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Can reproductive pattern explain better survival of women with lung

cancer?
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Abstract

We examined whether women’s survival from lung cancer is influenced by hormonal factors associated with reproductive
events. In all 4235 women and 4797 men born on 1 January 1935 or later with lung cancer diagnosed in 1978—-1999 were
identified in the Danish Cancer Registry and followed up to 31 December 2002 by linkage to the Central Population
Registry. Cox regression analysis was used to estimate hazard rate ratios (HRs), and survival probabilities were calculated.
Both nulliparous women and men without children had worse prognoses than those with children (women: HR 1.14; CI
1.03-1.26; men: HR 1.24; CI 1.15-1.34). The 5-year survival rate of nulliparous women with adenocarcinoma was 20.3%,
while that for parous women was 20.5%; the corresponding rates for men were 13.0% and 16.6%. The number of children
affected the risk for death in both sexes, indicating that the finding is not due to hormonal factors but to unmeasured
elements such as socio-economic status or lifestyle factors related to parenthood.

It is well known that women with lung cancer have
better survival rates than men, given the same extent
of disease and the same histological type [1-3].
Female sex has been associated with better survival
in clinical trials of chemotherapy and newer, biolo-
gically targeted therapy of lung cancer, and a survival
advantage was also observed in large surgical series
[4—13]. The reason for this disparity is unknown.
We considered it conceivable that hormonal factors
play a role, as lung cancer in women differs in some
aspects from lung cancer in men. The most marked
difference is in the relative distribution of the
histological subtypes of lung cancer: adenocarci-
noma has always been the most frequent histological
subtype in women, while squamous cell carcinoma is
the most frequent histological subtype in men,
although adenocarcinoma is becoming more fre-
quent among men [14]. Small cell, squamous cell
and large cell carcinomas are more strongly asso-
ciated with smoking than adenocarcinoma, while
adenocarcinoma is the most frequent histological
subtype in both male and female non-smokers,
indicating that risk factors other than smoking play
a role in the development of this histological subtype
[15]. The difference in the distribution of histologi-

cal subtypes among men and women has been
attributed to difference in gender-related smoking
habits; however, other factors, such as endogenous
sex hormones, cannot be excluded [16].

As the levels of endogenous female sex hormones
are modified by reproductive history, we examined
whether the survival of women from lung cancer is
influenced by major reproductive events before
diagnosis, such as age at birth of first child, number
of full-term pregnancies and the offspring sex ratio.
Estrogen hormone receptors alpha and beta are
expressed in normal and malignant lung tissue to
different degrees in men and women, but the
function of estrogens in the lung is still not clear
[17]. If estrogens have a favorable influence on the
progression of lung cancer in women, by slowing the
progression of the tumor, it might be assumed that
higher serum levels of estrogen are associated with
better prognosis. Nulliparous women are exposed to
higher average levels of estrogen throughout their
reproductive life than parous women owing to a
longer ovulation time. We therefore hypothesized
that childless women would have better prognoses
than women with children and that this survival
benefit would be most evident for adenocarcinoma
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of the lung. As it is clearly important to distinguish
between a true biological effect and lifestyle factors
correlated to reproductive history, such as tobacco
habits, occupation and diet, we replicated the
analysis in male patients, assuming an equal effect
of reproductive history on survival in male and
female patients if the effect is due to lifestyle factors
but an effect only in women if it is due to hormonal
or other female-specific biological factors.

Methods

All 65776 cases of lung cancer diagnosed in
Denmark between 1978 and 1999 were identified
in the Danish Cancer Registry database, which
contains name, personal identification number,
date of birth, sex, date of diagnosis, site of tumor,
extent of disease (localized, regional or metastatic)
and histological type for each case. A system of
multiple reports, from hospital, pathology and for-
ensic medicine departments and private medical
clinics, ensures a high degree of completeness of
the information in the registry. Unreported cancer
cases, listed only on death certificates, are added
to the Registry annually after verification by the
treating hospital. Since 1987, the information in the
Registry has been supplemented by an annual
search for cancer cases in the files of the National
Hospital Discharge Registry; when additional cases
are found, the treating hospitals are requested to
send a standardized notification to the Registry for
verification.

Since 1978, the Danish Cancer Registry has
used the International Classification of Diseases for
Oncology (ICD-0) for registration; this is composed
of a four-digit topography code and a four-digit
histology code supplemented by a fifth digit for
tumor behavior [18]. The quality of the histological
codes for lung cancer was considered acceptable
from 1978 and high since 1983 [19]. The cases
were categorized by the WHO classification of
lung tumors [20] into five histological groups:
squamous cell carcinoma, small cell carcinoma,
adenocarcinoma, large cell carcinoma and other
histological types, including tumors with no histolo-
gical verification.

To obtain information on reproductive events
before the date of diagnosis of lung cancer, we
linked information on all patients born on or after
1 January 1935 to the files of the Central Population
Registry. This Registry was established on 1 April
1968, when all Danish residents who were alive at
that time were assigned a unique 10-digit personal
identification number which includes date of birth
and a four-digit running number indicating sex.
Links between family members were established by

means of addresses [21]. Since that time, the record
of each individual has been continuously updated for
a number of basic demographic variables including
vital status, number of children, children’s identifi-
cation number and children’s date of birth, which
were collected for this study. The year 1935 was
chosen because most of the reproductive period of
individuals born in that year or later would be
covered. The registrations of children born in the
early 1950s are less than complete, but the com-
pleteness was over 90% for children born in the late
1950s or later [22]. Although the Registry does not
differentiate between legal adoptions and natural
births, only about 1500 children are adopted
annually in Denmark, while there are about 65 000
births; the 2.3% of adoptions should therefore not
distort our results [23]. All patients were followed up
to 31 December 2002.

All statistical analyses were performed with
STATA 7 (Stata Corporation, Texas, USA). Cox
regression analysis was used to estimate hazard rate
ratios (HRs), a measure of the relative risk of dying,
with the Breslow method for ties and a time scale of
years from diagnosis (based on recorded calendar
years). Two-sided 95% confidence intervals (CIs)
for the hazard rate ratios were calculated with Wald’s
test of the Cox regression parameter. Observed
survival probabilities were calculated by the Ka-
plan-Meier method. As age is an important predictor
of survival from lung cancer, all estimates of the
survivor function were initially adjusted for age at
diagnosis; as the effect of age was not important in
this cohort of relatively young patients, we therefore
we show unadjusted Kaplan-Meier estimates in the
figures.

Results

We included 9032 patients with lung cancer, 4797
men and 4235 women (Table I), in the analyses. The
hazard ratio was significantly lower for women than
for men (HR, 0.91; 95% CI, 0.87-0.95) after
adjustment for age, extent of disease and histological
type. Age was not a strong predictor of survival in
this relatively young cohort (mean age at diagnosis,
52.3 for men and 51.8 years women), but, as
expected, extent of disease was an important pre-
dictor of survival. Large cell carcinoma had the worst
prognosis of the four histological subgroups, also
after adjustment for sex, age and extent of disease.
There was no statistically different survival among
the three other histological groups after adjustment,
although a trend towards better survival among
small cell carcinoma was observed.

Most of the patients had one or more children;
slightly more men (18.7%) than women (11.5%)
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Table I. Relative risk for dying from lung cancer (hazard ratio, HR) by sex, age, extent of disease and histological type.

Variable No. of patients Crude HR 95% CI Adjusted HR? 95% CI
Sex

Male 4797 Reference - Reference -

Female 4235 0.91 0.87-0.95 0.91 0.87-0.95
Age

<39 479 Reference - Reference -

40-49 2731 1.11 1.00-1.23 1.10 0.99-1.22

50-59 4688 1.19 1.08-1.32 1.23 1.11-1.36

60—-65 1134 1.15 1.03-1.29 1.20 1.07-1.34
Extent of disease®

Localized 1708 Reference - Reference -

Regional 2942 2.61 2.43-2.80 2.63 2.45-2.82

Metastatic 3570 4.97 4.64-5.33 5.04 4.70-5.41
Histological type®©

Squamous cell carcinoma 1807 Reference - Reference -

Small cell carcinoma 1744 1.17 1.10-1.26 0.93 0.87-1.00

Adenocarcinoma 3546 1.12 1.06-1.19 1.05 0.99-1.12

Large cell carcinoma 671 1.38 1.26-1.52 1.21 1.10-1.32

CI, confidence interval.
#Adjusted for all other variables listed in table.

®Information on extent of disease missing for 812 patients (9%).

“Histological type other or unspecified for 1264 patients (14%).

were childless (Table II). The women were generally
younger than the men at the time their first child was
born: 27.0% of the women and only 6.1% of the
men were 19 years or younger. The sex ratio of the
patients’ children showed a slight overrepresentation
of boys (about 40% of patients had more boys than
girls) but was similar for both sexes.

We estimated the hazard of dying by number of
children for people of each sex and adjusted our
analyses for age, extent of disease and histological
type (Table III). Nulliparous women had a worse
prognosis than women who had one to three

children (the reference group) (HR, 1.14; 95% CI,
1.03-1.26). The hazard ratio for women who
had four or more children did not differ significantly
from that for the reference group. Men without
children also had a worse prognosis than those
with one to three children (HR 1.24; 95% CI,
1.15-1.34), and having four or more children did
not have a significant effect on the prognosis.
Neither age at the time the first child was born nor
the sex ratio of the children had an important effect
on the hazard of dying from lung cancer for either
sex.

Table II. Selected reproductive characteristics of Danish lung cancer patients, 1978—-99.

Men Women
Variable Number of patients % Number of patients %
Number of children
0 898 18.7 485 11.5
1-3 3418 71.3 3322 78.4
4-11 481 10.0 428 10.1
Age at birth of first child (years)
<19 238 6.1 1012 27.0
20-24 1707 43.8 1879 50.1
25-29 1339 34.4 647 17.3
>30 610 15.7 212 5.6
Sex ratio
Equal 1034 26.5 966 25.8
More boys 1526 39.2 1527 40.7
More girls 1339 34.3 1257 33.5
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Table III. Hazard ratios for selected reproductive factors in Danish male and female lung cancer patients, 1978-99, by sex.

Men Women

Variable Adjusted HR 95% CI Adjusted HR 95% CI
Number of children

0 1.24 1.15-1.34 1.14 1.03-1.26

1-3 Reference — Reference -

4-11 1.09 0.95-1.27 1.08 0.97-1.20
Age at birth of first child (years)

<19 0.96 0.83-1.11 0.97 0.90-1.06

20-24 Reference — Reference -

25-29 0.94 0.87-1.02 0.99 0.91-1.09

>30 1.03 0.94-1.14 0.90 0.77-1.04
Sex ratio

Equal Ref. - Ref. -

More boys 0.93 0.86—1.02 1.04 0.96-1.13

More girls 1.00 0.91-1.09 1.09 1.00-1.19

95% CI, 95% confidence interval.

Hazard ratios adjusted for age, extent of disease and histological type.

Figure 1 shows the histological type-specific
survival of patients with localized or regional lung
cancer by number of children, presented in two
categories: patients with and without -children.
Because few data were available, there is no figure
for patients with large cell carcinoma. Overall, for all
histological groups, patients with children had better
survival than patients without children, although the
differences were not large. As adjustment for age or
extent of disease did not change the estimates
appreciably, we present the crude survival estimates.
The five-year survival rates from adenocarcinoma
were 20.3% for nulliparous women, 20.5% for

Squamous cell carcinoma, men

Adenocarcinoma, men

parous women, 13.0% for childless men and
16.6% for male patients who had children.

Discussion

In our cohort of 9032 Danish patients with lung
cancer, female patients had better survival than male
patients, given the same age, extent of disease and
histological type. Patients with large cell carcinoma
had poorer prognosis than patients with squamous
cell carcinoma, adenocarcinoma and small cell
carcinoma, but the prognosis of patients with the
three latter histologies were similar, although a trend

Small cell carcinoma, men
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Figure 1. Survival of Danish lung cancer patients with localized or regional disease by number of children and histological type, with 95%

confidence intervals.



towards better prognosis of small cell carcinoma was
observed after adjustment of sex, age and extent of
disease. These findings indicate that the well-known
poor prognosis of patients with small cell carcinoma
is largely due to the extent of disease at diagnosis.
The number of children had no clear effect on the
hazard of dying. Contrary to our hypothesis, nulli-
parous women had a higher risk for dying than
parous women. The effect of number of children on
the risk for dying was stronger in men than in
women, indicating that this finding is not due to
factors associated with childbearing and childbirth
but rather to other, unmeasured elements, such as
socio-economic status or lifestyle factors related to
parenthood.

The age at which the first child was born did not
influence the hazard of dying. When we examined
the hazard by the sex ratio of the patients’ children,
we also found no effect, but we observed that 40% of
both male and female patients had more boys than
girls. It has been hypothesized that parental hor-
mone concentrations around the time of conception
might determine the sex of the child to some extent,
low concentrations of testosterone and estrogen
being associated with the birth of girls [24]. Some
studies have suggested that smoking reduces estro-
gen levels in women and testosterone levels in men
[25,26]. On the basis of these arguments, we would
have expected to find a lower male:female ratio
among the patients’ children.

Women have higher circulating estrogen levels
than men, and it has been suggested that this might
contribute to the higher susceptibility of women to
lung cancer. That suggestion has probably been
refuted, however, by the finding in a prospective
cohort study in the USA of 85000 persons that
women were not more susceptible to lung cancer
[27]. The authors reviewed all previously published
prospective analyses on the same subject and came
to the same conclusion.

Several reports have been published on the
possible association between hormonal factors, es-
trogen replacement therapy and lung cancer risk in
women, with conflicting results [28—35]. The effect
of these factors on survival from lung cancer has not,
however, been studied extensively. In a study by
Moore et al. of data from the Surveillance, Epide-
miology, and End Results database for 1992-1997
on 14676 women with primary non-small cell
lung cancer, the cases were categorized into two
groups, pre-menopausal (<50 years) and postme-
nopausal ( >51 years) [36]. The authors found that
pre-menopausal women more often presented with
advanced disease and underwent more extensive
resection yet had better survival than postmenopau-
sal women after adjustment for stage, histological
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type, tumor size and grade and extent of surgery.
Whether this survival advantage is due simply to
the age difference between the two groups or
whether there is really a less malignant entity called
pre-menopausal lung cancer remains to be deter-
mined.

It can also be argued that the higher androgen
levels of men than women could stimulate the
growth of lung cancer cells and lead to a poorer
prognosis. This hypothesis was tested by Johnson
et al. in a study of 44 men with lung cancer who had
undergone orchiectomy between 6 months before
and 6 months after a diagnosis of lung cancer, and
88 control subjects with lung cancer, matched for
age, race and region [37]. The patients who had
undergone orchiectomy had significantly better sur-
vival than those who had not; survival five years after
the diagnosis was 53% for the former group and
34% for the latter. The authors did not state whether
the diagnoses of lung cancer had been verified
histologically or why the patients had undergone
orchiectomy, and misclassification of prostate cancer
might have influenced the survival rates to some
extent.

Our findings indicate that reproductive pattern
cannot explain the better survival of female than
male lung cancer patients. One might speculate that
women, who generally have longer life expectancy
than men, are less burdened with co-morbidity;
alternatively, the fact that women have higher
smoking cessation rates than men at the time of
diagnosis of lung cancer and afterwards might be
associated with a better prognosis [38,39].

We could not assess the effect of co-morbidity
in our cohort. Calculation of relative survival rates,
by dividing the observed overall survival rates of
the patients by the survival rates for the background
population of the same age and sex composition, can
sometimes provide an adjustment for deaths due to
causes that are not related to the cancer under study.
We chose not to report relative survival for two main
reasons: (1) as our study subjects were relatively
young (mean age, 52 years), the relative survival rate
is close to the observed rate, because there is
minimal mortality in the background population of
the same age and sex; (2) the relative rate is useful
only if the cancer is the only variable that separates
the cancer cohort from the background population,
which is not the case here owing to the added excess
risk of dying because of smoking [40]. Different
dietary habits might also explain some of the survival
difference. Women generally have higher intake
of fruit and vegetables than men. Although fruit
and vegetables are believed to reduce the risk
for lung cancer, the mechanism by which they would
exert their protective effects and the specific factors
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involved
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remain unresolved. Whether dietary

factors also have beneficial effects after the develop-
ment of lung cancer and improve survival also
remains to be explored. Further research is war-
ranted. The answers to these and other important
questions, such as the role of metabolic and genetic
factors, should improve the survival of future lung
cancer patients.
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