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Many observations indicate that women have a much longer expectancy of life than men. Some

population-based studies on cancer patients support the idea of the role of gender in predicting sur-

vival. However, the data are somewhat contrasting and inconclusive. The purpose of this paper was to

evaluate the prognostic role of gender for cancer patients, making use of the large set of survival data

made available by the EUROCARE II project for the period 1985±1989. By applying a multivariate

approach the major confounders such as age, geographical area and cancer site were considered in

analysing survival data on more than 1 million cancer cases collected by 45 population-based cancer

registries in 17 European countries. The results were consistent with the general observation that in

the industrialised countries women tend to survive longer than men. The multivariate analysis showed

better survival from cancer in women than in men, estimated as an overall 2% lower relative risk of

dying. The female advantage was particularly evident in young cases, reduced in patients in middle

age groups and in the oldest patients completely reversed so that at this age men had the better prog-

nosis. Longer survival for women was not present immediately after diagnosis, but the major advan-

tage was seen after 3 years of follow-up. The risk of death for women was signi®cantly lower for cancer

of the head and neck, oesophagus, stomach, liver and pancreas. For bladder cancer, the risk of death

was signi®cantly greater for women. These results can be explained by gender diVerences in sub-site

distributions (head and neck and stomach) and by the diVerences in the stage at diagnosis (pre-

sumably bladder). However, the consistency of the data, evident only when a vast set of data is ana-

lysed, suggest that women may be intrinsically more robust than men in coping with cancer. # 1998

Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Life expectancy for women at birth exceeds that for men in

almost all countries, exceptions being Bangladesh, Bhutan,

India, Nepal and Pakistan; the anomaly of these countries

generally being considered as an eVect of strong discrimina-

tion against women [1]. In most industrialised countries, the

greater life expectancy of women has been known for a long

time [2]. In Sweden, the country with the longest reliable

mortality statistics, female life expectation at birth has excee-

ded males since 1751 when data became available [1]. Some

researchers predict that the gender gap will increase in the

near future [3], whilst others suggest it will decrease slightly

[4]. One view of the phenomenon is that it is biological and

approaches the status of a law of nature. However, even if

women do have an advantage over men in terms of psycho-

logical and biological robustness [2], the causes of this dif-

ference remain poorly understood.

The potential eVect of gender as a predictor of life expec-

tancy of cancer patients has not been suYciently investigated.
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EUROCARE I, a project for estimating the survival of

European cancer patients diagnosed during 1978±1985 [5]

and other studies found that female gender is a favourable

prognostic factor for survival, even after adjusting for com-

peting mortality (i.e. when relative survival were considered)

and age [6±9].

The aim of the present study was to evaluate gender dif-

ferences in cancer survival in a large set of data collected

across 45 population-based cancer registries in 17 European

countries (EUROCARE II). By analysing such a large set of

survival data, undesirable random eVects will be reduced,

facilitating identi®cation of the potential prognostic role of

gender after adjusting for competing mortality, age, geo-

graphical area and cancer site.

PATIENTS AND METHODS

Survival analysis was carried out on 1 188 469 malignant

cancer adult patients (ICD9: 140±208 except 173) diagnosed

from 1985 to 1989 in 17 European populations participating

in EUROCARE II. Cases discovered at autopsy, ®rst diag-

nosed with another malignant tumour or known on the basis

of death certi®cates only (DCO) were not included. Cases

were followed for a minimum of 5 years after diagnosis. Some

registries (Denmark, Estonia, Finland, Slovakia, Slovenia and

Iceland) cover the population of the entire country. The

English and Scottish registries cover a large fraction of the

U.K., whereas, Austria, France, Germany, Italy, The Neth-

erlands, Poland, Spain, Sweden and Switzerland are repre-

sented by a number of local and regional registries.

Information on cancer site or subsite, coded according to

the International Classi®cation of Diseases (ICD) [10] was

available from the registries. Survival time was considered as

the time between diagnosis and death, irrespective of the

speci®c cause of death. Reliable information on the cause of

death is often lacking in population-based studies. Correction

for mortality due to competing causes was obtained by com-

puting the relative survival (the ratio of observed survival to

the survival of the general population in which the cancer

cases occurred). Gender, age, year and general mortality rates

speci®c to the registry area were derived from oYcial life

tables provided by each cancer registry. Life expectancy at

country level was derived from WHO `Health For All' statis-

tical database [11].

All considered factors were subjected to univariate analysis

for men and women separately. In order to provide an

immediate comparison of survival between the sexes, the

Relative Risk (RR) of death was calculated as the ratio of the

relative survival rates, expressed as logarithms, for each gen-

der. To assess the eVects of follow-up, age, area (country)

and cancer site simultaneously on survival, several multiple

regression analyses were performed [12]. By this multivariate

approach, it was possible to model relative survival using a

method similar to that proposed by Cox for observed survival

[13]. In these models, time from diagnosis, i.e. duration of

follow-up, was a categorical variable taking values 1, 3, 5, 7, 9

and 11 years. Except gender-speci®c sites and the breast, all

cancer sites were considered. Age at diagnosis was divided

into 5 classes (15±44, 45±54, 55±64, 65±74, 75±99 years).

The colon cancer site, the country Finland, age class 55±64

years and men were taken as the reference categories for the

variables site, country, age and gender, respectively. Gender

had no in¯uence on relative survival for colon cancer in a

previous study on EUROCARE I data in which Finland was

taken as the reference category [14]. Thus, the variables

considered in the present study had the following levels: 6

intervals of follow-up, 17 countries (England and Scotland

were considered separately), 27 sites, 5 age classes and

gender. However, in order to investigate the role of age on

survival, a few models considered sub-groups of total patients

with diVerent sets of explanatory variables. Due to the very

large number of patients considered, the general multivariate

regression analysis produced several factors having formal

statistical signi®cance; only factors of speci®c interest were

considered.

RESULTS

Life expectancy

In all countries participating in the EUROCARE II study,

life expectancy at birth was higher for women than for men

according to WHO 1992 data (Figure 1) [11]. DiVerences

between the sexes ranged from around 4 years in Iceland,

where the expectation of life for men was 76.8 years, to 11.2

years in Estonia, where the expectation of life for men was

63.6 years (Table 1). The three highest diVerences were

observed in the Eastern European countries Estonia, Poland

and Slovakia; whereas the three smallest diVerences were in

the Northern European countries of Iceland, Denmark and

Sweden. In Southern European countries and in The Neth-

erlands, the diVerence between the sexes ranged between

around 6 and 8 years.

DiVerences in life expectancy between the sexes were

inversely associated with the RRs of dying (women versus

men) for all cancer malignancies combinedÐcorrelation

index: r � ÿ0:7. However, by analysing the correlation of this

diVerence with the RR of dying for several common tumours

(Table 1), we found that for some tumours the correlation

was negative (e.g. lung), for others it was positive (e.g. mela-

noma) and for others the association was weak (e.g. kidney).

Univariate analyses

Table 2 shows the RRs of dying for women compared with

men by cancer site. The age-standardised 5-year relative sur-

vival by gender is also presented. Considering overall age-

standardised survival, the risk of dying was similar for men

and women for several common malignancies (for example,

colon, rectum, gall bladder, pancreas, lung and leukaemia);

Figure 1. Life expectancy at birth ranked by female in Europe,
1992 according to the WHO [11]. *1991.
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Table 1. DiVerences in life expectation between females and males. Estimated Relative Risk (RR) of dying from cancer for females versus

males for those countries with a national cancer registry (EUROCARE II)

DiVerences between

females and males

in life-expectancy 1992

Stomach

cancer*

Colon

cancer*

Lung

cancer*

Melanoma

of skin*

Kidney

cancer*

Non-Hodgkin's

lymphomas* Leukaemia*

All

malignant

neoplasms*

1 2 3 4 5 6 7 8 9

Country Years RR (f:m) RR (f:m) RR (f:m) RR (f:m) RR (f:m) RR (f:m) RR (f:m) RR (f:m)

Iceland 4.0 0.7 0.8 1.0 0.5 1.1 0.4 1.3 0.84

Denmark 5.5 0.9 0.9 1.0 0.5 1.1 0.8 1.1 0.74

Finland 7.9 1.0 0.9 0.9 0.6 0.8 0.8 1.0 0.70

Slovenia 7.9 0.9 0.9 1.0 0.5 0.7 0.7 0.8 0.64

Slovakia 8.6 1.0 1.0 0.8 0.6 0.9 0.8 1.0 0.77

Estonia 11.2 1.0 1.0 0.7 0.7 1.1 0.7 1.0 0.65

Correlation index `r' with data in column 1 0.77 0.75 ÿ 0.87 0.88 ÿ0.23 0.52 ÿ 0.63 ÿ0.75

*Cases diagnosed from 1985±1989.

Table 2. Five-year age-standardised relative survival (%) and Relative Risk (RR) of dying at diVerent ages of cancer for females versus

males by age group (years) (EUROCARE II)

Age group (years)

Age standardised

5-year relative survival15±44 45±54 55±64 65±74 75±99

ICD 9Ðcancer site RR (f:m) Male Female RR (f:m)

141 Tongue 0.8 0.7 0.6 0.7 0.9 37 50 0.7

143±145 Oral cavity 0.7 0.8 0.9 0.5 0.7 41 53 0.7

146 Oropharynx 0.9 0.8 0.6 0.9 0.8 30 45 0.7

147 Nasopharynx 1.1* 1.2* 0.9 1.3* 0.7 34 32 1.1*

148 Hypopharynx 1.1* 1.0 1.2* 1.1* 0.4 22 23 1.0

141±143±148 Head and neck 0.7 0.7 0.7 0.5 0.8 34 48 0.7

150 Oesophagus 0.7 0.7 0.7 0.8 0.9 7 12 0.8

151 Stomach 1.1* 0.8 0.9 0.9 0.9 19 24 0.9

152 Small intestine 0.9 1.4* 1.3* 1.0 1.3* 37 30 1.2*

153 Colon 1.0 0.8 0.9 1.0 1.1* 47 46 1.0

154 Rectum 0.6 0.9 0.9 1.0 1.1* 42 43 1.0

155 Liver 0.9 1.1* 1.2* 0.9 0.9 4 5 0.9

156 Gall bladder 2.3* 1.2* 1.2* 0.8 1.0 12 12 1.0

157 Pancreas 0.7 0.8 1.1* 1.2* 1.0 4 4 1.0

160 Nasal cavities 0.4 1.3* 0.7 0.7 1.6* 42 45 0.9

161 Larynx 0.5 0.9 0.8 0.8 1.6* 63 65 0.9

162 Lung 0.7 0.9 1.0 1.0 1.1* 9 10 1.0

163 Pleura 1.1* 0.5 0.8 1.5* 0.9 7 8 0.9

170 Bone 0.7 0.9 1.1* 0.6 1.2* 45 51 0.9

171 Soft tissues 0.9 0.5 0.9 1.0 2.0* 59 59 1.0

172 Melanoma of skin 0.5 0.6 0.5 0.6 0.5 68 81 0.5

174-5 Breast 2.0* 0.7 1.0* 1.3* 0.5 69 73 0.9

188 Bladder 1.3* 1.4* 1.2* 1.2* 1.2* 65 60 1.2*

189 Kidney 0.9 0.7 0.9 1.0 1.1* 47 49 0.9

190.6 Choroid (melanoma) 0.2 0.6 1.5* 1.1* 1.0 69 71 0.9

191 Brain 0.9 1.0 0.7 0.8 1.2* 17 20 0.9

103 Thyroid 0.1 0.5 0.6 0.7 0.4 65 78 0.6

200, 202 Non-Hodgkin's lymphoma 0.8 0.9 0.8 0.8 1.2* 45 48 0.9

201 Hodgkin's disease 0.8 0.6 0.9 1.2* 1.5* 71 73 0.9

203 Multiple myeloma 1.2* 1.0 0.9 1.0 1.2* 29 27 1.1*

204.0 Acute lymphatic leukaemia 0.8 0.6 1.3* 0.6 0.7 23 29 0.8

204.1 Chronic lymphatic leukaemia 1.4* 0.4 0.5 0.8 0.9 60 66 0.8

205.0 Acute myeloid leukaemia 1.1* 1.0 0.7 1.0 1.2* 10 10 1.0

205.1 Chronic myeloid leukaemia 0.7 0.6 1.1* 0.9 1.2* 30 33 0.9

204±208 Leukaemia 1.0 0.8 0.9 1.0 1.0 33 34 1.0

140±208 All malignant neoplasms 0.7 0.5 0.6 0.7 0.9 41 53 0.7

*Relative risk higher for women than for men.
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whilst the risk was slightly smaller for women with, for exam-

ple, stomach, larynx and kidney cancer and non-Hodgkin's

lymphomas (RR = 0.9). For melanoma of the skin and thyr-

oid the risk for women was de®nitely lower (RR = 0.5 and

RR = 0.6, respectively), whilst for bladder cancer and cancer

of the small intestine, the risk was higher (RR = 1.2) in

women. For cancers of the upper respiratory tract (except for

nasopharynx) women also had a lower risk of dying (see head

and neck, RR = 0.7). When survival by age was analysed, RRs

were found to be generally lower for younger women than

men (< 74 years at diagnosis), whilst in elderly patients

women had a higher RR of dying for several cancer sites (see

Table 2).

Table 3 shows the 5-year relative survival by gender for

selected cancer sites by country. The advantage for women

was present in almost all countries with available data for

oesophagus, stomach, lung, melanoma, non-Hodgkin's lym-

phoma, Hodgkin's disease and all cancers combined. Survival

was sometimes worse in women with colon cancer, kidney

cancer or leukaemia.

Multivariate analyses

Table 4 presents the models ®tted to all the data, including

those with main factors and those with an interaction with

gender of the ®rst grade. All the models were highly signi®cant

except for the last model, which included interaction of gender

with country. This can be explained by the low statistical

power for analysing gender-diVerences in individual countries.

Table 5 presents the estimated risk of dying for women

relative to men and the interactions with follow-up, site and

age. The relative risk of interactions helps us to understand

where the diVerences in survival between the genders were

Table 3. Five-year age-standardised relative survival (%) of European cancer patients by gender and country (EUROCARE II)

Oesophageal

cancer

Stomach

cancer

Colon

cancer

Pancreas

cancer

Lung

cancer

Melanoma

of skin

Kidney

cancer

Non-Hodgkin's

lymphoma

Hodgkin's

disease Leukaemia

All

neoplasms

Country M F M F M F M F M F M F M F M F M F M F M F

Northern Europe

Iceland ± ± 19 32 44 52 5 ± 12 13 64 81 44 39y 45 72 ± ± 25 18y 47 53

Finland 7 9 19 20 48 50 2 3 10 12 76 85 45 52 39 47 71 77 34 33 38 50

Sweden* ± ± 18 17y 52 55 2 3 9 10 85 90 49 48y 47 52 74 71 32 34 50 58

Denmark 2 9 12 15 39 43 2 2 6 6 72 83 36 33y 43 49 69 71 29 27 42 52

U.K.

Scotland 5 10 10 12 41 41 4 3y 6 6 74 88 36 35y 40 43 65 67 28 24y 29 38

England 7 12 11 13 41 41 3 3 7 7 70 83 39 37y 43 47 70 74 28 29 42 51

Western Europe

The Netherlands* 7 18 18 22 59 56y 3 3 12 11y 76 83 53 45y 40 46 76 ± 30 36 35 51

Germany* 8 ± 25 27 50 50 ± 2 9 14 67 83 47 55 44 50 76 66y 39 39 49 59

Austria* 24 ± 23 31 55 44y 5 ± 10 15 97 86y 55 76 61 64 85 ± 43 41y 47 54

Switzerland* 11 11 21 25 52 49y 2 3 10 11 83 94 53 45y 49 52 76 76 44 36 51 62

France* 7 ± 24 26 52 54 ± 7 12 16 71 81 57 56y 54 53y 70 85 45 50 42 59

Southern Europe

Spain* 8 ± 25 28 50 49y 5 5 12 ± 70 84 51 52 51 48y ± 68 39 40 47 57

Italy* 6 13 20 27 47 47 4 3y 9 10 55 78 52 55 44 48 69 71 24 30 38 52

Eastern Europe

Slovenia 4 ± 12 16 33 38 2 4 6 7 48 69 39 52 37 49 69 80 27 35 24 40

Slovakia 7 16 18 20 39 38y 9 9 12 19 55 69 43 45 35 42 58 66 36 35 32 42

Poland* 4 ± 8 10 26 23y 3 4 6 9 43 60 33 33 32 31y 62 70 14 10 22 34

Estonia ± ± 15 16 37 38 4 0y 5 14 55 67 32 28y 21 32 41 51 40 41 22 37

Europe 7 12 19 24 47 46y 4 4 9 10 68 81 47 49 45 48 71 73 33 34 41 53

* < 20% of the national population covered. y5-year relative survival is lower for women than for men.

Table 4. Regression analyses of relative survival rates in cancer patients in Europe: stepwise procedure (EUROCARE II)

Models

No. Factors included in the model Deviance

Degrees of

freedom

Comparisons

among models

Deviance

diVerence

Degree of

freedom diVerence P value

1 Follow-up 216816 24247

2 Follow-up + site 72038 24221 1±2 144778 26 < 0.0001

3 Follow-up + site + age 53137 24217 2±3 18901 4 < 0.0001

4 Follow-up + site + age + country 47091 24201 3±4 6046 16 < 0.0001

5 Follow-up + site + age + country + gender 47012 24200 4±5 63 1 < 0.0001

Models with interaction

6 (model 5) + follow-up.gender 46574 24195 6±5 454 5 < 0.0001

7 (model 5) + site.gender 46310 24174 7±5 718 26 < 0.0001

8 (model 5) + age.gender 46775 24196 8±5 253 4 < 0.0001

9 (model 5) + country.gender 46993 24184 9±5 35 16 0.004
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more signi®cant. Overall, gender was signi®cant at the 1%

level in model 5 (which included only the main eVects):

women had a 2% protection after adjusting for time from

diagnosis, cancer site, age and country. Interaction of gender

with years of follow-up, indicated that the lower risk of

women was not present at 1 year of follow-up (suggesting

that the advantage was not present at the time of diagnosis)

but was rather present after 3±5 years of follow-up. During

subsequent years of follow-up, up to 11 years, diVerences in

survival were again non-signi®cant. Interactions with site

(model 7) revealed the following sites for which between-

gender survival diVerences were signi®cant: head and neck,

oesophagus, stomach, liver, pancreas and bladder. Only for

bladder was the risk of death for women signi®cantly higher

than for men. This eVect was also seen in age-strati®ed uni-

variate analyses, whilst the lower risk for women in pancreatic

cancer had been completely obscured in the univariate ana-

lysis (Table 2).

Model 8 (Table 5) revealed a complex risk pattern for the

interaction of gender with age. Young age was a greater pro-

tective factor for women than men, whilst among elderly

patients, women were at signi®cantly higher risk than men.

This result is consistent with that of the univariate analyses.

The disadvantage in the older age groups for women

remained in models in which only the elderly patients were

considered (data not shown). The major determinant of this

phenomenon was bladder cancer but, in a model on data

from the elderly in which bladder cancer was excluded,

women still had a signi®cantly higher risk than men.

DISCUSSION

Women generally have a much longer life expectancy than

men. Several earlier observations suggested that this female

advantage is present in cancer patients, even after adjusting

for competing mortality [5, 6, 9]. The purpose of the present

study was to evaluate the role of gender as a potential pre-

dictor of survival in cancer patients, making use of the very

large population-based data-set of the EUROCARE II. To

our knowledge, this is the ®rst time that gender has been

analysed as predictor of survival in cancer patients adjusting

Table 5. Selected relative risk and the associated P value for models 5, 6, 7, 8 of Table 4 (EUROCARE II)

Model Factor Relative risk* P value

Model 5: follow-up, site, age country, gender Gender 0.98 0.01

Model 6: follow-up, site, age country, gender and follow-up.gender Gender 1.00 n.s.

Follow-up (3 years) 0.83 < 0.001

Follow-up (5 years) 0.81 < 0.005

Follow-up (7 years) 0.84 n.s.

Follow-up (9 years) 0.87 n.s.

Follow-up (11 years) 0.81 n.s.

Model 7: follow-up, site, age country, gender and site.gender Gender 1.01 n.s.

Lip 0.87 n.s.

Salivary glands 0.69 n.s.

Head and neck 0.77 0.01

Oesophagus 0.85 < 0.001

Stomach 0.92 0.01

Small intestine 0.90 n.s.

Rectum 1.00 n.s.

Liver 0.91 0.03

Gall bladder 1.08 n.s.

Pancreas 0.94 0.05

Nasal cavities 1.01 n.s.

Larynx 1.15 n.s.

Lung 0.99 n.s.

Pleura 1.02 n.s.

Bone 0.74 n.s.

Soft tissues 1.04 n.s.

Melanoma of skin 0.58 n.s.

Bladder 1.50 < 0.001

Kidney 1.00 n.s.

Choroid (melanoma) 0.68 n.s.

Brain 1.01 n.s.

Thyroid gland 0.84 n.s.

Non-Hodgkin's lymphoma 0.94 n.s.

Hodgkin's disease 0.95 n.s.

Multiple myeloma 0.89 n.s.

Leukaemia 1.01 n.s.

Model 8: follow-up, site, age, country, gender and age.gender Gender 0.95 < 0.01

15±44 age class 0.86 0.02

45±54 age class 0.95 n.s.

65±74 age class 1.01 n.s.

75 + age class 1.07 < 0.001

*Colon, Finland, 55±64 years and men were the reference categories for the variables site, country, age and gender, respectively. n.s., not

signi®cant.
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by a multivariate approach for the major confounders (com-

peting mortality, age, geographical areas, and cancer site).

Our ®ndings provide further evidence of better overall

cancer survival in women than men. In principle the female

survival advantage could be due to one or more of the fol-

lowing factors:

(1) Greater attention of women to their bodies and to

disease, resulting in earlier diagnosis and more eVec-

tive treatment;

(2) Over-correction or under-correction in one gender or

other for competing mortality;

(3) A diVerent mix of cases between the genders due to

exposure to diVerent risk factors; and

(4) Biological superiority of women in responding to dis-

eases, treatments or both.

Culture-mediated factors may in¯uence diVerences in ill-

ness behaviour between women and men, resulting in diVer-

ences in the use of health services. Illness behaviour refers to

a person's perception of symptoms, assessment of their

importance and readiness to take health action [15]. Women

may report more symptoms and at an earlier stage of the dis-

ease because they are more interested in health and have

more knowledge about health than men do [16]. Women

may also be more likely to seek help for symptoms [17]. It is

apparently more socially acceptable for women to report dis-

comforts to family and friends. This willingness to talk about

symptoms in¯uences medical care. Women may seek help

sooner for a health problem, having being urged by friends or

their own feelings to seek the opinion of a medical profes-

sional. Women may also give more details about their pro-

blem during this contact, thus, improving their chances of

early cancer diagnosis and of receiving appropriate treatment,

thus improving survival [18]. However, in the SEER Cancer

Incidence Public-Use Database [19], which includes inci-

dence data from US cancer registries covering approximately

10% of the North American population, the percentage of

cases with non-invasive cancer for the most common sites do

not diVer greatly between women and men. In our ®ndings,

after diagnosis, the risk of death in women compared with

men changed during the years of follow-up (i.e. the risk pat-

tern in relation to time from diagnosis was non-proportional

between men and women). A survival diVerence between

genders was not present 1 year after diagnosis. If women tend

to anticipate their diagnoses, one would expect to ®nd a

considerable gender diVerence in this period soon after diag-

nosis. Therefore, our results do not support the idea that

diagnosis in women is systematically anticipated earlier than

in men because women pay more attention to their bodies

and their health.

In a Swedish population-based study on 6262 youth cancer

patients the overall death rate was 22% lower in women

compared with men [6]. With this diVerence in the risk of

death at around the age of sexual maturity, it was suggested

that female sex hormones might be able to prevent the

establishment of distant metastases in certain malignant dis-

eases. In the Eindhoven Cancer Registry, in cases diagnosed

at the age of 70 years or more, the prevalence of serious co-

morbidity (classi®ed as [20]) was higher for men than for

women (J.W.W. Coebergh, Eindhoven Cancer Registry, The

Netherlands) in several malignant neoplasms. In the younger

age group, the proportion of cancer patients with co-morbid-

ity was also higher in men than in women, but not as high as

in the oldest age class. In our study we found that age was an

important predictor of the gender diVerence in cancer survi-

val. In young patients, the female advantage was evident as a

14% lower risk of death in the 15±44 age-class compared to

men (see Table 5). However, the gender eVect began to

change for patients aged 65 years or more. Also, in the oldest

patient group (over 75 years), women had a signi®cantly

higher risk of death than men. These ®ndings should be

considered with caution. In the older age group where infor-

mation is often imprecise the adjustment for competing

mortality could be biased. This is particularly for men who

have higher general mortality than women (Figure 1). How-

ever, when the same models were applied only to data from

subjects aged 75 years or more, the higher risk for women

compared with men at the older ages was con®rmed. This

overall complex eVect of age in determining survival diVer-

ences between men and women is diYcult to interpret, par-

ticularly in the light of the data on the diVerent prevalence of

co-morbidity between genders mentioned above [JWW Coe-

bergh, Eindhoven Cancer Registry, The Netherlands]. How-

ever, it is noteworthy that neither our ®ndings on age, nor the

r coeYcients given in Table 1, support the idea that biases in

the correction of competing mortality can explain the female

survival advantage. In fact, this survival advantage is present

for the ages in which the eVect of the adjustment for com-

peting mortality is low.

In our multivariate analysis, the risk of death for women

was lower than for men for the following cancer sites: head

and neck, oesophagus, stomach, liver and pancreas. By con-

trast, for bladder cancer, women had a poorer prognosis than

men. This survival diVerence for bladder cancer was an

important explanatory factor in determining the higher death

risk for women compared with men in the elderly. The in¯u-

ence of gender on survival for some of these cancers could be

due to diVerences in sub-site distribution. The distribution of

stomach cancer by sub-site was: 15% of male cases and 8% of

female cases were cardias (ICD-9: 1510) (which have a poor

prognosis); 26% of male and 27% of female cases were clas-

si®ed as `other sub-sites' (ICD-9: 1511±1517), and 59% of

male cases and 65% of female cases were `not otherwise spe-

ci®ed' (ICD-9: 1518±1519). The longer survival for bladder

cancer among men could be explained by a higher frequency

of non-invasive cancer in men than women [21]; however,

further investigation is required to better interpret this inter-

esting result.

In the EUROCARE I study, carried out on approximately

800 000 cancer patients from 11 European countries, women

generally had longer relative survival than men, although for

cancers of the kidney, colon, nasopharynx, oesophagus and

acute myeloid leukaemia, women had worse survival [7].

However, when age-adjusted relative survival was considered,

the only cancer for which women still had a worse prognosis

was cancer of the colon [8]. The female advantage was sug-

gested to be related to a more favourable distribution of sub-

sites (for head and neck cancer) or histology (for lung

cancer), diVerent stage distribution gender diVerences in dis-

ease-speci®c prognostic factors and it was suggested that the

female survival advantage could result from the approach

used to correct for competing mortality [7]. In fact, factors

such as smoking, drinking and occupational exposure, which

heavily in¯uence both cancer incidence and competing mor-

tality are likely to be more frequent in male cases than in the

general population, whose mortality is used for calculating
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relative survival. This could result in an underestimation of

real survival in men. In an Italian population-based project

(ITACARE) on more than 90 000 cancer patients, the prog-

nosis was consistently better for women than for men, except

for bladder cancer [9]. For all cancer combined, women had

a much better prognosis than men with a RR of death of 0.6.

However, after excluding breast cancer and sex-speci®c

cancer, the age-adjusted RR of death for women compared

with men was 0.9. Part of the female advantage was explained

as being due to the higher frequency in men of the smoking-

related cancers (e.g. lung, pancreas and oesophagus) which

have poor prognoses. Furthermore, diVering histotype and

sub-site distributions between men and women were con-

sidered capable of at least partially explaining sex-diVerences

in survival of certain sites [22]. This was the case for mela-

noma (which is more often super®cial spreading melanoma in

women and occurs more often in the limbs of women) and

for head and neck cancer, which shows diVerences in the

distributions by sub-site and stage between the genders.

It is possible that genetic and environmental factors and

their complex interrelations, which may in¯uence the cancer

prognosis [23], play a role in determining the survival diVer-

ences between the genders found in this study. For example,

genes on the X chromosome have been shown to in¯uence

immune functioning. The presence of two alleles of these

genes in women (two X chromosomes) may confer increased

resistance to infectious diseases and protect women from

potential worsening of the disease status [23, 24]. There is

considerable evidence that women may be biologically more

durable than men: from conception to menopause, women

have lower infant mortality, lower death rates from congenital

anomalies and lower overall death rates [25]. The results of

this present study lend support to the idea that women are

also intrinsically more robust in combating cancer.
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APPENDIX

The EUROCARE Working Group for this study is: Austria: W.
Oberaigner (Cancer Registry of Tirol). Denmark: H. Storm (Danish
Cancer Society). Estonia: T. Aareleid (Estonian Cancer Registry).
Finland: T. Hakulinen (Finnish Cancer Registry). France: D. Pottier
(Calvados Digestive Cancer Registry), J. Mace-Lesec'h (Calvados
General Cancer Registry), J. Faivre (CoÃte d'Or Digestive Cancer
Registry), G. Chaplain (CoÃte d'Or Gynaecologic Cancer Registry),
P.M. Carli (CoÃte d'Or Malignant Haemopathies Registry), P. Arveux
(Doubs Cancer Registry), J. EsteÁve (International Agency for
Research on Cancer), C. Exbrayat (IseÁre Cancer Registry), N.
Raverdy (Somme Cancer Registry). Germany: H. Ziegler (Saarland
Cancer Registry). Iceland: L. Tryggvadottir, H. Tulinius (Icelandic
Cancer Registry). Italy: F. Berrino (Project Leader), P. Crosignani,
G. Gatta, A. Micheli, M. Sant (Lombardy Cancer Registry), E. Conti
(Latina Cancer Registry), M. Vercelli (Liguria Cancer Registry-NCI,
Genova), M. Federico, L. Mangone (Modena Cancer Registry), M.
Ponz De Leon (Modena Colorectal Cancer Registry), V. De Lisi
(Parma Cancer Registry), R. Zanetti (Piedmont Cancer Registry), L.
GafaÁ, R. Tumino (Ragusa Cancer Registry), F. Falcini (Romagna
Cancer Registry), A. Barchielli (Tuscan Cancer Registry), R. Capo-
caccia, G. De Angelis, F. Valente, A. Verdecchia (National Institute
of Health, Rome). Poland: J. Pawlega, J. Rachtan (Cracow Cancer
Registry), M. Bielska-Lasota, Z. Wronkowski (Warsaw Cancer Reg-
istry). Slovakia: A. Obsitnikova, I. Plesko (National Cancer Registry
of Slovakia). Slovenia: V. Pompe-Kirn (Cancer Registry of Slovenia).
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Spain: I. Izarzugaza (Basque Country Cancer Registry), P. Viladiu
(Girona Cancer Registry), C. Martinez-Garcia (Granada Cancer
Registry), I. Garau (Mallorca Cancer Registry), E. Ardanaz, C.
Moreno (Navarra Cancer Registry), J. Galceran (Tarragona Cancer
Registry). Sweden: T. MoÈller (Southern Swedish Regional Tumour
Registry). Switzerland: J. Torhorst (Basel Cancer Registry), C. Bou-
chardy, L. Raymond (Geneva Cancer Registry). The Netherlands:
J.W.W. Coebergh (Eindhoven Cancer Registry), R.A.M. Damhuis
(Rotterdam Cancer Registry). Scotland: A. Gould, R.J. Black (Scot-

tish Cancer Registry). England: T.W. Davies, D. Stockton (East
Anglian Cancer Registry), M.P. Coleman (London School of
Hygiene and Tropical Medicine), E.M.I. Williams, J. Littler (Mer-
seyside and Cheshire Cancer Registry), D. Forman (Northern and
Yorkshire Cancer Registry and Information Service), M.J. Quinn
(OYce for National Statistics), M. Roche (Oxford Cancer Intelli-
gence Unit), J. Smith (South and West Cancer Intelligence Unit),
J. Bell (Thames Cancer Registry), G. Lawrence (West Midlands
Cancer Intelligence Unit).
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