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Abstract

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.

Methods—CONCORD-3 updates the world-wide surveillance of cancer survival to 2014, with
individual data for 37.5 million patients diagnosed with cancer during the 15-year period 2000—
2014. Data were provided by 322 population-based cancer registries in 71 countries and territories,
of which 47 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 five-year net survival. Estimates
were age-standardised with the International Cancer Survival Standard weights.

Findings—For most cancers, five-year net survival remains among the highest in the world in the
US 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
2010-2014, the predicted five-year survival for breast cancer is now close to 90% in the US and in
Australia, but international differences remain very wide, with levels as low as 40% in South
Africa.

For gastrointestinal cancers, the highest levels of five-year survival are seen in South-East Asia, in
Korea for cancers of the stomach (69%), colon (72%) and rectum (71%), in Japan for oesophageal
cancer (36%) and in Taiwan for liver cancer (28%). By contrast, in the same world region, survival
is generally lower than elsewhere for melanoma of the skin (60% in Korea, 52% in Taiwan, 50%
in China), and for both lymphoid malignancies (53% in Korea, 51% in Taiwan, 38% in China) and
myeloid malignancies (46% in Korea, 33% in Taiwan, 25% in China). For children diagnosed
during 2010-2014, five-year survival for acute lymphoblastic leukaemia ranged from 66% in
Thailand to 95% in Finland. Five-year survival from brain tumours in children is higher than for
adults, and the global range is very wide (from 45% in Thailand to 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
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all cancers diagnosed world-wide every year. It contributes to the evidence base for global policy
on cancer control. From 2017, the Organisation for Economic Co-operation and Development will
use findings from the CONCORD programme as the official benchmark of cancer survival, among
their indicators of the quality of health care in 48 countries world-wide. It is crucial for
governments to 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.

Keywords

population-based cancer registry; net survival; surveillance; global health

Introduction

The incidence of cancer continues to rise, both in high-income countries and, especially, in
low- 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.! To reduce cancer mortality, it is necessary both to reduce
cancer incidence and to improve cancer survival.

Many cancer patients will continue to be diagnosed every year for decades to come: an
estimated 14 million patients a year world-wide around 2012,2 with a 50% projected
increase to 21.6 million patients a year by 2030.3 Those patients will all need prompt
diagnosis and optimal treatment, to improve their survival. Monitoring the effectiveness of
national and regional health systems in treating and caring for these patients becomes ever
more crucial.

In 2016, the WHO Executive Board recommended strengthening health systems to ensure
early diagnosis and accessible, affordable, high-quality care for all cancer patients.3 The
World Health Assembly followed up with a resolution on cancer control in May 2017. It
included recommendations that national cancer control strategies should aim to reduce late
presentation, ensure appropriate treatment and care for potentially curable malignancies such
as acute leukaemia in children, “to increase survival, reduce mortality and improve quality
of life.”

President Tabaré VVazquez of Uruguay and WHO Director-General Tedros Ghebreyesus
recently called for all countries “to provide universal health coverage, thereby ensuring all
people can access needed preventive and curative health-care services, without falling into
poverty.”® Their call relates to all non-communicable diseases, including cancer. Population-
based cancer survival is one metric that can help evaluate whether all people have access to
effective treatment services.

In 2015, the CONCORD programme established global surveillance of cancer survival for
the first time,® with publication of trends in survival over the 15-year period 1995-2009
among patients diagnosed with cancer in 67 countries that were home to two-thirds (4.8
billion) of the world’s population. In 40 countries, the data had 100% national population
coverage. CONCORD-2 incorporated centralised quality control and analysis of individual
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data for 25,676,887 patients diagnosed with one of 10 common cancers that represented
63% of the global cancer burden in 2009. The 279 population-based registries covered a
combined total population of 896 million people.

The US National Cancer Institute, in an invited commentary’ for 7he Lancet, noted that the
global analyses of cancer survival in CONCORD-2 provided insights from countries with
successful cancer control initiatives that could be applied in other regions, and that the
availability of better data “provides a clearer picture of the effect of cancer control
programmes on the ultimate goal of improving survival and reducing the effect of cancer on
the social and economic development of countries.”

The US Centers for Disease Control and Prevention (CDC) described CONCORD-2 as the
start of global surveillance of cancer survival,2 with survival estimates “that can be
compared, so scientists can begin to determine why survival differs among countries. This
could lead to improvements in cancer control programs.” The results from CONCORD-2
influenced national cancer control strategy in the UK in July 2015.89 In September 2015,
the International Atomic Energy Agency’s Programme for Action on Cancer Therapy
(PACT) used the results to launch a world-wide campaignb to highlight the global divide in
cancer survival, and to raise awareness of persistent inequalities in access to life-saving
cancer services.10 Further analysis of survival trends and disparities by race and stage at
diagnosis in 37 US states are included in a forthcoming supplement to Cancer,11:12 designed
to improve cancer control in the US.

CONCORD-3 updates world-wide surveillance of cancer survival trends to include patients
diagnosed up to 2014, with follow-up to 31 December 2014. In countries that were already
involved, more registries are participating, and 8 more countries have joined the programme.
Follow-up for patients diagnosed during 2000-2009 with one of the 10 cancers included in
CONCORD-2 has been updated. CONCORD-3 includes data for patients diagnosed during
2000-2014 with one of 18 malignancies that represent 75% of the global cancer burden
(Table 1). In addition to information on stage at diagnosis, we have collected data on tumour
grade and the first course of treatment. Findings are published within 3 years of the end of
follow-up.

Cancer registries

We contacted 412 cancer registries in 85 countries: 20 in Africa (13 countries), 45 in Central
and South America (15 countries), 68 in North America (2 countries), 80 in Asia (20
countries), 189 in Europe (33 countries) and 10 in Oceania (2 countries).

When the data call for CONCORD-3 was issued in May 2016, 12 of the 279 cancer
registries that had participated in CONCORD-2 were no longer operational. The registry in
Benghazi (Libya) was disrupted by war, the registry in Macerata (Italy) ceased operating, the

anttps://www.cdc.gov/cancer/dcpc/research/articles/ CONCORD-2.htm
bhttps://Www.youtube.com/watch?v:cXJ79_h><dNA
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Department of Health ceased funding the UK National Registry of Childhood Tumours in
2013, and the 9 English regional cancer registries were replaced by a single cancer registry
for England in 2013. Of the 267 remaining registries, nine could no longer provide up-to-
date follow-up of all registered patients, while 13 did not reply to repeated approaches. Data
from the Tirol (Austria) registry are no longer reported separately from the Austrian national
estimates. In all, 244 (87%) of the 279 registries (63 of the 67 countries) that participated in
CONCORD-2 submitted data.

Of the 133 registries that had not previously participated in the CONCORD programme, 108
agreed to do so. Of these, 85 (78%) registries in 12 countries submitted data, while 11 were
unable to complete follow-up of registered cancer patients for their vital status, 9 made no
further contact, and 3 signed up too late.

Of the 329 registries that submitted data, 7 were excluded because their data were not
compliant with the protocol and could not be rectified in time. These exclusions affected the
only participating registry or registries from several countries: Tunisia (Central Region),
Bosnia Herzegovina (Republika Srpska), Saudi Arabia and Serbia (Central Region and
Vojvodina). We analysed data provided by 322 cancer registries (81% of the 400 operational
registries invited) in 71 countries and territories (text-figure 1), for patients diagnosed with
cancer during the 15-year period 2000-2014, with data on their vital status at least five years
after diagnosis, or at 31 December 2014.

Eight countries are participating in the global surveillance of cancer survival for the first
time: Africa: Morocco; Central and South America: Costa Rica (national), Mexico
(children, national), and Peru; Asia: Iran, Kuwait (national) and Singapore (national), and
Europe: Greece (children, national).

The CONCORD-3 protocol defining the data structure, file transmission procedures and
statistical analyses was expanded and updated from the CONCORD-2 protocol, with the
addition of variables on five additional cancers or groups of malignancies, tumour grade, and
the modality and date of the first course of treatment by surgery, radiotherapy or systemic
therapy.

In a study of this scale, adherence to protocol is critical. The protocol and analytic
approaches were discussed with CONCORD Working Group members from 27 countries at
a one-day meeting in Marrakech, Morocco, in October 2016. The protocol was also
discussed at workshops in China, the Russian Federation, Romania, Singapore and the USA
(for North America), and in conference calls with Costa Rica, Hong Kong, Malaysia,
Mauritius, Mexico and Mongolia.

English is still a barrier to communication in many countries, so the CONCORD-3 protocol
was translated into eight other languages: Arabic, Chinese (Mandarin), French, Italian,
Japanese, Portuguese, Russian and Spanish. Translations were done by native speakers in the
CONCORD Central Analytic Team in London or the wider CONCORD Working Group,
and checked against the English original by other native speakers. The protocol was made
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available to participants in all nine languages on the CONCORD web-site. The Central
Analytic Team communicates with participants in six languages.

We examined survival for 18 cancers or groups of malignancies (“index cancers”):
oesophagus, stomach, colon, rectum, liver, pancreas, lung, melanoma of the skin, breast
(women), cervix, ovary and prostate in adults (15-99 years); brain tumours, myeloid and
lymphoid malignancies in adults, and brain tumours, acute lymphoblastic leukaemia (ALL)
and lymphomas in children (0-14 years). Collectively, these cancers accounted for about
75% of the estimated number of patients diagnosed with cancer world-wide each year
around 2012 (10,537,411 of 14,067,894, excluding non-melanoma skin cancer; Table 1).13
The overall proportion is very similar in Northern America, Europe, Australia, New Zealand
and Japan (“developed countries™) and in other world regions (“developing countries™), but
it varies widely between cancers: prostate cancer is proportionately three times more
common in developed countries, and cervical cancer four times more common in developing
countries.

Solid tumours were defined by anatomic site (topography), and the leukaemias, lymphomas
and melanoma of the skin by morphology (Table 2). Topography and morphology were
coded to the International Classification of Diseases for Oncology (third edition, ICD-O-3),
14 including its first revision.1® We restricted estimation of survival for melanomas to those
arising in the skin, including the skin of the labia majora, vulva, penis and scrotum (ICD-
0-3 C51.0, C51.9, C60.9, C63.2). Melanomas arising in internal organs were included with
all other malignancies in those organs. For ovarian cancer, we included the fallopian tube,
uterine ligaments and adnexa, as well as the peritoneum and retroperitoneum, where high-
grade serous ovarian carcinomas are often detected.1® Registries were not asked to select
cancers by sex, although some did so. Where data sets did include records for breast cancer
in men, the proportion was consistently around 0.7%; these records were excluded. We also
excluded small numbers of retroperitoneal malignancies in men, as well as Kaposi sarcoma,
and tumours in solid organs with haematopoietic morphology.

Reqgistries provided data for all haematopoietic malignancies (ICD-0O-3 morphology codes in
the range 9590-9992) in adults and children, to minimise differences in the spectrum of
leukaemias and lymphomas submitted for analysis. In consultation with specialists in the
HAEMACARE? and InterLymph?8.1 groups, we agreed to analyse survival for adults in
two broad groups: lymphoid malignancies (HAEMACARE groups 1-19) and myeloid
malignancies (groups 20-25; Table 2, web-table 1).

For children, we agreed to present survival estimates separately for ALL and lymphomas,
based on ICD-0-3 codes, grouped according to the third edition of the International
Classification of Childhood Cancer (ICCC-3).20 The first revision of ICD-O-3, published in
2013,15 introduced eight new entities for acute lymphoblastic leukaemia/lymphoma
(morphology codes 9811-9818). These new entities were not used at all by registries in 42
of the 58 countries that submitted data for children diagnosed with ALL during 2010-2014,
and very rarely in eight countries (combined number of children coded to a new entity below
100), but the proportions ranged from 11% to 89% in large data sets from Australia,
Belgium, Canada, the Netherlands, Puerto Rico, Singapore, Taiwan and the US. The overall
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proportion for all 58 countries combined during 2010-2014 was 29% (10,679 of 36,867
children). We therefore included the new entities in all analyses. They were included among
the acute lymphoblastic leukaemias if the anatomic site was coded as blood, bone marrow,
reticulo-endothelial or haematopoietic systems (not otherwise specified) (C42.0-42.1,
C42.3-42.4), or unknown primary site (C80.9). Otherwise such malignancies were included
with the lymphomas (web-table 1).

Survival analyses include only primary, invasive malignancies (ICD-O-3 behaviour code 3),
except for the brain, where benign tumours (behaviour code 0) are also included. To
facilitate quality control and comparison of the intensity of early diagnostic and screening
activity, registries were asked to provide data for all registered malignancies at each index
site, including those that were benign, of uncertain or borderline malignancy (1), in situ (2),
metastatic (6) or uncertain whether primary or metastatic (9).

Registries were asked to provide full dates (day, month, year) of birth, diagnosis and death
or last known vital status, both for quality control and to enable comparable estimation of
survival.2l Where the day or month of birth, or the day of the date of diagnosis, or the day or
month of the date of last known vital status was missing, we used an algorithm (details on
request) to standardise the imputation of missing dates for all populations.

Participating registries completed a questionnaire on their methods of operation, including
data definitions, data collection procedures, coding of anatomic site, morphology and
behaviour, the tracing of registered cancer patients to ascertain their vital status, and how
tumour records are linked with data on vital status.

Patients diagnosed with two or more primary cancers at different index sites during 2000-
2014 were included in the analyses for each cancer, e.g. colon cancer in 2005 followed by a
breast cancer in 2010. Survival was measured from the date of diagnosis until death, loss to
follow-up or censoring. We retained the most complete record for patients with synchronous
primary cancers in the same organ. If a patient was registered with two or more primary
malignancies in the same index site during 2000-2014 (metachronous primaries), only the
first was included in analyses.

North American registries define multiple primary cancers under the rules of the
Surveillance Epidemiology and End Results (SEER) programme.22 Those rules accept more
cancers as new primary cancers than the rules of the International Association of Cancer
Registries (IACR),23 which are used by most cancer registries in other continents. The North
American Association of Central Cancer Registries (NAACCR) kindly updated the program
developed for CONCORD-2 to enable all North American registries to recode their entire
incidence databases to the IACR multiple primary rules, before their data sets for 2000-2014
were extracted for CONCORD-3.

Countries and territories were defined by their UN name, continent and code as of 2015.24
The names of jurisdictions used in the text, tables, graphics, maps and web-appendix are
those used for statistical purposes by the Statistics Division of the UN Secretariat; similarly,
we use “national coverage” to contrast with “regional coverage” for statistical purposes.
These designations and the presentation of data here do not imply any assumption regarding
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the political affiliation of countries or territories, or the expression of any opinion
whatsoever on the part of the CONCORD programme concerning the legal status of any
country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. Some names have been shortened for convenience (e.g. Korea for
the Republic of Korea, Russia for Russian Federation): this does not carry any political
significance.

Cyprus is a Member State of the European Union, but it is part of Asia. Costa Rica, Cuba,
Guadeloupe, Martinique, Mexico and Puerto Rico (Caribbean and Central America) were
grouped with South America as America (Central and South). World maps and 29 regional
maps were prepared in ArcGIS® Release 10.3,2° using digital boundaries (shapefiles) from
the Database of Global Administrative Areas (GADM 2.8).26

The population coverage of the data from participating registries is given as the proportion
of the country or jurisdiction’s population, taken from the UN Population Division database
for 2014,27 or from the authorities for Australia, Guadeloupe, Hong Kong, Poland, Portugal
and Taiwan or the registries concerned. Belarus, Greece and Mexico provided data only for
childhood cancers, so the populations used were for children (0-14 years), and Mali,
Mongolia and Morocco only provided cancer data for women, so the female populations
were used.

Quality control

As for the previous cycle of the CONCORD programme,® we performed data quality checks
in three phases: protocol adherence, exclusions, and editorial checks. After each phase, a
detailed report was sent to each cancer registry for discussion, and correction of data where
required.

First, registries were sent a report showing the percentage compliance with the protocol for
each of 51 variables in each cancer file. Compliance less than 100% required correction
and/or re-submission of data.

Next, we checked for logical inconsistencies between the variables in each tumour record.
Exclusion criteria were defined a priori, based on experience from CONCORD-2, and
extended to cover features of some of the five additional cancers such as Ann Arbor stage
for the lymphomas, and 14 additional variables on tumour grade and treatment. The
variables in each record were checked for logical coherence against 20 sets of criteria,
including eligibility (e.g. age, tumour behaviour), definite errors (e.g. sex-site errors, invalid
dates, impossible date sequence, missing vital status) and possible errors, including a wide
range of inconsistencies between age, tumour site and morphology.®-28 Registries were sent
‘exclusion reports’ for each index cancer and each calendar period, summarising the number
of tumour records with each type of definite or possible error, the number registered from a
death certificate only (DCO) or detected at autopsy, and the number and proportion of
eligible patients whose data could be included in survival analyses. Registries were invited
to request details of tumour records in which errors had been detected. Many registries used
this information to update their databases. Where errors in classification, coding or
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pathological assignment were identified, registries were asked to correct and re-submit their
data.

Finally, we examined the proportion of tumour records with morphological verification of
the diagnosis, whether from histology of a biopsy or surgical specimen, cytology of a smear
or bone marrow aspirate, or from imaging or biomarkers, including tumours with a specific
morphology code. We also examined the proportion of cases with non-specific morphology,
the distributions of the day and month of the dates of birth, diagnosis and last known vital
status, and the proportion of patients who died within 30 days, were lost to follow-up, or
were censored within 5 years of diagnosis.

Follow-up for vital status

Cancer registries use various methods to determine the vital status (alive, dead, emigrated,
lost to follow-up) of registered cancer patients.® Among 243 registries that provided specific
information on follow-up procedures, 242 (99%) determine the vital status of registered
cancer patients using passive follow-up techniques, in which tumour registration records are
regularly linked to a regional or national index of all death registrations, regardless of the
cause of death. Linkages are usually based on a national identity or social security number
that is stored in both records. Such linkages are increasingly done electronically, but manual
scrutiny of printed lists is still required in places. Tumour records that match to a death
record are updated with the date of death. Some registries routinely receive paper or
electronic death certificates for their territory, but this is insufficient on its own, since death
certificates that do not mention cancer are rarely included. Transcription errors can arise
with identity numbers, so variables such as the name, sex and date of birth are often used to
improve the probability of an accurate match between a cancer record and a death
registration.

Many registries use electoral registers, hospital records or official databases, such as social
insurance, health insurance and driving licences, to determine the date on which a patient
was last known or believed to have been alive. Patients recorded as having migrated beyond
the registry’s jurisdiction, or to another country, may be recorded as lost to follow-up,
because the patient’s eventual death is unlikely to be recorded: they are censored from
survival analysis on that date.

Active follow-up techniques are also used by 124 (51.0%) registries, which routinely contact
the treating physician, GP or hospital administration to determine the vital status for each
registered patient, often on a quarterly or annual basis. Some registries also determine the
vital status by contact with the patient’s family, by telephone or home visit, or with the
village administration.

Registries were asked to submit data with follow-up for at least 5 years or, for patients
diagnosed during 2010-2014, until 31 December 2014. Registration and follow-up for
patients diagnosed in 2000-2009 was updated, and new data sets were submitted.

Patients registered solely from a death certificate or diagnosed at autopsy were excluded
from analyses, because their survival time is unknown.
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Statistical methods

Most registries submitted data for patients diagnosed from 2000 to 2014, with follow-up to
2014, although some registries only began operation after 2000, or provided data for less
than 15 years. The study design for examining survival trends among patients diagnosed in
three consecutive five-year periods was cohort, cohort, period. This design was also used for
CONCORD-2,5 so it enables us to examine global trends in survival over a 20-year period,
by including the estimates for patients diagnosed during 1995-1999.

The cohort approach is considered the gold standard,?%:30 because it provides a survival
estimate for a group of patients who were diagnosed during the same year or period, are
likely to have been treated in similar fashion, and who have all been followed up for at least
the duration of survival required, such as 5 years. This approach to the estimation of survival
is easy to interpret, but other approaches are required when some patients have been
followed up for less than 5 years.

We used the cohort approach for patients diagnosed in 2000-2004 and 2005-2009, because
in most data sets, all patients had been followed up for at least five years. We used the period
approach3! for patients diagnosed during 2010-2014, because five years of follow-up data
were not available for all patients. This combination of cohort and period approaches
facilitates monitoring of cancer survival trends over an extended time span, from the earliest
to the most recent years of cancer registration for which follow-up data are available (web-
annex 1).32

To ensure comparability of survival trends from 1995,6 we estimated net survival up to five
years after diagnosis for both adults and children. Net survival is the cumulative probability
of surviving up to a given time since diagnosis (e.g. 5 years) after correcting for other causes
of death (background mortality). We used the Pohar Perme estimator,33 which takes
unbiased account of the higher competing risks of death in the elderly, implemented with the
algorithm stns3 in Stata (version 14).35

To control for the wide differences in background mortality between participating
jurisdictions and over time, we produced 8,790 life tables of all-cause mortality for each
calendar year during 2000-2014 in the general population of each country or registry
territory, by single year of age and sex, and by race/ethnicity in Australia (Northern
Territory: Indigenous, non-Indigenous), Israel (Arab, Jewish), New Zealand (Maori, non-
Maori) and Singapore (Chinese, Malay, Indian).

For 120 registries, we obtained complete life tables that did not require interpolation or
smoothing, for each calendar year 2000-2014.

For 207 registries, the method of life table construction depended on whether we received
raw data (numbers of deaths and populations) or mortality rates, and on whether the raw data
or the mortality rates were by single year of age (“complete”) or by five-year age group
(“abridged™).

For 109 registries, we obtained death and population counts from the registry, or the relevant
national statistical authority. We derived life tables for 2001 and 2013 if possible, each
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centred on three calendar years of data (e.g. 2000-2002, 2012—-2014) to increase the
robustness of the rates. We constructed raw mortality rates from the death and population
counts using a Poisson regression model with flexible functions,3¢ then smoothed and
extended the rates to obtain complete life tables by sex and single year of age up to age 99
years. Life tables for each calendar year 2002-2012 were created by linear interpolation
between the 2001 and 2010 life tables.3” Rather than extrapolate, we used the life table
centred on 2001 for 2000, and the life table centred on 2013 for 2014.

For 64 registries that provided abridged mortality rates, or complete mortality rates that were
not smoothed, we used the Ewbank relational model38 with 3 or 4 parameters to interpolate
(if abridged) and smooth the mortality rates for the registry territory against a high-quality
smooth life table for a country with a similar pattern of mortality by age.3°

Each set of life tables was checked with a standardised statistical summary on the earliest
and latest year of available data, showing the data source and the method of construction and
smoothing. For each sex and, where relevant, each race or ethnicity, the reports show the life
expectancy at birth, the probability of death in the age bands 15-59, 60-84 and 85-99 years,
and semi-log plots of the age-mortality rates, showing both the raw data points and the final
smoothed life-table curve, and the model residuals by age group (web-annex 2).

Collection of authoritative raw data on the numbers of deaths and populations by age, sex
and calendar year or period in participating jurisdictions proved more difficult than in 2013-
2014. For 34 registries, no reliable data on all-cause mortality could be obtained for the
registry territory. We took national life tables published by the UN Population Division,?’
and interpolated and extended them to age 99 years with the Elandt-Johnson method.4°

For the 42 participating states in the US, we used life tables by state, race and
socioeconomic status, provided by the US National Cancer Institute (Mariotto A, NCI,
personal communication, 26 January 2016).

For each country, registry and calendar period, we present age-standardised net survival
estimates for each cancer at five years after diagnosis. For adults, we used the International
Cancer Survival Standard (ICSS) weights,*! in which age at diagnosis is categorised into 5
groups: 15-44, 45-54, 55-64, 65-74 and 75-99 years and, for prostate cancer, 15-54, 55—
64, 65-74, 75-84 and 85-99 years. Of the three sets of ICSS weights, we used group 2
(cancers for which incidence does not increase steeply with age) for melanoma of the skin,
cervix uteri and brain (adults), and group 1 (cancers for which incidence does increase
steeply with age) for oesophagus, stomach, colon, rectum, liver, pancreas, lung, breast, ovary
and prostate, and both groups of haematopoietic malignancies. For children, we estimated
survival for the age groups 0-4, 5-9 and 10-14 years; age-standardised estimates were
obtained by assigning equal weights to the three age-specific estimates.41:42

Cumulative survival probabilities in the range 0-1 are presented for convenience as
percentages in the range 0-100%. 95% confidence intervals for both unstandardised and
age-standardised survival estimates were derived assuming a Normal distribution, truncated
to the range 0-100. Standard errors to construct the confidence intervals were derived with
the Greenwood method.3 If no death or censoring occurred within 5 years, or if all patients
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died within five years (survival probability 1 or zero) we obtained a binomial approximation
for the lower and upper bound, respectively, of the confidence interval.2°

Survival was not estimated if fewer than 10 patients were available for analysis. If 10-49
patients were available for analysis in a given calendar period, we only estimated survival
for all ages combined. If 50 or more patients were available, we attempted survival
estimation for each age group. If a single age-specific estimate could not be obtained, we
merged the data for adjacent age groups and assigned the combined estimate to both age
groups before standardisation for age. If two or more age-specific estimates could not be
obtained, we present only the unstandardised estimate for all ages combined. We did not
merge data between consecutive calendar periods.

The pooled estimates for countries with more than one registry do not include data from
registries for which the estimates were less reliable. Less reliable estimates are reported with
a flag when they are the only available information from a given country or territory.

Ethical approvals and confidentiality

We maintain approvals from the Ethics and Confidentiality Committee of the UK’s statutory
Health Research Authority (HRA) (reference ECC 3-04(i)/2011, last update 3 March 2017)
the National Health Service Research Ethics Service (11/L0/0331, 21 February 2017) and
the London School of Hygiene and Tropical Medicine (12171, 6 September 2017). The
HRA also approves the Cancer Survival Group’s System-Level Security Policy, governing
data security. One investigator (MPC) maintains triennial certification with the Collaborative
Institutional Training Initiative in Human Subjects Research for Biomedical Investigators
(https://www.citiprogram.org, 1D3327653, 2 May 2016). We maintain statutory and/or
ethical approvals and data sharing agreements, usually with annual renewal, in 85 other
jurisdictions participating in the CONCORD programme. Registries in all other jurisdictions
obtain local approval. The data belong to the participating registries and are only used for
purposes agreed in the CONCORD protocol.

Participants transmit data via a specially configured file transmission utility with 256-bit
Advanced Encryption Security. The utility automatically generates a random, strong, one-
time password for each data file at the time of transmission, and emails it to a different
address. Neither the password nor the address are seen by the sender. This avoids the need
for confirmation of passwords by email or telephone. Tumour records are effectively
anonymised: they do not contain the patient’s name, address, postcode, or any national
identity or social security number. All variables are numeric or alphanumeric codes. Each
registry is sent a set of unique codes that must be used in naming each cancer data file,
including distinct filenames for any re-transmission. The codes have no meaning outside the
study. Data files thus contain no information that could be used to identify a person or a
cancer registry, and neither the name nor the content of the file indicates that it even contains
cancer data. This enhances security, as well as facilitating efficient handling of thousands of
data files.

Lancet. Author manuscript; available in PMC 2019 March 17.


https://www.citiprogram.org

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Allemani et al.

Page 13

Role of the funding sources

Results

The funding sources played no part in the design, data collection, quality control, analysis,
interpretation of the findings, writing of the manuscript, or the decision to submit for
publication. The corresponding author had full access to all data and responsibility for
submission for publication.

The CONCORD database 2000-2014

Data were analysed for 322 cancer registries in 71 countries in Africa (8 registries, 6
countries), Central and South America (33 registries, 13 countries), North America (57
registries, 2 countries), Asia (66 registries, 17 countries), Europe (149 registries, 31
countries) and Oceania (9 registries, 2 countries) (Figure 1).

For 47 countries, data were provided with 100% coverage of the national population: 41 for
both adults and children, and 6 for children only (Argentina, Belarus, France, Greece,
Mexico and Switzerland) (Table 3). In the other countries, population coverage varied from
less than 1% in India to 86% in the US. More than 80 cancer registries joined the
CONCORD programme for the first time. The 322 participating registries cover a combined
population of almost one billion people around 2014 (989,082,244; Table 4). Detailed maps
of participating jurisdictions are shown in web-figures 1.1-1.30.

Coverage is now national in Australia, and contributions from additional registries increased
the population coverage in another 14 of the 25 countries that participated in CONCORD-2
with sub-national coverage: Africa: Algeria (from 1.6% to 6.0%); Central and South
America: Brazil (5.7%, 7.7%), Chile (5.5%, 13.8%), Colombia (6.9%, 9.0%), Ecuador
(33.8%, 40.2%); North America: the USA (83.2%, 85.8%); Asia: Japan (29.2%, 40.6%),
Thailand (5.9%, 20.3%), Turkey (5.4%, 23.4%); Europe: France (18.4%, 21.7%), Italy
(38.6%, 58.3%), Romania (3.1%, 5.0%), Russia (0.9%, 5.6%), Switzerland (47.4%, 54.7%);
Oceania: Australia (90.8%, 100%). International coverage has been reduced by the loss of
data from Indonesia (Jakarta) and from four countries in Africa: Gambia, Lesotho, Libya
and Tunisia.

Three of the Polish registries that participated in CONCORD-2 now use a different or
anglicised name, changing the alphabetical order in web-tables: Holy Cross (formerly
Kielce), Lower Silesia (Wroctaw) and Subcarpathia (Podkarpackie). All 16 voivodships of
Poland are now included.

Four registries submitted data with wider territorial coverage than before. The Burgundy
(Digestive) registry in France submitted data for both the Sadne-et-Loire and the Céte-d’Or
départements, the Biella registry (Italy) now covers the Provincia di Vercelli as well as
Biella; the Milano (ltaly) registry now covers Provincia di Milano and Lodi as well as the
city of Milan, and the Cluj (Romania) registry expanded coverage from Cluj county to
include Bistrita-Nasaud county.

We received more than 4,700 data sets.
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We examined individual cancer registrations for 42,218,671 patients diagnosed with an
index cancer during the period 2000-2014 (Table 3). Of these, 2,701,998 (6.4%) were for an
in situ cancer, mostly of the cervix (54.6% of 1,708,084 women), breast (10.6% of
7,377,462 women), colon (4.4% of 4,619,536 adults) or prostate (0.6% of 6,069,630 men)
(web-table 2). The proportions of /n situ cancer are not directly comparable between
countries, because some registries still do not record /7 situ malignancies, while others did
not submit data for cancers where /n situ malignancy is common. The variation between
continents is still of interest: for cervical cancer, it ranged from 2.3% in African registries to
24% in Central and South American registries, 37.4% in Asian registries and 82% in
Oceania; US registries did not submit data for /n situ cervical cancers, and only three
Canadian provinces did so. The proportion of /n situ breast cancers varied from 0.3% in
African registries to 4—6% in Asia, Europe and Oceania and 17% in North America.

Patients with /n sifu cancer were not included in survival analyses. We excluded a further
506,625 (1.7%) patients because the year of birth, the month or year of diagnosis, or the year
of last vital status was unknown, or because the tumour was not a primary, invasive
malignancy (behaviour code 3), or the morphology was that of Kaposi sarcoma or
lymphoma in a solid organ, or for other reasons (Table 3). The proportion of records
excluded for these reasons is shown for each cancer and each cancer registry in web-table 2.

Of the 38,771,959 patients otherwise eligible for inclusion in survival analyses, the records
for 1,124,388 (2.9%) were excluded because the cancer was registered only from a death
certificate or discovered at autopsy (Table 3), and 116,316 (0.3%) for other reasons. These
included definite errors (unknown vital status, unknown sex, sex-site error, invalid date(s) or
sequence of dates) and possible errors, such as apparent inconsistencies between age, cancer
site and morphology (details on request). For example, we excluded hepatoblastomas in
children older than 6 years, and multiple myeloma in persons aged less than 20 years, unless
the record was confirmed as correct by the registry concerned.

Among the 37,507,799 patients available for survival analyses for all cancers combined
(97% of those eligible for inclusion), pathological evidence of malignancy (histology,
cytology or haematology) was available for 35,482,420 (94.6%) (Table 3). This proportion
ranged from 88.6% in Asia, 90.1% in Africa and 92.4% in Central and South America, up to
94-98% in Europe, Oceania and North America. Continental variation was much wider for
some cancers (web-table 2).

Countries marked in the text with an asterisk are those for which survival estimates are
based on data with national population coverage (100%). Survival estimates that are
considered less reliable are flagged (8) in tables and graphics. These are data sets in which
15% or more of patients were lost to follow-up or censored alive within five years of
diagnosis. For patients diagnosed in 2010 or later, this criterion was applied for patients
censored alive before 31 December 2014, the study closure date. Estimates are also flagged
as less reliable if 15% or more of patients were registered only from a death certificate or at
autopsy and excluded from analysis, since their survival is unknown. Finally, estimates are
also flagged if 15% or more of patients were excluded from analysis because one or more
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dates was incomplete: unknown year of birth, unknown month or year of diagnosis, or
unknown year of last vital status.

In what follows, we present results in a similar structure for each group of cancers. Where
possible, we also present graphics of national trends in cancer survival over the 20-year
period 1995-2014. Estimates for patients diagnosed during 1995-99 are for countries that
provided data for one of the 10 cancers included in CONCORD-2.5

Gastrointestinal cancers

Oesophagus—Results are available for 734,428 adults from 290 registries in 60 countries
(Tables 2 and 4).

In 2010-2014, 5-year age-standardised net survival was in the range 10-30% in most
countries, with a much wider range in Asia (web-figure 4). Most survival estimates were
considered reliable (Table 5, web-table 4).

Survival was highest in Japan (36%), China (34%) and Korea* (31%), and below 30% in all
other countries (Table 5, web-figure 2). Survival was in the range 20-30% in 11 countries:
Mauritius*, Puerto Rico*, the US, 2 countries in western Asia (Israel*, Turkey), in 5
European countries (North: Ireland*; West: Belgium™*, Germany, the Netherlands*,
Switzerland) and in Australia*.

Survival trends from 2000 to 2014 increased by 4-5% in Singapore*, 3 European countries
(North: Denmark*, the UK*; West: Germany) and in the US (web-figure 3). Survival
increased by 6-10% in China, Israel* and Japan, in 6 European countries (North: Ireland*,
Norway™*; South: Portugal*; West: Belgium*, the Netherlands*, Switzerland) and in
Australia*. The increase in Korea* was 13%.

Stomach—Results are available for 2,019,382 adults from 294 registries in 62 countries
(Tables 2 and 4).

Age-standardised five-year net survival was generally in the range 20-40%, with very wide
variation in Asia (web-figure 4). Most estimates were considered reliable (Table 5, web-table
4).

In 2010-2014, survival was very high in Korea* (69%) and Japan (60%), followed by
Jordan* (56%) and Costa Rica* (46%) (Table 5, web-figure 2). Survival was in the range
30-40% in 16 countries: in Canada and the US; in Puerto Rico* and Martinique*; 5 Asian
countries (Soutfr. Malaysia (Penang), Singapore*; East. China, Taiwan*; West. Israel*); 6
European countries (Soutfr. Italy, Portugal™*; West. Austria*, Belgium*, Germany,
Switzerland) and in Australia* (Table 5, web-figure 2).

Survival was in the range 20-29% in 25 countries (Mauritius*, Brazil, Kuwait*, Turkey, 20
European countries, New Zealand*), and below 20% in Chile, Ecuador, Thailand and
Bulgaria*.
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Survival trends between 1995-1999 and 2010-2014 were rather flat in most countries, but
after 2000, survival increased by 5% in Canada and the US, Singapore* and in 6 European
countries (Nortfr. Denmark*, Lithuania*, the UK*; East. Poland*; West. Austria*, the
Netherlands*).

Over the same 20 years, 5-year survival increased by up to 10% in Israel*, Japan, Estonia*
and Ireland*, and by 20% or more in China and Korea*.

Colon—Results are available for 4,198,637 adults from 296 registries in 65 countries
(Tables 2 and 4).

Survival for colon cancer varied widely, especially in Central and South America, in Asia
and in Europe (Figure 4A, web-figure 4). Most estimates were considered reliable (Table 5,
web-table 4).

For patients diagnosed during 2010-2014, survival was higher than 70% in 4 countries:
Israel*, Jordan*, Korea* and Australia*. Survival was in the range 50-69% in 26 countries:
Mauritius*; in Costa Rica* and Puerto Rico*; in Canada and the US; in Japan, Singapore*
and Taiwan*; in 17 European countries (Nortfr. Denmark*, Finland*, Iceland*, Ireland*,
Norway*, Sweden*, the UK*; South: Italy, Portugal*, Slovenia*, Spain; West. Austria*,
Belgium*, France, Germany, the Netherlands*, Switzerland) and in New Zealand* (Table 5,
web-figure 2).

Survival ranged from 50% to 60% in 20 countries: in 4 Central and South American
countries (Brazil, Martinique, Peru (Lima), Uruguay*); in 5 Asian countries (Soutfr.
Malaysia (Penang) £ast: China, Hong Kong*; West. Kuwait*, Turkey) and in 9 European
countries (Nortfr. Estonia*, Lithuania*, Latvia*; South: Croatia*, Malta*; EFast. Bulgaria*,
Czech Republic*, Poland*, Slovakia*).

Five-year net survival was below 50% in Ecuador (48%), Thailand (47%), Russia (45%) and
India (39%).

Survival trends between 1995-1999 and 2000-2014 were generally flat or increasing (web-
figure 3). Five-year survival increased over this period by 5-10% in 11 countries: in Canada;
in Japan and Taiwan*, and in 7 European countries (North: Estonia*, Ireland*, Lithuania*,
Norway*, Sweden*; South. Italy; West. the Netherlands*) and in Australia*.

Over the same period, survival increased by more than 10% in China, Israel* and Korea*,
and in 8 European countries (North: Denmark*, Iceland*, Latvia*, the UK*; South.
Slovenia*, Spain; £ast. Bulgaria*, Czech Republic*, Poland™).

Rectum—Results are available for 1,720,488 adults from 294 registries in 64 countries
(Tables 2 and 4).

As for colon, five-year net survival for rectal cancer varied widely. The range of survival
estimates in Asia for 2010-2014 was even wider than for colon cancer (web-figure 4).
Almost all the survival estimates were considered reliable (Table 5, web-table 4).
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Survival was higher than 70% in Jordan* (73%), Korea* (71%), and Australia* (71%).

For patients diagnosed during 2010-2014, survival was in the range 60-69% in 24 countries:
in Canada and the US; in 4 Asian countries (South: Singapore*; East: Japan, Taiwan*; West:
Israel*), in 17 European countries: (North: Denmark*, Finland*, Iceland*, Ireland*,
Norway*; Sweden*, the UK*; Soutfr. Italy, Portugal*, Slovenia*, Spain; West. Austria*;
Belgium*; France, Germany, the Netherlands*, Switzerland); and in New Zealand* (Table 5,
web-figure 2).

Survival was in the range 50-59% in 18 countries: in 7 countries in Central and South
America (Argentina, Brazil, Costa Rica*, Martinique*, Peru (Lima), Puerto Rico*,
Uruguay*); in 5 Asian countries (South: Malaysia (Penang); £ast: China, Hong Kong*;
West. Kuwait*, Turkey) and in 6 European countries (Nortf. Estonia*, Latvia*, Lithuania*;
South. Malta*; East. Czech Republic*, Romania (Cluj)).

Five-year survival was below 50% in Slovakia* (49%), Poland* (48%), Croatia* (48%),
Bulgaria* (46%), Ecuador (45%), Thailand (44%), Russia (42%) and India (30%).

Survival trends between 1995-1999 and 2000-2014 were generally increasing, especially
since 2000, in Asia, Europe and Oceania (web-figure 3). Survival increased by 5-10% in
Japan and Taiwan*; in Finland*, Italy and Sweden; and in New Zealand*.

Over the same period, 5-year survival increased by 10% or more in Canada; in China,
Israel* and Korea*; in 13 European countries (AMorth.: Denmark™, Estonia*, Ireland*,
Lithuania*, Norway*, the UK*; South: Portugal*, Spain, £ast. Bulgaria*, Czech Republic*,
Poland*; West. the Netherlands*, Switzerland), and in Australia*. The increase was about
20% in Korea* and Slovenia*.

Liver—Results are available for 1,178,364 adults from 291 registries in 61 countries (Tables
2 and 4).

Five-year net survival was in the range 5-30% throughout 2000-2014 (web-figure 4).
Estimates are often flagged as less reliable than for other solid tumours (Table 5, web-table
4), because of the exclusion of higher proportions of DCO registrations (Table 3, web-table
2).

For patients diagnosed during 2010-2014, age-standardised five-year net survival was 30%
in Japan, and in the range 20-29% only in Korea*, Singapore* and Taiwan*; and in
Belgium™* and Italy.

Survival was in the range 10-19% in 32 countries: Canada and the US, in 4 countries in
Central and South America (Argentina, Brazil, Martinique*, Puerto Rico*); in 4 Asian
countries (£ast. China; West: Israel*, Kuwait*, Turkey); in 15 European countries (North:
Iceland*, Ireland*, Latvia*, Norway*, Sweden*, the UK*; South:. Portugal*, Spain; East.
Poland*, Romania (Cluj); West. Austria*, France, Germany, the Netherlands*, Switzerland)
and in Australia* and New Zealand*.
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Five-year survival was less than 10% in Denmark*, Slovenia*, Thailand, Czech Republic*,
Russia and Estonia*.

In most countries, survival has changed very little during the 20-year period 1995-1999 to
2000-2014. It increased by 5-10% in Canada and the US; in Japan; in 9 European countries
(North: Denmark*, Ireland, the UK™*; South. Italy, Spain; West: France, Germany, the
Netherlands*, Switzerland) and Australia* and New Zealand*. Survival increased by more
than 10% in China, Korea* and Taiwan*; and in Norway*, Portugal* and Sweden*.

Pancreas—Results are available for 1,229,379 adults from 290 registries in 59 countries
(Tables 2 and 4).

Age-standardised five-year net survival estimates were generally in the range 5-15%
throughout 2000-2014 (web-figure 4). As for liver cancer, some estimates are less reliable
(Table 5, web-table 4), due to the high proportion of DCO registrations (Table 3, web-table
2).

For patients diagnosed during 2010-2014, survival was higher in Kuwait* (24%) and
Malaysia (Penang, 19%) (Table 5, web-figure 2). Survival was in the range 10-15% in 16
countries: in Canada and the US; in Brazil and Martinique*; in China, Korea* and Turkey, in
8 European countries (North. Estonia*, Ireland*, Latvia*, Norway*, Sweden*; South:
Portugal*; West. Belgium*, Germany), and in Australia*. Five-year net survival ranged
between 5% and 10% in 19 countries. Survival was very low in Russia (4%).

Trends in 5-year survival between 2000-2004 and 2010-2014 were generally flat, but
increases of 3-5% were seen in Canada and the US; in Korea* and Singapore*, in 12
European countries (Nortfr. Denmark*, Estonia*, Ireland*, Latvia*, Norway*, Sweden*, the
UK™*; South. Portugal™; East: Czech Republic*; West. Belgium*, the Netherlands*,
Switzerland), and in Australia* (web-figure 3).

Results are available for 6,051,262 adults from 290 registries in 61 countries (Tables 2 and
4).

Age-standardised five-year net survival was in the range 10-20% in most countries (Table 5,
web-figure 4). Most estimates in Central and South America were less reliable, due to the
high proportion of DCO registrations excluded from analysis (Table 5, web-table 4),
although the proportion of DCOs has generally decreased world-wide (Table 3, web-table 3).

For patients diagnosed during 2010-2014, the five-year survival estimate was high in Japan
(33%). It was in the range 20-30% in 12 countries: Mauritius*, Canada and the US; 4 Asian
countries (£ast. China, Korea*, Taiwan*; West. Israel*), and 5 European countries (Nortfr.
Latvia*, Iceland*, Sweden*; West. Austria*, Switzerland) (Table 5, web-figure 2). In most
countries, however, survival was in the range 10-19%: in Martinique* and Puerto Rico*; in
6 Asian countries (South. Malaysia (Penang), Singapore™; West. Cyprus*, Kuwait*, Qatar*,
Turkey); in 21 European countries (AMortfr. Denmark*, Estonia*, Finland*, Lithuania*,
Norway*; South:. Croatia*, Italy, Malta*, Portugal*, Slovenia*, Spain; £East. Czech
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Republic*, Poland*, Russia, Slovakia*; West. Belgium*, France, Germany, Ireland*, the
Netherlands*, the UK*); and in Oceania (Australia* and New Zealand*).

Survival was below 10% in Thailand, Brazil, Bulgaria and India.

Lung cancer survival trends between 1995-1999 and 2000-2014 were generally flat, but
survival increased by 5-10% in 21 countries: in Canada and the US; in Israel*, Singapore*
and Taiwan*; and in 15 European countries (Nortf. Denmark™, Estonia*, Iceland*, Ireland*,
Latvia*, Norway*, Sweden*, the UK*; Soutfr. Portugal*, Slovenia*; West. Austria*, France,
Germany, the Netherlands*, Switzerland), and in Australia*. Survival increased by more
than 10% in China, Japan and Korea* (Table 5, web-figure 3).

Melanoma of the skin

Results are available for 1,553,109 adults from 281 registries in 59 countries (Tables 2 and
4).

Age-standardised 5-year net survival was in the range 60-90% in most countries (web-figure
4). Most estimates were considered reliable (Table 5, web-table 4).

For patients diagnosed during 2010-2014, five-year survival estimates exceeded 90% in 14
countries: in the US, and in 8 European countries (North. Denmark*, Sweden*, the UK*;
West. Belgium™*, France, Germany, the Netherlands, Switzerland); and in Australia* and
New Zealand™ (Table 5, web-figure 2).

Survival was in the range 80-89% in 14 countries: in Canada, in Israel* and in 12 European
countries (Nortfr. Estonia*, Finland*, Iceland*, Ireland*, Norway*; Soutfr. Italy, Malta*,
Portugal*, Slovenia*, Spain; East. Czech Republic*; West: Austria*).

Survival was in the range 70-79% in 10 countries: in 4 countries in Central and South
America (Argentina, Brazil, Costa Rica*, Puerto Rico*); and in 6 European countries
(North: Latvia*, Lithuania*; Soutf. Croatia*; East, Poland*, Romania (Cluj), Slovakia*).

Survival was in the range 60-69% in 7 countries: in 5 Asian countries (Soutfr. India,
Singapore*; Fast. Korea*, Japan; West Turkey) and in Bulgaria* and Russia. Survival was
below 60% in Ecuador and in 5 Asian countries (Soutfr. Thailand; East. China, Taiwan*;
West. Jordan*, Kuwait*).

Trends between 2000-2004 and 2010-2014 were generally stable in North America,
Oceania and Japan, and in several European countries, where five-year survival was already
around 85-90% among patients diagnosed during 2000-2004. Survival increased by 5-10%
in China and Korea*; 13 European countries (Nortf. Denmark*, Estonia*, Latvia*,
Lithuania*, UK*; Soutfr. Croatia*, Portugal*, Slovenia*; East: Bulgaria*, Czech Republic*,
Poland*; West. Austria*, Belgium™).

Women’s cancers

Breast—Results are available for 6,422,553 women from 298 cancer registries in 66
countries (Tables 2 and 4).
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The range of survival estimates is still wide in each continent, apart from North America and
Oceania (Figure 4, web-figure 4). Most estimates were considered reliable (Table 5, web-
table 4).

For women diagnosed during 2010-2014, age-standardised five-year net survival was 85%
or above in 25 countries: in Costa Rica* and Martinique*; Canada* and the US; in Israel*,
Japan and Korea*; in 16 European countries (Nortfr. Denmark™, Finland*, Iceland*,
Norway*, Sweden*, the UK*; West. Austria*, Belgium*, France, Germany, the
Netherlands*, Switzerland; Soutfr. 1taly, Malta*, Portugal*, Spain); and in Australia* and
New Zealand* (Table 5, Figure 2B, web-figure 2).

Five-year survival was in the range 80-84% in 13 countries: 4 countries in Central and
South America (Argentina, Brazil, Peru (Lima), Puerto Rico*); 5 Asian countries (Soutfr.
Singapore*; East. China, Hong Kong*, Taiwan*; West. Turkey) and 4 European countries
(North: Ireland™; East. Czech Republic*, Latvia*; Soutfr. Slovenia*). Survival was in the
range 70-79% in 12 countries: in Cuba* and Ecuador; in Kuwait* and Mongolia*; and 8
countries in Europe (North. Estonia*, Lithuania*; South. Croatia*; East. Bulgaria*, Poland*,
Romania (Cluj), Russia, Slovakia*).

Survival was still low in Thailand (69%) and India (Karunagappally, 66%).

Five-year net survival continued to increase up to 2010-2014 in most countries in Central
and South America, Eastern and Western Asia and in all of Europe. Even so, survival
remains lower in Eastern Europe than in other parts of the continent. In North America and
Oceania, five-year net survival approached 90% (Figure 3, web-figure 3).

Cervix—Results are available for 660,744 women from 295 cancer registries in 64
countries (Tables 2 and 4).

The global range in cervical cancer survival is still wide (50-70%), especially in Central and
South America, Asia and Europe (Table 5, web-figure 4). Most survival estimates are
reliable (web-table 4).

For women diagnosed during 2010-2014, age-standardised five-year net survival was 70%
or higher in 7 countries, of which 5 with national coverage: in Japan, Korea* and Taiwan*;
in Denmark™*, Norway* and Switzerland, and in Cuba* (Table 5, web-figure 2).

Survival was in the range 60-69% in 29 countries: Canada and the US; Brazil and Puerto
Rico*; 5 countries in Asia (£ast. China, Hong Kong*; Soutfr. Singapore*; West: Israel*,
Turkey), 18 countries in Europe, and in Australia* and New Zealand*.

Survival was in the range 50-59% in 5 countries in Central and South America (Argentina,
Ecuador, Martinique, Peru (Lima), Uruguay¥*); in India, Kuwait* and Thailand, and in 6
European countries (Nortfr. Latvia*, Lithuania®; £ast. Bulgaria*, Poland*, Russia; South:
Malta*).

Over the 15 years up to 2014, five-year survival has increased by 4-6% in Japan and in 11
European countries (North: Denmark™, Estonia*, Ireland*, Lithuania*, Norway*; the UK*;
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South: Portugal™; East: Bulgaria*, Poland*; West: Switzerland) (web-figure 3). Survival
increased by 8-10% in Cuba* and India. In China, five-year survival increased from 53% for
women diagnosed during 2000-2004 to 68% in 2010-2014.

Ovary—Results are available for 865,501 women from 289 registries in 61 countries
(Tables 2 and 4).

Age-standardised five-year net survival was mostly in the range 30-50%, with even wider
variation in Europe and Asia (web-figure 4). Most survival estimates were reliable (Table 5,
web-table 4).

For women diagnosed during 2010-2014, five-year survival was still below 50% in most
countries, except Costa Rica* (62%) (Table 5, web-figures 2—4). Survival was in the range
40-49% in 25 countries: in Canada and the US, in 8 countries in Asia (South.: Singapore*;
East. China, Korea*, Japan, Taiwan*; West. Israel*, Turkey), in 14 European countries
(North. Denmark*, Estonia*, Finland*, Iceland*, Latvia*, Norway*, Sweden*; South.
Portugal*, Spain; West. Austria*, Belgium*, France, Germany, Switzerland), and in
Australia*.

Survival was in the range 30-39% in 19 countries: 4 in Central and South America
(Argentina, Brazil, Ecuador, Puerto Rico*); in Kuwait* and Thailand, in 12 European
countries (Nortfr. Ireland*, Lithuania*, the UK* South: Croatia*, Italy, Slovenia*; East.
Bulgaria*, Czech Republic*, Poland*, Russia, Slovakia*; West. the Netherlands*), and in
New Zealand*.

Survival was below 30% in Malta* (28%) and India (16%).

Survival trends between 1995-1999 and 2010-2014 were rather flat in most countries.
However, five-year survival rose by 5-10% in the US; in Israel*, Korea* and Taiwan*; in 11
European countries (Nortfr. Denmark™, Iceland*, Ireland*, Norway*, Sweden*; South.
Portugal*, Spain; £ast. Bulgaria*, Poland*; West: France, Switzerland), and in Australia*.
Survival increased by more than 10% in Estonia* and Latvia*, and by 20% in Japan.

Results are available for 5,864,878 men from 290 registries in 62 countries (Tables 2 and 4).

Age-standardised five-year net survival was in the range 70-100% in most countries (web-
figure 4). Most estimates were reliable (Table 5, web-table 4).

For men diagnosed during 2010-2014, five-year survival was approaching 100% in Puerto

Rico*, Martinique* and the US. Survival was higher than 90% in a further 22 countries: in

Brazil and Costa Rica*; in Canada; in Israel*, Japan and Korea*; in 14 European countries

(North: 1celand*, Ireland*, Finland*, Latvia*, Lithuania*, Norway*, Sweden*; Soutfr. Italy,
Portugal*, Spain; West: Austria*, Belgium*, France, Germany), and in Australia* and New
Zealand*.
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Survival was in the range 80-89% in 18 countries: in Argentina, Ecuador and Uruguay*; in
6 Asian countries (South. Malaysia (Penang), Singapore*; East: Taiwan™; West. Jordan*,
Kuwait*, Turkey); and in 9 European countries (Nortfr. Denmark*, Estonia*, the UK*;
South. Croatia*, Malta*, Slovenia*; £ast. Czech Republic*; West. the Netherlands™,
Switzerland).

Survival was approaching 80% in Russia (79%), Poland* (78%) and Romania (Cluj, 77%).
It was 75% in Slovakia*, and below 70% in China (69%), Mauritius* (69%), Bulgaria*
(68%) and Thailand (68%). Five-year survival was 44% in India.

Over the 20-year period between 1995-1999 and 2010-2014, age-standardised five-year net
survival was rising in most countries. Survival increased by 5-10% in Brazil and Ecuador; in
Canada; in China and Turkey; in Austria* and Portugal™; and in New Zealand*.

Five-year survival rose by more than 10% in Israel*, Taiwan* and Thailand, and in 12
European countries (Nortfr. Finland*, Iceland*, Norway*, Sweden*; Soutfr. Croatia*, Italy,
Malta*, Spain; West: France, Germany, the Netherlands*, Switzerland), and in Australia.

Survival increased by more than 20% in 13 countries: in Japan, Korea* and Malaysia
(Penang), and in 10 European countries (North: Denmark*, Estonia*, Ireland*, Latvia*,
Lithuania*, the UK*; South: Slovenia*; East: Bulgaria*, Czech Republic*, Poland*).

Brain—Results are available for 656,659 adults from 286 registries in 59 countries (Tables
2 and 4).

Age-standardised five-year net survival was in the range 20-40% in most countries (web-
figure 4). Most estimates were considered reliable (Table 5, web-table 5).

For patients diagnosed during 2010-2014, five-year survival was higher than 40% only in
Japan (46%) and Croatia* (42%).

Survival was in the range 30-40% in 22 countries: Canada, the US, Puerto Rico* and
Martinique; in 8 Asian countries (Soutfr. Singapore*, East. China, India, Korea*; West:
Israel*, Jordan*, Kuwait*, Turkey), in 9 European countries (North. Denmark™*, Estonia*,
Finland*, Ireland*, Norway*, Sweden*; West. Belgium*, Germany, Switzerland), and in
Australia*.

Survival was in the range 20-29% in 20 countries: Chile and Ecuador; in Malaysia (Penang)
and Taiwan*; in 15 European countries (Nortfr. Iceland*, Latvia*, the UK*; Soutfr. Italy,
Malta*, Portugal*, Slovenia*, Spain; £ast. Czech Republic*, Poland*, Russia, Slovakia*;
West. Austria*, France, The Netherlands*), and in New Zealand*. Five-year survival was
15% in Thailand.

Trends in 5-year survival between 2000-2004 and 2010-2014 were generally rather flat, but
survival increased by 3-5% in 15 countries: Martinique* and Puerto Rico*; in Canada; in
Israel* and Thailand; in 9 European countries (Nortfr. Iceland*, Latvia*, Lithuania*,
Norway*, Sweden*; Soutfr. Croatia*, Italy; West. France, Switzerland), and in New
Zealand*.
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Survival increased by 6-10% in a further 13 countries: the US; in China, India
(Karunagappally); Korea* and Singapore*, and in 7 European countries (Nortfr. Denmark*,
Estonia*, Ireland*, the UK*; South: Malta*, Spain; West. the Netherlands*), and Australia*.
A striking increase (18%) was observed in Japan.

Haematological malignancies

Myeloid malignancies—Results are available for 1,151,226 adults from 286 registries in
61 countries (Tables 2 and 4).

Age-standardised five-year net survival was in the range 30-50% in most countries, although
lower in Asia (web-figure 4). Most estimates were considered reliable (Table 5, web-table
5).

For patients diagnosed during 2010-2014, survival was 55-60% in Belgium*, France,
Germany and Sweden*; in the range 50-54% in Canada, Turkey and in 8 European
countries (Nortfr. Ireland*, Lithuania*, Norway*; Soutfr. Portugal*, Spain; £ast. Romania
(Cluj); West. the Netherlands*, Switzerland) and in Australia*.

Five-year survival was in the range 40-49% in 11 countries: the US, Martinique and Puerto
Rico*, in Israel*, Korea* and Singapore*; in 4 European countries (North. Denmark*,
Iceland*, the UK*; Soutf. Italy), and in New Zealand*.

Survival was in the range 30-39% in 13 countries: Argentina, Brazil and Costa Rica*, in
Japan, Malaysia (Penang) and Taiwan*; and in 7 European countries (Nortfr. Estonia*;
South. Croatia*, Slovenia*; East. Czech Republic*, Russia, Slovakia*; West. Austria*).
Survival was below 30% in Chile and Ecuador; in China, Kuwait* and Thailand; and in
Latvia* and Poland*.

Over the 15 years between 2000-2004 and 2010-2014, age-standardised five-year net
survival increased by 5-10% in 14 countries: in the US; in China, Japan, Singapore* and
Taiwan*; in 8 European countries (North: Ireland*, the UK*; South: Portugal*, Spain; East.
Poland*; West. Austria*, Belgium*, Germany) and in Australia*. Survival rose by more than
10% in Korea*; and in Denmark*, the Netherlands* and Norway*.

Survival increased dramatically in both Lithuania* and Sweden* (27%) and the Czech
Republic* (17%).

Lymphoid malignancies—Results are available for 3,011,054 adults from 289 registries
in 62 countries (Tables 2 and 4).

Five-year age-standardised net survival was usually in the range 40-70% in most countries,
lower in Asia and in Central and South America (web-figure 4). Most estimates were
considered reliable (Table 5, web-table 5).

For patients diagnosed during 2010-2014, 5-year survival was 70% or higher in 6 European
countries (North: Denmark*, Iceland*, Latvia*; West: Belgium*, France, Switzerland) and
Australia*. Survival was in the range 60-69% in Mauritius*; Puerto Rico*, Canada and the
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US; in Israel* and Kuwait*; and in 12 European countries (North.: Finland™*, Ireland*,
Norway*, Sweden*, the UK*; South: Italy, Malta*, Portugal*, Spain; West: Austria*,
Germany, the Netherlands*), and in New Zealand*.

Survival was 50-59% in 15 countries: in Costa Rica* and in 6 Asian countries (Souttr.
Malaysia (Penang), Singapore*; East. Japan, Korea*, Taiwan*; West. Turkey) and in 7
European countries (Nortfr. Estonia*, Lithuania*; Soutf. Croatia*, Slovenia*; £ast. Czech
Republic*, Poland*, Slovakia*).

Survival was lower than 50% in 5 countries in Central and South America (Argentina,
Brazil, Chile, Ecuador, Martinique); in China, India and Thailand; and in Bulgaria*,
Romania (Cluj) and Russia.

Five-year survival trends between 2000-2004 and 2010-2014 were increasing in most
countries. Survival increased by 5-10% in 22 countries: Ecuador; in Canada and the US; in
Japan, Taiwan* and Thailand, in 15 European countries (North:. Finland*, Estonia*,
Iceland*, Sweden*; South: Croatia*, Portugal*, Slovenia*; East. Bulgaria*, Czech
Republic*, Russia, Slovakia*; West Austria*, Belgium*, France, Germany) and in New
Zealand*.

Survival increased by more than 10% in 15 countries: in Puerto Rico*; in Korea*, Kuwait*
and Singapore*; in 10 European countries (Nortfr. Denmark*, Ireland*, Latvia*, Lithuania*,
Norway*, the UK*; Soutf. Malta*; East: Poland*; West the Netherlands*, Switzerland),
and in Australia*.

Childhood cancers

Brain—Results are available for 66,814 children (Table 4) from 260 registries in 60
countries (Tables 2 and 4).

For children diagnosed during 2010-2014, age-standardised five-year net survival was close
to 80% in Denmark*, Slovakia* and Sweden*. Survival was in the range 70-79% in 17
countries: in Canada and the US; in Costa Rica* and Puerto Rico*; in Israel* and Japan; and
in 11 European countries (North: Finland*, Ireland*, Norway*, the UK*; Soutf. Croatia*,
Italy, Portugal*; West. Belgium*, France*, Germany, Switzerland*).

Survival was in the range 60-69% in 15 countries: in Argentina; in Korea*, Singapore* and
Turkey; in 10 European countries (North: Estonia*, Latvia*, Lithuania*; Soutfr. Greece*,
Slovenia*, Spain; East. Belarus*, Poland*, Russia; West. the Netherlands*); and in
Australia*.

Five-year survival was below 40% in Brazil and Mexico*.

Survival trends between 2000-2004 and 2010-2014 were generally stable or increasing.
Five-year age-standardised survival increased by 5-10% in China, Korea* and Turkey; in 6
European countries (Nortfr. Ireland*; Soutfr. Croatia*, Italy, Portugal* West. Germany, the
Netherlands*) and in Australia*.
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Survival increased by 10% or more in Argentina, Thailand, and 4 European countries
(North. Denmark*, Lithuania*; East. Czech Republic*, Slovakia*).

Acute lymphoblastic leukaemia (ALL)—Results are available for 87,351 children from
254 registries in 61 countries (Tables 2 and 4).

The global range in survival was very wide, from 50% to more than 90% (Figure 2C, web-
figures 2 and 4). For children diagnosed during 2010-2014, age-standardised five-year net
survival was 90% or above in Puerto Rico*, in Canada and the US; in Qatar*, in 9 European
countries (Nortfr. Denmark*, Finland*, the UK*; Soutfr. Malta*, Portugal™*; West: Belgium*,
Germany, the Netherlands*, Switzerland*), and in Australia* and New Zealand*.

Survival was in the range 80-89% in Costa Rica*, in 9 Asian countries (Soutfr. Malaysia
(Penang), Singapore*; East. Japan, Korea*; West. Cyprus*, Israel*, Jordan*, Kuwait*,
Turkey), and in 14 European countries (North. Estonia*, Ireland*, Latvia*, Norway*,
Sweden*; South. Croatia*, Greece*, Italy, Spain; East. Belarus*, Czech Republic*, Poland*,
Slovakia*; West. France*). (Table 5, Figure 2C, web-figure 2).

Five-year net survival was still below 70%, even after adjustment for the very high
background mortality in childhood: in Brazil, Chile, Colombia, Peru and Thailand. Survival
was below 60% in China, Ecuador and Mexico*.

In the 20-year period between 1995-1999 and 2010-2014, five-year survival increased by
10% or more in 18 countries: in Colombia; in 8 Asian countries (South:. Thailand; East:
China, Japan, Korea*, Taiwan*; West. Cyprus*, Kuwait*, Turkey), and in 9 European
countries (North: Finland*; Lithuania*, the UK*; Soutfr. Malta*; Portugal*, Spain; £ast.
Belarus*, Bulgaria*; West. Belgium*) (web-figure 3).

Lymphoma—Results are available for 41,196 children from 257 registries in 62 countries
(Tables 2 and 4).

Five-year age-standardised net survival was generally in the range 80-95% (Table 5, web-
figure 4).

For children diagnosed during 2010-2014, five-year survival was 90% or higher in 27
countries: in Canada and the US; in Costa Rica* and Puerto Rico*; in 4 Asian countries
(South. Singapore*; East. Korea*; West: Israel*, Kuwait*); in 17 European countries (Nortfr.
Denmark*, Finland*, Ireland*, Lithuania*, Norway*, the UK*; Soutfr. Croatia*, Italy,
Portugal*, Slovenia*, Spain; East. Poland*, Russia; West. Belgium*, France*, Germany,
Switzerland*), and in Australia* and New Zealand*. Five-year survival was below 70% only
in Ecuador (67%) and China (61%).

Five-year survival trends were generally rather flat over the 15 years between 2000-2004
and 2010-2014 (web-figure 3), but survival increased by 5-10% in the US; in Korea*,
Singapore* and Taiwan*; and in 4 European countries (North. the UK*; South:. Portugal*,
Spain; West. Germany).
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Five-year survival increased by more than 10% in Brazil; in Bulgaria*, Croatia* and
Poland*, and by 20% or more in Slovenia* and Russia.

Discussion

CONCORD-3 updates the world-wide surveillance of cancer survival to 2014. It is the
largest and most up-to-date study of international cancer survival trends. It includes
individual data for over 37.5 million patients diagnosed with cancer during the 15-year
period 2000-2014. Data were provided by over 320 population-based cancer registries in 71
countries and territories, in 47 of which the data covered 100% of the population. The
participating countries were home to 67% of the world’s population in 2014 (7.3 billion).2”
The registries record all cancers diagnosed in a combined population of almost one billion
people, or 14% of the world population.

Internationally comparable survival trends are now available for 18 cancers that collectively
represent 75% of all cancers diagnosed world-wide every year.

We used a similar design and statistical methods to those used in CONCORD-28, to enable
evaluation of survival trends for 10 cancers over the 20-year period 1995-2014. World-wide
survival trends are also available for the first time for melanoma of the skin and cancers of
the oesophagus and pancreas in adults, and for brain tumours and lymphomas in both adults
and children.

Five-year survival has been recognised by clinicians as an index of the effectiveness of the
treatment of cancer for more than 60 years. When applied to hospital case series, it has often
been labelled as the “five-year cure rate”, because “with so mortal a disease as cancer, those
who survive for this length of time can be considered cured.”** Five-year survival has
increased for many cancers since the 1950s, but it remains a widely used benchmark, even
though it cannot be directly interpreted as the proportion of patients who are cured.*®

Population-based cancer survival is increasingly recognised as a key indicator of the overall
effectiveness of the health systems in managing care and treatment for all cancer patients.
46,47 Other outcome measures with applications in cancer control include the number of
avoidable premature deaths,*8-53 person-years of life lost,>4° disability-adjusted life-years
lost,%6 and levels of population “cure”.>7-61 Cancer survival has applications to cancer
control and health policy at the state, national and global levels, in both high-income and
low-income countries.52

In some countries, population-based cancer survival estimates may be considered as too
high, potentially discouraging ministerial action to improve survival. Estimates showing
ethnic or regional variation in cancer survival may be politically sensitive. Survival estimates
may also be considered too low, if they are seen as a reflection of clinical competence.53

Low levels of survival in a country or region should not be interpreted as an indicator of the
competence of the health professionals who work there. Population-based survival reflects
the overall effectiveness of the health service, which depends on much wider issues than the
competence of any individual doctor or team.64-66
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The Organisation for Economic Co-operation and Development (OECD) recently concluded
from the wide international variation in cancer survival that many countries could do better
in cancer control.54 It recommended a national cancer plan, adequate funding, and initiatives
for early detection and rapid access to high-quality treatment.54 OECD also recommended
improving the quality of cancer data to support monitoring improvements in survival.

From 2017, OECD will include age-standardised five-year net survival estimates from the
CONCORD programme for colorectal and breast cancers in adults and acute lymphoblastic
leukaemia in children among the indicators of healthcare quality in its biennial and online
publications Health at a Glance.8” This is formal recognition of the global coverage,
methodological rigour and international comparability of the CONCORD survival estimates,
which will now contribute to the comparative evaluation of health systems performance in
48 countries, including all OECD Member countries. The findings will also help monitor
progress toward the overarching goal of the 2013 World Cancer Declaration, to achieve
major improvements in cancer survival by 2020.68

We carried out extensive checks on data quality, and liaised with the cancer registries to
resolve problems. Many registries told us that the CONCORD data quality reports helped
them improve their data. Some centres in Nigeria and India have modified hospital
admission forms or pathology request forms to capture telephone numbers of patients and
their next of kin, to facilitate follow-up of their patients. We extended the data quality
control programs and the reports. Rectifying errors or inconsistencies in the data often led to
extensive discussion with registry staff, and re-submission of data with higher quality.

The quality and completeness of cancer registration data and follow-up vary between
countries, and this can affect the comparability of survival estimates. We have provided
extensive documentation of data quality with standard indicators®® for each cancer and each
cancer registry (web-table 2). Survival figures and trends should be interpreted alongside
those indicators. The overall proportion of tumour records excluded because of incomplete
dates (0.5%), or for other reasons such as missing vital status (1.2%), has remained very low.
The overall proportion of cancers registered solely from a death certificate (DCO), or
detected at autopsy, dropped to 2.9%, but it remains high in some countries where cancer
registration processes are slow, especially for the more rapidly lethal cancers of the
oesophagus, pancreas and liver. These are well-known issues in population-based cancer
registration. DCOs can be included in cancer incidence statistics under certain assumptions,
but they reflect some under-estimation of incidence.89 By contrast, DCO cases must be
excluded from survival analyses, because the patient’s survival time is unknown. This tends
to inflate survival estimates.’®

In some countries, survival estimates have fluctuated or declined in successive calendar
periods; this is likely to reflect improvements in the completeness of cancer registration data
and in the completeness of follow-up for vital status. In Jordan, for example, linkage with
the national death index has been insufficient because only about 70% of deaths are
certified. Survival estimates were very high for stomach and colorectal cancers and they are
flagged as less reliable. One recent hospital-based survival study from Jordan’? suggests that
colon cancer survival in Jordan is much lower than the estimates we have obtained. Other
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countries with incomplete death registration, such as India, follow up their patients actively
to determine their vital status.

Despite the problems, we believe these findings represent the best that can be achieved with
the available coverage and quality of cancer registration systems and vital statistics systems
world-wide. The quality of diagnostic evidence is generally high. Data quality has improved
in many countries, with increasing proportions of cases for which the diagnosis was
confirmed by pathology, imaging or biomarkers, and reduction in the proportion of patients
lost to follow-up. Pathological confirmation of a primary, invasive malignancy was available
for more than 94% of all patients. The proportion varies widely between countries and for
different cancers, but the evidence supporting a cancer diagnosis in routine cancer registry
data is far more precise and definitive than for the cause(s) of death recorded on death
certificates, from which mortality statistics are obtained.”2-7°

In some cases, especially in South America, the improvement in data quality is reflected in
survival estimates that are actually lower than those previously published,® with fewer death-
certificate-only registrations and more complete follow-up. In Brazil, for example,
improvement in the quality and completeness of the national death registry (Sistema de
Informacdes sobre Mortalidade, or SIM) during 2000-20157% has enabled more complete
linkage of death records with the cancer registries. In several countries, survival estimates
that were flagged as less reliable in CONCORD-2 are now more reliable, even if the survival
estimates are lower.

To estimate the global burden of cancer incidence, assumptions are required where there are
no cancer registries, usually by modelling incidence and mortality data from other countries
in the same world region.277 By contrast, we have made no attempt to model cancer survival
in countries or regions where population-based cancer registration data were not available.
Cancer survival cannot be estimated or modelled by assuming that the health system is as
effective as in some other country where population-based survival estimates are available.
On the contrary, cancer survival estimates are required to assess the overall effectiveness of a
country’s health system in the first place. For that, cancer registries are essential.

The survival estimates reported here are derived directly from the records of individual
patients diagnosed with cancer, and from long-term follow-up to ascertain their vital status,
followed by standardised quality control and central analysis. This is not a compilation of
published reports or a meta-analysis.

Survival for most cancers remains among the highest in the world in the US, Canada,
Australia and New Zealand, and in Finland, Iceland, Norway and Sweden. Publications that
showed surprisingly low survival in Denmark’8:7® prompted national cancer plans in 2000,
2005 and 2011, focused on early diagnosis and treatment to improve survival.89 From 2007,
cancer was regarded as an acute life-threatening disease, leading to accelerated cancer-
specific pathways for diagnosis, with public monitoring of hospitals™ compliance with
waiting times. For most cancers, survival has increased more in Denmark, and survival has
nearly caught up with the other Nordic countries.82:82 Norway and Sweden have now
established similar cancer patient pathways.
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Cancer survival trends are generally increasing, even for some of the more lethal cancers. In
some countries, survival increased up to 5% for liver, pancreas and lung cancers. For
example, survival trends for liver cancer were generally stable during 1995 to 2014, but
survival increased by more than 10% in Korea, Singapore and Norway.

However, where five-year survival remains extremely low in all countries (e.g. pancreatic
cancer, range 5-15%), international efforts will be required to understand risk factors and
improve prevention, but also to promote earlier diagnosis and better treatment, to improve
outcomes. International comparisons of survival for pancreatic cancer include both ductal
adenocarcinomas and the less common neuroendocrine tumours, for which survival is
generally higher. The impact of variation in these proportions will require detailed analysis.

Age-standardised five-year net survival for stomach cancer was below 30% in most
countries, but high in Korea (69%) and Japan (60%), where it increased by up to 10%
between 2000-2004 and 2010-2014. This pattern is likely to be associated with
longstanding population-based endoscopic screening programmes for early detection of
gastric and oesophageal cancers, which are very common. Population awareness is high.
Gastric cancer screening in Korea started in 1999 as part of the National Cancer Screening
Programme, with biennial contrast radiology or endoscopy for adults aged 40 years or over.
83 This doubles the chances of early diagnosis compared with unscreened patients.8
Endoscopic resection with clear margins may be curative in stage | oesophageal and gastric
cancers (up to 2cm diameter), if invasion is limited to the superficial submucosa, and there is
no lymphovascular invasion.8° By contrast, where gastric cancer is a less serious public
health issue, and in the absence of screening, it is often diagnosed at an advanced stage. In
Russia in 2015, for example, stomach cancer was most often diagnosed in stage 1V (40%),
and open laparotomy, chemotherapy and radiation were required for 22% and 25% of cases
in stages Il and 11, respectively. Screening for oesophageal and gastric cancers should be
considered as part of national cancer control plans where these tumours are common, or in
high-risk populations.86

Survival trends for colorectal cancer were generally flat, or increasing, over the 20 years
1995-2014. Survival for rectal cancer was very similar among the Nordic countries (64—
65%) and among most southern European countries (61%).

Survival from melanoma of the skin is generally lower in Asian populations than the rest of
the world. One explanation may be lower public awareness, because melanoma is less
common, but it may also be that Asian patients typically present with more advanced
disease, and with acral lentiginous melanoma. This is one of the more lethal sub-types, and
it is more common than in western populations.8” In the CONCORD data (not shown), acral
lentiginous melanoma represents 1.2% of all skin melanomas, and 1% in Europe and North
America, but 6% in Asia.

The increasing trend in five-year net survival from breast cancer during the 15 years 1995-
2009 has continued in most countries up to 2014, but it remains lower in India, Thailand and
several of the eastern European countries.

Lancet. Author manuscript; available in PMC 2019 March 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Allemani et al.

Page 30

Five-year survival from cervical cancer has increased in several European and Asian
countries. However, survival may even decline following an increase in diagnostic activity.
In North America and Oceania, survival is lower than in other countries, due to more
intensive screening programmes that detect precancerous cells and 7 situ tumours. These
can be cured with a range of simple techniques, reducing cancer incidence by removal of the
more indolent malignancies, while the more aggressive tumours are less likely to be detected
by screening.

Some of the global range in survival may be attributable to differences in the intensity of
diagnostic activity, and to over-diagnosis from the detection of very small or less aggressive
tumours, that would not have been expected to lead to symptomatic diagnosis or death in the
patient’s expected lifetime.88:89 As in CONCORD-2,6 we were unable to use the proportion
of in situ cancers to compare the intensity of diagnostic activity for solid tumours. Some
registries still do not record in situ tumours, while other registries did not submit data for in
situ tumours.

Since screening programmes are only available in wealthier countries, mainly in selected age
ranges for cancers of the breast, cervix and colon, the extent of over-diagnosis seems
unlikely to have a large impact on the global range of cancer survival. Measures of over-
diagnosis are only available at the population level, so their application in the interpretation
of cancer survival patterns would be limited to ecological comparisons, as for GDP or total
national expenditure on health. By contrast, data on stage at diagnosis are available for
individuals. Analyses of the distribution of stage at diagnosis and stage-specific survival will
be expected to provide further insight into international variation in cancer survival.90:91

Survival from the adult leukaemias up to 2009 in Asian populations was much lower than in
Europe, North America and Oceania.® One possible explanation was the relative rarity in
Asian populations of chronic lymphocytic leukaemia (CLL), which has a relatively good
prognosis in western populations. However, survival from CLL is also much lower in Taiwan
than in the US,%2 and the findings reported here also show that survival is generally lower in
south-east Asia than in other countries in adults, for both myeloid and lymphoid
malignancies. The difference between the median of the survival estimates for Asian
populations and for other populations narrowed between 2000-2004 and 2010-2014, for
both myeloid and lymphoid malignancies. In most south-east Asian countries, survival for
myeloid malignancies has risen by 5-14%, and by 10% or more for lymphoid malignancies.

Survival from brain tumours in children is generally higher than for adults, but the global
range is much more pronounced. Some of the international variation in survival from brain
tumours may be due to variation in the proportion that are benign. Where benign tumours
are registered, the proportion typically ranges up to 10-15% in both adults and children
(data not shown). However, some registries do not record benign brain tumours, and this
varies both between and within countries. For example, benign brain tumours are not
registrable in New South Wales or Western Australia (45% of the national population),
whereas they comprise up to 5% of brain tumours in Queensland and Victoria, with a similar
combined population. The impact of morphology, behaviour and grade on international
patterns of brain tumour survival needs further research.
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International variation in survival for childhood lymphoma was less marked than for
childhood ALL. The marked increase in five-year survival among children diagnosed with
lymphoma in Brazil (from 69% in 2000-2004 to 88% in 2010-2014) may reflect a real
improvement in diagnosis and treatment.

Cancer kills more than 100,000 children every year, mainly in low- and middle-income
countries, 9 where access to health services is often poor, and abandonment of treatment is a
major problem.?4.9% Reliable data on the cost and the effectiveness of health services in
managing childhood cancer are scarce, yet such data would offer important evidence for
countries to compare the impact of their strategies for managing children with cancer.96
Survival estimates published here for children diagnosed with a brain tumour, lymphoma or
leukaemia will be deployed in a Lancet Oncology Commission on childhood cancer,
designed to establish the evidence for investing in effective interventions to reduce the
burden of childhood cancer.

Survival trends could not be systematically assessed in Africa. In some registries, the
proportion of records with incomplete dates ranged up to 40%. Survival estimates for acute
lymphoblastic leukaemia in Algeria were less reliable because follow-up was less than 5
years for more than 50% of children. For Nigeria (Ibadan) and South Africa (Eastern Cape),
data were only available for 12 and 7 children, respectively, and survival was not estimated.
Where survival could be estimated with some confidence, it was often very low, although
survival in Mauritius was generally higher. In Nigeria, for example, there are no trained
medical oncologists. Some haematologists and paediatric oncologists administer
chemotherapy, but the availability of chemotherapy is limited in both the public and private
sectors, and most patients pay out of their own pocket. The cost is prohibitive. These factors
frequently disrupt treatment and may lead to poor outcomes.

To control for background mortality by age and sex, we updated the library of life tables for
1995-2010%7 by country, registry, race (selected countries) and calendar year to 2014, with a
statistical summary for each set of life tables. It will shortly be available from the Cancer
Survival Group web-site. In some countries, it has become more difficult to obtain the death
and population counts required to construct life tables.

Survival estimates from CONCORD-2 for cancers of the breast and cervix were used in a
recent Lancet Series on Women"s Cancers,%:99 to help describe trends in the global burden
of these cancers. Survival for the 2 million women diagnosed with one of these cancers
every year remains highly dependent on the country in which they live. The Series
highlighted the urgent need for more cost-effective cancer control strategies in low- and
middle-income countries.

The global economic cost of treating the 12.9 million new cancer patients diagnosed
worldwide in 2009 was estimated at US$286 billion.190 The costs of cancer treatment and
care in the US alone were projected to rise by 23% between 2010 and 2020, from US$128 to
US$158 billion, solely on the basis of demographic change, and with fixed incidence rates,
survival probabilities and treatment costs.102 If treatment costs rise by 2% a year, the overall
cost of treatment and care — in the US alone — could reach US$173 billion, a 39% increase.
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If incidence rates continue to rise, the prevalence of cancer survivors will increase further,
triggering still further increase in the costs of care.

On the basis of these figures, it seems plausible that the global cost of cancer treatment and
care in 2017 must already be substantially higher than US$300 billion a year. Spiralling
costs192 threaten the viability of health systems and national economies. Where universal
health coverage has not been achieved, the out-of-pocket costs can lead to financial
catastrophe for individuals and families.3

The indirect economic costs associated with premature death and lost productivity from the
growing cancer burden have been estimated at US$1.16 trillion a year,3 or approaching 2%
of global GDP.193 |t has been argued that the increasing cost and complexity of cancer
treatment requires a radical shift in cancer policy, in which inequitable access to affordable
cancer treatment ceases to be politically acceptable.1%4 Population-based data on cancer
survival trends that are comparable within and between countries are part of the evidence
base needed to drive such a policy shift.

With this background, cancer registries can be seen as efficient public health instruments,
producing a continuous stream of valuable information for cancer control at low cost.1%5 In
Europe in 2013, the average cost per patient registered, including the registry’s costs for
personnel, IT and infrastructure, was €51 (range €6-213; US$59, range US$7-252). This is
less than the typical cost of a chest X-ray. For the population as a whole, the cost was less
than €1 (US$1.18) per person per year.

In 2015, the UN introduced 17 Sustainable Development Goals (SDG), aiming to end
poverty, protect the planet, and ensure prosperity for all.1%6 Goal 3 is “to ensure healthy lives
and promote well-being for all at all ages”. For this goal, target 3.4 is to reduce “premature”
mortality (among persons aged 30-70 years) from non-communicable diseases, including
cancer, by one-third, by 2030, through prevention and treatment.107 The challenge will be to
secure overall improvements in health outcomes that do not lead to wider inequalities.108

Achieving the SDG target of a one-third reduction in premature mortality by 2030 clearly
requires more effective prevention, to reduce cancer incidence. However, the 15-year time-
frame is short, and achieving the target will also require investment in more effective health
systems, to improve survival.*6

WHO recently called for the development of population-based cancer registries, so that
effective policies for cancer control can be founded on accurate data.3 It also called for
stronger civil registration and vital statistics systems. These systems support the basic
functions of government and enable measurement of progress towards development goals,
109 yet population coverage is poor in low- and middle-income countries, and closely related
to gross national income.110

Most cancer registries establish the vital status of all patients registered with cancer by
linkage with vital statistics data (regional or national death indexes). This is known as
passive follow-up, although many registries also contact patients’ doctors or families directly
(active follow-up). For passive follow-up to work, efficient civil registration systems that
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capture information on all deaths are required. This underpins the estimation of population-
based cancer survival, even though active follow-up can be effective in some populations.
Yet cancer registries report increasing difficulty in linking their databases to regional or
national death indexes. Legal and administrative obstacles and technical difficulties have all
been reported. Some national authorities holding death indexes clearly give very low priority
to such linkages.

These problems undermine the public health purpose of cancer registration. Of the 400
operational registries we contacted, more than 20 were unable to follow up all registered
patients to ascertain their vital status. This problem arose in 16 countries, including some
high-income countries. Some registries were unable to provide survival data at all. In
Canada, for example, national coverage of cancer survival statistics was achieved for the first
time in CONCORD-2,° with data from all 13 provinces and territories for 1995-2009, but
several jurisdictions were unable to participate in CONCORD-3 because of legal or
administrative difficulties in linking their cancer registry with death records. For 8 countries
that expressed interest or even submitted data, these difficulties meant that no survival
estimates could be produced at all: Bénin, Bosnia-Herzegovina, Indonesia, Panama, the
Philippines, Saudi Arabia, Serbia and Tunisia.

It is crucial for national and regional governments to recognise that population-based cancer
registries are key policy tools, both to monitor the impact of cancer prevention strategies,
and to evaluate the effectiveness of the health system for all patients diagnosed with cancer.
All registries, especially those in low- and middle-income countries, need to be given
adequate resources to register all patients with cancer in timely fashion, the right to access
up-to-date national and regional death records to establish their vital status, and the
legislative stability to operate efficiently over the long term.111

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CONCORD Working Group

Africa—Algeria: S Bouzbid (Registre du Cancer d’Annaba); M Hamdi-Chérif*, Z Zaidi
(Registre du Cancer de Sétif); K Meguenni, D Regagba (Registre du Cancer Tlemcen);
Mali: S Bayo, T Cheick Bougadari (Kankou Moussa University); Mauritius: SS Manraj
(Mauritius National Cancer Registry); Morocco: K Bendahhou (Registre du Cancer du
Grand Casablanca); Nigeria: A Fabowale, OJ Ogunbiyi* (Ibadan Cancer Registry); South
Africa: D Bradshaw, NIM Somdyala (Eastern Cape Province Cancer Registry)

America (Central and South)—Argentina: | Kumcher, F Moreno (National Childhood
Cancer Registry); GH Calabrano, SB Espinola (Chubut Cancer Registry); B Carballo
Quintero, R Fita (Registro Provincial de Tumores de Cérdoba); MC Diumenjo, WD Laspada
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(Registro Provincial de Tumores de Mendoza); SG Ibafiez (Population Registry of Cancer of
the Province Tierra del Fuego); Brazil: CA Lima (Registro de Cancer de Base Populacional
de Aracaju); PCF De Souza (Registro de Cancer de Base Populacional de Cuiaba); K Del
Pino, C Laporte (Registro de Curitiba); MP Curado, JC de Oliveira (Registro de Goiania);
CLA Veneziano, DB Veneziano (Registro de Cancer de Base Populacional de Jat); MRDO
Latorre, LF Tanaka (Registro de Cancer de Sao Paulo); MS Rebelo, MO Santos (Instituto
Nacional de Céncer, Rio de Janeiro); G Azevedo e Silva* (University of Rio de Janeiro);
Chile: JC Galaz (Registro Poblacional de Cancer Region de Antofagasta); M Aparicio
Aravena, J Sanhueza Monsalve (Registro Poblacional de Cancer de la Provincia de Biobio;
Registro Poblacional de Cancer Provincia de Concepcion); DA Herrmann, S Vargas
(Registro Poblacional Region de Los Rios); Colombia: VM Herrera, CJ Uribe (Registro
Poblacional de Cancer Area Metropolitana de Bucaramanga); LE Bravo, LS Garcia (Cali
Cancer Registry); NE Arias-Ortiz, D Morantes (Registro Poblacional de Cancer de
Manizales); DM Jurado, MC Yépez Chamorro (Registro Poblacional de Cancer del
Municipio de Pasto); Costa Rica: S Delgado, M Ramirez (National Registry of Tumors,
Costa Rica); Cuba: YH Galan Alvarez, P Torres (Registro Nacional de Cancer de Cuba);
Ecuador: F Martinez-Reyes (Cuenca Tumor Registry); L Jaramillo, R Quinto (Guayaquil
Cancer Registry); J Castillo (Loja Cancer Registry); M Mendoza (Manabi Cancer Registry);
P Cueva, JG Yépez (Quito Cancer Registry); France: B Bhakkan, J Deloumeaux (Registre
des cancers de la Guadeloupe); C Joachim, J Macni (General Cancer Registry of
Martinique); Mexico: R Carrillo, J Shalkow Klincovstein (Centro Nacional para la Salud de
la Infancia y la Adolescencia); R Rivera Gomez (Registro Poblacional de Cancer Region
Fronteriza Norte de Mexico Zona Tijuana); Peru: E Poquioma (Lima Metropolitan Cancer
Reqgistry); Puerto Rico: G Tortolero-Luna, D Zavala (Puerto Rico Central Cancer Registry);
Uruguay: R Alonso, E Barrios (Registro Nacional de Cancer)

America (North)—Canada: A Eckstrand, C Nikiforuk (Alberta Cancer Registry); RR
Woods (British Columbia Cancer Registry); G Noonan, D Turner* (Manitoba Cancer
Reqgistry); E Kumar, B Zhang (New Brunswick Provincial Cancer Registry); FR McCrate, S
Ryan (Newfoundland & Labrador Cancer Registry); M Maclntyre, N Saint-Jacques (Nova
Scotia Cancer Registry); DE Nishri* (Ontario Cancer Registry); CA McClure, KA Vriends
(Prince Edward Island Cancer Registry); S Kozie, H Stuart-Panko (Saskatchewan Cancer
Agency); USA: T Freeman, JT George (Alabama Statewide Cancer Registry); JT
Brockhouse, DK O’Brien (Alaska Cancer Registry); A Holt (Arkansas Central Cancer
Registry); L Almon (Metropolitan Atlanta Registry); S Kwong, C Morris (California State
Cancer Registry); R Rycroft (Colorado Central Cancer Registry); L Mueller, CE Phillips
(Connecticut Tumor Registry); H Brown, B Cromartie (Delaware Cancer Registry); AG
Schwartz, F Vigneau (Metropolitan Detroit Cancer Surveillance System); GM Levin, B
Wohler (Florida Cancer Data System); R Bayakly (Georgia Cancer Registry); KC Ward
(Georgia Cancer Registry; Metropolitan Atlanta Registry); SL Gomez, M McKinley
(Greater Bay Area Cancer Registry); R Cress (Cancer Registry of Greater California); MD
Green, K Miyagi (Hawaii Tumor Registry); CJ Johnson (Cancer Data Registry of 1daho); LP
Ruppert (Indiana State Cancer Registry); CF Lynch (State Health Registry of lowa); B
Huang, TC Tucker* (Kentucky Cancer Registry); D Deapen, L Liu (Los Angeles Cancer
Surveillance Program); MC Hsieh, XC Wu (Louisiana Tumor Registry); M Schwenn (Maine
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Cancer Registry); ST Gershman, RC Knowlton (Massachusetts Cancer Registry); G
Alverson, GE Copeland (Michigan State Cancer Surveillance Program); S Bushhouse
(Minnesota Cancer Surveillance System); DB Rogers (Mississippi Cancer Registry); J
Jackson-Thompson (Missouri Cancer Registry and Research Center); D Lemons, HJ
Zimmerman (Montana Central Tumor Registry); M Hood, J Roberts-Johnson (Nebraska
Cancer Registry); JR Rees, B Riddle (New Hampshire State Cancer Registry); KS Pawlish,
A Stroup (New Jersey State Cancer Registry); C Key, C Wiggins (New Mexico Tumor
Registry); AR Kahn, MJ Schymura (New York State Cancer Registry); S Radhakrishnan, C
Rao (North Carolina Central Cancer Registry); LK Giljahn, RM Slocumb (Ohio Cancer
Incidence Surveillance System); RE Espinoza, F Khan (Oklahoma Central Cancer Registry);
KG Aird, T Beran (Oregon State Cancer Registry); JJ Rubertone, SJ Slack (Pennsylvania
Cancer Registry); L Garcia, DL Rousseau (Rhode Island Cancer Registry); TA Janes, SM
Schwartz (Seattle Cancer Surveillance System); SW Bolick, DM Hurley (South Carolina
Central Cancer Registry); MA Whiteside (Tennessee Cancer Registry); P Miller-Gianturco,
MA Williams (Texas Cancer Registry); K Herget, C Sweeney (Utah Cancer Registry); AT
Johnson (Mermont Cancer Registry); MB Keitheri Cheteri, P Migliore Santiago (Washington
State Cancer Registry); SE Blankenship, S Farley (West Virginia Cancer Registry); R
Borchers, R Malicki (Wisconsin Department of Health Services); JR Espinoza, J Grandpre
(Wyoming Cancer Surveillance Program); HK Weir*, R Wilson (Centers for Disease
Control and Prevention); BK Edwards*, A Mariotto (National Cancer Institute)

Asia—China: Y Lei, N Wang (Beijing Cancer Registry); JS Chen, Y Zhou (Changle City
Cancer Registry); YT He, GH Song (Cixian Cancer Registry); XP Gu (Dafeng County
Center for Disease Control and Prevention); D Mei, HJ Mu (Dalian Centers for Disease
Prevention and Control); HM Ge, TH Wu (Donghai County Center for Disease Prevention
and Control); YY Li, DL Zhao (Feicheng County Cancer Registry); F Jin, JH Zhang (Ganyu
Center for Disease Prevention and Control); FD Zhu (Guanyun Cancer Registry); Q Junhua,
YL Yang (Haimen Cancer Registry); CX Jiang (Haining City Cancer Registry); W Biao, J
Wang (Jianhu Cancer Registry); QL Li (Jiashan County Cancer Registry); H Yi, X Zhou
(Jintan Cancer Registry); J Dong, W Li (Lianyungang Center for Disease Prevention and
Control); FX Fu, SZ Liu (Linzhou Cancer Registry); JG Chen, J Zhu (Qidong County
Cancer Registry); YH Li, YQ Lu (Sihui Cancer Registry); M Fan, SQ Huang (Taixing
Cancer Registry); GP Guo, H Zhaolai (Cancer Institute of Yangzhong City); K Wei
(Zhongshan City Cancer Registry); WQ Chen*, H Zeng (The National Cancer Center);
Cyprus: AV Demetriou (Cyprus Cancer Registry); Hong Kong: WK Mang, KC Ngan (Hong
Kong Cancer Registry); India: AC Kataki, M Krishnatreya (Guwahati Cancer Registry); PA
Jayalekshmi, P Sebastian (Karunagappally Cancer Registry); A Nandakumar* (National
Centre for Disease Informatics and Research); Iran: R Malekzadeh, G Roshandel (Golestan
Population-based Cancer Registry); Israel: L Keinan-Boker, BG Silverman (Israel National
Cancer Registry); Japan: H Ito, H Nakagawa (Aichi Cancer Registry); M Sato, F Tobori
(Akita Prefectural Cancer Registry); | Nakata, N Teramoto (Ehime Prefectural Cancer
Registry); M Hattori, Y Kaizaki (Fukui Cancer Registry); F Moki (Gunma Prefectural
Cancer Registry); H Sugiyama, M Utada (Hiroshima Prefecture Cancer Registry); M
Nishimura, K Yoshida (Hyogo Prefectural Cancer Registry); K Kurosawa, Y Nemoto
(Ibaraki Prefectural Cancer Registry); H Narimatsu, M Sakaguchi (Kanagawa Cancer
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Registry); S Kanemura (Miyagi Prefectural Cancer Registry); M Naito, R Narisawa (Niigata
Prefecture Cancer Registry); | Miyashiro, K Nakata (Osaka Cancer Registry); S Sato, M
Yoshii (Saga Prefectural Cancer Registry); | Oki (Tochigi Prefectural Cancer Registry); N
Fukushima, A Shibata (Yamagata Prefectural Cancer Registry); K Iwasa, C Ono (Yamanashi
Cancer Registry); T Matsuda* (National Cancer Center); Jordan: O Nimri (Jordan National
Cancer Registry); Korea: KW Jung, YJ Won (Korea Central Cancer Registry); Kuwait: E
Alawadhi, A Elbasmi (Kuwait Cancer Registry); Malaysia: A Ab Manan (Malaysia
National Cancer Registry); F Adam (Penang Cancer Registry); Mongolia: E Sanjaajmats, U
Tudev (Cancer Registry of Mongolia); C Ochir (Mongolian National University of Medical
Sciences); Qatar: AM Al Khater, MM EI Mistiri (Qatar Cancer Registry); Singapore: GH
Lim, YY Teo (Singapore Cancer Registry); Taiwan: CJ Chiang, WC Lee (Taiwan Cancer
Registry); Thailand: R Buasom, S Sangrajrang (Bangkok Cancer Registry); S Kamsa-ard, S
Wiangnon (Khon Kaen Provincial Cancer Registry); K Daoprasert, D Pongnikorn (Lampang
Cancer Registry; Lamphun Cancer Registry); A Leklob, S Sangkitipaiboon (Lopburi Cancer
Registry); SL Geater, H Sriplung (Songkhla Cancer Registry); Turkey: O Ceylan, | Kdg
(Ankara Cancer Registry); O Dirican (Antalya Cancer Registry); T Kose (Bursa Cancer
Registry); T Gurbuz (Edirne Cancer Registry); FE Karasahin, D Turhan (Erzurum Cancer
Registry Center); U Aktas, Y Halat (Eskisehir Cancer Registry); S Eser, Cl Yakut (1zmir
Cancer Registry); M Altinisik, Y Cavusoglu (Samsun Cancer Registry); A Turkkdyld, N
Uclincii (Trabzon Cancer Registry) Europe—Austria: M Hackl (Austrian National Cancer
Registry); Belarus: AA Zborovskaya (Belarus Childhood Cancer Subregistry); OV
Aleinikova (Belarusian Research Center for Pediatric Oncology, Hematology and
Immunology); Belgium: K Henau, L Van Eycken (Belgian Cancer Registry); Bulgaria: Z
Valerianova, MR Yordanova (Bulgarian National Cancer Registry); Croatia: M Sekerija
(Croatian National Cancer Registry); Czech Republic: L Dusek, M Zvolsky (Czech National
Cancer Registry); Denmark: G Engholm, H Storm* (Danish Cancer Society); Estonia: K
Innos, M Mdgi (Estonian Cancer Registry); Finland: N Malila, K Seppé (Cancer Society of
Finland); France: J Jégu, M \elten (Bas-Rhin General Cancer Registry); E Cornet, X
Troussard (Registre Régional des Hémopathies Malignes de Basse Normandie); AM
Bouvier (Registre Bourguignon des Cancers Digestifs); AV Guizard (Registre Général des
Tumeurs du Calvados); V Bouvier, G Launoy (Registre des Tumeurs Digestives du
Calvados); P Arveux (Breast cancers registry of Cote-d’Or France); M Maynadié, M
Mounier (Hémopathies Malignes de Coéte d’Or); AS Woronoff (Doubs and Belfort Territory
General Cancer Registry); M Daoulas, M Robaszkiewicz (Finistére Cancer Registry); J
Clavel, S Goujon (French National Registry of Childhood Hematopoietic Malignancies); B
Lacour (National Registry of Childhood Solid Tumors); | Baldi, C Pouchieu (Gironde
Registry of Primary Central Nervous System Tumors); B Amadeo, G Coureau (General
Cancer Registry of Gironde Department); A Monnereau (Registre des Hémopathies
Malignes de la Gironde; French Network of Cancer Registries (FRANCIM)); S Orazio
(Registre des Hémopathies Malignes de la Gironde); PM Preux, F Rharbaoui (Registre
Général des Cancers de Haute-Vienne); E Marrer (Haut-Rhin Cancer Registry); B Trétarre
(Registre des Tumeurs de I’Hérault); M Colonna, P Delafosse (Registre du Cancer du
Département de I’Isére); K Ligier, S Plouvier (Registre Général des Cancers de Lille et de sa
Region); A Cowppli-Bony, F Molinié (Loire-Atlantique-Vendée Cancer Registry); S Bara
(Manche Cancer Registry); O Ganry, B Lapdtre-Ledoux (Registre du Cancer de la Somme);
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P Grosclaude (Tarn Cancer Registry); N Bossard, Z Uhry (Hospices Civils de Lyon); F
Bray*, M Pifieros* (International Agency for Research on Cancer); J Estéve (Université
Claude Bernard, Lyon); Germany: R Stabenow, H Wilsdorf-Kdhler (Common Cancer
Registry of the Federal States); A Eberle, S Luttmann (Bremen Cancer Registry); | Léhden,
AL Nennecke (Hamburg Cancer Registry); J Kieschke, E Sirri (Epidemiological Cancer
Registry of Lower Saxony); K Emrich, SR Zeissig (Rhineland Palatinate Cancer Registry);
B Holleczek (Saarland Cancer Registry); N Eisemann, A Katalinic (Schleswig-Holstein
Cancer Registry); Gibraltar: RA Asquez, V Kumar (Gibraltar Cancer Registry); Greece: E
Petridou (Nationwide Registry for Childhood Haematological Malignancies and Solid
Tumors); Iceland: EJ Olafsdéttir, L Tryggvadottir (Icelandic Cancer Registry, Icelandic
Cancer Society); Ireland: K Clough-Gorr, PM Walsh (National Cancer Registry Ireland); H
Sundseth* (European Institute of Women*s Health); Italy: G Mazzoleni, F Vittadello
(Registro Tumori Alto Adige); E Coviello, F Cuccaro (Registro Tumori Puglia — Sezione
ASL BT); R Galasso (Registro Tumori di Basilicata); G Sampietro (Registro Tumori di
Bergamo); A Giacomint (Piedmont Cancer Registry Provinces of Biella and Vercelli); M
Magoni (Registro Tumori Dell’ ASL Di Brescia); A Ardizzone (Registro Tumori Brindisi); A
D’Argenzio (Caserta Cancer Registry); M Castaing, G Grosso (Integrated Cancer Registry
of Catania-Messina-Siracusa-Enna); AM Lavecchia, A Sutera Sardo (Registro Tumori
Catanzaro); G Gola (Registro Tumori della Provincia di Como); L Gatti, P Ricci (Registro
Tumori Cremona; Registro Tumori Mantova); S Ferretti (Registro Tumori della Provincia di
Ferrara); D Serraino, A Zucchetto (Registro Tumori del Friuli Venezia Giulia); MV Celesia,
RA Filiberti (Registro Tumori Regione Liguria); F Pannozzo (Registro Tumori della
Provincia di Latina); A Melcarne, F Quarta (Registro Tumori Della Provincia Di Lecce
Sezione RTP); AG Russo (Registro Tumori Milano); G Carrozzi, C Cirilli (Registro Tumori
della Provincia di Modena); L Cavalieri d’Oro, M Rognoni (Registro Tumori di Monza e
Brianza); M Fusco, MF Vitale (Registro Tumori della ASL Napoli 3 Sud); M Usala (Nuoro
Cancer Registry); R Cusimano, W Mazzucco (Registro Tumori di Palermo e Provincia); M
Michiara, P Sgargi (Registro Tumori della Provincia di Parma); L Boschetti (Cancer
Registry of the province of Pavia); E Borciani, P Seghini (Registro Tumori Piacenza); MM
Maule, F Merletti (Piedmont Childhood Cancer Registry); R Tumino (Registro Tumori della
Provincia di Ragusa); P Mancuso, M Vicentini (Registro Tumori Reggio Emilia); T Cassetti,
R Sassatelli (Reggio Emilia Cancer Registry (Pancreas)); F Falcini, S Giorgetti (Registro
Tumori della Romagna); AL Caiazzo, R Cavallo (Registro Tumori Salerno); R Cesaraccio,
DR Pirino (Registro Tumori della Provincia di Sassari); ML Contrino, F Tisano (Registro
Tumori Siracusa); AC Fanetti, S Maspero (Registro Tumori della Provincia di Sondrio); S
Carone, A Mincuzzi (Registro Tumori Taranto); G Candela, T Scuderi (Registro Tumori
Trapani); MA Gentilini, S Piffer (Registro Tumori Trento); S Rosso (Piedmont Cancer
Reqgistry); A Barchielli, A Caldarella (Registro Tumori della Regione Toscana); F Bianconi,
F Stracci (Registro Tumori Umbro di Popolazione); P Contiero, G Tagliabue (Registro
Tumori Lombardia, Provincia di Varese); M Rugge, M Zorzi (Registro Tumori \eneto); S
Beggiato, A Brustolin (Registro Tumori Della Provincia Di Viterbo); F Berrino*, G Gatta, M
Sant* (Fondazione IRCCS Istituto Nazionale dei Tumori); C Buzzoni, L Mangone (ltalian
Association of Cancer Registries (AIRTUM)); R Capocaccia*, R De Angelis (National
Centre for Epidemiology); R Zanetti* (International Association of Cancer Registries;
Piedmont Cancer Registry); Latvia: A Maurina, S Pildava (Latvian Cancer Registry);
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Lithuania: N Lipunova, | VincerZevskiené (Lithuanian Cancer Registry); Malta: D Agius,
N Calleja (Malta National Cancer Registry); Netherlands: S Siesling, O Visser (Netherlands
Cancer Registry, IKNL); Norway: S Largnningen, B Mgller (The Cancer Registry of
Norway); Poland: A Dyzmann-Sroka, M Trojanowski (Greater Poland Cancer Registry); S
Gozdz, R Mezyk (Holy Cross Cancer Registry); T Mierzwa (Kuiavian-Pomeranian Cancer
Registry); L Molong, J Rachtan (Lesser Poland Cancer Registry); S Szewczyk (£6dz Cancer
Registry); J Blaszczyk, K Kepska (Lower Silesian Cancer Registry); B KoScianska (Lublin
Cancer Registry); K Tarocinfiska (Lubush Cancer Registry); M Zwierko (Mazovian Cancer
Reqgistry); K Drosik (Opole Cancer Registry); KM Maksimowicz, E Purwin-Porowska
(Podlahian Cancer Registry); E Reca, J Wéjcik-Tomaszewska (Pomeranian Cancer
Registry); A Tukiendorf (Silesian Cancer Registry); M Gradalska-Lampart, AU
Radziszewska (Subcarpathian Cancer Registry); A Gos (Varmian-Mazurian Cancer
Registry); M Talerczyk, M Wyborska (West-Pomeranian Cancer Registry); JA Didkowska,
U Wojciechowska (National Cancer Registry); M Bielska-Lasota (National Institute of
Public Health, NIH); Portugal: G Forjaz de Lacerda, RA Rego (Registo Oncoldgico
Regional dos Agores); J Bastos, MA Silva (Registo Oncoldgico Regional do Centro); L
Antunes, J Laranja Pontes (Registo Oncolégico Regional do Norte); A Mayer-da-Silva, A
Miranda (Registo Oncélogico Regional do Sul); Romania: LM Blaga, D Coza (Cancer
Institute I. Chiricuta); Russia: MY Valkov (Arkhangelsk Regional Cancer Registry); L
Gusenkova, O Lazarevich (Population Cancer Registry of the Republic of Karelia); O
Prudnikova, DM Vjushkov (Omsk Regional Cancer Registry); AG Egorova, AE Orlov
(Samara Cancer Regional Registry); LA Kudyakov, LV Pikalova (Tomsk Regional Cancer
Registry); Slovakia: J Adamcik, C Safaei Diba (National Cancer Registry of Slovakia);
Slovenia: M Primic- Zakelj, V Zadnik (Cancer Registry of Republic of Slovenia); Spain: N
Larrafiaga, A Lopez de Munain (Basque Country Cancer Registry); AA Herrera, R
Redondas (Registro Poblacional de Cancer de la Comunidad Auténoma de Canarias); R
Marcos-Gragera, ML Vilardell Gil (Epidemiology Unit and Girona Cancer Registry); E
Molina, MJ Sanchez Perez (Granada Cancer Registry); P Franch Sureda, M Ramos
Montserrat (Mallorca Cancer Registry); MD Chirlaque, C Navarro (Murcia Cancer
Registry); EE Ardanaz, MM Guevara (Registro de Cancer de Navarra); R Fernandez-
Delgado, R Peris-Bonet (Registro Espafiol de Tumores Infantiles); M Carulla, J Galceran
(Tarragona Cancer Registry); C Alberich, M Vicente-Raneda (Comunitat Valenciana
Childhood Cancer Registry); Sweden: S Khan, D Pettersson (Swedish Cancer Registry); P
Dickman* (Karolinska Institutet, Stockholm); Switzerland: | Avelina, K Staehelin (Basel
Cancer Registry); B Camey (Registre Fribourgeois des Tumeurs); C Bouchardy, R Schaffar
(Geneva Cancer Registry); H Frick, C Herrmann (Cancer Registry Grisons and Glarus;
Cancer Registry of St Gallen-Appenzell); JL Bulliard, M Maspoli-Conconi (Registre
Neuchételois et Jurassien des Tumeurs); CE Kuehni, SM Redmond (Swiss Childhood
Cancer Registry); A Bordoni, L Ortelli (Registro Tumori Canton Ticino); A Chiolero, |
Konzelmann (Registre Valaisan des Tumeurs); KL Matthes, S Rohrmann (Cancer Registry
Zirich and Zug); United Kingdom: J Broggio, J Rashbass (National Cancer Registration and
Analysis Service England); D Fitzpatrick, A Gavin (Northern Ireland Cancer Registry); DI
Clark, AJ Deas (Scottish Cancer Registry); DW Huws, C White (Welsh Cancer Intelligence
& Surveillance Unit); C Allemani*, A Bonaventure, MP Coleman*, V Di Carlo, R
Harewood, M Matz, L Montel, M Nikni¢, B Rachet*, AD Turculet (London School of
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Hygiene & Tropical Medicine); R Stephens* (National Cancer Research Institute, London);
C Stiller* (Public Health England)

Oceania—Australia: E Chalker, H Phung (Australian Capital Territory Cancer Registry); R
Walton, H You (NSW Central Cancer Registry); S Guthridge, F Johnson (Northern Territory
of Australia Cancer Registry); J Aitken, P Gordon (Queensland Cancer Registry); K
D’Onise, K Priest (South Australian Cancer Registry); BC Stokes, A Venn (Tasmanian
Cancer Registry); H Farrugia, V Thursfield (Victorian Cancer Registry); J Dowling (Western
Australian Cancer Registry); D Currow* (Cancer Institute NSW); New Zealand: J Hendrix,
C Lewis (New Zealand Cancer Registry)

* CONCORD Steering Committee

t Dr A Giacomin passed away on 23 March 2017.

Abbreviations

ALL acute lymphoblastic leukaemia

CDC US Centers for Disease Control and Prevention
DCO Death Certificate Only registration

IACR International Association of Cancer Registries

IARC International Agency for Research on Cancer

ICD-O International Classification of Diseases for Oncology

NAACCR North American Association of Central Cancer Registries

NPCR National Program of Cancer Registries

SDG Sustainable Development Goals

SEER Surveillance, Epidemiology and End Results programme
TNM Tumour Nodes Metastasis

UN United Nations

WHO World Health Organisation
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Panel: Research in context
Evidence before this study

In 2015, the second cycle of the CONCORD programme established global surveillance
of cancer survival, as one of the key metrics of the effectiveness of health systems and to
inform global policy on cancer control. This was done by analysis of individual records
for 25.7 million patients diagnosed with one of 10 common cancers during 1995-2009
and followed up to 31 December 2009. The data were provided by 279 population-based
cancer registries in 67 countries.

CONCORD-2 revealed wide differences in cancer survival trends that were attributed to
differences in access to early diagnosis and optimal treatment.

Added value of this study

CONCORD-3 covers almost one billion people world-wide. It includes 15 common
cancers in adults and 3 common cancers in children. Data quality has improved. The
results are timely: published within 3 years of the end of follow-up.

CONCORD-3 updates the world-wide surveillance of cancer survival to 2014. It includes
data for over 37.5 million patients diagnosed with cancer during the 15-year period
2000-2014. Data were provided by over 320 population-based cancer registries in 71
countries and territories, including 26 countries of low or middle income; 47 countries
provided data with 100% population coverage. The study now 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, together with brain
tumours, leukaemias and lymphomas in both adults and children. These cancers represent
75% of all cancers diagnosed world-wide every year, in both low- and high-income
countries.

The use of a similar study design and the same statistical methods enables the evaluation
of survival trends for 10 cancers over the 20-year period 1995-2014. For the first time,
worldwide trends in survival are also available for cancers of the oesophagus, pancreas,
brain, and lymphomas and leukaemias.

Implications of all the available evidence

The CONCORD programme enables comparative evaluation of the effectiveness of
health systems in providing cancer care. It also contributes to the evidence base for global
policy on cancer control.

CONCORD monitors progress towards the overarching goal of the 2013 World Cancer
Declaration, to achieve “major reductions in premature deaths from cancer, and
improvements in quality of life and cancer survival” by 2020. It provides evidence to
support WHO policy following the Cancer Resolution passed by the World Health
Assembly in 2017.

The International Atomic Energy Agency’s Programme for Action on Cancer Therapy
(PACT) used CONCORD-2 results in 2015 to launch its world-wide campaign to
highlight the global divide in cancer survival, and to raise awareness of persistent
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inequalities in access to life-saving cancer services. The results were used in a Lancet
Series on women’s cancers in 2016. The US Centers for Disease Control and Prevention
has used the results in a 2017 supplement to the journal Cancerto inform cancer control
policy designed to reduce racial differences in cancer survival.

CONCORD-3 can be expected to impact cancer control policy world-wide, especially in
countries with low survival. The Organisation for Economic Co-operation and
Development published CONCORD-3 results in 2017 as the official benchmark of cancer
survival, among their indicators of the quality of health care in 48 countries world-wide.
The survival estimates will also form part of 7he Lancet Oncology Commission on
childhood cancer in 2018.

Future research will include examination of the impact of stage at diagnosis, compliance
with treatment guidelines and the quality of healthcare on international differences in
cancer survival.

Lancet. Author manuscript; available in PMC 2019 March 17.




1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

Allemani et al.

CONCORD-2
279 registries
67 countries

Invited to CONCORD-3
412 registries
85 countries

Page 49

12 registries (4.3%)
1 country

I

New to CONiORD

133 registrie
18 countries

Still operational?

11 registries (3.9%)
2 countries

I
400

>

Signed up?

12 registries (4.3%)
1 country

I
364

>

25 registries
2 countries

(18.8%)

Submitted data?

2 registries (0.7%)
2 countries

|
329

v

23 registries
4 countries

(17.3%)

Included?

I

5 registries (3
2 countries

3.8%)

242 redglistries (86.7%)
61 countries

L ¢ ¢ ¢ ¢ |

CONCORD-3
322 registries (80.5%%)
71 countries

[ ¢ ¢ %

registries.

Text-figure 1. Recruitment of cancer registries
*QOf the 400 operational registries invited; all other percentages refer to the number of

registries at the top of each column. The number of countries excluded (black boxes)
refers to those for which exclusions affected the only participating cancer registry or

80 registries
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Figure 1. Participating countries and regions: world (adults)
Registries in smaller countries are shown in boxes, at different scales.

See web-figures 1.1-1.29 for regional maps, and web-figure 1.30 for world map for
childhood cancers.
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Acute lymphoblastic leukaemia
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Figure 2. Global distribution of age-standardised five-year net survival (%) for adults (15-99
years) diagnosed during 2010-2014 with colon cancer or breast cancer (women) and children (0—
14 years) diagnosed with acute lymphoblastic leukaemia: continent and country

Survival estimates for each country are ranked from highest to lowest within each continent.
Where data were available for more than one registry in a given country, the survival

estimates are derived by pooling the data for that country, but excluding data from registries
for which the estimates are considered less reliable (see text).
See web-figures 2.1-2.18 for all 18 cancers included in CONCORD-3, and for each calendar

period 2000-2004, 2005-2009, 2010-2014.

*Data with 100% coverage of the national population.

TNational estimate not age-standardised.

8National estimate flagged as less reliable because the only available estimates are from a

registry or registries in this category (see text).
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America (North)

Europe (North)

Oceania

2000-2004

Figure 3. 20-year trends in age-standardised five-year net survival (%) for women (15-99 years)
with breast cancer,* by calendar period of diagnosis (1995-1999, 2000-2004, 2005-2009 and
2010-2014), continent (or continental region) and country

Estimates for women diagnosed during 1995-1999 are taken from the analyses for
CONCORD-2.5 Where data were available for more than one registry in a given country, the
survival estimates are derived by pooling the data for that country, excluding data from
registries for which the survival estimates are considered less reliable (see text).
*See web-figures 3.1-3.18 for other cancers.
8Continent or continental region with one or more national estimates flagged as less reliable.
Standard 1SO abbreviations for country names: Algeria - DZA; Argentina - ARG; Australia -
AUS; Austria - AUT; Belgium - BEL; Brazil - BRA; Bulgaria - BGR; Canada - CAN; Chile
- CHL; China - CHN; Colombia - COL; Costa Rica - CRI; Croatia - HRV; Cuba - CUB,;
Cyprus - CYP; Czech Republic - CZE; Denmark - DNK; Ecuador - ECU; Estonia - EST;
Finland - FIN; France - FRA; Germany - DEU; Gibraltar - GIB; Guadeloupe - GLP; Hong
Kong SAR - HKG,; Iceland - ISL; India - IND; Ireland - IRL; Israel - ISR; Italy - ITA; Japan
- JPN; Jordan - JOR; Kuwait - KWT; Latvia - LVA, Lithuania - LTU; Malaysia - MYS;
Malta - MLT; Martinique - MTQ; Mauritius - MUS; Mongolia - MNG; Morocco - MAR;
Netherlands - NLD; New Zealand - NZL; Nigeria - NGA; Norway - NOR; Peru - PER,;
Poland - POL; Portugal - PRT; Puerto Rico - PRI; Qatar - QAT; Republic of Korea - KOR;
Romania - ROU; Russian Federation - RUS; Singapore - SGP; Slovakia - SVK; Slovenia -

SVN; South Africa - ZAF; Spain - ESP; Sweden - SWE; Switzerland - CHE; Taiwan -

Lancet. Author manuscript; available in PMC 2019 March 17.

2005-2009

USA
= ‘C&N

LY
——8na

2010-2014



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Allemani et al.

Page 53

TWN; Thailand - THA; Turkey - TUR; United Kingdom of Great Britain and Northern
Ireland - GBR; United States of America - USA
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Figure 4. Global range of breast cancer* survival among 296 cancer registry populations in 64
countries: age-standardised five-year net survival (%) estimates for 6,420,288 women diagnosed
during 2000-2014, by continent and calendar period of diagnosis

*See web-figure 4 for other cancers.
Each box-plot shows the range of survival estimates among all cancer registries for which
suitable estimates could be obtained for patients diagnosed in each calendar period, in each
continent. The number of registries included in each box-plot is shown in parentheses.
Survival estimates considered less reliable are not included (see text). The vertical line inside
each box represents the median survival estimate among all contributing registries (the
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central value in the range, or 50th centile). The box covers the inter-quartile range (IQR)
between the lower and upper quartiles (25th and 75th centiles). Where there are only a few
widely scattered estimates, the median may be close to the lower or upper quartile. The
extreme limits of the box-plot are 1.5*IQR below the lower quartile and 1.5*IQR above the
upper quartile. Open circles indicate ,,outlier” values, outside this range.

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 56

Allemani et al.

190UBD UIS BUWOUR[BW-UOU 1d30X3 SI80UED ||V

#

vm.mmwooa juswdoanap ay} ui ease 1o A1punod Jenaiued e Ag payoeas abels ayy Inoge Juawabpnl e 198481 J0U

Op PUE 39UBIUBAUOD [EINSIEIS 10} PAPUBIUI SUOIIBUBISSP N 3J€ 353U L ¢ 'SUOIBaI PUE SBLAUND JAUIO :,,padojanap ssa7],, ‘Ueder pue puejeaz MON ‘Blfelisny ‘adoing ‘eduiawy UIBGLION :,padofansp a0,

'/

"©-QHOINOD Ul papnjaul satoueubijew 40 dnoib 1o 13oued :130ued Xapu|
¥

£7¢T0C UeI0QO[9 :391N0S

0'00T €/2%T0'8 0°00T T29'€S0'9 0°00T +68',90'FT  S480UBD ||V
6Y.  TGE'900'0 8¥.  BSOTESY 6.  TIV'LESOT  4S430UBD X9pUI |1V
9 16901 €72 VIZTYT ST G96'TSE selwaexna
6T 9er'zer 9€ GGZ'6T¢  C€ 169'TGY sewoydwAT
12 wZ'L9T ST 196'88 8T £12'96¢2 SNO pue uresg
vy 0S6'26€ €21  996'Ty. 8L 9T6'v60'T  e1eIsold
LT 196'8T 9T 25.'66 LT 6TL'8ET AxenQ
g'g WSy ¥T 8/0'c8 g€ ¥29'12S XINBD
0TT  6v6'788  O0€T 00288,  6TT  6vTT.OT  (4)Iseaug
G0 ¥90'TY ze 990'T6T LT 0£T'2€2 BWOUBIBN
€€l /8Y'990'T G¢T  ¥Tg'ss.  O€T  TOoL'veg'T  Bund
6T LOV'0ST  T€ Sov'/8T  ¥T z18'L8€ sealoued
18 6vT'8¥9 2T Z0E'ET 9GS 1S1'28L SEIN |
8L Gel'€z9 Tl 198'9gL L6 209'09€'T  Wn10810]0D
'8 680°1/9 SV 60S'v.Z 89 765756 oewoIs
9Y 0r9'69  ¥'T 771'98 4> ¥8L'SSY snfeydosso
% ‘ON % ‘ON % ‘ON

padojanap ssa padojanap a0 TEIENe)

,uo1Bai pliom Aq :gT0Z punoJe Jeak yaes spIM-plIOM _ 132UBD Xapul Ue LM pasouBelp sjuaiied Jo Jsquinu pajewns3

T alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 57

Allemani et al.

alewsay paioadsun pue Jaylo ‘siusweb|

19 65 19 95 $aLjunoy aupisIn pue agnj uerdoyfey ‘Areno 6'2§0-L'2GD ¥'2GD—0LSD :6'95D :ZT'870—0'8¥D Aleno
§6¢ L1Z €6¢ €9¢ saLs1Bay
79 29 €9 JAS] SaluNoy 18N XIA18D 6'€50-8'€5D -T'€G0-0'€5D XIAI8D
86¢ 28¢ S6¢ §S¢ sausifay
99 99 ¥9 69 saLjunod sealg 6'050-8'050 19'050-0'050 (uswom) 1seaig
18¢ 99¢ 8/¢ 6€C salsIboy winjo.s
pue siuad ‘eA|nA ‘esolew eiqe| Jo 2'€90 10 6°09D ‘6'TSD ‘0°'TSD
65 65 89 SS SEIRlele] urys Buipnjour ‘uis ayl Jo ewoue|aiN ‘6" 7% —0'vD sem Aydesbodo) papinoid 06/8-02/8 UIS 8y} JO BLIOUBIBIN
062 §lZ 68¢ [0)°14 sausifay
19 19 19 JAS] saLjunod snyououq pue funT 6'v€0-8'7€D ‘€' ¥ED-0'VED Bun7
06¢ vl 88¢ 6v¢ saLsIBey
69 89 89 o] saljunod Sealoued 6'G¢0—L'52D ¥'520-0'520 sealoued
16¢ S/C 68¢ 0S¢ salnsiBay
19 09 09 99 $a1uN0D S)onp )19 d13edayesiul pue JaAIT 1'220-0'220 18N
¥6¢ 8¢ [4ir4 0S¢ saLsifay
¥9 €9 €9 99 $811UN0D Jeued [eue pue snue ‘wnoey 8120 ‘2 T20-0'T2D ‘602D wnyay
96¢ 08¢ ¥6¢ T8¢ saLs1Bey
<9 79 ¥9 1S $alluno) uonoun( piowfisoldal pue uojo) 6'6TO :6'8T0—0'8TD uojod
¥6¢ L1Z €6¢ [4°14 saLis1Bay
[4¢] 09 29 1S saLunod yoewols 6'9T0-8'9TD :9'9TO-0'9TD yoewols
062 €LC 18¢ 6v¢ sausifay
09 89 69 o] $alunoy snBeydose0 6'GTO—8'STD §'STO-0'STO snBeydose0
¥102-000¢ +¥T02-0T0Z 6002-G00Z ¥002—-0002 uondiiosaqg 159p02 ABojoyd.aow a0/pue Aydesbodo) Koueubijey
porsad Auy

_seLnsibal pue saLiunod bungrLiuc)

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

sisouBelp Jo poliad sepuafed Aq ¢, saLisiBai pue saLuNOd BulINgLIU0D JO Jaguinu pue ‘ssidueuBifew Jo uomuyad

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 58

Allemani et al.

g7 UoISInI 151l it Buipnjout ,1'(€-0-AD1) ABOJ0JUQ 40} SaSeaSIA JO UOHEDIISSE]D [RUONEUIRN]

4

‘pousad reak-anly Aue Ul Jaguuinu ay) 03 [enba Jo uey Jajeald snyy si (UwiN|od 1se]) $T0Z—000Z Burinp julod awos Je ejep paINgLIU0d
1e) sa1ns1Bal pue SaLIUNO0D JO Jagquinu 8y “pollad Jepusjed pue 1aoued AqQ salieA osfe salnunod Buiredionied o Jaquinu sy os ‘spotiad Jepusied Jo/pue S18oURd Palda|as o) elep PaingLiiuod salsifal swos

E%

6080
10 4°2¥0 '€°2¥ 'T'2¥D ‘0°2yDJou sem Aydeibodoy
papinoid 8T86-T186 SN|d ‘T.66 0,66 ‘6926
~19.6 '2926—0G.6 ‘Tv.6-0V.6 ‘8EL6 ‘LEL6 ‘SELE
~T€.16 '62.6-G2.L6 ‘6TL6-9T.6 ‘¥T.6 ‘CTL6 ‘606
‘806 ‘S0/6 ‘20.6-8696 ‘5696 ‘1696—/896 ‘896

152 56z €62 12 saLsiBoy :0896-8.96 ‘596 ‘€296 ‘T.96 ‘0,96 ‘996 ‘5996 ( ) ik
29 29 09 o S3LUN0D sewoydwA| |1/ —1996 ‘6596 ‘S596-0596 ‘2656 ‘9656 ‘1656 ‘0656 4 UBIPIIYD) BlIOYAWAT
52 e e a4 saLsiBoy (1) erwasexna) 6'082 10 ¥'ZvD '€'2¥0 'T'erd ‘02D 4 (uBIpIIR) BIWERNG)
19 19 09 9G $8113UN0YD anse|qoydwA| anae |]82-10S1N231d sem Aydeibodol papinoid 8186-T186 Snid {/£86-5£86 anse|qoydwA| anoy
8v66 ‘0766 'L£86
~T€86 '/286 ‘9286 ‘€286 ‘0286 ‘8T86-TT86 ‘79.6
'29/6 —09.6 ‘8E/6 ‘/€16 ‘SEL6-TEL6 ‘62.6-G2L6
‘6.6 -9T.6 ‘¥T.6 ‘TTL6 '60.6 ‘80L6 'S0L6 ‘Z0.6
-00.6 ‘6696 ‘8696 ‘G696 ‘T696-2896 ‘¥896 0896
682 1.2 82 052 saLsiBoy '6/96 ‘8296 'S/96 ‘€296 ‘T/96 :0/96 ‘996 ‘5996 (D) proydwk
29 19 09 1S $911UN0Y saloueubifew proydwA| |1y —T996 ‘6596 ‘S596—0596 /656 ‘9656 ‘1656 ‘0656 #(SHNPE) proyawAT
2666 ‘1666 ‘6866 /866 ‘9866 ‘5366
‘¥866 ‘€866 2866 ‘0866 ‘G./66 7966 ‘€966 2966
‘T966 ‘0966 ‘0566 ‘9766 ‘SV66 ‘TE66 ‘0E66 ‘0266
‘TT66 ‘0766 :3636 /686 ‘9686 ‘5686 ‘1686 :9/86
'5/86 '7/86 ‘€86 2/86 ‘T./86 ‘086 ‘6986 :/986
982 892 082 6vC saLsiBoy ‘9986 'G986 '£986 ‘1986 ‘0986 0786 ‘6086 ‘3086 p
19 09 65 95 $911UN0Y saloueubIfew plojpAw |1V 12086 ‘9086 ‘5086 ‘1086 ‘0086 ‘Zv/6 ‘T7.6 ‘0V.6 #(SUNpE) projeAN
092 Sz 152 612 saLsiBoy
09 09 8g S $3LUN0D (UaIpIIYd) urelg
98¢ 69¢ €8¢ VA4 salnsiBay
65 85 8s S5 S3LUN0D (snnpe) ureig 6'T.O-0'TLD ureig
062 Gl2 682 6V saLisIBey
29 29 29 85 SaLUN0D puelB ajeisoid 679D ayeIsoId
wnauoylisdonal
68¢ cLe 88¢ 6ve salsIbey pue wnauojuad ‘suebio [eyush
¥102-000¢ #¥T02-0T0C 6002-G00Z ¥002—-0002 uondiosaqg 15900 ABojoydaow a0/pue Aydeibodo) Koueubijey

poriad Auy

_seLnsiBal pue SaLijunod BulngrLiuc)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 March 17.

in

available

Lancet. Author manuscript



Page 59

Allemani et al.

*(1xa1 89s) (11 dnoJb) ualp(iyd ui
ewoydwA| pue (Te] dnoib) 77w pPooyp|iyd aulyap 03 pasn sem G7'€-0-0O1 JO UOISIASI 111} U} WO S9P0D ABojoydiow Burrelodiooul om,ﬁco:_vm pJg) 199ueD POOYP|IYD JO UOILIILISSE|D [eUOITRUIaIU| mr_¢
'(3%3) 99S)

€-0-A2D1 J0 UoISIAaI 18114 3y} wiouy sapod ABojoydiow Burelodioour ‘Gz—0z sdnoib 3HvIVINIVH Aq se1oueubijew piojaAw pue gT—-T sdnoib ,71IUVOVINIVH Aq pauyap a1am saloueubijew n_o%c;._u

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 60

Allemani et al.

Author Manuscript

Author Manuscript

A1unod pue Juaunuod Aq ‘yT0Z—-000z Burinp pasoubeip sjuaired ‘siojeaipul Alljenb eieq

€ 9lqeL

Author Manuscript

0 o ot e o w0 st ot 20 wver *
n 0 e vie vt o va Loz s0 o o ez
st
0 00 3 w5 0 o 2 e 00 oz *
0 i oo i 3 60 wrt s0 0 00 n
0 o 153 i e %0 n e 00 0 2 s vitz-toz
) ss 0 9% e 20 vo s 0 0 ae ara vige-sanz
ko
e 00 w1 oo s0 o a0 sz " sasz *
0 i 2 s sxsves o vt s 20 0 0 s oo s —
ot vo s o8 aspouss 0 v ez o ve 50 esesess visy
I s o o8 €0 o w0 o 0
00 o0 g w10 0 ot w0 6 0 E
I v o s szt €0 o vz 0 o 0 ouszsst (@ion) vonsany
feny
o0 0 65t om oz o sst s 0 56 00 atee oi0z-omz *
oy osng
o0 00 ve vis ator 0 v w0s0r 0 6t e L Tioz-ooz *
I 00 6 sts s o 60 T 0 o0 T auer ooz
o w6 6 v wore o 0 seze 6 0 as w6 vite-enz
antnen
To e o e s n 0 ssvst 0 0 00 saaar izt *
s 0 e o8 180 20 ) g €0 oz 0 sade ctoz-anz
3 0 o o o0ts ot o s a0 e n s vioe-ooz
wn
o 5z s w1 vz sz e szt 20 ) 0 sorest w0z *
e
o0 o os o5 0 o s " " 0 oz vioe-zonz *
e 0 s s w1 a0 w0 e 0 st n sora vioz-omz
e s o8 ves won 1 e vz 0 e e suane (anos e
ww a soe 3 = 20 ) e 0 ) 0 P vioe-onz (o wes) oy s
es 0 oz o wze 1 60 e @ v v st vioe-conz
o5 oz ve out e a ) v 0 ) " s ciz-enz
s
[ 0 wor 58 st I o ane 0 o 0 ars ciz-sanz *
) 0 o out o ot o B 0 o o s oz
st 0 o vis awst e ot oo at 0 a ssra vioe-omz
s o 516 3 w0 w0 56 vorisy
p— Soopucion w wo 090 wo s 100 pousd
priec e ahuson Py
T ik

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 61

Allemani et al.

oo
00 n 2 Lo csag w0 o v st n 0 czsann stce-cone *
soog
00 o0 e e st 0 sz st P o 00 st stcz-cone *
foony
0 w0 0 I sz 0 s0 sogacz sz e 00 exsen sigz-cone *
s
0 s0 o 20 e % 20 saves o ae 00 st vitz-tonz *
s
0 0 o v st vo e e o 6 00 s 000z *
e
€0 0 st s st 0 o sagsrt n W 00 wsavst az-conz *
wn
0 0 " s o 50 00 s = 0 00 e sigz-conz *
0 0 o s avomt w0 0 syt % at 00 eozset sige-cone e
poon
o o n s et w0 st assest % ear 00 seo erce-cone *
sl
00 o 6 so i 0 0 et % B 00 st stce-cone *
/ [ —
20 w0 0 665 st vo 00 et 0 00 %0 et stce-cone
e
o o0 w0 I n 20 s " o ost oncz-cone *
o €0 0 sis w0 cor et o av w0 sigz-cone
0 o1 a0 o6 o % 00 e €0 0 w0 s az-ton
s
0 0 2 s w2z 0 st s %0 ve 50 s vigz-tonz *
ounsa
0 0 0 e e 0 6t saczo o at 00 aowse az-conz *
o
0 0 s eo sovsse 0 0 sesson w0 0 00 s sigz-conz *
ity sz
o o st cos weus vo e oz o s 00 sesonn stce-cone *
ooy
00 o 0 su sz 0 2 eauz w0 s 00 e stce-cone *
g
00 0 v I ez 00 0 cxeese 0 00 00 e stcz-cone *
wnte
00 n I o w0 00 e w0 v 00 s sigz-vone *
/ (oo s
o0 st sz 6 9t s %0 ot 00 0 00 ot vitz-tonz
0 0 a I ez n i s o " 00 s vigz-tonz *
i 60 6 I st 0 2 wsevst e o 0 LS 34083
ue w0 6 L s 1 aaer 50 n st e ercz-co
I o0 I I o ue s 0 00
0 0 s0 I cagese 0 00 sares 0 i 0 e sigz-tonz
e
00 0 ot B wagann €0 " syt 5 o 00 wa vitz-tonz *
=3
o5 0 e Ve L o o wrr o o 0 oL vigz-tonz *
e
0 5t o o w50 o 0 vt 0 " 0 st vigz-so0z *
s 0 s6 o sagar e ot asat o ) w0 ase excz-conz (e st
oy
0 zt 0 I e w0 e oue : " 00 s erce-cone *
t o
0 o e wdoact 0 0 vzt 0 0 0 ot stce-cone *
s Aoopoytion ~w oo o = o s s P poua
Supadson S St Sovtuoon fre Py
T o

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 62

Allemani et al.

0TO0Z Ut pasoubelp 41 ‘10 sisoubeip JO S1eak aAl) UIYIM PaIosuad 81aM OUM pue ,BAIJe,, SI SNBIS [eIA UMOUY 1Se| asoym sjuaiied :palosua)d "'G008—0008 abues ayi ui apod ABojoydiow gT'y1E-0-a0l :(Ajuo sinowny pijos) ABojoydaow 213193ds-UopN “paisiion A|[ea1doasosdiw AN

‘ABojoydiow-ays-abe 1o ‘ABojoydiow-abe ‘ayis-abe ‘ABojoydiow-alls ‘al1s-xas 40 Aoualsisuoou

"$T0Z Jaquiadaq T 810J8q ‘I8re] Jo

44
91ep J0 80uanbas 1o arep

PIEAUI {UMOUNUN X3S 10 SNIBIS [BNA 118YI0 "€-AHOINOD 40} PaRILIGNS Usaq aAeY INg ‘Z-AHODINOD 104 PARILIGNS 10U 819M S3sed pajoaiap-Asdoine ‘sQDQ Jaisifal Jou saop uspams ‘Asdone 1e A|ajos paloalap 10 ‘(0DA) AJUo 8180111180 Y¥esp & Wwoly palaisiBal sinowny “OUn_\\

*(3x@1 985) SUOIIIPUOI J3Y10 Jo {(SyNnpe) siesk 66—GT 40 (Ualp|iyd) siesh yT—0

abuel ayy apisino abe yum sjuaired 1oy 4o {(g) oneiselsw Jo Arewrid y1 umouyun Jo ‘(9) uebio Jayioue wouy oneIselsw ‘(T) JNoIARYaQ Urepadun Jo ‘(sinown utelq 1daoxa ‘0 apod JnolAeyaq) ubiuag aJe Jey) SINOWN) Jo) J0 ‘elep a19|dwoaul YIm spIodal (4ay3Q "Wayl 1wgns jou pip
saLs16a1 Jay10 ‘S180UBd NYIS Ul JisiBal 1ou op saLisifal awos (g apod noiAeysq £-O-dDI) Adueubifew NS Uj "UMOUNUN SI SNIEIS [EHA UMOUY| 1SE] JO JBaK 8y} 10 ‘umouun si sisoufelp Jo JeaA Jo/pue Jauow ayi Jo ‘UmouXUN SI YuIg JO Jeak syl YdIym Ul spiodal :sayep a19]dwoou]

Author Manuscript

Author Manuscript

Author Manuscript

/]

"UOIRIBPaS URISSNY :RISSNY ‘2al0} 40 dljgnday “mEov_u

*Ajuo saioueubifew pooyp|iyd Joy uoneindod [euonieu ay Jo abeIBA0D 9400T YIM Smox

‘uolrejndod Jeuoiyeu ay} Jo abeIan0d %00T YIM Bleq
¥

n o o o savesie €0 o sz o vo s0 urazn o

Pz

0 00 B B ez 20 6 oo €0 0 00 sz vioe-tonz *

0 0 oe ot ot @0 vt e a0 e €0 et vioe-tooz *

o 0 o s% s 20 o1 oSt ) o €0 st viwvaso

wopty vy

0 1 s o e €0 o sewesce " I 0 Tizesy vioe-toaz *

o o ve o sz s0 o aever sz 6 00 oz vioe-toz

o B o 50 s 0 " s o vt o w995 yoz-tme ¥

s0 s0 [ e oo @0 o1 sesvae 60 o €0 souty vioe-tz

0 0 w0 5% sz ) oz

e oer 0 cizsz sz

o o s o e 0 w ez e T 00 saosn o000z *

o 0 o o ooont 20 o weast o e 00 o wioz-omaz

pouss

somp
e

Author Manuscript

PMC 2019 March 17.

in

available

Lancet. Author manuscript



Page 63

Allemani et al.

s
o w0 k) 3 et as ez v w6 w00 sso1 = oo *
s e ose et st e sase w0y oz sevie wan suan s Lo e sor P —
T o5 s s 15 o szs sz e e s sz s e ez e s 1516 ot oo *
a0t 3 oz e w ve
e 3 3 z st o S ES a s 3 w o vt e w0 wn kS 3 T sezsont
o aws ssder ssdzr sz oo oz
s
oz « = sz = " e awor 555 w s s vz s e e sz m w oot *
wn =73 ey vz ez et aorezz o s
et e s sorz sz sete sezso wevsez v sz st s e su
seozEvT ower sadoz ot s stz s oz ssizie sest eavuesT suzass wsvesz e sanonz wrw msurt seseaz sszsat a sauieze (@aon) vorsany
s,
sz 259 o st sss ust e w2z s vz w0t oo sewe *
@ w e e @ et s aut vz w0t wse vt wze e mse ot oo *
e 3 e 0 e oiss ] e
wore st s ot oo sesenrss
e
s o 3 51 @ 3 @ ows ot s wzz w5 s o sz 3 st s 3 oo sevene *
e
o 6 o s " s e o o et = s e @ oz k4 s o oot cizosr *
o
sevez s 15 stz o sacar e st st soss oot e *
w500
an o sy 0 et 10t ot savs oz w2t s use ws oot *
s = e s ot £ ot et s st et e weL w o6
e w w et = o ar awr 5 st e B e £ @ E et e s s
s e 3 oze = o ot ot 0zt e e awt ey oss ™ s iz st sy i
s st ars 2y st e w2t s st wre wzat st s st w6 st augs sz st 2z asese
oo s et o o sy e arsn s s suest aze essts st e s ez e wse 2 ewawes (@anos pus o) vorany
st @ . 3 o z S s an wre o w a5 © sz s m aon oz o0z T
nze @ 3 @ o £ W = s wst e ® e o5z 3 B z
e = w eoar
ot s s o m g - s snoeudoso

Anunod

pue 1UaUNUO0I Ag ‘SasAeur [eAIAINS Ul PapN|oul alam oym $T02—000Z Burinp pasoubelp sjuaired Jo Jaquinu pue (uonejndod [euoijeu Jo 94 pue suosiad Jo Jaquinu) salnsiBal Bunedionsed Aq patanod uonejndod

Author Manuscript

Author Manuscript

Author Manuscript

¥ alqeL

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 64

Allemani et al.

o w w56 . o 5 et o oot sz 3 sz s s 5 st wt oz o5 sesens
e ar i s s o L asra x50 sws s s avor e s s sz swee ars oot avassor *
=
e et sz e otz gz e ee0tet awes ssaer sz s sersos sty e ot auort e s oo s *
fomon
61z F e s nse s a5 s e sy e wser e 7 st e srgae L e oo s *
-
anies s st v sszoe 't w2 s s e e wes segest ww e ot £ ssser sz oo oammor *
e
w = et w w se w0z ws s s s 0z e wt o gt o5 ks oo *
e
ann o we osar st oz sstee s s o e aover ws aut vz g ez oo eavaez *
ey
0 o e g0 ows sz e ot o s st oo vscapsT *
ezt e e e sszsar wizosz o msi ansss vaves w5t wz cos ssateae e
ouman
ot w5t 3 sagot oo sac sy asie e st s ase sz s arz sae e s iy oo rovsisy *
e
am u ® st s = e caos w P sz o ez w P s vt o w oot ez *
/ (curmpseg onen) ssip
st s a0t 3 oo seost
o
s o v u a " o e ® o E s w w 3 a oo e *
awt a st sz s w0 oz v s T senooe e e aevis e o6 seetet wgss iz I exseser e —
s w5z oy e s s L e e sars sz et 1S s awrt e ares e usse E e sousoo ars
ooy
w us a5 s esds s e oz st osste wa so0s s st oo *
e w @ eary aist an szt wre ar wze e st we oz Y e x50 s o oo ot *
woussa
s s sz 566 e 50 s s sats oo vz v e awy savon 2 asss oo saarss *
s az s rs wers 3 o e suwm osmvt e ez e i sz s e st st oo ssqzrsar
ooy
sz w o st s 3 st w0z st s s L s arse o5 st e vt woe oo esgsszy *
wntng
wesiz e s st s oerse awn wn ses s oo s sz s iz oot oz *
unieg
o s o w oas w Lsde e o s s atz st swst s vz weo st tovor oo axazn *
y (oxpc) sy
e s on o oo coreert
- e - e s e an wsrar s ww s e s oo
e v ne aazErt vaoey s s s e sanise o s ez s o ssen st secsnn s Tos o0tz 360813
stz o et s oans st sara s wse er e sz s aest e s o e st e
wesest 2 ) savo urs s e s s sem s @0 i e s s Ter s e o wreers
[
oo ) Tt v s izt ave s P e s ez o wn sstest s et s iz oo saerrez *
s
e w e e exe st wet 561 st ez wa e s e v w20 s D vt oo vt *
Y
e w u ot o o« s a5 Es a5t ot s 5 aar = 3 B e o oo swarz *
onotuon
s - - - - - - - o - - - - - oo *
somer £ st et s " 3 s Y w0t souy - ez s s st sz w0t oz s s ermre—
o
e @ 5 st " o 53 s w e sz o s o 3 o w0 w o oo *
# ooy
a0t oz e s e s s 156 st oo 091005 *
oL @) @) g 3 ey (o) . e sy wnpay oo s snbrudoso oy passnos
P g Py o

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 65

Allemani et al.

‘anbiunJey pue adnojapens) sapnjoxa aouelH 10} UMOYS UoleINdod "UsWOoMm 1o} ale umoys suolrejndod [euoiieu :uswom 1oy erep 1aoued papinocid Ajuo 029010jA pue e1joBUoy ‘IfeN "(S1eak $T—0) uaip|iyd Joy ate umoys suoreindod euoiieu :S190ued pooyp|iyd Joy

e1ep papinoid AJuo 09IXBIN| Pue 898819 ‘sniejag "Pawsou0d AnsiBal auy Aq papiaoid a1am suoendod euoneu-gns *(0T0Z) UemieL pue [eBnliod ‘puejod ‘Buol BuoH ‘adnojapens ‘elfelisny ul SanLIOYINE [eUORU JO , 5 UOISIAI] UoeINdOd NN 8U} WOy a1e $T0Z 40} suole|ndo

Author Manuscript

Author Manuscript

%

"UOITRIBPa URISSNY TRISSNY ‘2al0y J0 o1jqnday a1

't

‘Ajuo sa1oueubijew pooyp|iyd Joy uonejndod jeuoireu ayi Jo abeISA0I 9400T UM eleq

g

‘uonrendod feuoireu ayy Jo a6ISA0D %H00T YIM BIed

"(3x31 985) Jeak 3|ge|IeAe 1S8.IeaU 10 $TOZ Ul suoneindod

[T s e swn new e wews  ww o won  owwe  mioss  meWs  wemn  wwn et aem  mio o w s ™
f—
wwm o we @ we  we  oae we me wm wz ws e wn we e - FE - *
—_—
osewzT 0T w82 s £ ey 65T 0wz vre ST verest 2oe'9sT ST etEEe Tazur 05295 s 6z g oot BY LSY'EL *
won o e e o s W e ws  mw e s s ww ww s mw ww ww FE - -
-
R s s we o wu eves s v oes e sess  een sws oea ot o oo R — *
wwow w - wn - e ww owe en owmw o wa e ass . e e e - I
e s we e w me e mm o we owe e as e wm we s wm am oo e *
(- s ww  we ws e on ws o oww e s wwm ww ww wme s s :N e
wow = wn e a ot wm ww wa mw o o o . wa v E—
wrest L3 e T vy £ s e 025 ore 86952 6859 uszw 299 iz 80T o3 3’5 ez oot TS *
——— P s - = o ww wm ww ww w o we s wn S o s ke
o [P o G s Awo | wo | s me | Gm | wems o o w0 e e e e
w a8 oo, b
-

Author Manuscript

Author Manuscript

PMC 2019 March 17.

in

available

Lancet. Author manuscript



Page 66

Allemani et al.

5 5 5 5" 5 = 5 =
5 5 5 5 5 5 5 5
5 5 5 5 5 = 5 5
5 5 5 5 5 5 5
5 5 5" 5 5 5 5 1

& %,3 %‘E W,E %,E ,%._x %,.é %:;_ %,E %.2 %: W‘:_ %,E %:_
sro-riE - - owr-50 ros-ss ze9-o19 se-vie - coe om-00 s-te sor-00 00-00 s1-00 2i-er et vez-sz ooz
,mga %:, %E %,S %E & o %,E WA 3 %5 %,E

%E %,Q %,E %§ %,E

%,S
oz2-00 sone-cone (6000 winsez) ey s

%: ,m,..a %:q %;x %& %;,. %,:, %E %,E %EN W,E
%,5 %,:w %E %ﬁa %,: %:z %,:m %.z %25 %Q %,3
sn-ste omi-gss e-08 owor-ros a15-208 ses-6n Lo-sor oont-9% o001 -00r 55700 959691

sonc-cone (ouoige0) oo

%;:

%:w
e - - ras-os

e-trs o1 sea-se e ss-on a0 Et6-6s I 9 r1s-am o

sone-cone *

sonc-cone (oruss) w

@
@

gl

0% s 10555 10558 G 105458 10555 10%ss s 1% 1ouss oosn 0% s 105458 Y 9% s 199655 oS s s 105455 [y %S oS 10555 oS 9% oS 10555 oS

el ] s e T

(¥T02-0T0Z '6002-G00Z '7002—0002) Stsoufielp jo poriad
Jepuajea Aqg sa1ourubijew uowwod € Jo auo yum pasoubelp (sieak T—0) ualp]iyd pue ssioueubijew uowwod GT JO auo Yum pasoubelp (sieak 66—GT) SHNPe (% ‘SN) [eAIAINS 18U pasipiepueris-abe Jeak-anl4

G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 67

Allemani et al.

- -
5
-
zas-o55 su sss-tw I gss-g5e oo vz E as-506 v Tw-gu se wou-sz e ev-seL oo rso-s53 va-st sa Tor-gL ver ar-os oz Tes-Tse ™ 959-v05 ois -z % re-ro o »otz-g00z *
5 = 5 5 = 5 = 5 5 5 5" 5
5 & 5 5 5 5 5 = & 5 = 5
5 5" 5
5 5" 5
5 5 5 5 5 5
= 5 5 5" 5 5" 5
5 5 5 5 5 5
5 § 5 5 5" 5
BT so-aty sz-ow en-ra s& 9929 i vae-za o Te-ge -ea st o020z *
5 5 5 5 5 5
5 5 5
5 5 = 5 5 5 5
= 5 5 5 5 5 5 5 5"
5 §”
s §
e = = — - ]

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 68

Allemani et al.

5 5
5
s

.%;s %:a ,%E %.E %2, W,:r %.:_ ,%,:_ %;ﬁ %.E %2 W&n
909919 w-zoe - ote-ser oont- os-TEL Tz I st ssi-65 [ 559 Zw-om eos-gir ooz
%.:s %5 Wﬁs %,S %,i %,:n W‘E %,:a ,mss %ﬁ.m W‘: %,:., %,E W‘E %,:N WA:
& w %:ﬁ %54 %2, %3 %:x %, @ %,2 %,3 %; %,E W‘E sy
soo-rse - sus-om s09-om wis-vm 2 I3 szt so0-0r s rs-cz o2 - sone-cone *

vor
& 5 P 5 § &
& 5 5 5
$002-0007 *
= 5
s §"
o G owe Wm e m we Wm B M e bem ome W s b o e Bwe Wm we  bim mem b mwe e Gws b e tow owe wm owme  wm e oam

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 69

Allemani et al.

5 5 5 5
5 5 = 5 5 & 5 5" = 5 5 5 5 5 5 5 = 5
rw-ss i s2-z8 T iv-zee 2 s-sw T o19-v25 s Tr-E s zu-n st vor-gTe T s o e 2 s25-5m s on-zm st -9 o sor ] s 895 ve-gre 5 sri-oz oe sooz-co0z *
E%-SL 5% Tm-su 6L o8 -0 o EEv-TSE zee wEL-0% 509 B0E-STZ 7% S9-E08 ves ow-sE s ST-TH €89 rB-wEL o 9n-0Ts 829 Zm-ve cor o9t €s &¥T-9Tr e zrs-sey ¥s ISV T viz-ew vsz gT-29 L $002-0007 *
5 = 5 5 = §" 5 5 5 5 5 & 5 5 5 = 5 =
= & = 5 5 & & 5 5 5 5 5 = = 5 = 5
5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
8-575 os-en ves-sie cu-gw 200 su-on oor-209 ow9-rse 50-539 - =09 rrr-g0 zrz-00 st-se 9529 -t o8-02 s19-c0r 00200z *
$002-0002 *
= 5 & 5" 5 5
5 5 5 5 5 5
s R
5 5 & 5 5
E56-7%8 oee 598158 T19-620 Tz o0s-TIZ 95 go3-p9z 2y sm-rer 606-299 a8 ST5-E% a5 Ev-Ts a5 i3-S €89 cu-se eer £or-TE zor-5¢ voL-TEY €5 s9-TES L s7-TL ost raE-67 $002-000 *
'SB-EBL ve sL-voL TEL ov- g% LL3 oEE-vOE I 915-915 zvs LLae sz su-sn os rw-zw oEw SL-ESL oa oTB-0RL S8 yS-EE ¥is asT-05T €St 8-71 st rsT-ost et 9T9-009 09 T19-665 509 wE-TE £ 961911 Ll $002-000 *
5 5 5 5 5 5 5 5 5 5 5 5 = 5 5 5 5
5 5 5" 5 = 5 5 = 5 5 & = 5 5 5 5 =
5 5 5 5 = = 5 = 5 & 5 5 5 5 = 5 5
59T z18-269 s8-ve et w15 s29-0%0 eeo- e ] 1558 s5-535 vir-gee #1907 sve-tes BT s%6-578 s2-9 9-eT o020z *
5 5 5
= 5 =
e = = — - =

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 70

Allemani et al.

;w;:,s,é§:w§§;§;é:wéE;;.NN‘,NE‘E:M,eéégé:W:Zm,;zia:,:v:_:_:‘.é::wz;_:wé:WES&:ZZ5:2::_4;35
T .
o - o . w e e wes - o - . e ow v e o . o
o . P 87 e e e ow - o s - . ] § e - e - -
5 5
oo e e - . e " e w mww o aw w e . P
5" s
o meew o s e s wessw e e mere e s s as smes sw o mes o men e s n o sess o emes s swes o smee  ox oo en e *
e e e vees s seerww emen s emem er awse me s o e me e e eeew m ser e e s o serm e swes s e s s wew
wrre ew e e s s e es e seem e w o mees me e en s s s meen m ees s ses s e sw mees ws o werm o ses o oo
5 o
e e e o e e w wmesw w w e w s . e
- o w ww w . - . . - . . w " - o - .
o . - . . = . v e e . @ e w . w . . .
-
286-728 206 006-98L e 065-v3s BLE-9EE r5e s5L-T7 a8 TE-gR 508 TS-T29 959 FIE-VIE e ¥59-909 o8 2T 0 588098 € TO-0% 56 Sv-0% 3 BS-TE 42 Lvs-1T5 £ 975-¥05 515 E9T-TET o B6-69 ve $002-0002 ¥
v . s o o me e s . o mee e . e “ - s - . . -
. . w . o e e e . e e n we e . . w -
wm w e w e e o v s - o emm me e me e . - B
e e s w . w e - - - . w e w o wew
s
wo e smes ew sees e smes s swes e e ses e s e st me o evem m eer w o awn e s e meen e et e
& v
e S *
5" 5
- - @ o e e e e e e wmes s e o mes e wen - e e e o -
&
5 -
e e e o w  wmes e w w e o w o *
T T B T - . - o P -
o wees e s o L T . w e PR -
s
wen  me ewws e vese s s e s e se wwe o e m sers e s e mees e s e s s e s ews e ewis e e e s o s *
. E E E E E -
5" 5"
5"
v e e e o e e s e e s ew s es wmes e swen e e s e v s s e meen e en o wees
s
e e e T T e s s s eeie e emen or seeow
s
—
e o m o wm o em o e e wm | oes eom e ww | ows tow | owe | wm e e owe Gow o o wm e o owe | wow o
] — = = - = ] - = —

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 March 17.

Lancet. Author manuscript;



Page 71

Allemani et al.

o
5" 5 5
5" 5 5
ovor-s1 sz osr-gue ver aor-ow e os0-r16 oo ez-zst ez z-v0r 51 sw-vte I o29-s0¢ sor we-oa e v6-008 e oz-so = a-0e 65 sor-00 2 sz cur TS 2-61 oss zz-om I 951-00 o so0z-co0 *
§ s
§ s
- ot6-va s ar9-655 oo 23 cz-129 ot rsz-em w2z [ % ov-voE 2 99506 a2 N o -0z 9 et e Tz-vs & coz-ge ozt s vee ees-aw 505 ew-zz o eor-ve 6 o020z *
5 5 5 5 5 5 5 5
§° 5 5"
s
0 OO

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Lancet. Author manuscript; available in PMC 2019 March 17.



Page 72

Allemani et al.

s
5"
5" 5 5" 5 5 5 = 5
5" 5" 5 5 5 5 5 5
s
O

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2019 March 17.

Lancet. Author manuscript



Page 73

Allemani et al.

pasipJepuels-afe 10U a8 Jey} SOIRWIISA [BAIAINS S)0USP SIIfel|

'SNJeIS [RMIA 1SE| JO Jeak umouun Jo sisouBelp Jo Jeak 1o/pue yiuow umousun ‘yuiqg 4o Jeak umousjun *a°1 ‘sayep a1ajdwodul Yim palalsibal
(2) 40 ‘Asdoine 1e 10 a1eaI 180 Yreap e woiy Ajuo pasaisiBal (g) 1o ‘HT0Z Jaquwisdsd TE 21049q ‘Iare| 4o OTOZ Ul pasoulelp 11 ‘1o sisoubelp JO s1eak aAl) UIYLIM BAI[ PaIosud 1o dn-mojjoy 011s0] () a1am sjusited JO 210w 10 04GT 9snedaq a|qeljal Ssa| PaIapISuod S1ewINSs [eAIAINS

§

"UOIIRIBPaS URISSNY RISSNY ‘B8.03 10 d1jgnday “mm:ov_w

*Ajuo sa1oueubijew pooyp)iya 4oy uoneindod jeuoiieu sy Jo abeIdan0d 9400T YlIM eleq

1
‘uonrendod feuoireu sy} Jo aBeIaN0D 9%600T YIM Bl
¥

'sisouBelp Jaye s1eak anly ueyy s10w paLinaoo swaired Jo dnolb Jeys ui (BulIosUad 10 Y1eap JayIa) JUSAS ISI1) 3} YDIUM 10} 8SOU) SJB [BAISIUI 8USPISUOD B INOUIIM UMOYS %00T JO S3IBLIIISS [eAIAINS

"pasiolfell aJe pasipepuels-abe 10U 81e Jey SAIBWIISS [BAIAINS

oont- 125 995 e ssa-c10 95

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2019 March 17.

in

available

Lancet. Author manuscript



	Abstract
	Introduction
	Methods
	Cancer registries
	Protocol
	Quality control
	Follow-up for vital status
	Statistical methods

	Ethical approvals and confidentiality
	Role of the funding sources
	Results
	The CONCORD database 2000–2014
	Gastrointestinal cancers
	Oesophagus
	Stomach
	Colon
	Rectum
	Liver
	Pancreas

	Lung
	Melanoma of the skin
	Women’s cancers
	Breast
	Cervix
	Ovary

	Prostate
	Brain

	Haematological malignancies
	Myeloid malignancies
	Lymphoid malignancies

	Childhood cancers
	Brain
	Acute lymphoblastic leukaemia (ALL)
	Lymphoma


	Discussion
	CONCORD Working Group
	References
	Text-figure 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

