher than that 
in Finland (23.8), but considerably lower than in 
the other Nordic countries. Given the modest inci-
dence of CRC in Estonia, the mortality is relatively 
high (age standardised mortality rate of 12.3 per 
100 000 vs. 8.6 in Finland in 2008) [1], and no 
clear decline in mortality can be observed as yet 
[2]. International comparisons have pointed to low 
but improving survival of patients with CRC in 
Estonia [3,4]. Rectal cancer survival has been 
shown to be considerably poorer in Estonia than 

colon cancer survival, which is not a typical fi nding 
for the rest of Europe [3]. 

 The paper aims to analyse long-term survival, 
staging and treatment patterns in colon and rectum 
cancers in Estonia, based on the one-year incidence 
cohort for the whole country. Estonia was a part of 
the Soviet Union until regaining its independence in 
1991, which was followed by transition to an open-
market economy and an insurance-based health care 
system [5]. The study is associated with the EURO-
CARE High- Resolution Study described in detail 
elsewhere [6].  

 Material and methods 

 The incident cases of CRC (ICD-10 codes C18, C19 
and C20) diagnosed in Estonia in 1997, except death 
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certifi cate only and autopsy cases (n  �  16), were 
included in the analysis. The primary data source was 
the Estonian Cancer Registry, which is population based 
and covers the whole country (territory 45 216 km 2 , 
population 1.41 million in January 1997). To analyse 
CRC management patterns in Estonia, retrospective 
data collection from patients ’  medical records was 
carried out according to the protocol of the EURO-
CARE High Resolution Study on Colon and Rec-
tum Cancer [6]. The collected data set included 
characteristics such as sex, diagnostic and staging 
procedures, morphology, disease staging (TNM) 
and modes of treatment. 

 The patients were followed through 2007 using 
data from the Estonian Population Registry. The vital 
status of the patients ’  as well as the date of death/
emigration was ascertained. Additional data retrieved 
from the Estonian Cancer Registry included date of 
birth, extent of disease, and diagnosis as reported to 
the registry. 

 For the present analyses, all cases were reviewed 
and the extent of disease was reconstructed into 
stage groups based on pathological (if available) or 
clinical TNM: stage I (T 1,2  N 0  M 0 ); stage II (T 3,4 , 
N 0  M 0 ), stage III (T any  N 1-3  M 0 , T 3,4  N x  M 0 ), stage 
IV (T any  N any  M 1 ). Stage group  “ Unknown ”  includes 
cases with no information on stage, and those with 
missing information on at least two fi elds of the TNM 
classifi cations (either M 0 , T and N missing, or T 
known, N and M missing). Surgical management was 
classifi ed according to disease stage and information 
on residual tumour mentioned in the surgery or in 
the pathology reports: 1) radical surgery (stage I – III 
operated cases with primary tumour entirely resected); 
2) palliative or incomplete surgery (stage I – III oper-
ated cases with residual tumour or stage IV operated 
cases); 3) no surgery; 4) surgical intent unknown (sur-
gery performed, but not known whether radical, 
 palliative or incomplete; unknown whether surgery 
performed or not). In addition, we formed a group of 
patients with a potentially curative resection (radically 
operated patients plus those stage I – III patients who 
had surgery that was not specifi cally mentioned as 
palliative). 

 Relative survival estimates, which may be inter-
preted as cancer-related excess mortality within a 
cancer patient population, were calculated as the 
ratio of the observed survival of the cancer patients 
and the expected survival of the underlying general 
population. The latter estimate was calculated accord-
ing to the Ederer II method [7] using national life tables 
stratifi ed by gender, and single year of age and calendar 
year, with rates smoothed using three-year moving aver-
ages over time. The International Cancer Survival 
Standard (ICSS) population 1 was used for age-
standardising overall site-specifi c survival estimates 

[8]. All calculations were carried out using the 
Stata package (StataCorp LP, Texas USA) [9]. The 
study was approved by the Tallinn Medical Ethics 
Committee.   

 Results 

 A total of 546 cases of CRC were available for the 
analysis; 88% of cases were histologically confi rmed. 
Median age at diagnosis was 68 years (range 30 to 
94 years). The characteristics of the cohort are pre-
sented in Table I. A total of 74% of CRC cases were 
left-sided, defi ned as cancers of descending colon, 
sigmoid, rectosigmoid and rectum. Right sided CRC, 
defi ned as cancer of caecum, appendix, ascending 
colon, hepatic fl exure, transverse colon and splenic 
fl exure comprised 26% of all cases. Around 30% of 
patients were diagnosed with distant metastasis, and 
7% were not staged (6% and 8% of colon and rectal 
cancer cases, respectively). 

 We explored the treatment and diagnostic pat-
terns of colon and rectal cancer patients by stage 
(Table II). Overall, radical surgery was performed in 
slightly less than half of the patients. Among radically 
operated patients, the total number of lymph nodes 
examined was not reported for about 15%, and the 

  Table I. Characteristics of the 1997 colorectal cancer cohort in 
Estonia.  

Colon Rectum

No % No %

Total 337 100.0 209 100.0
Sex

Men 130 38.6 116 55.5
Women 207 61.4 93 44.5

Age group
  �  65 122 36.2 79 37.8
65 – 74 125 37.1 76 36.4
75 � 90 26.7 54 25.8

Subsite (colon)
Cecum 36 10.7
Appendix 1 0.3
Ascending colon 47 13.9
Hepatic fl exure 19 5.6
Transverse colon 31 9.2
Splenic fl exure 7 2.1
Descending colon 24 7.1
Sigmoid colon 170 50.4
Colon, unspecifi ed 2 0.6

Subsite (rectum)
Rectosigmoid junction 23 11.0
Rectum 186 89.0

Stage group
I 36 10.7 23 11.0
II 107 31.8 56 26.8
III 62 18.4 46 22.0
IV 104 30.9 62 29.7
Unknown 28 8.3 22 10.5
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majority of those with available information had one 
to four nodes examined. Seven patients altogether 
had more than eight nodes examined. 

 Data on preoperative chemotherapy is not shown 
as only one colon cancer patient and two rectal can-
cer patients received this kind of treatment. 

 Overall, 61% of patients were treated at special-
ised cancer centres (51% of colon and 78% of rectal 
cancer patients, respectively). Among radically oper-
ated patients, 63% of colon cancer and 89% of rectal 
cancer patients were treated at cancer centres. Peri-
operative mortality, defi ned as death within 30 days 

of surgery, was overall 2.7% among radically oper-
ated patients (3.7% vs. 1.6% among colon and rectal 
cancer patients, respectively). Patients treated at can-
cer centres had notably lower perioperative mortality 
than those treated in general hospitals (1.6% vs. 
5.6%, respectively). 

 During the fi rst two years after diagnosis the 
overall survival curves were closely similar for colon 
and rectum cancers (Figure 1). Subsequently, the 
curves diverged and the survival remained markedly 
higher for colon cancer. The overall relative survival 
stabilised among colon cancer patients around three 

  Table II. Diagnostics and treatment by stage in the 1997 colorectal cancer cohort in Estonia.  

Stage group

I II III IV

No % No % No % No % No %

 Colon 
Total number of cases 337 100.0 36 100.0 107 100.0 62 100.0 104 100.0
Surgery ∗ 

Radical surgery 164 48.7 31 86.1 95 88.8 38 61.3 0 0.0
Palliative or incomplete 93 27.6 1 2.8 7 6.5 14 22.6 68 65.4
No surgery 56 16.6 1 2.8 2 1.9 7 11.3 32 30.8
Surgical intent unknown 24 7.1 3 8.3 3 2.8 3 4.8 4 3.9

Total lymph nodes examined  ¤  
1 – 4 122 74.4 18 58.1 79 83.2 25 65.8
5 – 8 13 7.9 3 9.7 4 4.2 6 15.8
9 – 11 1 0.6 0 0.0 1 1.1 0 0.0
12 � 3 1.8 0 0.0 2 2.1 1 2.6
Unknown 25 15.2 10 32.3 9 9.5 6 15.8

Chemotherapy
Yes 70 20.8 0 0.0 7 6.5 21 33.9 40 38.5
No 244 72.4 35 97.2 91 85.1 34 54.8 61 58.7
Unknown 23 6.8 1 2.8 9 8.4 7 11.3 3 2.9

 Rectum 
Total number of cases 209 100.0 23 100.0 56 100.0 46 100.0 62 100.0
Surgery ∗ 

Radical surgery 99 47.4 21 91.3 53 94.6 25 54.4 0 0.0
Palliative or incomplete 55 26.3 0 0.0 2 3.6 13 28.3 38 61.3
No surgery 51 24.4 2 8.7 1 1.8 8 17.4 23 37.1
Surgical intent unknown 4 1.9 0 0.0 0 0.0 0 0.0 1 1.6

Total lymph nodes examined  ¤  
1 – 4 70 70.7 16 76.2 39 73.6 15 60.0
5 – 8 13 13.1 2 9.5 6 11.3 5 20.0
9 – 11 1 1.0 0 0.0 0 0.0 1 4.0
12 � 2 2.0 0 0.0 0 0.0 2 8.0
Unknown 13 13.1 3 14.3 8 15.1 2 8.0

Chemotherapy
Yes 51 24.4 0 0.0 3 5.4 21 45.7 26 41.9
No 153 73.2 23 100.0 51 91.1 24 52.2 34 54.8
Unknown 5 2.4 0 0.0 2 3.6 1 2.2 2 3.2

Radiotherapy
Adjuvant 16 7.7 1 4.4 2 3.6 6 13.0 6 9.7
Neoadjuvant 20 9.6 7 30.4 5 8.9 6 13.0 2 3.2
No 172 82.3 15 65.2 48 85.7 34 73.9 54 87.1
Unknown 1 0.5 0 0.0 1 1.8 0 0.0 0 0.0

    ∗ Defi nitions: Radical surgery  �  stage I – III operated cases with primary tumour entirely resected; Palliative or incomplete surgery  �  stage 
I – III operated cases with primary tumour not entirely resected or stage IV operated cases; Surgical intent unknown  �  surgery performed, 
not known if radical, incomplete or palliative, or unknown if surgery performed or not (1 case)   .
   ¤  Among radically operated cases   .
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to four years after diagnosis compared to around six 
to seven years among rectal cancer patients. The 
5-year relative survival was 51% for colon and 38% 
for rectal cancer; the corresponding 10-year relative 
survival rates were 50% and 39% (Table III). While 
no gender differences were apparent in colon cancer 
survival, women had lower survival for rectal cancer 
up to 10 years after diagnosis. Both colon and rectal 
cancer patients with stage I disease did not experi-
ence any excess mortality compared to the general 
population. The 5- and 10-year survival for stages 
II and III was markedly higher in colon cancer com-
pared to rectal cancer. To analyse the effect of 
including/excluding N x  cases (n  �  28) with stage III 
category, we calculated survival rates separately for 
patients with pathologically determined regional 
metastases (T any  N 1-3  M 0 ). In colon cancer, this 
group (n  �  45) showed excellent prognosis, with the 
1-year, 5-year and 10-year survival of 88%, 81% and 
77%, respectively; in rectal cancer (n  �  35), the cor-
responding survival rates were 100%, 37% and 35%, 
respectively. Overall, radically operated colon cancer 
patients had a 90% survival up to 10 years after diag-
nosis; among radically operated rectal cancer patients, 
the respective estimate was around 70%. The 5-year 
relative survival among all patients who had a poten-
tially curative resection (radically operated patients 
plus those stage I – III patients who had surgery that 
was not specifi cally mentioned as palliative) was 87% 
for colon cancer (176 patients) and 68% for rectal 
cancer (105 patients). Among patients treated at can-
cer centres and general hospitals, the overall 5-year 
relative survival was 61% and 40% for colon cancer, 
and 43% and 21% for rectal cancer, respectively.   

 Discussion 

 In our nationwide 1-year incidence cohort, the major-
ity of deaths occurred during the fi rst years after diag-
nosis and there was practically no difference between 

the 5- and 10-year relative survival rates. This fi nding 
supports the notion that the excess risk of death, 
mainly related to advanced disease, applies soon after 
diagnosis and patients surviving fi ve years after 
diagnosis do not experience any excess mortality 
[10]. In cases with early disease, the relative survival 
even exceeded 100% during long-term follow-up, 
which is a well known phenomenon also described 
elsewhere [11]. 

 The study had several limitations. First, the sur-
vival estimates are based on one year incidence in 
Estonia and the relatively small number of cases 
caused fl uctuations in survival estimates, particularly 
in stage-specifi c analyses. Also, the small number of 
cases did not allow for a more thorough analysis of 
survival differences by stage and treatment as well 
as the multivariate modelling of the effect of differ-
ent factors on survival. Due to incomplete staging 
information we had to make several assumptions 
when classifying cases. Cases with tumour stage T 3,4  
that were determined to have no distant metastasis, 
but without nodal information, were classifi ed as 
stage III in this analysis. It is possible that some of 
these cases did not have lymph node metastasis and 
should have been classifi ed as stage II; this may have 
caused some overestimation of both stage II and 
stage III survival. Our fi nding of the 5-year survival 
of 81% among stage III pathologically confi rmed 
node-positive patients suggests, however, that this is 
a highly selected group with well treatable disease, 
and not likely to refl ect the prognosis of all stage III 
patients. Some studies [12] have assumed N 0  status 
in cases with no pathological information on lymph 
nodes. In the Estonian setting, however, this would 
clearly not be appropriate. At the same time, given 
the small number of lymph nodes examined in most 
patients, some misclassifi cation of true node-positive 
disease to node-negative disease is also possible. 

 Survival in rectal cancer has been considerably 
lower than survival in colon cancer in Estonia, 

  

Figure 1.     Relative survival of patients with colon and rectal cancer diagnosed in Estonia in 1997.  
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whereas particularly low survival in rectal cancer in 
Estonia has been observed for women. These are not 
typical fi ndings for the rest of Europe [3,13]. When 
comparing survival rates calculated for the patients 
diagnosed in 1997 and the results reported by the 
EUROCARE-3 Study (1990 – 1994; relative survival 
for colon cancer 38% and 37% among men and 
women, respectively; for rectal cancer 33% and 28% 
among men and women, respectively) [3], a marked 
improvement in Estonia can be seen for colon can-
cer, while improvement remained only modest for 
rectal cancer. Estonian data were not included in the 
EUROCARE-4 Study [13], but for colon cancer, the 
5-year relative survival of patients diagnosed in 1997 
(51%) has nearly approached the European estimate 
presented for the diagnostic period 1995 � 1999 
(55%); for rectal cancer the 5-year survival in Esto-
nia remained notably below the European rate (38% 
vs. 53%) and was similar to that in Poland (39%) 
and Czech Republic (40%) [13]. In contrast to East-
ern Europe, a marked improvement was seen in ini-
tially low survival for rectal cancer in the UK 
(England, Scotland, Wales) from EUROCARE-3 to 
EUROCARE-4 [3,13]. 

 International comparisons of stage-specifi c sur-
vival in CRC are quite complicated as routinely col-
lected staging information and classifi cation principles 
vary by cancer registries [14]. In the present study, 
we have used the so-called  “ high-resolution ”  approach, 
which needed extra efforts for obtaining TNM stag-
ing details from the original clinical records. 

 About one third of CRC patients in Estonia were 
diagnosed with stage IV disease, which showed poor 

survival. According to the results of the EUROCARE 
High Resolution Study, the percentage of CRC cases 
diagnosed with distant metastases or unresected 
cases with stage not available varied from 25% to 
37% in Europe in 1996 � 1998, and were the highest 
in Eastern Europe (Poland, Slovakia, Estonia) and 
Spain [6]. A high proportion of patients presenting 
with advanced disease corresponded to low overall 
survival in these countries [3,13]. 

 Both in colon cancer and rectal cancer, early 
detection greatly improved the chance for favourable 
outcome. Survival of the patients diagnosed with 
stage I disease was excellent, and also for stage II, 
the 5-year survival exceeded 80% in colon cancer 
and approached 70% in rectal cancer; our results are 
very similar to those presented by the Finnish Cancer 
Registry for the period 1985 – 1994 [15]. While the 
survival of stage III colon cancer patients was well 
comparable to that seen in Finland, the survival esti-
mate of stage III rectal cancer patients in Estonia 
(30%) appeared to be signifi cantly lower than that in 
Finland [15]. In a study comparing rectal cancer 
5-year relative survival in the Nordic countries and 
Scotland, the country-specifi c age-standardised esti-
mates for stage III ranged from 41% to 67% among 
men and 43% to 60% among women [16]. 

 Information about lymph node status is shown to 
be highly important for accurate staging and subse-
quent treatment choice [17]. Recent studies have 
demonstrated a positive correlation between the sur-
vival of CRC patients and the number of morpho-
logically studied lymph nodes, although the mechanisms 
underlying this association are unknown [18]. In our 

  Table III. Relative survival in the 1997 colorectal cancer cohort in Estonia.  

Colon Rectum

1-year 5-year 10-year 1-year 5-year 10-year

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Crude 63 58 – 68 51 44 – 58 50 42 – 58 66 59 – 73 38 30 – 46 38 29 – 49
Age-standardised ∗ 63 49 – 74 51 35 – 65 52 33 – 72 66 48 – 78 37 21 – 55 39 19 – 65
Sex

Male 69 60 – 77 50 39 – 61 53 39 – 68 72 62 – 80 41 30 – 53 43 30 – 58
Female 60 52 – 66 51 43 – 59 47 38 – 57 59 48 – 69 34 23 – 46 33 21 – 47

Stage
I 93 77 – 100 103 80 – 117 115 82 – 141 101 77 – 105 100 71 – 116 104 66 – 133
II 93 86 – 98 79 67 – 89 77 62 – 92 90 77 – 97 66 48 – 82 70 47 – 93
III 81 68 – 90 66 49 – 80 61 42 – 80 82 67 – 92 30 16 – 46 27 12 – 45
IV 19 12 – 27 2 0 – 7 0 32 21 – 44 4 1 – 13 2 0 – 11
Unknown 31 15 – 50 26 9 – 48 16 3 – 42 33 14 – 54 14 2 – 37 18 3 – 48

Surgery  ¤  
Radical 95 89 – 99 90 81 – 98 90 78 – 102 97 90 – 101 71 58 – 82 73 56 – 90
Not radical 38 29 – 47 16 9 – 24 12 6 – 22 53 39 – 66 11 4 – 21 7 2 – 18
No surgery 21 11 – 33 6 1 – 19 0 20 10 – 33 3 0 – 15 5 0 – 22

    ∗ ICSS standard population 1   .
   ¤  Defi nitions: Radical surgery  �  stage I – III operated cases with primary tumour entirely resected; Not radical surgery  �  all other operated 
cases (palliative, incomplete or unknown intent, including 1 case with unknown surgical status)   .



526  K. Innos et al.  

improvements achieved in Sweden and Scotland 
provide strong support for treatment centralisation 
[16,21]. While there are two specialised cancer cen-
tres in Estonia, the patients in this cohort were treated 
at a variety of hospitals across the country. Both for 
colon and rectal cancers, the overall 5-year relative 
survival was signifi cantly higher for patients treated 
at cancer centres than at general hospitals. The small 
number of cases did not allow us to assess the effects 
of the type of treating hospital on survival, account-
ing for disease stage and patient characteristics. 
However, it is probably safe to assume that the expe-
rience of surgeons performing radical excision is 
 limited at hospitals that perform only a few opera-
tions annually. Also, perioperative mortality among 
radically operated patients was many times higher in 
general hospitals compared to specialised cancer 
centres, which, in part, may refl ect higher proportion 
of emergency surgeries. 

 In conclusion, our population-based survival 
analysis in the 1997 CRC incidence cohort demon-
strated that, compared to earlier estimates, the out-
come has notably improved for colon cancer, but not 
for rectal cancer in Estonia. High survival was 
observed for patients diagnosed with localised dis-
ease, and also among patients with pathologically 
diagnosed node positive disease (especially colon 
cancer), suggesting that these patient groups have 
generally received adequate treatment. Prognosis 
remained poor for advanced cases and for insuffi -
ciently staged cases. Limited access to modern diag-
nostic and treatment methods yet in the late 1990s, 
but also low quality of pathological examination 
along with high proportion of patients with distant 
metastasis at diagnosis may be responsible for slow 
progress, particularly in rectal cancer. Up-to-date 
population-based analyses of patient survival and 
clinical characteristics are needed to see whether the 
application of new diagnostic and treatment stan-
dards as well as improved diagnostic and therapeutic 
modalities have contributed to better prognosis of 
CRC patients in Estonia. 

 Further increases in survival, but also declines in 
mortality of CRC in Estonia could be achieved by 
earlier diagnosis, improved quality of staging as well 
as increasing the proportion of patients treated with 
curatively intended surgery and appropriate radio-
therapy and chemotherapy. These conclusions can be 
important also for other Eastern European countries, 
which are similar to Estonia in terms of their health 
care transition.   
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cohort, the median number of examined nodes was 
very small and only for 2% of radically operated 
patients, 12 or more nodes were studied, suggesting 
inadequate thoroughness of pathological staging. 
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Oncology, the average number of morphologically 
examined lymph nodes among radically operated 
patients was 11 in 2009, and 12 or more nodes were 
examined in 43% of the patients. 

 The fi rst national guidelines for diagnosing and 
treating malignant tumours were agreed upon in 
Estonia in 1997 and gradually introduced into prac-
tice thereafter. The recommended treatment for 
colon cancer includes radical surgery for stages I and 
II, and radical surgery with adjuvant chemotherapy 
for stage III. For rectal cancer, the recommended 
treatment includes radical surgery for stage I patients, 
while neoadjuvant radiation and chemotherapy prior 
to radical surgery and subsequent adjuvant chemo-
therapy are recommended for stages II and III. The 
proportion of surgically resected patients has been 
shown to be positively correlated with 5-year survival 
[14]. Our data on colon cancer are in accordance with 
these fi ndings as all patient groups with high propor-
tion of radical surgery had good survival, even node-
positive patients. The 5-year survival of 81% among 
pathologically confi rmed node-positive stage III colon 
cancer patients in our cohort, along with the 90% 
survival of all radically operated colon cancer patients, 
is a clear indication of effective colon cancer surgery. 

 In contrast, in rectal cancer, the survival for stage III 
patients was poor, which may be related to surgical 
techniques used at that time (the concept of total 
mesorectal excision was not applied in Estonia in 
1997) as well as inadequate use of neoadjuvant and 
adjuvant therapies. The low survival for stage III rectal 
cancer could be a contributor to markedly divergent 
overall relative survival curves seen in our study for 
rectal cancer and colon cancer. It has been suggested 
that the recent favourable trends in rectal cancer sur-
vival seen in many countries refl ect improvements in 
surgical techniques and the widespread use of preop-
erative radiation [21,22]. There is strong evidence that 
preoperative radiotherapy reduces rectal cancer local 
failure rates and increases survival [23]. 

 The use of advanced surgical procedures requires 
specialist skills and experience that is facilitated 
by the concentration of rectal cancer surgery to 
fewer surgeons in cancer centres [21,22,24].  Survival 
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