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A B S T R A C T

We analysed 1.6 million population-based EUROCARE-4 cancer cases (26 cancer sites,

excluding sex-specific sites, and breast) from 23 countries to investigate the role of sex

in cancer survival according to age at diagnosis, site, and European region. For 15 sites (sal-

ivary glands, head and neck, oesophagus, stomach, colon and rectum, pancreas, lung,

pleura, bone, melanoma of skin, kidney, brain, thyroid, Hodgkin disease and non-Hodgkin’s

lymphoma) age- and region-adjusted relative survival was significantly higher in women

than men. By multivariable analysis, women had significantly lower relative excess risk

(RER) of death for the sites listed above plus multiple myeloma. Women significantly had

higher RER of death for biliary tract, bladder and leukaemia. For all cancers combined

women had a significant 5% lower RER of death. Age at diagnosis was the main determi-

nant of the women’s advantage, which, however, decreased with increasing age, becoming

negligible in the elderly, suggesting that sex hormone patterns may have a role in women’s

superior ability to cope with cancer.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Women have a longer life expectancy than men1 and better

survival of chronic diseases like cardiovascular disease2 and

cancer.3–5 The EUROCARE-2 study analysed survival in 1 mil-

lion European cancer cases diagnosed in 1985–1989; it found

that sex was a predictor of survival, and suggested women

had a biological advantage over men in coping with cancer.6

Other evidence supports the idea that women are more atten-

tive to their health than men indicating a cultural rather than
er Ltd. All rights reserved

; fax: +39 02 23903528.
mori.mi.it (A. Micheli).
biological advantage.7 Nevertheless, neither biological nor

cultural factors have been clearly established as responsible

for the longevity and survival advantage of women. If cultural

factors were important then interventions to reduce the male

disadvantage might be proposed; if biological factors were

important, then studies to better understand the bases of

these differences would be useful.

We analysed the latest release of the EUROCARE-4 data-

set8,9 which contains standardised population-based infor-

mation on about 3 million cancer cases from 82 cancer
.
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registries (CRs) in 23 European countries.10 Our aim was to

further examine the role of sex in determining cancer sur-

vival, investigating whether the female advantage was pres-

ent in all ages, cancer sites and European regions, and

hence suggest possible reasons for the survival differences

between the sexes.
2. Patients and methods

We considered 1,668,872 cancer patients (40% women) diag-

nosed between 1995 and 1999 in European adults (15–99

years).8,9 For 13 participating countries (Austria, Denmark,

England, Finland, Iceland, Ireland, Malta, Norway, Sweden,

Scotland, Wales, Northern Ireland and Slovenia) the entire

population is covered by cancer registration; the other 10

countries (Belgium, the Czech Republic, France, Germany,

Italy, The Netherlands, Poland, Portugal, Spain, and Switzer-

land) are represented by CRs covering variable proportions

of the population.10 The countries were grouped into five

European regions (footnote Table 1).

Detailed information on data collection and standardisa-

tion procedures is given elsewhere.9 We considered only

first primary malignant cancers. Second cancers, in situ tu-

mours and those of uncertain or borderline malignancy

were excluded. The third revision of the International Clas-

sification of Diseases for Oncology (ICD-O-3)11 was used as

reference coding system:9 the cancer site nomenclature

(see Table 1) follows that used in the EUROCARE-4 database

presenting article.9 Histologically verified and non-verified

cases were included, but cases known to registries only by

death certificate or discovered at autopsy were excluded.

Non-melanoma skin cancer, sex-specific cancers, and breast

cancer were also excluded: breast cancer because it is rare

in men and aetiology and biological behaviour differ be-

tween the sexes.12 We thus analysed 26 cancer sites defined

according to ICD-O-311 together with all cancers combined

(Table 1).

Overall, most (83%) patients were diagnosed at 55–99 years

of age (Table 1, column c); of these 41% were women (not

shown). The five most common cancer sites considered were:

colon and rectum (24% of total cases), lung (17%), stomach

(7%), kidney (7%), and melanoma of skin (5%) (Table 1, column

d) in women; and lung (29%), colon and rectum (18%), bla-

dder (9%), stomach (7%), and kidney (6%) in men (Table 1,

column e).

The survival analyses were performed on pooled cases

from all CRs (the European pool) by cancer site and for all can-

cers combined. Analyses by European region and for Europe

(see below) were also performed.

We estimated non-age-adjusted (crude) and age-adjusted

5-year relative survival for men and women separately. We

also estimated survival by age at diagnosis, for which patients

were grouped into five age categories: 15–44, 45–54, 55–64, 65–

74, and 75–99 years. For age adjustment we used the Interna-

tional Cancer Survival Standard (ICSS)13 and five broad age

categories. However, for an ancillary analysis of all cancers

combined, the data were age-adjusted using narrower (5-year)

age categories.
Relative survival was determined in order to take account of

the risk of competing mortality (risk of death for causes other

than cancer) which varies between CR areas. Relative survival,

conventionally expressed as a percentage, is the ratio of the ob-

served survival in a group of patients to the survival expected

in a comparable group from the general population, with the

same composition by sex, age and year of death.14 Relative sur-

vival was calculated by the Hakulinen method15 from sex-, age-

and calendar year-specific lifetables for each CR population.

For several cancer sites (Table 3, columns a and b) some fe-

male and male age categories in Eastern Europe had no pa-

tients, so age-adjusted relative survival could not be

estimated. For this reason the all cancers combined category

of Eastern Europe does not include these non-estimable sites,

and Eastern Europe data are excluded from the Europe esti-

mates (Table 3, columns c and d). For the pleural site, no male

patient was present in the 15–44 age category for Northern

Europe and relative survival for this category was assumed

to be that of the European pool.

In deriving estimates of survival for Europe (Tables 3 and

4), region-specific relative survival estimates were also

weighted by the mean population size of each region in

1995–1999.9 Because cancer site specific incidence rates differ

between sexes, when comparing relative survival for all can-

cers combined, we also adjusted by case mix using as refer-

ence the estimated number of patients (men and women)

diagnosed in 1995–1999 by cancer site.9

Percentage point differences in crude, age-specific or ad-

justed 5-year relative survival between women and men con-

stitute the main indicators of between-sex differences in

cancer survival.

To model the simultaneous effects age and region have

(and case mix for all cancers combined) on survival differ-

ences we used generalised linear models (regression models)

with a Poisson error structure based on grouped data.16 The

models estimated the relative excess risk of dying (RER) of

women with men as reference (Model 1); 95% confidence

intervals (95% CI) were also estimated. To assess the effect

of the regional covariate on the RER, we used a reduced model

that excluded this covariate (Model 2). The regression analy-

ses were performed on all ages combined and on the 15–54

and 55–99 year age categories. In a few cases the Eastern data

were not included in the analyses because iterative proce-

dures did not converge (Table 4).

The SEER*Stat statistical software (version 6.3.6)17 was

used to estimate relative survival; the Z test (univariate anal-

ysis) was used to compare survival estimates. Stata software

(version 9.0)18 was used for the regression analyses.
3. Results

3.1. European pool: Crude analyses (column b, Table 2)

Crude 5-year relative survival for all cancers combined was

significantly higher in women than men by 4.9 percentage

points. The advantage for women was significant for 11 of

the 26 cancer sites. For liver, biliary tract, bladder and leukae-

mia, women had a significant survival disadvantage.



Table 1 – Numbers of patients (columns a) and percentages of women (W%, columns b) considered in the analyses, in each regional European grouping and in the
European pool, by cancer site – The percentage of patients aged 55–99 years at diagnosis (column c) is also given for the European pool – Columns d and e indicate the
percentages of women (w%) and men (m%) diagnosed with each cancer as a proportion of all cancers combined (as defined in the footnote).

ICD-O-3 Site Cancer site Northern
Europea

UK &
Irelanda

Central
Europea

Eastern
Europea

Southern
Europea

European
poola

Patients W% Patients W% Patients W% Patients W% Patients W% Patients W% 55–99% w% m%
a b a b a b a b a b a b c d e

C00 Lip 2,099 26.4 1,768 28.3 1,228 24.9 163 25.8 2,367 16.1 7,625 23.4 87.8 0.3 0.5

C079-C089 Salivary gland 1,026 47.2 2,406 47.0 964 42.7 146 43.2 1,085 44.1 5,627 45.6 71.2 0.4 0.4

C01-C06,

C09-C14

Head and neck 6,729 34.9 18,054 34.9 11,808 21.3 1,078 24.6 11,900 20.3 49,569 27.9 68.2 1.8 3.6

C15 Oesophagus 4,719 30.0 31,219 39.6 6,578 22.1 557 20.1 5,280 19.1 48,353 33.8 87.3 0.8 2.0

C16 Stomach 13,919 39.9 45,180 36.0 18,742 42.5 2,501 37.0 31,567 41.1 111,909 39.0 89.4 6.5 7.0

C17 Small intestine 1,604 47.7 2,941 46.2 1,303 45.7 64 40.6 1,331 45.2 7,243 46.2 80.4 0.2 0.2

C18-C21,C260 Colon and rectum 59,633 50.2 159,244 47.0 68,923 47.8 7,515 46.0 72,855 45.9 368,170 47.4 88.9 24.1 18.1

C22 Liver, primaryb 3,913 39.3 7,650 39.0 6,210 28.2 258 43.0 14,787 30.9 32,818 33.4 89.2 0.8 0.7

C23-C24 Gallbladder and

biliary tractb

4,256 63.6 6,077 58.2 4,623 64.2 1,204 69.9 7,619 63.0 23,779 62.5 92.2 5.9 1.6

C25 Pancreas 12,458 52.2 28,201 51.1 11,445 51.9 1.603 49.7 13,990 50.0 67,697 51.2 89.7 5.6 3.6

C30-C31 Nasal cavities

and sinusesb

829 40.8 1,847 42.3 864 32.5 69 31.9 850 32.2 4,459 38.0 78.1 0.2 0.2

C32 Larynx 3,138 15.3 10,611 18.3 5,357 11.1 1,055 13.3 9,827 7.2 29,988 12.9 79.5 1.0 4.1

C339, C34 Lung,bronchus,

tracheab

44,158 35.7 168,201 37.1 54,291 22.2 8,972 27.1 63,133 17.6 338,755 30.6 88.9 16.9 29.2

C384 Pleura 1,484 16.0 6,765 16.8 1,650 20.3 78 43.6 1,871 27.0 11,848 19.0 87.7 0.2 0.2

C40-41 Bone and cartilagesb 775 40.4 1,947 42.2 881 45.4 114 40.4 996 45.1 4,713 43.1 41.8 0.3 0.3

C380, C47, C49 Soft tissue 2,679 45.6 5,758 43.7 2,755 44.8 271 54.2 2,438 46.0 13,901 44.9 62.4 1.0 0.6

C440, C449 Melanoma of skin 18,506 52.3 29,128 58.3 13,458 55.8 1,258 56.4 11,370 55.3 73,720 55.8 55.4 5.0 2.4

C67 Bladder 19,754 25.1 59,082 28.1 20,230 23.4 2,536 24.5 28,300 19.2 129,902 24.9 91.1 4.3 8.5

C64-C66,C68 Kidney 12,418 41.8 25,213 37.8 14,186 40.8 2,364 39.5 15,341 34.8 69,522 38.5 81.9 6.5 6.4

C693 Melanoma of choroid 331 45.6 1,068 47.4 410 48.0 19 52.6 379 45.9 2,207 47.0 71.6 0.1 0.0

C71 Brain 6,983 43.9 17,770 42.2 6,318 43.5 962 46.9 8,028 44.9 40,061 43.4 63.0 3.1 2.3

C739 Thyroid 4,359 74.1 5,846 71.3 4,833 74.1 668 81.1 7,207 76.7 22,913 74.4 43.3 3.8 0.6

Hodgkin’s disease 2,340 42.4 6,664 43.6 2,496 44.1 351 49.3 3,258 46.5 15,109 44.3 27.3 1.2 0.8

Non-hodgkin’s

lymphoma

15,635 47.5 39,995 47.4 14,509 47.5 1,261 50.8 19,126 48.4 90,526 47.7 74.1 4.5 2.8

Multiple myeloma 6,086 47.6 15,786 48.0 5,476 50.7 565 50.1 7,173 49.6 35,086 48.7 88.6 2.0 1.3

Leukaemia 10,831 43.7 27,955 43.6 10,713 43.8 1,106 46.2 12,767 44.3 63,372 43.8 78.8 3.6 2.7

All cancers combinedc 260,662 43.2 726,376 41.3 290,251 38.5 36,738 39.0 354,845 36.1 1,668,872 40.0 83.1 100.0 100.0

Columns a, b and c describe data by rows while columns d and e describe data by columns.

a The European regional groupings are10: Northern Europe comprising Denmark (26% of Northern European patients), Finland (19%), Iceland (1%), Norway (20%), and Sweden (34%); UK & Ireland

comprising England (77%), Northern Ireland (3%), Wales (5%), Scotland (10%) and Ireland (5%); Central Europe comprising Austria (31%), Belgium (16%), France (17%), Germany (5%), the Netherlands

(23%), and Switzerland (8%); Eastern Europe comprising the Czech Republic (31%) and Poland (69%); Southern Europe, comprising Italy (70%), Malta (1%), Portugal (5%), Slovenia (6%), and Spain (18%).

b Note that in the text ‘liver, primary’ is referred to as liver; ‘gallbladder and biliary tract’ is referred to as biliary tract; ‘nasal cavities and sinuses’ is referred to as nasal cavities; ‘bone and cartilages’

is referred to as bone; and ‘lung, bronchus and trachea’ is referred to as lung.

c All cancers in ICD-O-311 except non-melanoma skin cancer and cancers of the breast, cervix uteri, corpus uteri, ovary, vagina and vulva, prostate, testis and penis.
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Table 2 – Differences in 5-year relative survival between men and women for 26 cancer sites and for all cancers combined of the European pool.

Cancer site No. of
patients

All ages 15–44 years 45–54 years 55–64 years 65–74 years 75–99 years

Crude
RS(W)%

Crude
RS(W)
minus
Crude
RS(M)

Age-adj
RS(W)%

Age-adj
RS(W)
minus
Age-adj
RS(M)

W% Specific
RS(W)
minus
Specific
RS(M)

W% Specific
RS(W)
minus
Specific
RS(M)

W% Specific
RS(W)
minus
Specific
RS(M)

W% Specific
RS(W)
minus
Specific
RS(M)

W% Specific
RS(W)
minus
Specific
RS(M)

a b c d e f e f e f e f e f

Lip 7,625 93.8 0.2 94.2 0.7 24.8 2.9 23.0 1.6 15.0 -0.5 17.9 1.8 32.3 )0.4

Salivary gland 5,627 74.1 16.5* 69.5 16.2* 56.1 7.5* 44.4 16.1* 42.5 19.8* 39.6 19.6* 48.1 12.2*

Head and neck 49,569 52.1 11.2* 49.9 11.9* 27.8 17.6* 20.5 14.0* 21.9 13.2* 28.5 11.9* 47.3 8.8*

Oesophagus 48,353 10.9 0.5 12.6 2.6* 19.3 7.8* 20.5 4.1* 21.9 4.6* 29.7 2.0* 49.0 )0.4

Stomach 111,909 24.2 3.4* 25.8 4.8* 44.0 4.2* 32.1 5.9* 29.2 6.0* 33.0 5.3* 48.0 2.9*

Small intestine 7,243 42.7 )1.7 42.5 0.0 39.2 0.7 42.2 3.0 41.0 1.3 43.1 0.6 56.0 )3.2

Colon and rectum 368,170 54.1 1.4* 55.0 2.3* 50.1 2.8* 45.0 3.4* 40.1 4.7* 42.5 2.7* 55.3 )0.4

Liver, primarye 32,818 8.2 )0.7* 9.5 0.4 33.8 5.2 24.8 0.5 22.3 0.7 30.5 0.7 45.7 )1.2*

Gallbladder and biliary tracte 23,779 11.5 )3.5* 13.0 )2.7* 48.7 )2.7 54.4 )5.1* 56.9 )3.4* 59.2 )2.5* 68.4 )1.3

Pancreas 67,697 4.2 )0.2 5.3 0.7* 41.2 7.7* 39.0 )0.3 40.6 0.9* 47.6 0.2 61.8 )0.1

Nasal cavities and sinusese 4,459 50.9 1.6 50.5 2.7 35.9 8.9 29.1 7.5 30.3 5.4 36.9 2.9 49.5 )3.3

Larynx 29,988 63.4 )1.9 61.8 )3.0* 15.9 5.7 11.4 6.9* 11.4 2.6 12.1 )7.0* 17.4 )9.7*

Lung, bronchus, tracheae 338,755 10.6 0.8* 11.2 1.2* 40.8 6.5* 33.2 1.9* 27.6 2.0* 28.7 0.1 33.7 0.1

Pleura 11,848 7.9 3.4* 8.7 3.9* 30.8 11.1 15.8 3.1 15.2 5.4* 17.2 2.4* 24.8 2.7*

Bone and cartilagese 4,713 63.0 7.4* 62.2 9.7* 40.5 7.8* 40.5 15.1* 40.7 17.9* 41.7 9.6* 58.3 )5.0

Soft tissue 13,901 59.9 1.4 61.1 2.5* 44.1 6.1* 43.2 8.1* 41.1 0.4 44.1 )0.8 50.1 )3.6

Melanoma of skin 73,720 89.3 9.1* 88.9 9.0* 61.9 8.5* 55.1 9.5* 49.4 8.3* 51.1 9.7* 59.7 9.4*

Bladder 129,902 62.3 )6.2* 65.3 )4.2* 27.9 )8.0* 20.9 )2.4* 19.9 )0.6 21.6 )3.3* 30.6 )7.9*

Kidney 69,522 55.8 0.1 55.4 1.7* 36.8 4.3* 32.3 6.5* 33.7 4.0* 37.2 1.3 47.8 )2.5*

Melanoma of choroid 2,207 74.3 )0.1 73.0 0.1 47.5 )2.4 42.2 0.6 42.0 )0.9 49.1 5.6 54.2 )4.4

Brain 40,061 18.3 1.3* 21.4 3.3* 41.4 5.8* 38.0 5.8* 41.0 2.7* 44.8 0.2 53.1 0.5

Thyroid 22,913 89.6 8.2* 84.9 7.3* 78.5 2.6* 75.0 9.4* 69.2 13.7* 69.5 8.4* 74.3 2.5

Hodgkin’s disease 15,109 83.1 0.6 80.6 1.8* 45.1 1.8* 36.1 2.4 38.7 0.2 45.4 2.1 56.2 2.3

Non)hodgkin’s lymphoma 90,526 55.9 2.1* 54.1 4.7* 38.2 7.5* 42.1 8.6* 44.5 7.3* 48.1 4.1* 56.6 1.1

Multiple myeloma 35,086 32.6 )0.7 35.6 2.0* 39.9 1.1 41.5 2.6 43.5 2.4 46.5 3.0* 55.4 0.6

Leukaemia 63,372 43.0 )2.3* 43.1 )0.4 42.4 )2.2 39.9 )1.0 37.6 )3.3* 40.2 1.7 51.3 0.7

All cancers combineda 1,668,872 42.7 4.9* 42.2 5.0* 47.1 11.9* 37.1 10.0* 33.4 7.0* 35.8 3.6* 47.4 1.3*

b39.9 b1.1* d40.6 d2.2* c4.1* c3.6* c3.7* c2.1* c0.0

Column 2 shows the total number of patients (men and women combined). Subsequent columns show: (column a) non-age adjusted (crude) 5-year relative survival (RS) in women; (column b) the

difference (percentage points) in non-age adjusted 5-year RS between women (W) and men (M); (column c) 5-year age-adjusted RS for women; and (column d) the difference in 5-year age-adjusted RS

between women and men. Subsequent columns e and f refer to specific age classes and show the percentages of total patients who are women (columns e) and the difference (% points) in 5-year age-

specific RS between women and men (participating countries are specified in Table 1).

* Significant between-sex difference in relative survival (Z test; P<0.05).

a All ICD-O-311 sites except non-melanoma skin, breast, cervix uteri, corpus uteri, ovary, vagina and vulva, prostate, testis and penis.

b Non-age-adjusted (crude) relative survival adjusted by case-mix for women with difference between sexes.

c Difference between sexes for age-specific relative survival adjusted by case mix.

d Age-adjusted relative survival adjusted by case-mix for women with difference between sexes.

e Note that in the text ‘liver, primary’ is referred to as liver; ‘gallbladder and biliary tract’ is referred to as biliary tract; ‘nasal cavities and sinuses’ is referred to as nasal cavities; ‘bone and cartilages’ is

referred to as bone; and ‘lung, bronchus and trachea’ is referred to as lung.
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Table 3 – Differences in survival between women and men for 26 cancer sites and all these sites combined for each European region and Europe.

Cancer site Northern Europed UK and Irelandd Central Europed Eastern Europed Southern Europed Europed

Age-adj
RS(W)%

Age-adj
RS(W)
minus
Age-adj
RS(M)

Age-adj
RS(W) %

Age-adj
RS(W)
minus
Age-adj
RS(M)

Age-adj
RS(W) %

Age-adj
RS(W)
minus
Age-adj
RS(M)

Age-adj
RS(W) %

Age-adj
RS(W)
minus
Age-adj
RS(M)

Age-adj
RS(W) %

Age-adj
RS(W)
minus
Age-adj
RS(M)

Age and
region-adj
RS(W) %

Age and
region-adj
RS(W) minus
Age and
region-adj RS(M)

a b a b a b a b a b c d

Lip 94.2 0.6 94.1 )0.5 95.1 1.4 n.e n.e 96.7 3.6 95.3 1.7

Salivary gland 68.5 8.8* 68.6 16.5* 74.4 23.0* 60.7 25.7* 69.3 16.8* 71.6 19.2*

Head and neck 53.6 12.7* 48.9 8.4* 49.5 13.7* 36.0 4.3 51.3 15.0* 50.2 13.1*

Oesophagus 12.2 3.7* 12.2 2.5* 14.8 2.1 9.6 n.e 14.6 5.0* 14.1 3.1*

Stomach 25.3 5.0* 18.3 3.1* 29.6 4.5* 17.6 3.9* 32.7 4.7* 28.3 4.3*

Small intestine 46.8 )2.9 37.4 )0.5 45.5 )0.8 27.4 1.9 45.8 3.6 44.3 0.4

Colon and rectum 57.5 2.7* 52.0 2.3* 59.0 2.1* 41.1 0.4 56.4 2.0* 57.0 2.2*

Liver, primarye 07.2 1.8 07.7 0.3 09.3 0.3 n.e n.e 11.7 1.0 9.6 0.6

Gallbladder and biliary tracte 11.1 )1.0 14.7 )1.5 14.3 )4.3* 8.1 )1.1 13.1 )3.2* 13.8 )3.3*

Pancreas 03.6 0.1 04.6 0.2 07.0 1.3* 5.8 0.7 07.0 2.0* 6.4 1.2*

Nasal cavities and sinusese 57.0 3.5 50.3 4.6 48.1 1.8 51.1 20.3 44.6 )5.1 48.0 0.4

Larynx 61.1 )3.3 59.0 )6.1* 64.2 1.2 48.6 )1.6 72.0 5.0* 65.4 0.8

Lung, bronchus, tracheae 11.8 2.5* 09.2 1.2* 15.8 2.2* 11.7 3.8* 14.8 3.5* 14.2 2.4*

Pleura 9.4 5.7* 07.1 3.0* 11.9 6.2* n.e n.e 09.3 2.4 10.2 4.5*

Bone and cartilagese 66.7 9.6* 60.1 9.8* 67.2 10.0* 40.7 22.6* 61.1 8.9* 64.2 9.6*

Soft tissue 64.6 4.2* 60.1 3.9* 59.7 )1.5 54.8 )1.1 62.2 2.5 60.8 0.9

Melanoma of skin 91.1 7.4* 89.3 10.8* 88.4 8.3* 74.9 16.5* 86.9 8.1* 88.3 8.6*

Bladder 66.7 )4.1* 62.5 )6.9* 67.3 )1.0 63.1 )0.9 70.5 0.2 67.4 )1.9*

Kidney 53.8 2.3* 46.3 0.5 63.3 2.9* 54.4 )1.1 63.7 1.6 60.0 2.1*

Melanoma of choroid 67.7 )6.5 77.2 )0.3 68.6 )1.1 n.e n.e 70.5 7.4 70.5 1.1

Brain 23.5 3.0* 20.3 3.4* 22.4 3.4* 22.9 5.9* 20.5 2.7* 21.6 3.2*

Thyroid 86.5 6.4* 79.4 5.5* 85.3 7.2* 81.7 6.7 88.0 8.5* 85.2 7.3*

Hodgkin’s disease 83.7 2.2 78.3 0.8 82.9 3.1 n.e n.e 81.7 2.8 81.8 2.6*

Non)hodgkin’s lymphoma 54.9 6.7* 52.4 3.9* 54.5 4.6* 46.9 5.7 57.4 4.9* 55.0 4.7*

Multiple myeloma 37.3 2.3 31.7 2.0* 36.6 0.5 25.9 2.7 41.5 1.6 37.2 1.2

Leukaemia 45.6 )0.3 42.4 )0.4 42.6 )0.7 34.8 )3.1 43.3 )0.1 43.0 )0.5

All cancers combineda 45.1 4.2* 37.9 3.4* 47.1 7.8* 34.3 4.7* 45.9 7.3* 45.2 6.7*

b41.7 b2.5* b37.9 b1.7* b43.4 b2.7* b34.7 b2.7* b43.4 b3.5* b42.4 c2.7*

For each region, columns a show the 5-year age-adjusted relative survival (RS) for women, and columns b the difference in survival between women and men in% points. For Europe, column c shows

the 5-year age and region-adjusted survival (RS) for women, and column d the survival difference between women and men in% points.

* Significant difference between sexes (Z test; P<0.05).

a All sites in ICD-O-311 except non-melanoma skin, breast, cervix uteri, corpus uteri, ovary, vagina and vulva, prostate, testis and penis.

b Age-adjusted relative survival also adjusted by case-mix for women with difference between sexes.

c Age and region-adjusted relative survival for women also adjusted by case-mix with difference between sexes.

d Participating countries specified in Table 1. n.e., not estimable. For Eastern Europe all cancers combined does not include n.e. sites, and Europe does not include Eastern Europe.

e Note that in the text ‘liver, primary’ is referred to as liver; ‘gallbladder and biliary tract’ is referred to as biliary tract; ‘nasal cavities and sinuses’ is referred to as nasal cavities; ‘bone and cartilages’

is referred to as bone; and ‘lung, bronchus and trachea’ is referred to as lung.
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Table 4 – Relative excess risks (RER) of death for women compared to men for different age classes (with 95% confidence
intervals in parentheses) in Europe.

Cancer site RER of death for women all ages RER of death for women
age 15–54 years

RER of death for women
age 55–99 years

Model 1a Model 2b Model 1a Model 1a

Lip 0.91 (0.62–1.35) 0.86 (0.57–1.30) 0.61 (0.36–1.78) 1.02 (0.66–1.58)

Salivary gland 0.57 (0.51–0.64) 0.57 (0.51–0.64) 0.48 (0.37–0.61) 0.60 (0.53–0.67)

Head and neck 0.73 (0.71–0.75) 0.72 (0.70–0.74) 0.65 (0.61–0.69) 0.75 (0.73–0.78)

Oesophagus 0.95 (0.93–0.97) 0.97 (0.94–0.99) 0.85 (0.79–0.91) 0.96 (0.94–0.99)

Stomach 0.92 (0.90–0.93) 0.90 (0.88–0.91) 0.90 (0.86–0.94) 0.92 (0.90–0.93)

Small intestine 1.00 (0.94–1.07) 1.00 (0.93–1.07) 0.90 (0.78–1.07) 1.02 (0.95–1.10)

Colon and rectum 0.97 (0.96–0.98) 0.96 (0.95–0.97) 0.90 (0.87–0.92) 0.98 (0.97–0.99)

Liver, primarye 1.02 (0.99–1.04) 1.04 (1.01–1.07) 0.90 (0.83–0.98) 1.03 (1.00–1.06)

Gallbladder and biliary tractf 1.14 (1.11–1.18) 1.15 (1.12–1.19) 1.15 (1.05–1.29) 1.14 (1.11–1.18)

Pancreas 0.97 (0.95–0.99) 0.97 (0.95–0.99) 0.92 (0.88–0.98) 0.98 (0.96–1.00)

Nasal cavities and sinusesf 0.91 (0.83–1.01) 0.90 (0.82–0.99) 0.76 (0.61–0.95) 0.95 (0.85–1.05)

Larynx 1.04 (0.98–1.11) 1.07 (1.00–1.13) 0.76 (0.65–0.87) 1.13 (1.06–1.21)

Lung, bronchus, tracheaf 0.95 (0.94–0.96) 0.99 (0.99–1.00) 0.88 (0.86–0.91) 0.96 (0.95–0.97)

Pleurae 0.86 (0.82–0.91) n.e. n.e. 0.85 (0.73–0.99) 0.87 (0.82–0.92)

Bone and cartilagesf 0.74 (0.68–0.82) 0.75 (0.68–0.82) 0.73 (0.64–0.84) 0.77 (0.67–0.88)

Soft tissue 0.94 (0.89–1.00) 0.94 (0.89–1.00) 0.77 (0.71–0.86) 1.04 (0.97–1.12)

Melanoma of skin 0.49 (0.47–0.52) 0.50 (0.48–0.53) 0.42 (0.39–0.45) 0.56 (0.53–0.60)

Bladder 1.30 (1.27–1.33) 1.31 (1.28–1.34) 1.30 (1.16–1.42) 1.30 (1.27–1.33)

Kidney 0.97 (0.94–0.99) 0.97 (0.94–0.99) 0.80 (0.75–0.86) 1.00 (0.97–1.02)

Melanoma of choroide 1.00 (0.82–1.23) 0.99 (0.81–1.21) 1.08 (0.74–1.58) 0.97 (0.77–1.24)

Brain 0.93 (0.91–0.95) 0.93 (0.90–0.95) 0.85 (0.82–0.89) 0.98 (0.95–1.01)

Thyroid 0.69 (0.63–0.75) 0.67 (0.62–0.72) 0.25 (0.21–0.33) 0.79 (0.79–0.85)

Hodgkin’s disease 0.87 (0.85–0.89) 0.89 (0.82–0.96) 0.79 (0.68–0.89) 0.96 (0.87–1.07)

Non hodgkin’s lymphoma 0.87 (0.85–0.89) 0.87 (0.85–0.88) 0.72 (0.68–0.75) 0.91 (0.89–0.93)

Multiple myeloma 0.94 (0.91–0.96) 0.93 (0.91–0.96) 0.95 (0.86–1.05) 0.94 (0.91–0.96)

Leukaemia 1.03 (1.01–1.06) 1.03 (1.01–1.06) 1.07 (1.01–1.12) 1.03 (1.00–1.05)

All cancers combinedd c0.95 (0.95–0.96) c0.96 (0.96–0.97) c0.85 (0.84–0.86) c0.97 (0.96–0.97)

a Model 1 Adjusted by age and region.

b Model 2 Adjusted by age.

c Adjusted also by case–mix.

d All sites in ICD-O-311 except non-melanoma skin, breast, cervix uteri, corpus uteri, ovary, vagina and vulva, prostate, testis and penis.

e Eastern Europe was not included because of problems in modelling data.

f Note that in the text ‘liver, primary’ is referred to as liver; ‘gallbladder and biliary tract’ as biliary tract; ‘nasal cavities and sinuses’ as nasal

cavities; ‘bone and cartilages’ as bone; and ‘lung, bronchus and trachea’ as lung.
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3.2. European pool: Age specific analyses (columns e and f,
Table 2)

Overall, less women than men were considered in the study

in all age groups, but the proportion varied with cancer site

and age, being highest at 47%, in both the youngest (15–44

years) and oldest categories (75–99 years). In the 75–99 year

category, there were more women than men for 14/26 cancer

sites; for cancers of biliary tract, thyroid, and melanoma of

skin there were more women than men in most age classes.

Women had significantly higher survival than men for all

cancers combined in each age class; however, this advantage

reduced progressively with age: from +12.0% points at 15–44

years to +1.3% points at 75–99 years.

For 4/11 cancer sites where women had a significant

advantage in crude 5-year relative survival (salivary glands,

head and neck, stomach and melanoma of skin), women also

had a significant survival advantage in each age group. For the

other seven sites the survival advantage was present, but not

significant, in all age groups. For biliary tract and bladder, wo-

men in all age groups had a survival disadvantage but it was

not always significant.
3.3. European pool: Age adjusted analyses (columns c and
d, Table 2)

After age adjustment, the significant women’s survival advan-

tage for all cancers combined was +5.0% points. For the 11

sites where the advantage was significant in the non-age-ad-

justed data, the advantage remained significant in the age-ad-

justed data, and became significant for six more sites

(oesophagus, pancreas, soft tissue, kidney, Hodgkin’s disease

and multiple myeloma). The significant disadvantage for

women in non-age-adjusted survival remained, in the age-

adjusted comparison, only for biliary tract and bladder (no

longer for liver and leukaemias); while a new significant sur-

vival disadvantage emerged for larynx.

3.4. European pool: Age and case mix adjusted analyses
(all cancers combined, Table 2)

After case mix adjustment, the women’s advantage reduced

from +4.9 to +1.1% points in the analysis with non-age-

adjusted survival and from +5.0 to +2.2% points with age-

adjusted survival, but the difference remained significant in
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both cases. In the age-specific analyses, the women’s advan-

tage remained significant (but at 75–99 years) after case mix

adjustment but reduced dramatically, though not uniformly,

with increasing age (+4.1% points at 15–44 years, +3.6% points

at 45–54, +3.7% points at 55–64, +2.1% points at 65–74, and

0.0% points at 75–99).

3.5. Europe and European Regions: Age and case mix
adjusted analyses (Table 3)

For all cancers combined both age-adjusted and age- and

case-mix adjusted 5-year relative survival were significantly

higher in women than in men in all regions. After case-mix

adjustment, this women’s advantage ranged from +1.7%

points in the UK and Ireland, where women’s case mix ad-

justed survival was low (37.9%), to +3.5% points in Southern

Europe where women’s case mix-adjusted survival was high

(43.4%).

The women’s advantage was significant in all European re-

gions for six cancer sites (salivary glands, stomach, lung,

bone, melanoma of skin and brain). For three of these sites

(salivary glands, stomach, and melanoma of skin) the wo-

men’s advantage was also significant for all age groups (Table

2). Women had a disadvantage in all regions only for leukae-

mias (always non significant) and biliary tract (significant in

2/5 regions); other significant disadvantages were for bladder

in Northern Europe and UK and Ireland, and larynx in UK

and Ireland.

Survival and the proportion of women constituting the to-

tal cases (not shown) varied considerably across European re-

gions. When 5-year age and region-adjusted relative survival

was calculated for Europe (Eastern Europe excluded), women

had a significant survival disadvantage for biliary tract (–3.3%

points) and bladder (–1.9% points), and an advantage for

15/26 cancer sites: salivary glands (+19.2% points), head and

neck (+13.1% points), oesophagus (+3.1%), stomach (+4.3%

points), colon and rectum (+2.2% points), pancreas (+1.2%

points), lung (+2.4% points), pleura (+4.5%), bone (+9.6%), mel-

anoma of skin (+8.6% points), kidney (+2.1%), brain (+3.2%

points), thyroid (+7.3% points), Hodgkin disease (+2.6%) and

non-Hodgkin’s lymphoma (+4.7% points). For all cancers com-

bined the women’s advantage was +6.7% points and +2.7%

points after adjusting for case mix (Table 3, column d).

3.6. Multivariable analyses (Table 4)

Two models are shown for the all-ages analysis: Model 1 with

age at diagnosis and region as covariates, and Model 2 with-

out the region covariate. For all ages, Model 1, women had a

significantly lower RER of dying than men for 16/26 sites (sal-

ivary glands, head and neck, oesophagus, stomach, colon and

rectum, pancreas, lung, pleura, bone, melanoma of skin, kid-

ney, brain, thyroid, Hodgkin’s disease, non-Hodgkin’s lym-

phoma and multiple myeloma). For all of these sites, except

for multiple myeloma, the age and region adjusted univariate

analyses also showed a survival advantage (Table 3, column

d). By Model 1 women had a significantly higher RER of dying

than men for biliary tract and bladder (consistent with the

age- and region-adjusted univariate findings) and also

leukaemia.
When the analyses were restricted to older patients (55–99

years), for 12/16 sites noted above (except pancreas, kidney,

brain and Hodgkin’s disease) the women’s RER of dying was

again significantly less than that of men. Women had a signif-

icantly higher RER of dying for biliary tract, larynx and blad-

der. Among younger patients (15–54 years), women had a

significantly lower RER of dying for 19 sites (all sites of the

all-ages analysis except multiple myeloma, plus liver, nasal

cavities, larynx and soft tissues). In this age class, women

had significantly higher RERs of dying for biliary tract, bladder

and leukaemia.

The results of Model 2, which omitted the region covariate,

were closely similar to those of Model 1 (data not shown for

young and old patients). However, the region covariate

seemed to play a role in the lower RER of women dying from

lung cancer and from laryngeal cancer in older age groups.

For all cancers combined, women’s RERs of death were

0.95 for all ages, 0.85 for younger patients and 0.97 for older

patients (by Model 1), in all cases significantly lower than

men. These risks reduced by 1 percentage point when as-

sessed by Model 2. Fig. 1 synthesises results for all cancers

combined in univariate analysis. For women, 5-year relative

survival was 42.7% in crude analyses and 42.4% when the

age, case-mix and region adjustment was performed; on the

other hand, for men, survival figures were 37.8% in crude data

and 39.7% when the age, case-mix and region adjustment was

considered. Thus, after all the performed adjustments (note

that in this last analysis Eastern Europe data were not in-

cluded), the female advantage reduced to 2.7 percentage

points from 4.9 percentage points when crude data were

compared.

Fig. 2 synthesises the results for all cancers combined in

multivariable analysis, highlighting how the differences be-

tween male and female survival in all ages is mainly attribut-

able to the female performance in younger ages.
4. Discussion

We have found that women had a survival advantage for most

cancers. In the age-adjusted univariate analyses on the Euro-

pean pool, women had significantly better survival for 17/26

sites, and only for biliary tract, larynx and bladder was sur-

vival significantly worse in women (Table 2). In the analysis

by region, the women’s advantage was significant in all re-

gions for six sites. Although the women’s disadvantage for bil-

iary tract, bladder and leukaemias was pervasive, for no site

was a significant women’s disadvantage present in all regions

(Table 3). In the multivariable analyses the women’s advan-

tage (lower RER of dying) was significant for 16/26 sites. A sig-

nificant disadvantage was found for biliary tract, bladder,

larynx (older patients) and leukaemia (younger patients).

4.1. Age at diagnosis

Cancer survival decreases with age at diagnosis for both wo-

men and men, at least in Europe.19 We found that age at diag-

nosis had a major effect on the women’s survival advantage.

This is evident from Fig. 2, which shows women had 5% lower

RER of dying by Model 1 which was still 4% lower than men



Fig. 1 – Non age adjusted (crude), age adjusted, and age and case-mix adjusted in the European Pool; and age, case-mix and

region adjusted 5-year relative survival for all cancers combined in Europe (Participating countries are given in Table 1).

Figures are based on 1,668,877 cases except the age, case-mix and region adjusted figures that are based on 1,632,139 cases

(see footnote in Table 3). * Figures from Table 2; ** Figures from Table 3.

Fig. 2 – Relative excess risk of death in women compared to

men for all ages, 15–54 years and 55–99 years, for all cancers

combined in Europe (Participating countries are given in

Table 1). Figures are based on 1,668,877 cases. *Figures from

Table 4 except ‘�’data.
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when the region variable was excluded (Model 2). As shown in

Table 2 (age and case-mix adjusted relative survival for all can-

cers combined), this advantage was most marked in young

adults, declined in middle ages and reduced dramatically in

the oldest patients. We used broad age-adjustment categories

because early censoring or lack of cases produced missing val-

ues in one or more narrower age-classes. However, we were

able to use narrower (5-year) age adjustment categories in

the pooled analysis for all cancers combined. This more pre-

cise age adjustment produced substantially similar figures to

the case-mix adjusted results shown in Table 2: the women’s

survival advantage was +3.6% points in 45–54 and +3.7% in

55–64 (middle ages), and +2.2% points and +0.6% points in

the oldest patients (significant in all cases). In young adults

(15–44) this advantage was not estimable because of missing

values in the 15–19, 20–24 and 25–29 age groups.

Health systems may tend to favour younger over older pa-

tients, at least in Europe.20 However, it is difficult to conceive

how this phenomenon acts differentially in the two sexes as

age increases. The most likely explanation is that age at diag-

nosis is a proxy for biological factors that change more mark-

edly in women than men as age advances. The biological

factor that immediately suggests itself is hormonal status.

As women progress from mature fertility through peri-meno-

pause to menopause, their sex hormone status changes pro-

foundly; similar dramatic changes do not occur in men. It
seems probable, therefore, that sex hormones are the prime

mediators of the female cancer survival advantage.

4.2. Regional differences between women and men

It seems likely a priori that genetic heterogeneity across Eur-

ope will contribute to regional differences in the risk of dying

from cancer; however, this heterogeneity should affect both

sexes to the same extent. The regional variations we found

in female versus male cancer survival may therefore to be

due to non-genetic factors: perhaps women tend to take bet-

ter care of their health, and these tendencies vary with re-

gion. However, as noted, regional variation (Fig. 2) can

explain only a limited part of the women’s advantage.

4.3. Cancer site

Survival varies markedly with cancer site.19 Our findings are in

general supported by published population-based investiga-

tions.21–27,29,30 A study on EUROCARE-2 data noted that wo-

men with lung cancer have better survival than men;21 A

recent study on a population-based sample of 19,000 Surveil-

lance Epidemiology and End Results cases found that elderly

women with early lung cancer had better risk-adjusted sur-

vival than men, both when untreated and when treated, and

regardless of treatment type, suggesting that the natural his-

tory of lung cancer may differ in women and men.22 In a

EUROCARE-2 study on 35,000 European head and neck cancer

patients, women had better 5-year, but not 1-year survival

than men.23 A EUROCARE-2 study on 20,000 oesophageal and

66,000 gastric cancer patients found slightly better survival

for women than men in most European countries.24 Five-year

age-standardised relative survival in 2000 EUROCARE-2 bone

cancer cases was 51% in women and 45% in men.25 Analysis

of 16,000 EUROCARE-2 brain cancer patients revealed better

survival in women than men in all countries except Switzer-

land and Austria, and that the advantage was present in

all age classes.26 A study on 73,000 EUROCARE-2 haematolog-

ical cancer patients found that 5-year relative survival was

slightly better for women than for men except for multiple

myeloma.27 A review on the effect of gender on cutaneous

melanoma reported that most epidemiological data indicated

a survival advantage for women with primary melanoma, and
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suggested a role of sex hormones in mediating this advan-

tage.28 A 1990 population-based investigation of 6300 cancer

cases which were under 20 years of age at diagnosis in Sweden

revealed an advantage in 5-year survival for women which in-

creased with increasing age. The authors suggested that sex

hormones had a role in this advantage.29

One factor that may contribute to explaining the women’s

survival advantage found in this and other studies is that the

distribution of cancer morphologies (with differing progno-

ses) varies between men and women – perhaps in relation

to different exposure to risk factors. However, morphology

(together with stage at diagnosis and treatment) must be

studied on a site-per-site basis and is outside the scope of

the present survey. Another factor that may contribute is

co-morbidity, particularly for cases in which a given risk fac-

tor is associated both with cancer and co-morbidities. Smok-

ers have higher incidences of (and death risks of) cancer and

cardiovascular diseases than non smokers. Hence, relative

survival for cancer patients might be underestimated because

they die more often than expected of cardiovascular diseases.

The prevalence of smoking is higher in men than women; e.g.

women account for only 30% of all lung cancer patients (Table

1, column b of European pool), thus biasing the survival differ-

ence between sexes and contributing to the male disadvan-

tage for tobacco-related cancers.

The biliary tract was one of the few sites in the present

study where survival was consistently better in men than wo-

men. In a previous EUROCARE-2 study on 11,500 patients with

biliary tract cancer, survival rates were closely similar in men

and women.30
5. Conclusions

Our previous study on the prognostic role of sex in cancer sur-

vival investigated 1 million EUROCARE-2 cases.6 Multivariable

analysis showed that the relative risk of dying was 2% lower

in women after adjusting for age, case-mix and country pop-

ulation (not regional population as in the present study).6 The

women’s advantage was most evident in the young, reduced

in middle age, and reversed in the oldest patients when

men had better prognoses.6 We concluded that women might

be intrinsically more robust than men in coping with cancer.

In the present multivariable analyses we investigated the

same age categories and practically the same sites as in

EUROCARE-2. Like EUROCARE-2 we found pervasive and sig-

nificant female advantages for head and neck, oesophagus,

stomach, and pancreas. We also found significant women’s

advantages for salivary glands, colon and rectum, lung,

pleura, bone, melanoma of skin, kidney, brain, thyroid,

Hodgkin’s disease and non-Hodgkin’s lymphoma, that were

not significant in EUROCARE-2. Finally, we uncovered a signif-

icant female disadvantage for biliary tract, leukaemia and

bladder ) a disadvantage for the latter site was also found

in EUROCARE-2.

The present study supports our previous results, with the

analysis by age and across European regions suggesting that

biological factors are more important that cultural factors in

determining the women’s advantage. The novelty of the pres-

ent study is that it has characterised this advantage as a pla-
teau in middle age followed by a marked decline as age

progresses beyond menopause, suggesting that female hor-

monal status is a major factor and certainly merits further

investigation. Finally, a likely implication of our findings is

that changes in male behaviour (such as increasing concern

with health and body) can reduce only a part of the male

disadvantage.
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try); Sweden: Å Klint, M Talbäck (Cancer Registry of Sweden);

Switzerland: G Jundt (Basel Cancer Registry); M Usel (Geneva

Cancer Registry); H Frick (Grisons Cancer Registry); SM Ess

(St. Gall Cancer Registry); A Bordoni (Ticino Cancer Registry);

JC Luthi, I Konzelmann (Valais Cancer Registry); N Probst

(Zurich Cancer Registry); JM Lutz, P. Pury (Co-ordinating

Centre); The Netherlands: O Visser (Amsterdam Cancer Regis-

try); R Otter, M Schaapveld (Comprehensive Cancer Centre-

Groningen); JWW Coebergh, ML Janssen-Heijnen, Louis van

der Heijden (Eindhoven Cancer Registry); UK – England: DC

Greenberg (Eastern Cancer Registration and Information

Centre); MP Coleman, Laura Woods (London School of

Hygiene and Tropical Medicine); T Moran (North West Cancer

Intelligence Service); D Forman (Northern and Yorkshire

Cancer Registry and Information Service); N Cooper (Office

for National Statistics); M Roche, (Oxford Cancer Intelligence

Unit), J Verne (South West Cancer Intelligence Services);

H Møller, (Thames Cancer Registry); D Meechan, J Poole (Trent

Cancer Registry); G Lawrence (West Midlands Cancer Intelli-

gence Unit); UK – England/Wales: C Stiller (Childhood Cancer

Research Group); UK – Northern Ireland: A Gavin (Northern

Ireland Cancer Registry); UK – Scotland: RJ Black, DH Brewster

(Scottish Cancer Registry); UK – Wales: JA Steward (Welsh

Cancer Intelligence and Surveillance Unit).
Acknowledgment

This study was carried out under the auspices of the Euro-

pean Cancer Health Indicator Project (EUROCHIP-3) and sup-
ported by the Compagnia di San Paolo, Torino, Italy. We

thank Don Ward for help with the English.
R E F E R E N C E S
1. Trussell J. Women’s longevity. Science 1995;270:719–20.
2. Culic V, Miric D, Jukic I. Acute myocardial infarction: differing

preinfarction and clinical features according to infarct site
and gender. Int J Cardiol 2003;90:189–96.

3. McArdle CS, McMillan DC, Hole DJ. Male gender adversely
affects survival following surgery for colorectal cancer. Br J
Surg 2003;90:711–5.

4. Ohnishi T, Oishi Y, Goto H, Yanada S, Abe K. Gender as a
prognostic factor in patients with renal cell carcinoma. BJU Int
2002;90:32–6.

5. Baldursson G, Agnarsson BA, Benediktsdottir KR,
Hrafnkelsson J. Soft tissue sarcomas in Iceland 1955–1988.
Analysis of survival and prognostic factors. Acta Oncol
1991;30:563–8.

6. Micheli A, Mariotto A, Giorgi RA, Gatta G, Muti P. The
prognostic role of gender in survival of adult cancer patients.
EUROCARE Working Group. Eur J Cancer 1998;34(14 Spec No.):
2271–8.

7. Verbrugge LM. Sex differentials in health. Public Health Rep
1982;97(5):417–37.

8. Table available from the EUROCARE web-site <http://
www.eurocare.it/Document/MorphologyTransCodingTable
O2toO3.pdf> accessed 03.04.08].

9. De Angelis R, Francisci S, Baili P, et al., the EUROCARE
Working Group. The EUROCARE-4 database on cancer survival
in Europe: Data standardisation, quality control and methods
of statistical analysis. Eur J Cancer 2009;45:909–30.

10. The EUROCARE Working group, Berrino F. Survival for eight
major cancers and all cancers combined for European adults
diagnosed in 1995–99: results of the EUROCARE-4 study. The
Lancet Oncology 2007;8:773–83.

11. Fritz A, Percy C, Jack A, et al. WHO International classification of
diseases for oncology. 3rd ed. Geneva: WHO; 2000.

12. Johnson KC, Pan S, Mao Y. Canadian Cancer Registries
Epidemiology Research Group. Risk factors for male breast
cancer in Canada, 1994–1998. Eur J Cancer Prev
2002;11(3):253–63.

13. Corazziari I, Quinn M, Capocaccia R. Standard cancer
population for estimating age standardising survival ratios.
Eur J Cancer 2004;40:2307–16.

14. Brown CC. The statistical comparison of relative survival
rates. Biometrics 1983;39:941–8.

15. Hakulinen T. Cancer survival corrected for heterogeneity in
patient withdrawal. Biometrics 1982;38:933–42.

16. Dickman PW, Sloggett A, Hills M, Hakulinen T. Regression
models for relative survival. Statistics in Medicine
2004;23:51–64.

17. Surveillance Research Program, National Cancer Institute
SEER*Stat software <www.seer.cancer.gov/seerstat> version
6.3.6.

18. StataCorp. Stata statistical software: release 9.0. College
Station, TX: Stata Corporation; 2001.

19. Sant M, Allemani C, Santaquilani M, et al., the EUROCARE
Working Group. EUROCARE-4. Survival of cancer patients
diagnosed in 1995–1999. Results and commentary. Eur J Cancer
2009;45:931–91.

20. The EUROCARE Working Group, Vercelli M, Quaglia A, Casella
C, et al. Relative survival in elderly cancer patients in Europe.
Eur J Cancer 1998;34(14):2264–70.

21. The EUROCARE Working Group, Janssen-Heijnen MLG, Gatta
G, Forman D, Capocaccia R, Coebergh JWW. Variation in

http://www.eurocare.it/Document/MorphologyTransCodingTableO2toO3.pdf
http://www.eurocare.it/Document/MorphologyTransCodingTableO2toO3.pdf
http://www.eurocare.it/Document/MorphologyTransCodingTableO2toO3.pdf
http://www.seer.cancer.gov/seerstat


E U R O P E A N J O U R N A L O F C A N C E R 4 5 ( 2 0 0 9 ) 1 0 1 7 – 1 0 2 7 1027
survival of patients with lung in Europe, 1985–1989. Eur J
Cancer 1998;34(14):2191–6.

22. Wisnivesky JP, Halm EA. Sex differences in lung cancer
survival: do tumors behave differently in elderly women? J
Clin Oncol 2007;25(13):1705–12.

23. The EUROCARE Working Group, Berrino F, Gatta G. Variation in
survival of patients with head and neck cancer in Europe by the
site of origin of the tumours. Eur J Cancer 1998;34(14):2154–61.

24. The EUROCARE Working Group, Faivre J, Forman D, Esteve J,
Gatta G. Survival of patients with oesophageal and gastric
cancers in Europe. Eur J Cancer 1998;34(14):2167–75.

25. The EUROCARE Working Group, Storm HH. Survival of adult
patients with cancer of soft tissue or bone in Europe. Eur J
Cancer 1998;34(14):2212–7.

26. The EUROCARE Working Group, Sant M, van der Sanden G,
Capocaccia R. Survival rates for primary malignant
brain tumours in Europe. Eur J Cancer 1998;34(14):
2241–7.

27. The EUROCARE Working Group, Carli PM, Coebergh JWW,
Verdecchia A. Variation in survival of adult patients with
haematological malignancies in Europe since 1978. Eur J
Cancer 1998;34(14):2253–63.

28. Miller JG, MacNeil S. Gender and cutaneous melanoma. Br J
Dermatology 1997;136:657–65.

29. Adami HO, Bergstrom R, et al. The effect of female sex
hormones on cancer survival: a register-based study in
patients younger than 20 years at diagnosis. JAMA
1990:2189–93.

30. The EUROCARE Working Group, Faivre J, Forman D, Esteve J,
Obradovic M, Sant M. Survival of patients with primary liver
cancer, pancreatic cancer and biliary tract cancer in Europe.
Eur J Cancer 1998;34(14):2184–90.


	The advantage of women in cancer survival: An analysis of EUROCARE-4 data
	Introduction
	Patients and methods
	Results
	European pool: Crude analyses (column b, Table 2)
	European pool: Age specific analyses (columns e and f, Table 2)
	European pool: Age adjusted analyses (columns c and d, Table 2)
	European pool: Age and case mix adjusted analyses (all cancers combined, Table 2)
	Europe and European Regions: Age and case mix adjusted analyses (Table 3)
	Multivariable analyses (Table 4)

	Discussion
	Age at diagnosis
	Regional differences between women and men
	Cancer site

	Conclusions
	Conflict of interest statement
	EUROCARE-4 Working Group
	Acknowledgment
	References


