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40-year trends in an index of survival for all cancers combined
and survival adjusted for age and sex for each cancer in
England and Wales, 1971-2011: a population-based study

Manuela Quaresma, Michel P Coleman, Bernard Rachet

Summary

Background Assessment of progress in cancer control at the population level is increasingly important.
Population-based survival trends provide a key insight into the overall effectiveness of the health system, alongside
trends in incidence and mortality. For this purpose, we aimed to provide a unique measure of cancer survival.

Methods In this observational study, we analysed trends in survival with population-based data for 7- 2 million adults
diagnosed with a first, primary, invasive malignancy in England and Wales during 1971-2011 and followed up to the
end of 2012. We constructed a survival index for all cancers combined using data from the National Cancer Registry
and the Welsh Cancer Intelligence and Surveillance Unit. The index is designed to be independent of changes in the
age distribution of patients with cancer and of changes in the proportion of lethal cancers in each sex. We analysed
trends in the cancer survival index at 1, 5, and 10 years after diagnosis for the selected periods 1971-72, 1980-81,
1990-91, 2000-01, 2005-06, and 2010-11. We also estimated trends in age-sex-adjusted survival for each cancer. We
define the difference in net survival between the oldest (75-99 years) and youngest (15-44 years) patients as the age
gap in survival. We evaluated the absolute change (%) in the age gap since 1971.

Findings The overall index of net survival increased substantially during the 40-year period 1971-2011, both in England
and in Wales. For patients diagnosed in 1971-72, the index of net survival was 50% at 1 year after diagnosis. 40 years
later, the same value of 50% was predicted at 10 years after diagnosis. The average 10% survival advantage for women
persisted throughout this period. Predicted 10-year net survival adjusted for age and sex for patients diagnosed
between 2010 and 2011 ranged from 1-1% for pancreatic cancer to 98-2% for testicular cancer. Net survival for the
oldest patients (75-99 years) was persistently lower than for the youngest (15-44 years), even after adjustment for the
much higher mortality from causes other than cancer in elderly people.

Interpretation These findings support substantial increases in both short-term and long-term net survival from all
cancers combined in both England and Wales. The net survival index provides a convenient, single number that
summarises the overall patterns of cancer survival in any one population, in each calendar period, for young and old
men and women and for a wide range of cancers with very disparate survival. The persistent sex difference is partly
due to a more favourable cancer distribution in women than men. The very wide differences in survival for different
cancers, and the persistent age gap in survival, suggest the need for renewed efforts to improve cancer outcomes.
Future monitoring of the cancer survival index will not be possible unless the current crisis of public concern about
sharing of individual data for public health research can be resolved.

Funding Cancer Research UK.

Copyright © Quaresma et al. Open Access article distributed under the terms of CC BY.

Introduction

Cancer is an increasing public health concern, shown by
substantial investments in human and financial
resources for cancer management since the late 1990s.
Health policy measures have focused on improvement of
the organisation and delivery of services for prevention,
diagnosis, and treatment. Research has provided the
evidence base for these policies and is increasingly used
to assess their effect.”” The assessment of progress in
cancer control has become crucial. Population-based
cancer survival trends provide a key insight into the
overall effectiveness of the health system, alongside
incidence and mortality.®

In this population-based survival study, we analysed
cancer survival trends during the past four decades in
England and Wales using two metrics: an index of
survival for all cancers combined, and survival for each
cancer, adjusted for age and sex. The all-cancers survival
index was designed to provide one summary measure
of cancer survival that can be monitored over time to
show the overall progress in the effectiveness of the
health-care system. It was also designed to support
assessment of the effect of earlier diagnosis, which is a
key component of the National Awareness and Early
Diagnosis Initiative.”" Trends in survival for individual
cancers will underline those cancer types for which
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there has been progress and those for which prognosis
has remained poor.

Methods

Study design

Survival varies very widely with the age and sex of a
patient with cancer and with the type of cancer. The
frequency of different cancers is also changing over time:
some cancers with poor prognosis, such as stomach and
lung cancer, have become less common, whereas breast
cancer in women, for which survival has been improving,
has become more common. These trends can differ
between the sexes: lung cancer has become much less
common in men, but more common in women. The age
profile of patients with cancer also changes over time,
and these trends can differ between cancers. To enable
valid assessment of survival trends for all cancers
combined, the survival index must therefore take account
of changes over time in the distribution of age, sex, and
cancer type in all patients with cancer, especially over
periods as long as 40 years. Similarly, trends in survival
for each cancer must be adjusted for changes over time
in the age (and sex) profile of patients with cancer.

Data sources

We examined survival trends in 7176795 adults (aged
15-99 years) diagnosed with a first, primary, invasive
malignancy in England and Wales during 1971-2011, and
followed up to Dec 31, 2012 (table 1). Data for England
were obtained from the National Cancer Registry at the
Office for National Statistics” and for Wales from the
Welsh Cancer Intelligence and Surveillance Unit. Patients
diagnosed with a malignancy of the skin other than
melanoma were excluded. Since 1971, the National Health
Service Central Register has routinely updated these
individual cancer records with information about each
patient’s vital status (alive, emigrated, dead, or not traced).
The vital status at Dec 31, 2012, was known for 98-4% of
these patients. During the 4l-year period, 4-3% of all
cancer registrations were for the patient’s second-order or
higher-order tumour: in the analyses for all cancers
combined, the higher-order cancers were not included.

Statistical analysis

The all-cancers survival index was constructed as a
weighted average of the survival estimates for every
combination of age group at diagnosis (1544, 45-54,

ICD-10 code*  England Wales
Women Men Women Men
Number % Number % Number % Number %
Oesophagus 15 67474 2:0% 106793 31% 4953 2:3% 6857 31%
Stomach 16 115294 34% 194333 57% 8627 4-0% 14299 6-5%
Colon 18 292352 87% 271220 8-0% 17711 83% 17736 81%
Rectum 19-C21 143610 4-3% 204363 6-0% 9731 4-5% 14358 6-6%
Pancreas 25 92631 2-8% 93450 27% 5868 2-7% 6014 27%
Larynx (men) 32 52618 1.5% - - 3529 1.6%
Lung @33,C34 349711 10-5% 751958 221% 21027 9-8% 45601 20-8%
Melanoma 43 97627 2:9% 72743 21% 5429 2:5% 4372 2:0%
Breast (women) C50 1039609 311% 65370 30-6%
Cervix (53 117404 3:5% 8272 3:9%
Uterus (54,55 160539 4-8% 10836 51%
Ovary (56, C57.0-7 172400 52% - 11051 52%
Prostate 61 638111 18-8% 41559 19-0%
Testis €62 48031 1-4% - - 2743 13%
Kidney C64-C66,C68 53197 1-6% 89986 2:6% 3431 1-6% 5804 2:6%
Bladder 67 90204 2-7% 239621 7-0% 5897 2:8% 15962 73%
Brain 71 41952 13% 59192 1.7% 2832 13% 3786 1.7%
Hodgkin's disease 81 19114 0-6% 26714 0-8% 1145 0-5% 1675 0-8%
Non-Hodgkin lymphoma  €82-C85 99752 3:0% 114269 34% 5630 2:6% 6320 2:9%
Myeloma 90 43446 13% 48136 1-4% 2805 13% 3041 1-4%
Leukaemia €91-C95 70760 2:1% 92917 27% 4686 2:2% 6112 2:8%
Other cancerst 275408 82% 296794 87% 18624 87% 19369 8.8%
Total - 3342484 100-0% 3401249 100-0% 213925 100-0% 219137 100-0%
*Tenth revision of the International Classification of Diseases (ICD): malignancies were initially coded according to the ICD revision in use during the year of diagnosis—ie, ICD
8(1971-78), 9 (1979-95), or 10 (1996-). TOther cancers: all other malignant tumours are combined; they also include laryngeal cancer in women and breast cancer in men.
Table 1: Number of patients (aged 15-99 years) included in analyses in England and Wales diagnosed from 1971 to 2011 and followed up to 2012, by
sex and type of malignancy
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55-64, 65-74, and 75-99 years), sex (male and female), and
type of cancer (the 21 most common malignancies are
shown in table 1 and all other malignant tumours are
combined). The weights used were the proportion of
patients with cancer diagnosed in England and Wales
during 1996-99 in each of the 185 combinations of age
group, sex, and type of cancer. We also constructed the all-
cancers survival index separately for males and females
and estimated survival adjusted for age and sex by cancer.

Net survival index (%)
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Figure 1: Trends in the index of net survival for all cancers combined, for England and for Wales: all adults
(15-99 years), men, and women, selected periods during 1971-2011
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Net survival was used as the cancer survival measure
for each component of the indexes. Net survival
quantifies the survival after taking account of death from
other causes (background mortality). All patients were
allocated a deprivation category defined according to
their Lower Super Output Area (mean population about
1500) of residence at the time of cancer diagnosis. Life-
tables were used to take account of the wide variation in
background mortality by age, sex, deprivation, region,
and over time. For this study, separate life-tables were
created for England and Wales by single year of age, sex,
deprivation category, and (in England) region of
residence, for every calendar year between 1971 and
2012." National or regional life-tables were used for the
2-8% of patients diagnosed in England (2-6% in Wales)
who could not be assigned to a specific deprivation
category or (in England) region; almost all of these
patients were diagnosed in the 1970s (85% in England,
55% in Wales) or 1980s (14% England, 44% Wales).

We used flexible multivariable parametric excess
hazard models*" to estimate net survival up to 10 years
after diagnosis for each nation, and for each stratum
defined by cancer, sex, age group, and calendar period.
The models included age and year of diagnosis as main
effects, modelled on a continuous scale with restricted
cubic splines, to account for potential non-linear excess
(cancer-related) hazards. Interactions between age and
year of diagnosis, year of diagnosis and follow-up time,
and age and follow-up time were assessed to deal with
potential variation of the excess hazard with time since
diagnosis. The best-fitting models were chosen as those
with the smallest Akaike Information Criterion.” Net
survival curves were estimated for each individual from
these models according to their age and year of diagnosis.
We obtained net survival estimates for each cancer and
sex by averaging of individual net survival curves, over all
ages and years of diagnosis within each age group and
calendar period. In view of the fact that the models
included the year of diagnosis as a continuous variable,
we were able to predict survival up to 10 years after
diagnosis, even for the patients diagnosed most recently
(ie, 2010-11). All models were fitted with the STATA
command stpm2 using STATA 13.1.7*

We included all patients diagnosed during the
40 years from 1971 to 2011 in the models to estimate
survival trends, but we report estimates for each cancer
survival index at 1, 5, and 10 years after diagnosis only
for six selected periods of diagnosis: 1971-72, 1980-81,
1990-91, 2000-01, 2005-06, and 2010-11. We define the
difference in net survival between the oldest
(75-99 years) and youngest (15-44 years) groups as the
age gap in survival. We provide a simple summary of
changes in survival by age as the absolute change (%) in
the age gap since 1971. A negative value for this change
means that the age gap has become wider. For Wales,
reliable estimates of net survival could not be obtained
for 11-5% of the age-sex-cancer combinations because

www.thelancet.com Vol 385 March 28, 2015



Articles

1971-72 1980-81 1990-91 2000-01 2005-06 2010-11 (prediction)

1year Syears 10years 1lyear  5Syears 10years 1lyear 5years 10years 1year Syears 10years 1lyear Syears 10years 1lyear Syears 10years
All cancers combined
Allpatients  50-1%  29-8%  24-0% 558% 353% 288% 60-6%  410%  344% 64:9%  47-4%  41.6% 676% 509% 458% 705%  543% 49-8%
Men 44-7% 252%  19-9% 50-6% 296%  233% 557%  348% 280% 60-7%  42:0% 36:0% 637% 458%  41.0% 667% 492%  457%
Women 555%  343% 27-9% 610% 409% 341% 653%  472%  407% 69-0% 527%  47-0% 715%  56:0% 50-5% 742% 592%  53-8%
Oesophagus
All patients  15-0% 4-3% 35% 191% 53% 4-3% 242% 6-5% 51% 311% 8-8% 7-0% 36-4% 11.5% 9:3% 42:0% 153%  12:4%
Men 14-7% 4-0% 33% 185% 4-8% 3-8% 24-1% 61% 4-8% 32:5% 91% 73% 383% 12.0% 9-4% 443% 156% 12:0%
Women 15-6% 4-8% 3-9% 20:0% 62% 5-0% 24-3% 71% 5-6% 28-8% 82% 6-5% 334%  10-8% 91% 38:6% 147% 131%
Stomach
All patients  15-4% 52% 4-0% 20-6% 82% 67% 26-8%  10-9% 89% 339% 141% 113% 378%  163% 131% 417% 188%  150%
Men 153% 52% 4-0% 20:7% 81% 67% 27:0%  10-6% 8-6% 347% 13-9% 11.0% 39:3% 165%  13:0% 43-8% 195%  153%
Women 15-5% 53% 4-0% 20:5% 8-4% 6-8% 26:5% 11.5% 9-4% 324% 145%  11.8% 352% 161% 131% 379% 177% 14-4%
Colon
All patients  41.5%  246%  22-8% 540% 342%  31.8% 621%  41.6% 38:6% 667%  475%  445% 70-3% 526% 503% 739% 582% 56:9%
Men 42:6%  253%  23-0% 552% 346% 315% 635% 41.9% 381% 681% 476% 43-6% 719% 529 49-4% 761% 592% 56:5%
Women 404%  23-8%  22:6% 527% 338% 321% 60-7%  413%  39-0% 654% 475%  454% 68:6%  523% 511% 717%  573%  57-4%
Rectum
Allpatients  53-3%  242%  20-1% 60-6% 325% 282% 67-8%  42:0%  377% 740%  512%  471% 767% 555%  517% 792% 597% 561%
Men 54-1% 236% 191% 614% 320% 271% 687%  417% 367% 748%  51.0%  46:4% 77-5% 554% 51.0% 79-9% 596% 555%
Women 522%  250% 21.6% 595%  332%  29-6% 66:6% 424%  39-0% 728% 514% 482% 756%  557% 527% 781% 59:-8% 57:0%
Pancreas
All patients ~ 10-6% 2:3% 12% 12:1% 2-8% 1.5% 13-0% 2-8% 1.5% 14-7% 2:7% 12% 17-4% 3-0% 12% 20:9% 33% 11%
Men 102% 2:4% 13% 12-4% 31% 1.7% 13.5% 32% 1.7% 153% 3:0% 1-4% 181% 32% 12% 21-7% 3:6% 11%
Women 11-0% 2:2% 1.1% 11.9% 2:4% 12% 12.5% 2:4% 13% 14-0% 2:4% 1.1% 167% 27% 12% 20-2% 31% 11%
Larynx
Men 807% 602%  50-4% 817% 621% 52:6%  828% 641%  549% 837% 66:0% 57-0% 842%  67.0% 582% 847% 679% 592%
Lung
Allpatients ~ 16.0% 4-6% 31% 183% 5.5% 37% 20-5% 6-0% 3-8% 244%  69%  40% 28:0% 8:0%  44% 322%  96%  50%
Men 163% 4-8% 32% 18:6% 5-8% 3:9% 20-4% 61% 3:9% 23-9% 6-6% 37% 27-0% 7-4% 3-8% 30-5% 8-4% 4-0%
Women 15-4% 43% 2:9% 17-8% 5.0% 32%  207% 5.9% 37% 25-2% 7-4%  45% 297% 91%  54% 351% 116%  6:6%
Melanoma of skin
Allpatients  816% 523% 46:4%  887% 664% 604%  931% 772%  719% 955%  83-8% 797% 96:4%  87-0% 84-4% 97-4% 90-4% 89-8%
Men 745%  405%  34-9% 845% 564% 49-8% 90-8% 69-8% 63-4% 94.0% 784% 733% 952%  826% 793% 966% 87-8% 86-8%
Women 867% 611%  54-9% 91.8% 737% 683%  949% 826% 782% 966% 87-8% 84.5% 973%  902% 883% 97-9% 924% 921%
Breast
Women 819% 527% 401% 859% 612% 484% 895% 711%  60-0% 92:7% 802% 71-6% 945%  839% 756% 96.0% 867% 785%
Cervix
Women 740%  513% 460%  786% 583% 524%  816% 626% 572% 82:8% 654% 607% 82:6% 663% 619% 82:9% 675% 631%
Uterus
Women 756% 590% 555%  795% 651% 615%  833% 695% 656%  86:9% 731% 697% 887%  759% 733% 903% 78:8%  77-4%
Ovary
Women 437%  205%  179%  502%  24:9% 215%  570% 30-8% 264% = 647% 384% 317% 688%  424% 335% 727% 464%  34:8%
Prostate
Men 661% 369% 251% 715%  382%  244%  796% 496%  341% 895% 738% 624%  924% 814% 751% 940% 84-8% 836%
Testis
Men 833% 705% 692% 912% 840% 833% 958% 923%  91.9% 980% 963% 962% 98:7% 975%  97-4% 991% 983% 982%
Kidney
Allpatients  44-9%  285%  23:0% 513%  341% 27-6% 571%  394%  32:3% 62:8% 448% 37:9% 672%  49-8% 43:0% 725% 563% 49:6%
Men 454%  289%  23-0% 526% 353% 285% 587%  40-8%  334% 639% 452%  37-8% 68:0%  50-0% 42:9% 732% 567% 50-0%
Women 43-9% 280% 231% 491%  322% 261% 54-4%  371%  305% 60-9%  440% 38:0% 659%  494% 432% 713% 556% 489%

(Table 2 continues on next page)
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1971-72 1980-81 1990-91 2000-01 2005-06 2010-11 (prediction)

lyear  Syears 10years 1lyear Syears 10years 1lyear 5Syears 10years 1lyear Syears 10years 1lyear 5Syears 10years 1lyear  Syears 10years
(Continued from previous page)
Bladder
Allpatients  602%  393%  32:4% 734% 56:0% 480% 772%  60-8%  52:8% 747%  56:4%  49:5% 735%  548% 492% 72:4%  534% 49-5%
Men 62:8% 409% 337% 76:0% 579%  493% 801%  630%  542% 785% 592%  52:0% 776%  57-8%  52:4% 766% 565% 535%
Women 534%  352%  29-0% 66:6% 50-8% 447% 696% 549%  49-0% 647%  491%  43-0% 630%  470% 40-9% 614% 453% 391%
Brain
All patients  17:7% 72% 5-4% 23-3% 9-8% 72% 27-7% 11-8% 8-4% 304%  127% 8-8% 34:7% 150% 10-6% 401% 185%  13:5%
Men 17-6% 6-6% 5-0% 23-3% 92% 6:7% 27.9%  112% 7-9% 309% 121% 83% 353% 14-2% 9:9% 411%  17-8% 12:8%
Women 17-9% 7-9% 6-0% 233%  10-6% 7-8% 27-4%  127% 92% 29-8%  137% 9-5% 339% 161% 115% 388% 195% 145%
Hodgkin's disease
Allpatients ~ 75:6%  56:5%  47-7% 827% 668% 588% 876% 751%  692% 90-0% 803%  758% 90-8%  82:9% 783% 914% 850% 80-0%
Men 739%  542%  452% 822% 651%  56:5% 875%  746% 687% 897% 804% 758% 903%  825% 772% 90-8% 841%  777%
Women 778% 594%  51.0% 833% 692% 61.8% 877%  758%  69-9% 903% 802%  758% 914%  834% 797% 923% 863% 831%
Non-Hodgkin lymphoma
Allpatients  49-5%  29:9%  22:0% 588% 375% 281% 658% 449%  352% 701%  523% 43-9% 743%  597% 52:6% 79-6% 688% 631%
Men 494% 293%  217% 58:6% 368%  276% 657%  442%  345% 700% 51.6% 434% 744%  591% 51.9% 79-8% 681% 622%
Women 496% 306% 223% 59-0% 384% 288% 66:0%  458%  359% 702%  532%  44-6% 743%  605% 533% 794% 695% 641%
Multiple myeloma
Allpatients ~ 37-4%  11-8% 6-2% 484%  172% 8-6% 57-4%  22:0%  10-8% 645% 277%  143% 706% 360% 21.4% 767%  47:0% 32:6%
Men 36:8%  121% 6-8% 478%  172% 9-0% 57-4%  222% 11-1% 657% 288% 151% 71.8%  37.9% 235% 780% 500% 36:8%
Women 38:0% 11-4% 5-5% 49-0%  171% 81% 573% 21.8% 103% 632% 264% 134% 693%  340% 192% 753% 438% 27:9%
Leukaemia
All patients  34-2% 13-1% 6-9% 473%  236%  14.9% 57-8%  340%  240% 638% 41.6% 323% 663%  464% 387% 68:6% 515% 461%
Men 354%  131% 6-6% 486% 237%  14-4% 594% 344%  23:6% 656% 424% 323% 683%  477% 394% 707% 533% 47-6%
Women 32:5% 13-0% 72% 456% 235%  156% 558% 336% 246% 614% 405% 322% 637%  446% 37-8% 659% 491%  442%
Other cancers*
Allpatients  553%  384%  34-8% 547% 36:5%  32:0% 545%  352% 302% 56:6% 371% 32:5% 597%  406% 36:6% 635% 452% 41.9%
Men 573%  404% 36:9% 543%  352% 307% 526% 319% 26:9% 55:0% 337% 292% 587% 378% 339% 631% 433% 401%
Women 530% 362% 32:5% 552%  379% 334% 56-6% 39-0%  33:9% 584% 410% 363% 60-9%  43-9% 397% 639% 475% 44-0%
*Other cancers: all other malignant tumours are combined; they also include laryngeal cancer in women and breast cancer in men.
Table 2: 40-year trends in the index of net survival for all cancers combined at 1, 5, and 10 years after diagnosis in adults (15-99 years) in England from 1971 to 2011 and trends in the
age-adjusted net survival for 21 selected cancers in England from 1971 to 2011 by sex
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of the small number of patients, and broader age
groups were constructed to re-estimate survival for
those combinations.

Role of the funding source

The funder had no role in study design, quality control,
analysis, interpretation of the results, drafting, or the
decision to submit for publication. The corresponding
author had full access to all data and was responsible for
the decision to publish.

Results

The index of net survival for all cancers combined at 1, 5,
and 10 years since diagnosis increased substantially
between 1971 and 2011 in England and Wales (figure 1,
tables 2 and 3). The all-cancers survival index was 50% at
1 year after diagnosis for patients diagnosed in 1971-72.
For patients diagnosed during 2005-06, the index was
50% at 5 years after diagnosis, and for patients diagnosed

during 2010-11, we predict that the all-cancers survival
index will reach 50% at 10 years after diagnosis.

For patients diagnosed during 2010-11, the survival
index for all cancers combined had reached 69-70% at
1year and a predicted value of 54% at 5 years for both sexes
combined. The 5-year survival index rose by 24% (from
30% to 54%) and the 10-year survival index by 26% (from
24% to 50%) between the periods 1971-72 and 2010-11
Most of the increase occurred between 1990 and 2011.

The survival index for all cancers combined is
on average 10% higher for women than for men at each
time interval since diagnosis. The pattern of increase in
the index was fairly similar for both men and women
during the whole period, although the increase was
linear for women but it became steeper for men after
1990-91. For patients diagnosed during 2010-11, the all-
cancers survival index for women in England was 74% at
1 year, 59% at 5 years, and 54% at 10 years, whereas the
figures for men were 67% at 1 year, 49% at 5 years, and

www.thelancet.com Vol 385 March 28, 2015



Articles

1971-72 1980-81 1990-91 2000-01 2005-06 2010-11 (prediction)

lyear  5Syears 10years 1lyear Gyears 10years 1lyear 5Syears 10years 1lyear 5Syears 10years 1year 5years 10years 1lyear  5years 10years
All cancers combined
All patients  481%  28:9%  23-4% 53-6% 347% 289%  584% 404% 346% 632% 469% 416% 663% 506% 46:0% 69-4%  542%  502%
Men 42:9% 24-8% 20-4% 482% 288%  237% 532% 339% 281% 591% 415% 359% 627% 457%  41.0% 659% 492%  455%
Women 532% 329% 263% 589% 405% 341%  634% 468% 411% 672%  522%  472% 69:9% 555%  51.0% 728% 590%  54-8%
Oesophagus
All patients  16:9%  52%  41% 187%  6:0% 52%  228% 69%  58% 307%  88%  67% 355% 106%  7:9% 397% 129%  95%
Men 179%  51%  3-8% 191%  58%  49%  232% 70%  60% 328%  93%  71% 377% 109%  78%  423% 127%  87%
Women 152% 54% 4-8% 181% 6-4% 5-6% 221% 6-8% 5-5% 27-4% 7:9% 6-1% 321% 103% 8-0% 358% 133%  10-8%
Stomach
All patients ~ 15-2% 57% 4-6% 213%  101% 8:9% 247%  10-8% 92% 309% 12:6% 9:9% 36:5% 155% 12:0% 431%  195%  149%
Men 153% 5-6% 4-5% 21-0% 97% 8:6% 25:0%  10-6% 91% 323%  12:6% 9:9% 382% 155% 117% 450% 194%  144%
Women 15-0% 6-0% 4-9% 21.9%  10-8% 9-4% 241%  112% 93% 285% 127% 101% 335% 156%  12:4% 396% 196%  16:0%
Colon
Allpatients  42:7%  250% 22-8% 51-8% 333% 309% 584% 398% 372% 632%  452%  42:4% 67-8% 50-9% 483% 730%  577%  554%
Men 431% 265% 245% 51.9% 333% 30-9% 60-0% 403%  374% 658% 46:6% 433% 702% 51.8% 485% 749%  57-9%  54-9%
Women 422%  234%  212% 51-8% 333% 31.0% 56:9% 392%  37:0% 60-5% 437%  416% 654% 499% 480% 711%  575%  558%
Rectum
Allpatients  50-8% 22:.9% 197% 585%  312% 277% 657% 406% 37:1% 724% 500% 467% 752% 544% 513% 777%  585%  556%
Men 50-6% 214% 17-9% 587% 299% 261% 66:5% 39-8% 359% 732%  495%  458% 761% 541%  50-6% 78:6% 584%  551%
Women 51.0% 252% 221% 581% 331%  30-0% 646% 417% 389% 714%  50-8%  48:0% 740% 54-8% 523% 764% 586%  56-4%
Pancreas
All patients ~ 12:2% 3-8% 2:-4% 12-8% 4-6% 34% 12:.9% 4-2% 2-8% 14-0% 3-0% 15% 163% 3-0% 13% 19-0% 33% 12%
Men 11.5% 4-0% 2:7% 13-0% 5-6% 4-6% 13-5% 5-0% 37% 14-8% 3-4% 1.8% 167% 3-4% 15% 19-4% 37% 1-4%
Women 12.9% 37% 21% 12.5% 37% 23% 12-4% 33% 2:0% 13-3% 2:6% 13% 15-8% 2:7% 12% 18:6% 2:9% 11%
Larynx
Men 777% 563%  459% 825% 648%  556% 821% 639% 545% 802% 604%  50-4% 814% 633% 537% 84.0% 681%  59:5%
Lung
All patients  15-6% 51% 3-6% 187% 72% 5-5% 197% 6-8% 47% 21.5% 5-9% 33% 25-5% 6-9% 3:6% 311% 8-6% 4-2%
Men 14-6% 4-2% 2:8% 18:6% 72% 5-6% 19:5% 6:7% 4-6% 211% 5-5% 2:9% 24-4% 6-3% 31% 28-8% 77% 37%
Women 17-4% 6-6% 51% 18-8% 7-0% 53% 20-1% 6-9% 4-9% 22:2% 6-6% 4-0% 27-4% 8-0% 4-3% 352%  10-3% 51%
Melanoma of skin
Allpatients  79-9%  51-1%  44-0% 823% 631% 572% 856% 714% 663% 913% 775% 72:9% 94-4% 82:4%  77-6% 96-8% 890% 821%
Men 738% 389% 333% 766% 51.0%  446% 818% 625% 559% 894% 710% 658% 931% 764% 689% 958% 837% 683%
Women 84-4% 601%  52:0% 86:5% 720% 66:6% 883% 78:0% 73:9% 927%  822% 781% 953% 867% 841% 97:6%  92:9%  922%
Breast
Women 749%  479% 34-8% 818% 603% 485% 874% 717% 623% 914% 804%  73-4% 930% 838% 779% 943% 867%  81.8%
Cervix
Women 739% 528% 47-4% 80-0% 632% 57-8% 78:6% 599%  550% 785% 599% 552% 797%  62:4%  57:5% 817% 656% 603%
Uterus
Women 727%  559%  53:4% 762% 617%  56-8% 80-6% 670% 622% 853%  72:4% 69-6% 881% 768% 73:9% 90-5%  812%  77-8%
Ovary
Women 482%  222%  18:0% 52:0% 262% 21.8% 56-9% 314% 26:6% 611% 366% 31.8% 631% 392% 34:4% 651%  41.9%  371%
Prostate
Men 627% 366% 27-8% 659% 359%  256% 729% 44.6% 32:9% 850% 688% 591% 901%  798% 749% 937% 871%  871%
Testis
Men 829% 695% 662% 899% 811%  80-0% 94-4% 897% 891% 971%  950% 941% 97-4% 96:0%  94-4% 97-4% 96:6%  93-9%
Kidney
Allpatients  437%  29-0%  24-4% 469% 31.0% 251% 530% 36:5% 297% 616% 462% 39:5% 66:6% 512% 44-0% 708%  552%  473%
Men 448% 306% 253% 485%  32:0%  256% 546% 372% 30-0% 623% 46:9% 39-9% 67-6% 514% 435% 722%  53-9% 442%
Women 419% 264% 22:9% 442%  295%  24-4% 503% 354% 292% 60-5% 451% 387% 64-8% 50-8% 44-8% 685% 573%  52:4%

(Table 3 continues on next page)
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1971-72 1980-81 1990-91 2000-01 2005-06 2010-11 (prediction)

lyear  5Syears 10years 1lyear Syears 10years 1lyear 5years 10years 1year 5Syears 10years 1lyear Syears 10years 1year  5Syears 10years
(Continued from previous page)
Bladder
Allpatients  53-8% 374% 33:9% 663% 491%  42:5% 771%  615% 535% 814% 676% 61.6% 780% 637% 60-6% 705%  555%  56-8%
Men 561% 380% 341% 69-5% 515%  446% 803% 646% 563% 850% 71.0% 64-8% 818% 667% 637% 745%  579%  59-9%
Women 479% 358% 334% 580% 431% 373% 689% 537% 462% 722% 589% 53:6% 683% 56:0% 52:8% 60-1%  491%  488%
Brain
Allpatients  24-4% 107% 7-9% 267%  11.8% 89% 29-0% 12:8% 9-6% 331% 14-8% 10-6% 36:8% 165%  114% 401%  180%  12:0%
Men 245%  103% 77% 266%  11.5% 87% 283% 11.9% 8-8% 327%  13-5% 91% 36:9% 156% 103% 408%  175%  112%
Women 244%  111% 82% 267%  123% 91% 299% 142% 10-8% 37%  166% 127% 36:6% 177%  13-0% 392% 186%  131%
Hodgkin's disease
Allpatients  72:1%  521%  431% 782%  62:0%  540% 84:4% 72:0% 654% 87:6% 785%  732% 897% 815% 76-8% 923% 857%  81.8%
Men 745% 54:8% 445% 791%  62:9%  537% 851% 730% 656% 87-4% 783% 722% 896% 81.6% 762% 923% 856%  81.0%
Women 689% 486% 412% 77:0% 609%  54-4% 835% 707%  652% 879% 787%  746% 89-8% 814% 777% 924% 858% 82:8%
Non-Hodgkin lymphoma
All patients  502%  311%  23-8% 547% 33-8%  254% 610% 39-8% 30-8% 68:6% 507%  41.9% 737% 583% 503% 793% 667%  597%
Men 51.8% 30-8% 221% 542%  334% 242% 60-0% 397% 30:0% 689% 509% 413% 740% 57-9% 487% 790% 651%  56-8%
Women 483% 315% 259% 553% 342% 267% 622% 400% 317% 684% 504% 427% 734% 588%  52:0% 79-6% 685%  631%
Multiple myeloma
Allpatients ~ 341%  12:6% 8-0% 491% 199%  11.9% 578% 241% 135% 627% 26:9%  14.0% 676% 33-6% 19-0% 738% 445%  287%
Men 332% 140% 107% 486% 200% 127% 583% 243% 13-8% 64-8% 288% 159% 700% 358% 20-9% 762%  467%  302%
Women 352% 111% 51% 497% 19-8%  11.0% 572% 239% 131% 60-4% 247%  11.9% 64.9% 312% 16:8% 71.0%  42:0%  27-0%
Leukaemia
Allpatients  302%  11.0% 6-1% 435%  212%  141% 554% 33-0% 24:5% 649% 436% 341% 691% 495% 40-5% 729%  556%  477%
Men 27-7% 87 3-9% 435%  202% 12-8% 57:0% 331% 240% 66:5% 433% 32:5% 704% 494% 39-4% 743%  562%  47-9%
Women 334%  14-0% 8-9% 435%  22:4%  156% 53-4% 327% 251% 62:.9% 44.0% 362% 675% 497%  42:0% 71.0%  547%  47-4%
Other cancers*
Allpatients  539% 376% 337% 557% 393%  349% 55:8% 389% 341% 559% 383% 334% 589% 411% 361% 62:9%  452%  403%
Men 56-4% 402% 363% 564% 39-8% 351% 552%  375% 32:6% 546% 355% 30-7% 585% 389% 338% 641%  443% 38:6%
Women 511% 347% 307% 54-8% 387%  34-6% 56:5% 405%  359% 574%  414% 364% 593% 436% 389% 615% 464%  422%
*Other cancers: all other malignant tumours are combined; they also include laryngeal cancer in women and breast cancer in men
Table 3: 40-year trends in the index of net survival for all cancers combined at 1, 5, and 10 years after diagnosis in adults (15-99 years) in Wales from 1971 to 2011 and trends in the
age-adjusted net survival for 21 selected cancers in Wales from 1971 to 2011 by sex
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46% at 10 years. Both the levels and the trends in the all-
cancers survival index were similar in England and
Wales. The average absolute difference between the two
countries was less than 1% (figure 1, tables 2 and 3).

Survival for both sexes combined varied widely for
different cancers, with the most recent predicted 10-year
net survival adjusted for age and sex ranging from only
1-1% for pancreatic cancer to 98-2% for testicular cancer.
A scatter-plot of the 1l-year, 5-year, and 10-year survival
estimates for adults diagnosed in 2010-11 against the
absolute change since 1971 enables three broad clusters
of cancers to be identified (figure 2). The first cluster
consists of cancers with high survival in 2010-11 for
which the absolute increase in survival since 1971-72 is
progressively larger for survival at 1, 5, and 10 years. It
includes cancers of the breast, prostate, testis, and
uterus, and melanoma and Hodgkin’s disease.

The second cluster is of cancers with a moderate level of
survival (64-84%) in 2010-11 and, generally, smaller

increases since 1971-72. This cluster consists of cancers of
the larynx, cervix, rectum, colon, bladder, ovary, and
kidney, with non-Hodgkin lymphoma, multiple myeloma,
and leukaemia. For multiple myeloma and leukaemia,
age-adjusted 10-year survival rose by more than 22%
between the periods 1990-91 and 2010-11, from around
10-8% to a predicted 32-6% for multiple myeloma and
from 24-0% to 46-1% for leukaemia (table 2).

The third cluster is of cancers for which survival for
patients diagnosed during 2010-11 is still low, and for
which little or no improvement has occurred in the past
40 years: this group consists of malignancies of the brain,
stomach, lung, oesophagus, and pancreas.

This clustering can be seen as early as 1 year after
diagnosis, and each cancer is in the same cluster,
irrespective of the time since diagnosis (and the nation).
We observed the largest absolute change in the age-
adjusted survival for multiple myeloma, leukaemia, and
prostate cancer.
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l-year survival from lung cancer has improved
substantially, from 16% in 1971-72 to 32% in 2010-11.
However, estimated long-term survival for patients
diagnosed in 2010-11 is very poor for both sexes: as low
as 10% at 5 years and 4% and 7% in men and women,
respectively, at 10 years. This overall pattern of no
improvement in long-term survival is common in the
cluster of poor-prognosis cancers (oesophagus, stomach,
pancreas, and brain), for men and women and for both
England and Wales.

Survival for breast cancer has seen a rapid and
substantial improvement during the past 40 years. 5-year
survival increased from 53% in 1971-72 to a predicted
value of 87% in 2010-11. After 10 years, survival rose from
40% in 1971-72 to a predicted 78% for patients diagnosed
during 2010-11. Differences between 5-year and 10-year
survival estimates remained broadly constant since 1971,
showing that most of the improvements in long-term
survival arose in the first 5 years after diagnosis. Breast
cancer accounted for nearly a third of all cancers in
women, which partly explains the higher all-cancers
survival index in women than in men.

Although survival from cancers of the colon and
rectum is much lower than survival from breast cancer
(around 20% lower in 2010-11), the trends in 1-year,
5-year, and 10-year survival for these two cancers have
followed an almost identical pattern to that of breast
cancer during the past 40 years.

For men diagnosed with prostate cancer during
2010-11, the predicted values for 5-year and 10-year
estimates are almost identical at 85% and 84%,
respectively, which are huge increases from the values of
37% and 25% for men diagnosed 40 years ago. The trends
are quite distinct for short-term, medium-term, and
long-term survival. In both England and Wales, 1-year
survival has been increasing since 1971-72, whereas
acceleration in 5-year survival started for men diagnosed
in the 1980s; 10-year survival only began increasing for
men diagnosed in the 1990s.

For women diagnosed with cancer of the ovary during
2010-11, the age-adjusted survival was predicted as 46%
at 5 years and 35% at 10 years compared with 20% and
18%, respectively, for women diagnosed during 1971-72.
These results suggest that the underlying increase in
survival of up to 5 years is likely to continue.

Net survival is generally lower for the oldest patients
(75-99 years) than the youngest (1544 years), even
though net survival accounts for a higher mortality from
causes other than cancer in elderly patients. This finding
is shown by a scatter-plot of the age gap in net survival at
1, 5, and 10 years after diagnosis for adults diagnosed in

Figure 2: Net survival adjusted for age and sex for each cancer in 2010-11,
and absolute change* since 1971, all adults (15-99 years), England and
Wales: 1, 5, and 10 years after diagnosis

*The absolute change is the simple arithmetic difference between net survival in
2010-11 and the survival in 1971-72. NHL=non-Hodgkin lymphoma.
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Age gap in 5-year net survival (%), 2011 Age gap in 1-year net survival (%), 2011

Age gap in 10-year net survival (%), 2011
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2010-11 against the absolute change since 1971-72: it
shows a negative gap in survival for most cancers (y-axis
of figures 3 and 4).

The largest age gaps in survival in men were observed
for cancers for which high-dose chemotherapy is the key
treatment (lymphoma, multiple myeloma, and leukaemia),
but we could not identify any overall temporal patterns.
For women, the largest age gaps were noted for brain
tumours, and cancers of the ovary and cervix, and multiple
myeloma, but the clustering was less obvious than in men.
The age gap tended to narrow for melanoma and cancer of
the uterus in women but widened for long-term survival of
ovarian cancer.

Discussion

The index of net survival for all cancers combined has
increased substantially: for patients diagnosed in 1971-72,
the index was 50% at 1 year after diagnosis. Our
prediction is that, for patients diagnosed during 2010-11,
the all-cancers survival index will reach 50% at 10 years
after diagnosis. Very similar patterns of change and
levels of survival were noted in both England and Wales.

Survival has increased steadily during the 40 years
since 1971, with a slight acceleration in the past
10-15 years, particularly for 5-year and 10-year survival, in
both England and Wales. After implementation of the
NHS cancer plan for England,” we reported a slight
acceleration in the 1-year cancer survival trends during
2004-06, by contrast with Wales,? where a national cancer
plan was only introduced in 2006. The pattern was not so
clear for survival at 3 years after diagnosis. The findings
reported here suggest a continuing acceleration of these
trends for longer-term survival between 2005-06 and
2010-11 in England, but also in Wales (panel).

The completeness and quality of cancer registration
and follow-up data in both England and Wales have been
systematically assessed and are thought to be very high
throughout the period 1971-2011, despite undeniable
improvement during the 1970s—-80s.?* This improvement
cannot explain long-term trends in cancer survival.**
Furthermore, with the exception of bladder cancer, overall
changes in disease definitions are limited, even for
haemopoietic malignancies. To affect the survival index,
such a change in disease definition would need to affect a
substantial proportion of all cancers, for which prognosis
would also need to be very different from that for other
cancers. These conditions are not met.

In some strata defined by age, sex, cancer, and calendar
period of diagnosis, especially in Wales, few deaths

Figure 3: Age gap” in net survival by cancer, men (15-99 years) diagnosed
during 2010-11 versus absolute changet in the age gap since 1971, England
and Wales: 1, 5, and 10 years after diagnosis

*The age gap represents the absolute difference (%) between net survival in the
oldest (75-99 years) and youngest (15-45 years) groups of patients; a negative
value means that survival is lower in the oldest group than the youngest group.
tThe absolute change is the simple arithmetic difference between the age gap in
2010-11 and the age gap in 1971-72. NHL=non-Hodgkin lymphoma.
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occurred. To obtain more stable net survival estimates, we
therefore estimated net survival using a modelling
approach rather than the non-parametric Pohar-Perme
approach.”

The index of net survival for all cancers combined
provides one convenient number that summarises the
overall patterns of cancer survival in any one population
or country, in each calendar period for young and old men
and women and for a wide range of cancers with very
disparate survival. The index is unaffected by changes in
the proportion of cancers of different lethality in either
sex, such as the reduction of lung cancer or the increase in
prostate cancer in men. Similarly, the index is unaffected
by ageing of the population of patients with cancer or
shifts in the proportion of any cancer between men and
women. The value of the index changes only when survival
for one or more cancers changes, for one or more age
groups. The index therefore shows overall progress in
cancer management, whether from earlier diagnosis, or
earlier stage of disease, or improved treatment and care.

However, the all-cancers survival index needs careful
interpretation: for example, the predicted value of 50% for
the 10-year all-cancers survival index for 2010-11 does not
mean that half of all patients will be cured or “beat cancer”,
as has been portrayed in the media.” The index is designed
as a public health measure that summarises cancer
survival trends in an entire population, to help to assess
progress in the overall effectiveness of the health system in
diagnosis and management of patients with cancer. The
index does not reflect the prospects of survival for any
individual patients with cancer. The index is based on net
survival, which is an unbiased measure of population-
based survival from cancer after adjustment for other
causes of death. Net survival is the most valid available
metric for comparison of survival between populations
and for assessment of progress in cancer survival over
time. The all-cancers net survival index should nevertheless
be interpreted in conjunction with other information
available in the population or country for which the index
has been prepared. It should be seen as a guide to raise
questions about the potential for improvement.

The average 10% difference in the survival index
between men and women has been a consistent feature
for 40 years. It arises because, for several individual
cancers, survival is slightly higher for women, but mostly
because the cancers that are most common in women,
such as breast cancer (weight of 0- 31 in the survival index
for women), generally have higher survival than the
cancers that are most common in men, such as lung

Figure 4: Age gap* in net survival by cancer, women (15-99 years) diagnosed
during 2010-11 versus absolute changet (%) in the age gap since 1971,
England and Wales: 1, 5, and 10 years after diagnosis

*The age gap represents the absolute difference (%) between net survival in the
oldest (75-99 years) and youngest (15-45 years) groups of patients; a negative
value means that survival is lower in the oldest group than the youngest group.
tThe absolute change is the simple arithmetic difference between the age gap in
2010-11 and the age gap in 1971-72. NHL=non-Hodgkin lymphoma.
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See Online for appendix

Panel: Research in context

Systematic review

Health policy measures to improve the organisation and
delivery of services for the prevention, diagnosis, and
treatment of cancer should be based on sound evidence.
Population-based survival trends have proved to be a key
metric for the overall effectiveness of health systems. An
unbiased estimator of net survival was introduced in 2012.%°
We have not undertaken a literature review, but so far, only a
few countries have published population-based cancer
survival using this estimator, including in England by our
research group.” No other country has constructed a single,
summary index of net survival for all cancers combined.

A simple, robust, one-number index of net survival for all
cancers combined can contribute to the evidence base for
rational health policy.

Interpretation

Changes in the net survival index reflect changes in survival
for one or more cancers, not simply changes in the
distribution of cancer patients by age, cancer site, or sex. The
net survival index increased substantially between 1971 and
2011, representing a substantial gain in overall survival from
all cancers combined. Net survival varied widely for different
cancers, and was generally lower for older patients than
younger patients, even after adjustment for the higher
mortality from other causes in older patients. Three clusters
of cancers, with high, moderate, and low survival, can be
distinguished as early as 1 year after diagnosis. Overall, the
survival trends are encouraging in both England and Wales,
but they also suggest strongly the need for renewed efforts to
achieve better outcomes.

cancer (weight of 0-22 in the index for men). The slight
narrowing in the sex gap observed in the most recent
periods might be explained by the rapid increase in
survival for prostate cancer (weight of 0-19 in the index for
men), particularly at 5 and 10 years after diagnosis. This
rapid increase in survival for prostate cancer has been
largely attributed to the widespread use of prostate-specific
antigen (PSA) testing, resulting in the diagnosis of many
less advanced tumours with a shift of the stage distribution
to less advanced and less aggressive disease. However,
importantly, survival had already started to increase, albeit
more slowly, much before PSA testing was widely used.”
The more recent increase in long-term survival suggests
that this improvement is not simply because of a shift in
the stage distribution after increasingly wide use of the
PSA test. The increase in short-term survival, which began
as early as the 1970s, and the increase in 5-year survival in
the 1980s and then in the 10-year survival in the following
decade cannot simply be attributed to PSA.

We were able to group the 21 most common cancers
into three clusters on the basis of their survival. Despite
some large gains in survival, these clusters are, with few
exceptions, the same in 2011 as in 1971 (data not shown).

The clusters are identifiable as early as 1 year after
diagnosis, and they are consistent at 5 and 10 years after
diagnosis, both in England and Wales.

Cluster 1 includes cancers with a good prognosis:
survival is now very high, after a large increase since
1971, particularly at 5 and 10 years after diagnosis. 1-year
survival seems to have reached a ceiling for most of these
cancers, but survival at 5 and 10 years is still much lower
than at 1 year for breast cancer and Hodgkin’s disease.
The absence of any plateau in survival, even 10 years after
diagnosis, shows that cure at the population level has still
not been reached for these cancers, leaving room for
substantial further improvement in long-term survival.

For most cancers in the other two clusters, survival at 5
and 10 years after diagnosis is still much lower than
1-year survival. The second cluster consists of a further
mix of cancers for which either survival has remained
moderate since the early 1970s, or moderate levels of
survival in 2011 are the result of large improvements
during the past 40 years. The second situation is well
illustrated by the steep increase in survival from multiple
myeloma since 2000-01, probably explained by the
introduction of higher-dose treatment regimens around
2000. For the cancers in this cluster that have shown no
evidence of improvement, efforts should be made to
achieve earlier diagnosis, and to focus on stricter
guidelines for improved treatment, such as increased use
of surgery, radiotherapy with curative intent, neoadjuvant
therapies, or a combination of the three.

The effect of mass-screening on survival varies with the
cancer. For cervical cancer, an efficient screening
programme does not necessarily lead to an improvement
in survival because screening prevents the occurrence of
invasive tumours, thereby reducing incidence, and the
remaining patients are, on average, diagnosed with more
advanced disease.” A quasi-plateau in 1-year survival has
been observed since 2000-01 (appendix 1 and 2).

By contrast, breast cancer screening aims to diagnose
the disease at an early stage, rather than to prevent it. Its
real effect on survival has been questioned mainly because
of possible overdiagnosis and lead time. However,
overdiagnosis does not exceed a few percent,” and the
advantage in survival remains important for screen-
detected breast cancer after accounting for lead time.*
Improvement in breast cancer survival has been large
because of both early diagnosis and improved treatment,
although net survival continues to decrease even 10 years
after diagnosis, showing late recurrences. The age gap in
survival has also decreased, supporting more rapid
improvement in survival for older women (and for the
screened age group) than in younger women.*

Screening for colorectal cancer, which started in 2006,
aims to prevent invasive malignant tumours (by
removing polyps with adenomatous change) and to
diagnose cancer at an early stage. Therefore, although it
is too recent to have any effect on these results, lessons
from both cervical and breast cancer screening
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programmes will also help us to monitor the effect of
screening on the prognosis of colorectal cancer.

A wide age gap in survival was still present for most
cancers in 2010-11. Some of these differences are related
to screening or early diagnostic practices (breast, cervix,
prostate). Also, the disease, and its prognosis, might
radically differ by age, such as leukaemia: the treatment
of acute disease in young patients improved
substantially, by contrast with chronic leukaemia in
elderly patients, but separation of both diseases is not
possible over the entire period 1971-2011. However, in
other countries, the age gap in cancer survival is much
narrower than in England and Wales.””** The wide age-
related inequalities in cancer survival in England and
Wales are thus likely to be avoidable. They could be
substantially reduced.

1-year survival has improved substantially for cancers
with a particularly poor prognosis (cluster 3), but longer-
term survival (5 and 10 years after diagnosis) has hardly
changed during the past four decades. Among these
cancers, substantial improvements should be achievable
for lung cancer: in 2011, National Institute for Health and
Care Excellence (NICE) guidelines* underlined the need
for improved staging and increased widespread access to
surgery and radiotherapy with curative intent for non-
small-cell lung cancer. Adherence to these guidelines
and their effect on cancer outcomes has not yet been
exhaustively assessed.”

In summary, despite impressive overall improvements
in cancer survival during the past 40 years in both
England and Wales, the wide and persistent differences
in survival between cancers, together with the wide and
persistent age gap in survival for most cancers, suggest
the need for renewed efforts to achieve improved
outcomes, particularly in elderly patients. The findings
reported here offer clues for focused research to dissect
the underlying causes of these differences in cancer
survival. The results should prompt action to improve
public health in both England and Wales. This research
will need systematic linkage of clinical audit streams
and other detailed data streams to population-based
cancer registry data, but the recent crisis of public
concern about the sharing of individual health data for
confidential public health research will need to be
resolved first.*

Contributors
MQ did the analysis. MQ and BR designed the analytic strategies

and constructed the indexes. MQ, MPC, and BR wrote the Article
and interpreted the findings.

Declaration of interests
We declare no competing interests.

Acknowledgments

We thank regional cancer registries in England and Wales for

their continuing efforts in collecting data for all cancer patients to the
highest standards of quality and completeness and the reviewers for
their constructive comments. MQ, MPC, and BR report grants from
Cancer Research UK during this study. Grant numbers C1336/A11700
and C7923/A18348.

www.thelancet.com Vol 385 March 28, 2015

References

1

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Coleman MP. Cancer survival: global surveillance will stimulate
health policy and improve equity. Lancet 2014; 383: 564-73.
Cancer Services Co-ordinating Group. Designed to tackle cancer
in Wales: a Welsh assembly government policy statement:

Welsh assembly government, 2006. https://www.wales.nhs.uk/
documents/Designed-to-tackle-Cancer.pdf (accessed Nov 20, 2014).
Expert Advisory Group on Cancer. A policy framework for
commissioning cancer services (Calman-Hine report). London:
Department of Health, 1995.

Department of Health. Challenging cancer. London:

Department of Health, 1999.

Department of Health. Cancer Reform Strategy. London:
Department of Health, 2007.

Rachet B, Maringe C, Nur U, et al. Population-based cancer
survival trends in England and Wales up to 2007: an assessment
of the NHS cancer plan for England. Lancet Oncol 2009;

10: 351-69.

Rachet B, Ellis L, Maringe C, et al. Socioeconomic inequalities in
cancer survival in England after the NHS cancer plan. Br J Cancer
2010; 103: 446-53.

Department of Health. Improving outcomes: a strategy for
cancer—second annual report 2012. London: Department of
Health, 2012.

Richards MA. The size of the prize for earlier diagnosis of cancer
in England. Br J Cancer 2009; 101 (suppl 2): $125-29.

Richards MA. The National Awareness and Early Diagnosis
Initiative in England: assembling the evidence. Br J Cancer 2009;
101 (suppl 2): S1-4.

The National Awareness and Early Diagnosis Initiative (NAEDI).
NAEDI Newsletter 2009. http://www.cancerresearchuk.org/prod_
consump/groups/cr_common/@nre/ @hea/documents/
generalcontent/013776 (accessed Nov 20, 2014).

Solomon T, Rachet B, Whitehead S, Coleman MP. Cancer survival
in England: patients diagnosed 2007-2011 and followed up to 2012.
2013. http://www.ons.gov.uk/ons/rel/cancer-unit/cancer-survival/
cancer-survival-in-england-patients-diagnosed-2007-2011-and-
followed-up-to-2012/stb-cancer-survival-in-england—patients-
diagnosed-2007-2011-and-followed-up-to-2012.html (accessed

Nov 20, 2014).

Cancer Research UK Cancer Survival Group. Life tables for
England and Wales by sex, calendar period, region and
deprivation. 2009. http://www.Ishtm.ac.uk/eph/ncde/
cancersurvival/tools/index.html (accessed Nov 20, 2014).
Royston P, Parmar MK. Flexible parametric proportional-hazards
and proportional-odds models for censored survival data, with
application to prognostic modelling and estimation of treatment
effects. Stat Med 2002; 21: 2175-97.

Nelson CP, Lambert PC, Squire IB, Jones DR. Flexible parametric
models for relative survival, with application in coronary heart
disease. Stat Med 2007; 26: 5486-98.

Akaike H. A new look at the statistical model identification.

IEEE Trans Automat Contr 1974; 19: 716-23.

Lambert PC, Royston P. Further development of flexible parametric
models for survival analysis. Stata J 2009; 9: 265-90.

StataCorp. STATA statistical software. Texas: Stata Corporation,
2013.

Department of Health. The NHS Cancer Plan: a plan for
investment, a plan for reform. London: Department of Health, 2000.
Perme MP, Stare |, Estéve J. On estimation in relative survival.
Biometrics 2012; 68: 113-20.

Office for National Statistics. Cancer statistics: registrations of
cancer diagnosed in 2011, England. Series MB1 no. 42. Newport:
Office for National Statistics, 2013.

Meller H, Richards S, Hanchett N, et al. Completeness of

case ascertainment and survival time error in English cancer
registries: impact on 1-year survival estimates. Br J Cancer 2011;
105: 170-76.

Swerdlow AJ, Douglas AJ, Vaughan Hudson G, Vaughan Hudson B.
Completeness of cancer registration in England and Wales: an
assessment based on 2,145 patients with Hodgkin’s disease
independently registered by the British National Lymphoma
Investigation. Br | Cancer 1993; 67: 326-29.

1217



Articles

1218

24

25

26

27

28

29

30

Coleman MP, Babb P, Damiecki P, et al. Cancer survival trends
in England and Wales 1971-1995: deprivation and NHS region.
(studies on medical and population subjects no. 61). London:
The Stationery Office, 1999.

Coleman MP, Rachet B, Woods LM, et al. Trends and
socioeconomic inequalities in cancer survival in England and Wales
up to 2001. Br J Cancer 2004; 90: 1367-73.

Borland S. Half of cancer patients are living for ten years or more:
Number classed as having beaten the disease doubles since the
1970s. 2014. http://www.dailymail.co.uk/health/article-2615416/
Half-cancer-patients-living-ten-years-Number-classed-having-
beaten-disease-doubles-1970s.html#ixzz37YTaDOIN (accessed
April 28, 2014).

Rowan S, Rachet B, Alexe DM, Cooper N, Coleman MP.

Survival from prostate cancer in England and Wales up to 2001.
Br ] Cancer 2008; 99 (suppl 1): S75-77.

Klint A, Tryggvadéttir L, Bray F, et al. Trends in the survival of
patients diagnosed with cancer in female genital organs in the
Nordic countries 1964-2003 followed up to the end of 2006.

Acta Oncol 2010; 49: 632—43.

Puliti D, Duffy SW, Miccinesi G, et al, and the EUROSCREEN
Working Group. Overdiagnosis in mammographic screening for
breast cancer in Europe: a literature review. | Med Screen 2012;
19 (suppl 1): 42-56.

Lawrence G, Wallis M, Allgood P, et al. Population estimates of
survival in women with screen-detected and symptomatic breast
cancer taking account of lead time and length bias.

Breast Cancer Res Treat 2009; 116: 179-85.

31

32

33

34

35

36

Woods LM, Rachet B, Cooper N, Coleman MP. Predicted trends
in long-term breast cancer survival in England and Wales.

Br J Cancer 2007; 96: 1135-38.

Woods LM, Rachet B, O’Connell DL, et al. Differences in

breast cancer incidence in Australia and England by age, extent

of disease and deprivation status: women diagnosed 1980-2002.
Aust N Z ] Public Health 2010; 34: 206-13.

Coleman MP, Forman D, Bryant H, et al, and the ICBP Module 1
Working Group. Cancer survival in Australia, Canada, Denmark,
Norway, Sweden, and the UK, 1995-2007 (the International Cancer
Benchmarking Partnership): an analysis of population-based cancer
registry data. Lancet 2011; 377: 127-38.

National Institute for Health and Care Excellence. Lung cancer—
the diagnosis and treatment of lung cancer. 2011. https://www.nice.
org.uk/guidance/cg121 (accessed Nov 20, 2014)

Sheldon TA, Cullum N, Dawson D, et al. What's the evidence

that NICE guidance has been implemented? Results from a
national evaluation using time series analysis, audit of patients’
notes, and interviews. BMJ 2004; 329: 999-1003.

Pollock A, Macfarlane A. Opting out of care data is not the answer.
2014. http://www.opendemocracy.net/ournhs/allyson-pollock-
alison-macfarlane/opting-out-of-care.data-is-not-answer (accessed
April 16, 2014).

www.thelancet.com Vol 385 March 28, 2015



	40-year trends in an index of survival for all cancers combined and survival adjusted for age and sex for each cancer in England and Wales, 1971–2011: a population-based study
	Introduction
	Methods
	Study design
	Data sources
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


