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A B S T R A C T   

Background: Accurately recorded vital status of individuals is essential when estimating cancer patient survival. 
When deaths are ascertained by linkage with vital statistics registers, some may be missed, and such individuals 
will wrongly appear to be long-term survivors, and survival will be overestimated. Interval-specific relative 
survival that levels off above one indicates that the survival among the cancer patients is better than expected, 
which could be due to the presence of immortals. 
Methods: We included colon cancer cases diagnosed in 1995–1999 within the 19 jurisdictions in seven countries 
participating in ICBP SURVMARK-2, with follow-up information available until end-2015. Interval-specific 
relative survival was estimated for each year following diagnosis, by country and age group at diagnosis. 
Results: The interval-specific relative survival levels off at 1 for all countries and age groups, with two exceptions: 
for the age group diagnosed at age 75 years and above in Ireland, and, to a lesser extent, in New Zealand. 
Conclusion: Overall, a subset of immortals are not apparent in the early years within the ICBP SURVMARK-2 
study, except for possibly in Ireland. We suggest this approach as one strategy of exploring the existence of 
immortals, and to be part of routine checks of cancer registry data.   

1. Introduction 

When estimating cancer patient survival based on cancer registry 
data, it is essential that vital status of the cancer patients is accurately 

recorded. In the absence of active follow-up of patients, information on 
vital status is usually obtained by linking the cancer register to death 
registers from vital statistics offices, and all cases without a match are 
assumed to be still alive. If some deaths are missed by this process, some 
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individuals will appear to be long-term survivors so-called “immortals”. 
This will lead to survival being overestimated. Unsuccessful linkage to 
death registers (failure of matching) can occur in the absence of a unique 
personal ID, or if the individual died outside of the catchment area and 
therefore is not recorded in the death register, for example due to 
emigration. In countries with regional cancer registries for different 
provinces or states, e.g. Canada, movement out of the province/state 
could also lead to unability to find a death date for an individual if there 
is no formal record of emigration from a state and linkage to national 
vital statistics is not possible. 

It is difficult to know the size of the problem with “immortals” in 
cancer registries, but there are a number of approaches in which the 
issue can be further explored. One means is to perform active follow-up 
tracing a random sample of individuals who are assumed to be alive and 
check if this actually is the case, although this can be a costly and time- 
consuming task. Another option is to assess if the survival of long-term 
survivors is the same as that of the general population. “Statistical” cure 
has been reported for certain cancer sites such as colon cancer, where 
patients still alive 7–8 years after diagnosis experience little or no excess 
mortality relative to the general population [1,2]. The interval-specific, 
or conditional relative survival, for these cancer patients should there-
fore level off at 1. If the interval-specific relative survival is greater than 
unity it indicates that the survival among the cancer patients is better 
than expected, which could be due to the inclusion of a subset of im-
mortals, as described earlier. 

In this study we estimate the interval-specific relative survival for 
colon cancer within the jurisdictions and countries that are part of the 
ICBP SURVMARK-2 study [3–7], to investigate whether there is reason 
to suspect that a subset of immortals exists in the contributing registry 
datasets. 

2. Materials and methods 

We included all cases of colon cancer diagnosed in the years 
1995–1999 within the 19 jurisdictions in seven countries participating 
in ICBP SURVMARK-27, with follow-up information on death until 31 
Dec 2015. The participating countries are: Australia (New South Wales, 
Victoria, and Western Australia), Canada (Alberta, British Columbia, 
Manitoba, New Brunswick, Nova Scotia, Ontario, Prince Edward Island, 
and Saskatchewan), Denmark, Ireland, New Zealand, Norway, and the 
United Kingdom (England, Northern Ireland, Scotland, and Wales). The 
reason for not including diagnoses from more recent calendar years was 
to ensure that all cases had a potential follow-up of at least 15 years. 
Interval-specific relative survival was estimated for each year following 
diagnosis, separately for each country and by age group at diagnosis 
(15–44 years, 45–54, 55–64, 65–74, 75–99). Individuals younger than 
15 or older than 99 years at diagnosis were excluded from the analysis. 
All analyses were performed using the statistical software Stata and 
interval-specific relative survival estimates were obtained using the 
command strs [8]. 

3. Results 

Fig. 1a–g shows the interval-specific relative survival by years since 
diagnosis for each country and age group. The equivalent interval- 
specific survival together with 95% confidence intervals, for year 1, 5, 
10 and 15 after diagnosis, as well as the number of individuals still at 
risk at the start of each interval (year), is presented in Table 1. For the 
first year, the interval-specific relative survival is the same as the 1-year 
relative survival, and differs across both age groups and countries. 
However, over time the differences diminish, and the interval-specific 
relative survival levels off at 1 for most countries and age groups. For 
Ireland the age group 75 + levels off above 1, indicating that this group 
has a higher survival than the general population, and this is statistically 
significant (Table 1). This can also be seen for New Zealand, although to 
a lesser extent. For Canada and Denmark, the interval-specific relative 

survival for the age group 75 + is above 1 for the last few years, but only 
for Canada is this statistically significant by year 15. 

4. Discussion 

In this study, we have presented an approach to explore the presence 
of immortals in cancer registry data. As a word of caution, the method 
can only suggest the existence of “immortals”, and cannot provide a 
quantitative estimate of the extent of the problem. Registries can how-
ever use this as one of the initial checks and investigate further if a 
potential problem was detected. On the basis of the datasets within the 
ICBP SURVMARK-2 study, we can conclude that there is little evidence 
of the existence of a subset of immortals in the vast majority of 
contributing registry datasets, although the oldest age group warrants 
further assessment in certain countries, notably in Ireland. There were 
indications of a problem in Canada in the last few years, which could 
partly be due to changes in legislation which has led to difficulty in 
linking to the national vital statistics. The problem with “immortals” 
could therefore be larger in Canada in later years, which is not observed 
in this study since we only included cases diagnosed in 1995–1999. 

The impact of immortals will differ across age groups, and thus we 
chose to estimate the interval-specific survival by age. At younger ages, 
the number of expected deaths are few, and the impact of failing to 
ascertain all deaths is likely to be small. The interest is predominantly in 
assessing older age groups, but due to a high mortality, there could be 
few individuals left for long-term follow-up. This approach is feasible in 
cancer registries with large population, however, it is more challenging 
in cancer registries with small catchment populations when there are 
few observations with long-term follow-up. In these circumstances, one 
option would be to pool cancer sites for which there is evidence of sta-
tistical cure as a means to better understand potential problems with 
linking information on deaths. Cancer sites for which statistical cure has 
previously been assumed are for instance rectal cancer [9] and mela-
noma [10]. Even though statistical cure is not reasonable for all cancer 
sites, it is not necessary to apply this approach to more sites as long as 
the procedure for ascertaining and linking deaths can be assumed the 
same across cancer sites within a cancer registry. 

There may be other explanations as to why interval-specific relative 
survival values are consistently above unity, for instance as a result of 
healthy survivor bias, e.g. those that survive cancer are healthier than 
the general population. Another is the use of a population mortality file 
that does not correctly reflect the background mortality in the popula-
tion of cancer patients. For older ages the population mortality files are 
sometimes smoothed and extrapolated, which could lead to less reliable 
estimates on the oldest age group. It is also worth noting that interval- 
specific relative survival estimates of one or below one do not neces-
sarily demonstrate an absence of immortals. Even so, this approach do 
offer an option to registries seeking to detect whether such biases exist in 
the underlying dataset, and should be done routinely in efforts to 
develop comparable estimates of population-based cancer survival. 
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Fig. 1. a-g. Interval-specific relative survival over years since diagnosis and by age groups for colon cancer patients diagnosed 1995–1999 in a) Australia, b) Canada, 
c) Denmark, d) Ireland, e) New Zealand f) Norway and g) United Kingdom. (Australia includes New South Wales, Victoria, and Western Australia; Canada includes 
Alberta, British Columbia, Manitoba, New Brunswick, Nova Scotia, Ontario, Prince Edward Island, and Saskatchewan; and the United Kingdom includes England, 
Northern Ireland, Scotland, and Wales). 
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Table 1 
Interval-specific relative survival (IRS) with 95% confidence intervals (CI) at 1, 5, 10 and 15 years after diagnosis by age group and country* for colon cancer patients 
diagnosed in 1995–1999. The interval-specific relative survival is estimated in yearly intervals, and the number of individuals included in each interval (i.e., still at risk 
at start, after 4 years, after 9 years and after 14 years) are included in the table (N).  

Country Age group 1-year 5-year 10-year 15-year 

N IRS (CI) N IRS (CI) N IRS (CI) N IRS (CI) 

Australia < 45 1113 0.88 
(0.86;0.90) 

796 0.97 
(0.95;0.98) 

732 0.99 
(0.98;1.00) 

702 1.00 
(0.99;1.00)  

45–54 2439 0.84 
(0.82;0.85) 

1539 0.97 
(0.96;0.98) 

1365 0.99 
(0.98;1.00) 

1299 1.00 
(1.00;1.01)  

55–64 5331 0.82 
(0.81;0.83) 

3291 0.97 
(0.96;0.97) 

2775 1.00 
(0.99;1.00) 

2447 1.00 
(0.99;1.01)  

65–74 9027 0.80 
(0.79;0.81) 

5138 0.97 
(0.96;0.97) 

3859 0.99 
(0.98;1.00) 

2816 0.99 
(0.98;1.00)  

75 + 9655 0.71 
(0.70;0.72) 

3905 0.96 
(0.95;0.97) 

2025 0.98 
(0.96;1.00) 

904 0.98 
(0.94;1.01) 

Canada < 45 1462 0.82 
(0.80;0.84) 

894 0.97 
(0.95;0.98) 

803 0.99 
(0.98;1.00) 

777 0.99 
(0.98;1.00)  

45–54 3610 0.83 
(0.82;0.84) 

2237 0.96 
(0.95;0.97) 

1940 0.99 
(0.98;0.99) 

1819 0.99 
(0.99;1.00)  

55–64 7706 0.81 
(0.81;0.82) 

4556 0.96 
(0.95;0.97) 

3772 0.99 
(0.99;1.00) 

3311 1.00 
(0.99;1.00)  

65–74 13,566 0.79 
(0.78;0.79) 

7399 0.96 
(0.96;0.97) 

5437 0.99 
(0.98;1.00) 

4016 1.00 
(0.99;1.01)  

75 + 17,022 0.71 
(0.70;0.71) 

6884 0.98 
(0.97;0.99) 

3743 1.00 
(0.99;1.01) 

1765 1.05 
(1.03;1.07) 

Denmark < 45 254 0.84 
(0.78;0.88) 

150 0.97 
(0.92;0.99) 

134 0.98 
(0.94;1.00) 

126 0.98 
(0.93;1.00)  

45–54 844 0.76 
(0.73;0.79) 

436 0.94 
(0.92;0.96) 

361 0.99 
(0.97;1.00) 

333 0.98 
(0.96;1.00)  

55–64 1839 0.75 
(0.73;0.77) 

908 0.95 
(0.93;0.97) 

720 0.99 
(0.97;1.00) 

610 1.00 
(0.99;1.01)  

65–74 3291 0.71 
(0.69;0.73) 

1475 0.95 
(0.93;0.96) 

1008 0.99 
(0.97;1.01) 

686 0.99 
(0.97;1.01)  

75 + 4804 0.63 
(0.61;0.64) 

1482 0.97 
(0.95;0.99) 

687 0.99 
(0.95;1.02) 

266 1.04 
(0.97;1.09) 

Ireland < 45 229 0.82 
(0.77;0.87) 

129 0.93 
(0.87;0.96) 

107 0.99 
(0.94;1.00) 

103 0.96 
(0.90;0.99)  

45–54 511 0.80 
(0.76;0.83) 

283 0.96 
(0.93;0.98) 

249 1.00 
(0.98;1.01) 

236 1.01 
(0.98;1.01)  

55–64 1169 0.78 
(0.75;0.80) 

627 0.95 
(0.92;0.96) 

510 1.00 
(0.98;1.01) 

439 1.01 
(0.99;1.02)  

65–74 1965 0.72 
(0.69;0.74) 

899 0.97 
(0.95;0.99) 

641 0.99 
(0.96;1.00) 

466 1.02 
(0.99;1.04)  

75 + 2170 0.59 
(0.57;0.61) 

646 0.98 
(0.94;1.00) 

355 1.03 
(0.98;1.06) 

170 1.10 
(1.03;1.16) 

New Zealand < 45 275 0.82 
(0.77;0.86) 

177 0.99 
(0.96;1.00) 

165 0.99 
(0.95;1.00) 

160 1.00 
(1.00;1.00)  

45–54 763 0.79 
(0.75;0.81) 

454 0.96 
(0.94;0.98) 

389 1.00 
(0.99;1.01) 

376 1.00 
(0.98;1.00)  

55–64 1928 0.79 
(0.77;0.81) 

1132 0.97 
(0.95;0.98) 

955 0.99 
(0.98;1.00) 

844 0.99 
(0.98;1.00)  

65–74 3050 0.77 
(0.76;0.79) 

1658 0.98 
(0.96;0.99) 

1275 0.99 
(0.98;1.00) 

925 1.01 
(0.99;1.02)  

75 + 3111 0.71 
(0.70;0.73) 

1314 0.97 
(0.95;0.99) 

677 1.00 
(0.97;1.03) 

322 1.06 
(1.01;1.10) 

Norway < 45 248 0.80 
(0.75;0.85) 

145 0.97 
(0.92;0.99) 

129 0.99 
(0.94;1.00) 

120 0.99 
(0.94;1.00)  

45–54 675 0.81 
(0.77;0.83) 

374 0.96 
(0.93;0.97) 

323 0.98 
(0.96;1.00) 

296 0.98 
(0.95;0.99)  

55–64 1450 0.82 
(0.80;0.84) 

886 0.96 
(0.94;0.97) 

735 0.99 
(0.98;1.00) 

644 1.00 
(0.98;1.02)  

65–74 2972 0.77 
(0.76;0.79) 

1568 0.96 
(0.95;0.98) 

1110 0.99 
(0.98;1.01) 

806 1.00 
(0.97;1.01)  

75 + 4631 0.68 
(0.67;0.70) 

1675 0.97 
(0.95;0.99) 

801 1.01 
(0.97;1.03) 

300 0.99 
(0.93;1.05) 

United Kingdom < 45 3171 0.82 
(0.81;0.84) 

2043 0.97 
(0.96;0.98) 

1861 0.99 
(0.99;1.00) 

1800 1.00 
(0.99;1.00)  

45–54 7815 0.77 
(0.76;0.78) 

4115 0.96 
(0.95;0.96) 

3459 0.99 
(0.98;0.99) 

3194 0.99 
(0.99;1.00)  

55–64 18,966 0.75 
(0.74;0.75) 

9668 0.95 
(0.94;0.95) 

7648 0.99 
(0.99;1.00) 

6666 1.00 
(0.99;1.00)  

65–74 36,862 0.69 
(0.68;0.69) 

16,052 0.96 
(0.95;0.96) 

11,348 0.99 
(0.99;1.00) 

7961 0.99 
(0.99;1.00)  

75 + 51,940 0.54 
(0.53;0.54) 

14,206 0.96 
(0.96;0.97) 

6849 0.98 
(0.97;0.99) 

2883 0.99 
(0.97;1.00)  

* Australia includes New South Wales, Victoria, and Western Australia; Canada includes Alberta, British Columbia, Manitoba, New Brunswick, Nova Scotia, Ontario, 
Prince Edward Island, and Saskatchewan; and the United Kingdom includes England, Northern Ireland, Scotland, and Wales 
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