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Overview of today’s talk

Please interrupt!

About me and my department.

Measures used in cancer control; why study patient survival?

Intro to net/relative survival and why it is the measure of choice
for estimating patient survival using registry data.

‘Real-world’ alternatives to net survival; crude survival.

Loss in expectation of life (time permitting).

Slides at: https://pauldickman.com/talk/

cancer-survival-methods-kcl-2021/
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About me

Born in Sydney Australia;
studied mathematics and statistics in Newcastle (Australia).

Worked in health services research;
dabbled in industrial process control and quality improvement.

Arrived in Sweden November 1993 for a 10 month visit to cancer
epidemiology unit at KI. Stayed in Sweden for most of my PhD.

Short Postdoc periods at Finnish Cancer Registry
and Karolinska Institutet (cancer epidemiology).

Joined current department in March 1999, attracted by the
strong research environment and possibilities in register-based
epidemiology.
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My research interests

Development and application of methods for population-based
cancer survival analysis, particularly the estimation and modeling
of net survival.

General interest in statistical aspects of the design, analysis, and
reporting of epidemiological studies.

Epidemiology, with particular focus on cancer epidemiology and
perinatal/reproductive epidemiology.

Lots of administrative work.
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I found paradise! [1]

588

county councils distributed largely by a per-caput
formula. With their ability to levy taxes, county councils
are stronger and more independent than local health
authorities in Britain; but the balance of power is

changing and the national government has been ever

more successful in forcing compliance with defined

budget limits.

The squeeze
Until the beginning of the 1980s Sweden, like most
industrialised countries, found itself allocating a steadily
increasing proportion of its gross domestic product to
health services. The peak year was 1982, at 9-7%. Since
then there has been a steady decrease (figure) and the
proportion now stands at about 7-5%. About 1-5% of this
is explained by a switch of non-medically-defined long-
term care, and some psychiatric care, from county
councils to municipalities. There is no doubt, however,
that among OECD countries Sweden has one of the most

vigorous cost-containment programmes. Since 1982 we
have seen successive waves of interventions at hospital and
clinic level. At first we had general savings campaigns,
wage freezes, and cuts in budgets for equipment and
buildings. These were followed by efforts to monitor and
steer clinical activities and to rationalise services by
structural changes and mergers between units at county-
council level; measures of this latter sort are likely to
dominate in the next few years.

Local solutions

An important structural change, and one that generated
some consternation in a country where the watchwords
had been planning and administrative control, was the
separation of health services into providers and

purchasers. A few county councils began doing this in
1990 and about half the county councils operate a split of
some sort. As you might expect in Sweden, with its
fondness for decentralisation, county councils go their
own way in operating the internal market. Thus we have
the Dala model, the Stockholm model, the Bohus model,
and so on. These new structures seem to increase

productivity, at least in the short term. For medical

practitioners, an important new dimension will be the
advent of active management techniques-inseparable
from the internal market. We may well see a gradual shift
of power from clinicians (who now have much more

clinical autonomy than their opposite numbers in, say, the
USA) to managers.

Private practice? Traditionally, these services have been
integrated with the public system, and practitioners have
charged according to a fee schedule that is technically
attached to national health insurance. Thus, to limit

public costs, entry into private practice has lately been
tightly controlled. What happens next depends very much
on the fate of the public system. With the economy
faltering and public spending under renewed pressure, we
can expect a further decline in the proportion of GDP
that goes to health care. Although public perceptions of
the services remain favourable, further reductions may
well provoke a flight into the private sector-a sensitive
issue for a nation that has by no means lost its taste for
equity. Such a development is very much a function of
how much public money is spent on health services and
how well medical quality is maintained. So far there are
no objective signs of a decline in quality as a result of the
reforms of the 1990s. We are watching carefully.

A paradise for epidemiologists?
Hans-Olov Adami

For three reasons-the structure of its health system, the
existence of nationwide registers, and the systematic use
of national registration numbers-Sweden offers

exceptional opportunities for epidemiological research.
The public medical service is divided into 27 financially

and administratively independent areas (25 counties and
2 cities), each of which provides basic health care at local
and county hospitals. A regional hospital in each of the six
health-care regions provides highly specialised services to
several areas. Charges are kept low enough to ensure that
all citizens have equal access to public health care. Only in
rare emergencies does a patient contact a hospital outside
his or her county of residence; and, since there is almost
no private inpatient treatment, hospital-provided medical
services are population-based and referable to the county
in which the patient resides.
What of the registers? Two national agencies, Statistics

Sweden and the National Board of Health and Welfare,
are responsible for the databases upon which much

epidemiological research depends. Two of the

cornerstones, the Death Register and the Cancer Register,
established in the 1950s and virtually complete, are the
source of annual publications on mortality and cancer
incidence statistics. A computerised register covering all
somatic inpatient care, the Inpatient Register, started in
one of the health regions 30 years ago. Besides

demographic data it includes ICD 7 and 8 codes for

discharge diagnoses and surgical procedures. The system
gradually expanded and became nationwide from the
mid-1980s. From 1984 onwards updating was delayed,
mainly because of a legal uncertainty, but the National
Board of Health and Welfare is catching up quickly. Other
nationwide databases are listed in the panel.
The ten-digit national registration numbers (NRNs),

which include date of birth, a three-digit serial number,
and a check digit, have been used systematically in both
the public and the private sectors since 1947. The NRN
allows linkage of registers whereby information on one
individual can be compiled from several sources.

The Lancet 1996;2:588

I would add ‘willingness of the public to contribute to research’
and ‘outstanding clinical researchers’.
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About Karolinska Institutet and MEB

Karolinska Institutet is a medical university in Stockholm;

6500 undergraduate students;
2000 doctoral students;
5000 FTE staff;
45th overall (1st in Sweden) in Shanghai rankings.

Department of Medical Epidemiology and Biostatistics (MEB)
one of 22 departments; 300 staff (including doctoral students).

Established in 1997 when Department of Cancer Epidemiology
moved from Uppsala University.

Focus on register-based epidemiology; especially strong in cancer
epidemiology, psychiatric epidemiology, and biostatistics.
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My focus is population-based

cancer patient survival

The term ‘population-based’ refers to the fact that we are
estimating survival for all patients in a geographically-defined
population (i.e., from a population-based cancer registry) rather
than, for example, patients enrolled in a clinical trial.

Population-based studies of patient survival provide a measure of
the effectiveness of the health care system in diagnosing and
treating those cancers that arise in the entire population.

Note that this includes the actions of the health care system in
promoting public awareness of cancer and the importance of
recognising symptoms and consulting a health professional when
symptoms occur.

Paul Dickman An overview of methods for estimating cancer patient survival KCL 29/6/2021 7



Population-based measures used in cancer control

The key measures are incidence, mortality, and survival.

By ‘mortality’ we typically mean mortality in the population,
whereas ‘survival’ is nothing more than mortality among those
diagnosed with cancer (transformed to the survival scale).

S(t) = exp

(
−
∫ t

0

h(u) du

)
= exp (−H(t))

where H(t) is the integrated hazard or cumulative hazard.

We should not study any one of these three measures in
isolation; in particular we should consider incidence trends when
interpreting trends in patient survival [2, 3, 4, 5, 6].
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There is heavy interest in international comparisons

For example, CONCORD-3 Study (2018) [7]
Articles

www.thelancet.com   Published online January 30, 2018   http://dx.doi.org/10.1016/S0140-6736(17)33326-3 1

Global surveillance of trends in cancer survival 2000–14 
(CONCORD-3): analysis of individual records for 
37 513 025 patients diagnosed with one of 18 cancers from 
322 population-based registries in 71 countries
Claudia Allemani, Tomohiro Matsuda, Veronica Di Carlo, Rhea Harewood, Melissa Matz, Maja Nikšić, Audrey Bonaventure, Mikhail Valkov, 
Christopher J Johnson, Jacques Estève, Olufemi J Ogunbiyi, Gulnar Azevedo e Silva, Wan-Qing Chen, Sultan Eser, Gerda Engholm, Charles A Stiller, 
Alain Monnereau, Ryan R Woods, Otto Visser, Gek Hsiang Lim, Joanne Aitken, Hannah K Weir, Michel P Coleman, CONCORD Working Group*

Summary
Background In 2015, the second cycle of the CONCORD programme established global surveillance of cancer survival 
as a metric of the effectiveness of health systems and to inform global policy on cancer control. CONCORD-3 updates 
the worldwide surveillance of cancer survival to 2014.

Methods CONCORD-3 includes individual records for 37·5 million patients diagnosed with cancer during the 15-year 
period 2000–14. Data were provided by 322 population-based cancer registries in 71 countries and territories, 47 of 
which provided data with 100% population coverage. The study includes 18 cancers or groups of cancers: oesophagus, 
stomach, colon, rectum, liver, pancreas, lung, breast (women), cervix, ovary, prostate, and melanoma of the skin in 
adults, and brain tumours, leukaemias, and lymphomas in both adults and children. Standardised quality control 
procedures were applied; errors were rectified by the registry concerned. We estimated 5-year net survival. Estimates 
were age-standardised with the International Cancer Survival Standard weights.

Findings For most cancers, 5-year net survival remains among the highest in the world in the USA and Canada, in Australia 
and New Zealand, and in Finland, Iceland, Norway, and Sweden. For many cancers, Denmark is closing the survival gap 
with the other Nordic countries. Survival trends are generally increasing, even for some of the more lethal cancers: in 
some countries, survival has increased by up to 5% for cancers of the liver, pancreas, and lung. For women diagnosed 
during 2010–14, 5-year survival for breast cancer is now 89·5% in Australia and 90·2% in the USA, but international 
differences remain very wide, with levels as low as 66·1% in India. For gastrointestinal cancers, the highest levels of 5-year 
survival are seen in southeast Asia: in South Korea for cancers of the stomach (68·9%), colon (71·8%), and rectum 
(71·1%); in Japan for oesophageal cancer (36·0%); and in Taiwan for liver cancer (27·9%). By contrast, in the same world 
region, survival is generally lower than elsewhere for melanoma of the skin (59·9% in South Korea, 52·1% in Taiwan, and 
49·6% in China), and for both lymphoid malignancies (52·5%, 50·5%, and 38·3%) and myeloid malignancies (45·9%, 
33·4%, and 24·8%). For children diagnosed during 2010–14, 5-year survival for acute lymphoblastic leukaemia ranged 
from 49·8% in Ecuador to 95·2% in Finland. 5-year survival from brain tumours in children is higher than for adults but 
the global range is very wide (from 28·9% in Brazil to nearly 80% in Sweden and Denmark).

Interpretation The CONCORD programme enables timely comparisons of the overall effectiveness of health systems 
in providing care for 18 cancers that collectively represent 75% of all cancers diagnosed worldwide every year. It 
contributes to the evidence base for global policy on cancer control. Since 2017, the Organisation for Economic 
Co-operation and Development has used findings from the CONCORD programme as the official benchmark of 
cancer survival, among their indicators of the quality of health care in 48 countries worldwide. Governments must 
recognise population-based cancer registries as key policy tools that can be used to evaluate both the impact of 
cancer prevention strategies and the effectiveness of health systems for all patients diagnosed with cancer.

Funding American Cancer Society; Centers for Disease Control and Prevention; Swiss Re; Swiss Cancer Research 
foundation; Swiss Cancer League; Institut National du Cancer; La Ligue Contre le Cancer; Rossy Family Foundation; 
US National Cancer Institute; and the Susan G Komen Foundation.

Introduction
The incidence of cancer continues to rise, both in high-
income countries and, especially, in low-income and 
middle-income countries. Prevention is crucial, but 
implementation has been slow and incomplete, even in 
high-income countries. Prevention is a long-term 

strategy, and not all cancers can be prevented.1 To reduce 
cancer mortality, reduction of cancer incidence and 
improvement of cancer survival are both necessary.

Many patients will continue to be diagnosed with 
cancer every year for decades to come: an estimated 
14 million patients a year worldwide around 2012,2 with a 

Published Online 
January 30, 2018 
http://dx.doi.org/10.1016/
S0140-6736(17)33326-3

See Online/Comment 
http://dx.doi.org/10.1016/ 
S0140-6736(18)30155-7

*Members are listed at the end 
of the Article

Cancer Survival Group, 
Department of 
Non-Communicable Disease 
Epidemiology, London School 
of Hygiene & Tropical Medicine, 
London, UK (C Allemani PhD, 
V Di Carlo MSc, R Harewood MSc, 
M Matz PhD, M Nikšić PhD, 
A Bonaventure MD, 
Prof M P Coleman BM BCh); 
Population-based Cancer 
Registry Section, Division of 
Surveillance, Center for Cancer 
Control and Information 
Services, National Cancer 
Center, Tokyo, Japan 
(T Matsuda PhD); Department 
of Radiology, Radiotherapy 
and Oncology, Northern State 
Medical University, 
Arkhangelsk, Russia 
(Prof M Valkov MD); Cancer Data 
Registry of Idaho, Boise, ID, 
USA (C J Johnson MPH); 
Department of Biostatistics, 
Université Claude Bernard, 
Lyon, France (Prof J Estève PhD); 
Ibadan Cancer Registry, 
University City College 
Hospital, Ibadan, Dyo State, 
Nigeria 
(Prof O J Ogunbiyi MBBS); 
Department of Epidemiology, 
Universidade do Estado do Rio 
de Janeiro, Maracanã, Rio de 
Janeiro, Brazil 
(Prof G Azevedo e Silva PhD); 
National Office for Cancer 
Prevention and Control and 
National Central Cancer 
Registry, National Cancer 
Center, Beijing, China 
(W-Q Chen PhD); Department 
of Public Health, Balıkesir 
University, Balıkesir, Turkey 
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Beral & Peto, BMJ 2010;341:c4112

BMJ | 14 AUGUST 2010 | VOLUME 341       309

EDITORIALSEditorials represent the opinions of the authors and not  
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For the full versions of these articles see bmj.com

UK cancer survival statistics
Are misleading and make survival look worse than it is

RESEARCH, p 335

Valerie Beral professor 
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Research UK.
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In the linked article, Autier and colleagues report that (pop-
ulation based) breast cancer mortality rates have fallen over 
the past two decades in many European countries, with a 
greater decline in the United Kingdom than in any other 
large country.1 That the UK is leading Europe in the speed 
with which national breast cancer mortality rates are falling 
is in stark contrast to, and at first sight difficult to reconcile 
with, claims that survival after breast cancer onset is worse 
in the UK than elsewhere in western Europe.2 

The unpromising UK cancer survival estimates are, how-
ever, misleading. In contrast, population based mortality 
trends are reasonably reliable (at least in middle age, for 
example, people aged 35-69 years) because a death cer-
tificate is legally required before someone can be buried 
or cremated. Although the certified cause of death can be 
wrong, particularly in older people (for example, those over 
70 or 80 years), in younger people errors in death certifica-
tion should have relatively little effect on the assessment of 
breast cancer mortality trends in western Europe or North 
America.3

In contrast with death registration, cancer registration 
is not statutory in the UK and is known to be somewhat 
incomplete.4-6 Partly because of this incompleteness, sur-

vival calculations based on registry data make UK cancer 
survival rates seem significantly worse than they really are.

Information in cancer registries on deaths from cancer 
is virtually complete because every death certificate that 
mentions cancer is automatically sent to one of the regional 
registries that, between them, cover the UK. That cancer is 
then registered, and further information is sought (not always 
successfully) from medical records. Death certificates have 
for decades played an important role in the way UK registries 
identify people with cancer. Without this source of informa-
tion, many such cancers could have been missed; even with 
it, many people who die of cancer may have no record other 
than the death certificate ever traced by the registry (“death 
certificate only” cases) or may have had only the later phase 
of their illness traced by the registry.

If the first months or years of the illness are never traced, 
the earliest event registered may be some aspect of cancer 
recurrence. The date of this recurrence would then be taken 
as the date from which “survival rates” are calculated. This 
makes short term survival look misleadingly worse in the UK 
than in countries such as Sweden where, in contrast to the 
UK, cancer registration is compulsory and death certificates 
are not used for case finding. Because recurrence and death 
are often separated by less than a year, such biases could 
substantially reduce the calculated one year survival rate in 
the UK, but not in Sweden; and the main difference between 
UK and Swedish cancer survival estimates arises during the 
first year.7

For obvious reasons, calculations of UK survival rates con-
ventionally exclude death certificate only cases. Efforts in UK 
registries to limit such cases by intensive searching for at least 
some medical record that mentions the cancer found on the 
death certificate have reduced their number.6 If, however, 
the only medical record found by such searches relates to 
a recurrence and not to the first diagnosis of the cancer, the 
recent reduction in the proportion of death certificate only 
cases could actually be aggravating artefacts in UK cancer 
statistics on short term survival rates.

Moreover, UK survival statistics are further distorted by 
the absence of any registration at all of some non-fatal cases. 
Unregistered survivors are (again, for obvious reasons) not 
included in the numbers at risk for survival calculations. In 
the catchment area of one UK registry an estimated 23% of 
cancer survivors were still not registered five years after their 
disease was first diagnosed.5 (The proportion missed will 
vary by region and over time, but no other formal estimate 
was found.) Although electronic hospital admission data 
are improving the completeness of UK cancer registration, 
the currently available electronic records do not distinguish 
explicitly between the first diagnosis and later events.8 C ancer 
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‘In the absence of internationally comparable data on breast
cancer survival rates, it is of interest to compare the reliably
known trends in population based mortality rates in middle age.’
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International Cancer Benchmarking

Partnership [8, 9]

Articles

www.thelancet.com   Vol 377   January 8, 2011 127

Lancet 2011; 377: 127–38

Published Online
December 22, 2010 
DOI:10.1016/S0140-
6736(10)62231-3

See Comment page 99

*Members listed at end of Article

Cancer Research UK Cancer 
Survival Group, London School 
of Hygiene and Tropical 
Medicine, London, UK 
(Prof M P Coleman BM BCh, 
B Rachet PhD, C Maringe MSc, 
U Nur PhD); Section of Cancer 
Information, International 
Agency for Research on Cancer, 
Lyon, France (D Forman PhD); 
Canadian Partnership Against 
Cancer, Toronto, ON, Canada 
(Prof H Bryant MD); Department 
of Health, London, UK 
(J Butler MRCOG); Cancer 
Institute New South Wales, 
Sydney, NSW, Australia 
(E Tracey MPH); Cancer Council 
Victoria, Melbourne, VIC, 
Australia (M Coory PhD); 
Alberta Health Services, 
Edmonton, AB, Canada 
(J Hatcher PhD); British 
Columbia Cancer Agency, 
Vancouver, BC, Canada 
(C E McGahan MSc); CancerCare 
Manitoba, Winnipeg, MB, 
Canada (D Turner PhD); Cancer 
Care Ontario, Toronto, ON, 
Canada (Prof L Marrett PhD); 
Danish Cancer Registry, 
National Board of Health, 
Copenhagen, Denmark 
(M L Gjerstorff  MSc); Norwegian 
Cancer Registry, Oslo, Norway 
(T B Johannesen MD); The 
Oncological Centre, Karolinska 
University Hospital and the 
CLINTEC Department 
Karolinska Institutet, 
Stockholm, Sweden 
(J Adolfsson MD); Regional 
Oncological Centre, Uppsala 
University Hospital, Uppsala, 
Sweden and the Karolinska 
Institutet, Stockholm, Sweden

Cancer survival in Australia, Canada, Denmark, Norway, 
Sweden, and the UK, 1995–2007 (the International Cancer 
Benchmarking Partnership): an analysis of population-based 
cancer registry data
M P Coleman, D Forman, H Bryant, J Butler, B Rachet, C Maringe, U Nur, E Tracey, M Coory, J Hatcher, C E McGahan, D Turner, L Marrett, 
M L Gjerstorff , T B Johannesen, J Adolfsson, M Lambe, G Lawrence, D Meechan, E J Morris, R Middleton, J Steward, M A Richards, and the 
ICBP Module 1 Working Group*

Summary
Background Cancer survival is a key measure of the eff ectiveness of health-care systems. Persistent regional and 
international diff erences in survival represent many avoidable deaths. Diff erences in survival have prompted or 
guided cancer control strategies. This is the fi rst study in a programme to investigate international survival disparities, 
with the aim of informing health policy to raise standards and reduce inequalities in survival.

Methods Data from population-based cancer registries in 12 jurisdictions in six countries were provided for 2·4 million 
adults diagnosed with primary colorectal, lung, breast (women), or ovarian cancer during 1995–2007, with follow-up 
to Dec 31, 2007. Data quality control and analyses were done centrally with a common protocol, overseen by external 
experts. We estimated 1-year and 5-year relative survival, constructing 252 complete life tables to control for background 
mortality by age, sex, and calendar year. We report age-specifi c and age-standardised relative survival at 1 and 5 years, 
and 5-year survival conditional on survival to the fi rst anniversary of diagnosis. We also examined incidence and 
mortality trends during 1985–2005.

Findings Relative survival improved during 1995–2007 for all four cancers in all jurisdictions. Survival was persistently 
higher in Australia, Canada, and Sweden, intermediate in Norway, and lower in Denmark, England, Northern Ireland, 
and Wales, particularly in the fi rst year after diagnosis and for patients aged 65 years and older. International 
diff erences narrowed at all ages for breast cancer, from about 9% to 5% at 1 year and from about 14% to 8% at 5 years, 
but less or not at all for the other cancers. For colorectal cancer, the international range narrowed only for patients 
aged 65 years and older, by 2–6% at 1 year and by 2–3% at 5 years. 

Interpretation Up-to-date survival trends show increases but persistent diff erences between countries. Trends in 
cancer incidence and mortality are broadly consistent with these trends in survival. Data quality and changes in 
classifi cation are not likely explanations. The patterns are consistent with later diagnosis or diff erences in treatment, 
particularly in Denmark and the UK, and in patients aged 65 years and older. 

Funding Department of Health, England; and Cancer Research UK.

Introduction
Survival is a key index of the overall eff ectiveness of health 
services in the management of patients with cancer. 
Substantial diff erences in survival have been reported for 
adult patients with cancer who were diagnosed in many 
countries in the early 1990s (CONCORD)1 and in Europe 
up to 2002 (EUROCARE).2 Survival has improved, but 
substantial diff erences still exist within and between 
countries with similar health systems and wealth, such as 
between Denmark and the UK and other European 
countries.2–5 Findings from one study suggest that for 
patients diagnosed up to 1999, about 11 400 more patients 
with cancer died per year within 5 years of diagnosis in 
England, Scotland, and Wales than if 5-year survival had 
been as high as the highest levels achieved in 13 other 
countries in Europe;6 cancers of the breast, colorectum, 
and lung accounted for about half the avoidable deaths. 

Avoidable deaths also arise from inequalities in survival 
within countries; even in Finland, with some of the highest 
survival levels in Europe, 4–7% of cancer deaths have been 
attributed to inequalities in 5-year survival between 
educational groups.7 However, the CONCORD and 
EUROCARE studies relate to patients diagnosed at least 
8 years ago, and many countries have implemented cancer 
control plans since then.

Survival patterns help to drive national cancer strategies 
(references in webappendix p 2). In Denmark, the fi rst 
National Cancer Plan (2000) focused on the survival defi cit 
with neighbouring countries. The second plan (2005) also 
noted poorer survival than in other Nordic countries, 
especially just after diagnosis; it recommended reduction 
of diagnostic delay and establishment of multidisciplinary 
cancer groups. The Northern Ireland cancer plan (1996) 
introduced centres of excellence and multidisciplinary 

ARTICLE
Epidemiology

Exploring the impact of cancer registry completeness on
international cancer survival differences: a simulation study
Therese M.-L. Andersson 1, Mark J. Rutherford 2,3, Tor Åge Myklebust4,5, Bjørn Møller4, Isabelle Soerjomataram3, Melina Arnold3,
Freddie Bray3, D. Max Parkin3,6, Peter Sasieni 7, Oliver Bucher8, Prithwish De9, Gerda Engholm10, Anna Gavin11, Alana Little12,
Geoff Porter13, Agnihotram V. Ramanakumar14, Nathalie Saint-Jacques15, Paul M. Walsh16, Ryan R. Woods17 and Paul C. Lambert1,2

BACKGROUND: Data from population-based cancer registries are often used to compare cancer survival between countries or
regions. The ICBP SURVMARK-2 study is an international partnership aiming to quantify and explore the reasons behind survival
differences across high-income countries. However, the magnitude and relevance of differences in cancer survival between
countries have been questioned, as it is argued that observed survival variations may be explained, at least in part, by differences in
cancer registration practice, completeness and the availability and quality of the respective data sources.
METHODS: As part of the ICBP SURVMARK-2 study, we used a simulation approach to better understand how differences in
completeness, the characteristics of those missed and inclusion of cases found from death certificates can impact on cancer survival
estimates.
RESULTS: Bias in 1- and 5-year net survival estimates for 216 simulated scenarios is presented. Out of the investigated factors, the
proportion of cases not registered through sources other than death certificates, had the largest impact on survival estimates.
CONCLUSION: Our results show that the differences in registration practice between participating countries could in our most
extreme scenarios explain only a part of the largest observed differences in cancer survival.

British Journal of Cancer (2021) 124:1026–1032; https://doi.org/10.1038/s41416-020-01196-7

BACKGROUND
Population-based cancer registries (PBCR) are a critical component of
operational national cancer control programmes. In addition to
providing information on current and future requirements for cancer
services, they are used to monitor and evaluate prevention, early
detection and curative programmes.1 Comparisons of cancer survival
between registry populations such as those undertaken as part of the
International Cancer Benchmarking Partnership (ICBP), CONCORD and
EUROCARE2–4 have sought to evaluate the effectiveness of cancer
services—the efficacy of treatment in the context of how it is applied
at the population level—in specific settings. Such studies have
undoubtedly been influential in assessing and (re)formulating cancer
plans,5 and equally have been subject to some concerns regarding
their validity due to differences in cancer registration between
countries.6 Several studies have investigated aspects of registration
practice to ascertain whether they can explain observed survival
differences between countries,7–10 finding that particular registration
differences are unlikely to impact greatly on survival differences.
Some of these studies use real cancer registry data, and change the

data to mimic different potential scenarios in terms of proportion of
missing cases or wrong date of diagnosis.8–10 However, it is difficult to
know if the effect of the changes applied to the data would have the
same impact in other population(s), where the data is collected
differently. To get a better understanding of the impact of different
registration practice or registration problems, simulation studies can
be used. The advantage to using simulated data is that the truth is
known, and any simulated registration process or error can be
compared to the truth or other scenarios. Most potential issues
regarding the comparability of cancer patient survival between
different registries relate to unknown quantities, such as missing cases
or missing information. This can never be fully adjusted for, since if
these cases or the information was known, they would be included.
Therefore, a simulation approach, where we can create a perfect
registry with all cases included, is an easier approach to understand
how registration differences impact survival estimates. Rutherford
et al.7 used a simulation approach to investigate the impact of
incomplete registration, but assumed that the probability of
registration was not associated with prognosis. This is not realistic

www.nature.com/bjc
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Lung cancer, males, Norway [10]
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Thyroid cancer, females, Norway [10]
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We have a choice of two measures of the

probability of death due to cancer

Net probability
of death

due to cancer
=

Probability of death in a
hypothetical world where the

cancer under study is the only
possible cause of death

Crude probability
of death

due to cancer
=

Probability of death in the
real world where you may die

of other causes before the
cancer kills you

Net probability also known as the marginal probability.

Crude probability also known as cumulative incidence function.
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How might we measure the prognosis of cancer

patients?

For the moment, I will work on the mortality (among the
patients) scale and introduce the two frameworks.

We could estimate all-cause mortality (among the patients).

Our interest, however, is typically in mortality associated with a
diagnosis of cancer so we often prefer cause-specific mortality.

When estimating cause-specific mortality only those deaths
which can be attributed to the cancer in question are considered
to be events.

cause-specific mortality =
number of deaths due to cancer

person-time at risk

The survival times of patients who die of causes other than
cancer are censored.

Paul Dickman An overview of methods for estimating cancer patient survival KCL 29/6/2021 16



Cause-specific survival can estimate net survival

(assuming conditional independence)

Using cause-specific methods requires that reliably coded
information on cause of death is available.

Even when cause of death information is available to the cancer
registry via death certificates, it is often vague and difficult to
determine whether or not cancer is the primary cause of death.

How do we classify, for example, deaths due to treatment
complications?

Consider a patient treated with radiation therapy and
chemotherapy who dies of cardiovascular disease. Do we classify
this death as ‘due entirely to cancer’ or ‘due entirely to other
causes’?

Paul Dickman An overview of methods for estimating cancer patient survival KCL 29/6/2021 17



All-cause mortality for males with colon cancer and

Finnish population
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Relative survival aims to estimate net survival

(still need conditional independence)

We estimate excess mortality: the difference between observed
(all-cause) and expected mortality.

excess = observed − expected
mortality mortality mortality

Relative survival is the survival analog of excess mortality — the
relative survival ratio is defined as the observed survival in the
patient group divided by the expected survival of a comparable
group from the general population.

relative survival ratio =
observed survival proportion

expected survival proportion
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Relative survival example (skin melanoma)

Table 1: Number of cases (N) and 5-year observed (p), expected (p∗), and
relative (r) survival for males diagnosed with localised skin melanoma in
Finland during 1985–1994.

Age N p p∗ r
15–29 67 0.947 0.993 0.954
30–44 273 0.856 0.982 0.872
45–59 503 0.824 0.943 0.874
60–74 449 0.679 0.815 0.833
75+ 200 0.396 0.505 0.784

Relative survival controls for the fact that expected mortality
depends on demographic characteristics (age, sex, etc.).

In addition, relative survival may, and usually does, depend on
such factors.
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Examples of Relative Survival Being Problematic

(Extract from Table 4 from Howlader et al. [11])
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Relative survival not as problematic as one might

think for lung cancer [12]
Full Paper

Should relative survival be used with lung cancer data?

SR Hinchliffe*,1, MJ Rutherford1, MJ Crowther1, CP Nelson1,2 and PC Lambert1,3

1Department of Health Sciences, Centre for Biostatistics and Genetic Epidemiology, 2nd Floor Adrian Building, University Road, University of Leicester,
Leicester LE1 7RH, UK; 2Department of Cardiovascular Sciences, Clinical Sciences Wing, Glenfield General Hospital, University of Leicester, Leicester
LE3 9QP, UK; 3Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, PO Box 281, Stockholm SE-171 77, Sweden

BACKGROUND: Under certain assumptions, relative survival is a measure of net survival based on estimating the excess mortality in a
study population when compared with the general population. Background mortality estimates are usually taken from national life
tables that are broken down by age, sex and calendar year. A fundamental assumption of relative survival methods is that if a patient
did not have the disease of interest then their probability of survival would be comparable to that of the general population. It is
argued, as most lung cancer patients are smokers and therefore carry a higher risk of smoking-related mortalities, that they are not
comparable to a population where the majority are likely to be non-smokers.
METHODS: We use data from the Finnish Cancer Registry to assess the impact that the non-comparability assumption has on the
estimates of relative survival through the use of a sensitivity analysis.
RESULTS: Under realistic estimates of increased all-cause mortality for smokers compared with non-smokers, the bias in the estimates
of relative survival caused by the non-comparability assumption is negligible.
CONCLUSION: Although the assumption of comparability underlying the relative survival method may not be reasonable, it does not
have a concerning impact on the estimates of relative survival, as most lung cancer patients die within the first 2 years following
diagnosis. This should serve to reassure critics of the use of relative survival when applied to lung cancer data.
British Journal of Cancer advance online publication, 3 May 2012; doi:10.1038/bjc.2012.182 www.bjcancer.com
& 2012 Cancer Research UK

Keywords: relative survival; expected survival; lung cancer; sensitivity analysis; smoking
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Lung cancer is commonly known to be a disease that has strong
associations with smoking (Doll and Hill, 1956; Korhonen et al,
2008; Papadopoulos et al, 2011). A report published by Peto et al,
2006 showed that, in Finland in the year 2000, 86% of lung cancer
deaths in males and 60% of lung cancer deaths in females were
deemed to be attributed to smoking. In addition to this, they
showed that 12% of cardiovascular deaths in males and 3.6% of
cardiovascular deaths in females were also deemed to be attributed
to smoking. Figures were also reported for other types of cancer
and other causes of death. Not only does smoking put you at a high
risk of developing lung cancer and consequently dying from lung
cancer (Doll and Hill, 1956; Papadopoulos et al, 2011), it also
increases your chances of dying from many other diseases
(Wolf et al, 1988), such as cardiovascular disease (Willett et al,
1987) and other less common forms of cancer (Moore, 1971; Fuchs
et al, 1996).

This has led to heavy debate as to whether relative survival
should be used as a method to analyse lung cancer data (Dickman
and Adami, 2006; Sarfati et al, 2010). Relative survival is a method
that compares the survival experience of a group of patients to the
survival experience of the general population. The method is
particularly advantageous, as it does not require an accurate cause-
of-death information. Mortality estimates for the general popula-
tion are usually taken from national life tables that are broken
down by age, sex and calendar year. One of the key assumptions of
relative survival is comparability – if the patient did not have

cancer, then it is assumed that they would have the same survival
experience as the general population. It is argued, as most lung
cancer patients are smokers and therefore carry a higher risk of
many other diseases, that they are not comparable to a population
where the majority are likely to be non-smokers (Phillips et al,
2002). However, despite these potential problems, relative survival
is still the usual method of analysis in population-based cancer
studies.

This paper assesses the impact that the non-comparability has
on the relative survival estimates through the use of a sensitivity
analysis. Similar studies have been carried out previously to assess
the impact that specific cancer deaths in the population mortality
figures can have on the estimate of relative survival (Hinchliffe
et al, 2011; Talbäck and Dickman, 2011).

METHODS

Relative survival

Relative survival is a measure that estimates the survival from a
particular disease in the absence of other causes of death. It can be
written as the ratio of the observed survival in the study
population to the expected survival in the general population
(Ederer et al, 1961). More formally:

R tð Þ¼ SðtÞ
S�ðtÞ ð1Þ

where S(t) is the observed survival, S*(t) is the expected survival
and t is the time from diagnosis (Lambert et al, 2010). When

*Correspondence: Dr SR Hinchliffe; E-mail: srh20@leicester.ac.uk
Received 2 February 2012; revised 27 March 2012; accepted 3 April
2012

British Journal of Cancer (2012), 1–6

& 2012 Cancer Research UK All rights reserved 0007 – 0920/12
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Summary: the choice between relative and

cause-specific survival settings for estimating net

survival

Both aim to estimate the same underlying quantity (net
survival).

Both involve assumptions specific to the approach:

Cause-specific Accurate classification of cause-of-death
Relative Appropriate estimation of expected survival

We choose the approach for which we have the strongest belief
in the underlying assumptions.

For population-based studies this is typically relative survival but
every study must be evaluated on its specific merits.
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Relative survival (estimator) is just one estimator

of net survival in a relative survival framework [6]

reducing the burden of cancer. Net survival is also the

measure of choice when reporting estimates of patient

survival within a single country; net survival is inde-

pendent of noncancer mortality, whereas crude sur-

vival is affected by noncancer mortality.

Crude survival. Net survival is the most commonly

reported measure of population-based cancer patient

survival, but the hypothetical framework is not opti-

mal for healthcare professionals and patients who live

in the real world. Rather than presenting crude sur-

vival (as defined above), it is more common to present

the crude probability of death due to cancer (1 minus

crude survival). This is because ‘dying of cancer’ is

relatively well defined, whereas ‘not dying of cancer’,

that is, survival, encompasses both being alive and

dying of other causes. The crude probability of death

due to cancer is also known as the cumulative inci-

dence of death due to cancer, but the terms crude and

net are well established in the cancer patient survival

literature.

The crude probability of cancer death is the proba-

bility of dying of the cancer of interest before a speci-

fied time where it is possible to die from competing

causes of death. The crude probability of death is per-

haps more relevant in a clinical setting but is affected

by both cancer and noncancer mortality hazards and

therefore less relevant for comparisons between differ-

ent groups or populations. Even if two groups of cancer

patients have a similar cancer hazard, the group with a

higher noncancer hazard will have a lower crude proba-

bility of death due to cancer because death due to other

causes will ‘prevent’ them dying of cancer.

Trade-off between comparability and interpretability

when choosing a survival measure. Net survival,

which is invariant to changes in noncancer mortality,

is constructed to facilitate comparison of survival

between populations (e.g., between countries or over

time in a single population). Because this results in a

‘hypothetical world’ interpretation, it is not an optimal

measure for predicting the prognosis of actual

patients. Net survival is usually age-standardized, in

the same manner as we standardize incidence and

mortality. We may read, for example, that the esti-

mated age-standardized 10-year net survival for

patients with a given cancer in a given country is

75%. This estimate was obtained in order to facilitate

comparisons with other populations. We should not

try to interpret it as a proportion of real-life cancer

patients who survive for longer than 10 years. It is the

proportion of cancer patients who survived longer than

10 years in the hypothetical scenario where cancer was

the only cause of death, and the age distribution of

patients with cancer was that of the standard popula-

tion rather than the actual age distribution. If one is

interested in measuring the proportion of patients who

survive 10 years in the real world, crude survival or all-

cause survival are preferable, and estimates should be

made for separate, narrow age ranges rather than age

standardization.

Frameworks

Two different frameworks exist to estimate net and

crude survival, namely cause-specific and relative sur-

vival (Table 4).

Cause-specific survival. In the cause-specific frame-

work, each death must be classified as being either

completely due to the cancer of interest or completely

due to other causes. Such a classification may be diffi-

cult to make by the treating physician, who has com-

plete information; it is even more difficult to make

Table 4. Overview of the two frameworks and measures of cancer patient survival.

Measure

Net survival: competing risks eliminated

Crude survival: in the presence of

competing risks

Framework

Cause-specific: use cause of death

information to identify cancer deaths

Cause-specific survival:

Censor survival times of noncancer deaths and

apply standard estimators such as Kaplan–Meier

Crude probability of death using cause of

death:

Standard estimators of the cumulative

incidence function in the presence of

competing risks

Relative survival: contrast all-cause survival

of cancer patients to survival of the

general population

Net survival:

Can be estimated using age-standardized relative

survival (Ederer II) or the Pohar Perme estimator

of net survival

Crude probability of death in a relative

survival framework:

Life table approach (Cronin & Feuer)

Model-based approach

10 Molecular Oncology (2021) ª 2021 The Authors. Published by FEBS Press and John Wiley & Sons Ltd.

Measures of the cancer burden M. Kalager et al.
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Many papers compare and discuss the two

settings [13]
ARTICLE
Epidemiology

Errors in determination of net survival: cause-specific
and relative survival settings
Chloe J. Bright1, Adam R. Brentnall2, Kate Wooldrage3, Jonathon Myles2, Peter Sasieni4 and Stephen W. Duffy2

BACKGROUND: Cause-specific and relative survival estimates differ. We aimed to examine these differences in common cancers
where by possible identifying the most plausible sources of error in each estimate.
METHODS: Ten-year cause-specific and relative survival were estimated for lung, breast, prostate, ovary, oesophagus and colorectal
cancers. The cause-specific survival was corrected for misclassification of cause of death. The Pohar-Perme relative survival
estimator was modified by (1) correcting for differences in deaths from ischaemic heart disease (IHD) between cancers and general
population; or (2) correcting the population hazard for smoking (lung cancer only).
RESULTS: For all cancers except breast and prostate, relative survival was lower than cause-specific. Correction for published error
rates in cause of death gave implausible results. Correction for rates of IHD death gave slightly different relative survival estimates
for lung, oesophagus and colorectal cancers. For lung cancer, when the population hazard was inflated for smoking, survival
estimates were increased.
CONCLUSION: Results agreed with the consensus that relative survival is usually preferable. However, for some cancers, relative
survival might be inaccurate (e.g. lung and prostate). Likely solutions include enhancing life tables to include other demographic
variables than age and sex, and to stratify relative survival calculation by cause of death.

British Journal of Cancer (2020) 122:1094–1101; https://doi.org/10.1038/s41416-020-0739-4

BACKGROUND
Cancer survival is most often measured using estimated net
survival, which under certain assumptions may be interpreted as
the probability of surviving cancer in the absence of any other
causes of death.1 For estimation of net cancer survival, researchers
generally use either cause-specific survival or relative survival
analysis methods. Cause-specific survival analysis takes a specific
cause of death as the end point of interest and all the other causes
of death are treated as independent censoring. Population-based
studies that use cause-specific survival normally ascertain cause of
death from the death certificate. Relative survival does not require
information on cause of death in the cohort of cancer patients;
instead it is calculated as the overall observed survival in the
cohort relative to that expected in a general population without
the cancer of interest. Relative survival often uses lifetables
(normally by sex and age) from the general population to calculate
the expected survival. Relative survival was calculated as a ratio of
observed to expected survival in the past.2 It is more common
now to calculate it based on subtraction of the expected
population hazard rate for death from all causes from the
observed hazard of all-cause death in the cancer cohort.3 Such
methods are still generally referred to as relative survival, and we
shall do so in this paper. However, we note here that it is a
convenient shorthand rather than an accurate description of the
calculation method.

While it is very common to take the marginal net survival as a
target of estimation, this measure has been noted to have some
deficiencies when the aim is to compare net survival between
populations or periods of time, including not necessarily being
universal due to a dependence on the distribution of risk factors
and background mortality rates.4 However, in this paper we focus
on estimators of the marginal net survival, noting that similar
problems will occur in standardised measures of net survival. Both
cause-specific and relative survival analysis suffer from potential
sources of bias in estimation of the marginal net survival.5

Cause-specific survival may be biased by: (1) ascertainment of
cause of death, since death certificates are known to suffer from
misclassification;6 (2) deaths that are indirectly caused by the
disease of interest but are not ascribed to the disease (e.g. death
from treatment of cancer that would not have occurred if the
cancer had not been present);5,7 and (3) informative censoring.8

Relative survival may be biased if the lifetables for calculation of
the expected survival are not representative of the cancer
population.5,9 For example if: (1) cancer patient mortality from
other causes is substantially different from the population
mortality, in some cases due to side effects of cancer treatment;
(2) other causes of death with shared risk factors (e.g. smoking); (3)
cancer patients may be otherwise healthier than average,
especially if the cancer is screen-detected; or (4) frailty of cancer
patients, in which the more frail patients die of all causes at a

www.nature.com/bjc

Received: 28 June 2019 Revised: 7 January 2020 Accepted: 17 January 2020
Published online: 10 February 2020
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Net survival: colon cancer in Finland
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Why the difference for older patients?

0
.2

5
.5

.7
5

1
N

et
 s

ur
vi

va
l

0 5 10 15
Years since diagnosis

Cause-specific setting
Relative survival setting

Two estimates of net survival (patients aged > 70 at Dx)

Paul Dickman An overview of methods for estimating cancer patient survival KCL 29/6/2021 27



Cause-specific survival: colon cancer

Coding of vital status

Freq. Numeric Label

4642 0 Alive

8369 1 Dead: colon cancer

2549 2 Dead: other

The event of interest is death due to colon cancer.

Other events are known as ‘competing events’ or
‘competing risks’.

Based on the research question, we choose between one of two
quantities to estimate:

1 Eliminate the competing events (estimate net survival)
2 Accommodate the competing events (estimate crude survival)
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We have a choice of two measures

Net probability
of death

due to cancer
=

Probability of death in a
hypothetical world where the

cancer under study is the only
possible cause of death

Crude probability
of death

due to cancer
=

Probability of death in the
real world where you may die

of other causes before the
cancer kills you

Net probability also known as the marginal probability.

Crude probability also known as cumulative incidence function.
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Net (left) and crude (right) probabilities of death in men with localized

prostate cancer aged 70+ at diagnosis (Cronin and Feuer [14])
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Explaining net/relative survival to non-scientists

Organisations that report survival statistics to the general public
are often reluctant to describe relative/net survival in a
technically correct manner.

‘Patients will not understand hypothetical world explanations’
they argue.

I argue that, if that’s the case, one should report crude (real
world) survival rather than estimate net survival and then
describe it as something else.
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www.cancerresearchuk.org [accessed June 2014]

Page has since been updated

10-year net survival was estimated to be 50%.

www.cancerresearchuk.org/cancer-info/cancerstats/survival/
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What does a relative survival of 50% mean?

10-year probabilities of death [15]

Measure Age 40 Age 60 Age 80
Net prob. of death (1-rel surv) 0.50 0.50 0.50
Crude (actual): cancer death 0.49 0.48 0.42
Crude (actual): non-cancer death 0.02 0.08 0.42
Crude (actual): any cause death 0.51 0.57 0.84
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Page has been updated [June 2021]

Same data, new
interpretation.

An improvement, but vague.

How will readers interpret
‘survive cancer’?

I recognise the need to reduce
technical jargon for a general
audience.

Not so for scientific journals.
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There is a tradeoff between comparability and

interpretability

For international comparisons, we prioritise comparability when
choosing a measure.

Age-standardised net survival is ‘the survival one would observe
in the hypothetical scenario where cancer were the only possible
cause of death and the age distribution of the population were
different to what it actually is’.

This is not directly interpretable in terms of real patients, and
we shouldn’t try and force an interpretation.
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Natural frequencies presented using infographics

‘Of 100 patients similar to you, with a cancer similar to that with
which you have been diagnosed, we expect . . . ’
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Loss in expectation of life, CML, Sweden
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Loss in expectation of life

A useful summary measure of survival is the mean survival, life
expectancy

The loss in expectation of life is the difference between the mean
expected survival (if not diagnosed with cancer) and the mean
observed survival (for cancer patients)

Quantify disease burden in the society ”how many life-years are
lost due to the disease?”

Quantify differences between socio-economic groups or
countries, ”how many life-years are lost in the population due to
differences in cancer patient survival between groups?” ”how
many life-years would be gained if England had the same cancer
patient survival as Sweden?”

Quantify the impact a cancer diagnosis has on a patient’s life
expectancy
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Expectation of life
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Loss in expectation of life

Life expectancy of cancer population 10.6 years
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Loss in expectation of life

Life expectancy of cancer population 10.6 years
Life expectancy of general population 15.3 years
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Loss in expectation of life

Life expectancy of cancer population 10.6 years
Life expectancy of general population 15.3 years

Loss in Expectation
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Limited follow-up

Cancer cohort
all-cause survival

Population survival
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How do we extrapolate observed survival?
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Technical details: recent/current research

Even though we are now interested in the all-cause survival we
will use a relative survival approach

S(t) = S∗(t) × R(t)

h(t) = h∗(t) + λ(t)

Easier to extrapolate R(t) than S(t)

Has been done for grouped data (life tables) [16], by assuming
λ(t) = 0 or λ(t) = c after some point in time.

We estimate in the framework of flexible parametric
models [17, 18].
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Chronic myeloid leukaemia; Sweden. LE
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Chronic myeloid leukaemia; Sweden. LEL
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Chronic myeloid leukaemia; Sweden. PELL
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