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Differences in breast cancer survival and stage by
age in off-target screening groups: a population-
based retrospective study
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Amanda Sacilotto Detoni, MD; Barbara Narciso Duarte, MD; Julia Yoriko Shinzato, MD, PhD;
Diama Bhadra Vale, MD, PhD
BACKGROUND: Age is an important prognostic factor in breast cancer. The target age to screen is under debate.
OBJECTIVE: This study aimed to assess the influence of age on the diagnosis and survival among women with breast cancer.
STUDY DESIGN: This was a retrospective cohort study of the Population-Based Cancer Registry of Campinas, Brazil, and included all women
diagnosed from 2010 to 2014. The outcomes assessed were overall survival and stage. For statistical analyses, the Kaplan-Meier method, log-
rank tests, and chi-square tests were used.
RESULTS: The sample comprised 1741 women aged 40 to 79 years. Diagnoses at stages 0 to II were the more frequent. In the 40 to 49 years
and 50 to 59 years age groups, the frequency of stage 0 (in situ) was 20.5% and 14.9% (P=.022), respectively, and the frequency of stage I was
20.2% and 25.8% (P=.042), respectively. The mean overall survival was 8.9 years (8.6−9.2) in the 40 to 49 years age group and 7.7 years (7.3
−8.1) in the 70 to 79 years age group. The 5-year overall survival was higher in the 40 to 49 years age group than in the 50 to 59 years age
group for stage 0 (in situ) (100.0% vs 95.0%; P=.036) and stage III (77.4% vs 66.2%; P=.046) diagnoses. The 5-year overall survival was higher
in 60 to 69 years age group than in the 70 to 79 years age group for stages I (94.6% vs 86.5%; P=.002) and III (83.5% vs 64.9%; P=.010). In
all age groups, significant differences in survival were not observed for stage 0 (in situ) vs stage I diagnoses, stage 0 vs stage II diagnoses, and
stage I vs stage II diagnoses.
CONCLUSION: Women aged 40 to 49 years had the highest proportion of in situ tumors, and stages III and IV accounted for about one-third
of the cases in all age groups. There was no difference in the overall survival for stage 0 (in situ) vs stage I or II diagnoses in all age groups.
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Introduction
Breast cancer mortality rates have
decreased worldwide because of screen-
ing programs and improvements in
adjuvant therapies.1 Most cases are
diagnosed through mammography as
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part of screening programs.2 Screening
may detect tumors in the early stages,
offering a better option for treatment
and survival.3 Women who participate
in a mammography screening program
have a 60% risk reduction in breast can-
cer mortality.1 The discussion of the tar-
get age at which women should be
screened is up for debate.

Women older than 50 years consti-
tute the majority of breast cancer cases.
In the United States, approximately
82% of new cases and 90% of deaths
related to the disease can be attributed
to this group.4 In Brazil, the median age
at diagnosis is between 50 and 59 years.5

Age is an important prognostic factor,
and survival decreases in older women.
Over a period of 5 years, the estimated
survival is 92% for women aged 45 to
55 years, 89% for those aged 55 to
65 years, 87% for those age 65 to
75 years, and 58% for those who are
older than 75 years.6 However, it is
important to note that there are
differences in prognosis based on the
frequency of biologic types by age and
stage.7

The incidence of breast cancer is
increasing in all age groups, including
among premenopausal women aged 40
to 49 years.8 In this group, the prognosis
may vary based on the setting in which
the women find themselves. It is well
known that tumors in young women
have a more aggressive behavior
because of a higher frequency of triple-
negative tumors and human epidermal
growth factor receptor 2 (HER2) over-
expression and higher recurrence rates.
However, in opportunistic screening
settings, many women younger than
50 years of age practice regular screen-
ing, leading to increased detection of
tumors at very early stages,5 thereby
probably anticipating diagnosis and
inducing lead-time bias in survival anal-
ysis.
Among older women, there is a con-

cern for overdiagnosis. In this group,
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Why was this study conducted?
The target age at which women should be screened for breast cancer is under
debate. We aimed to assess the influence of age on diagnosis and survival among
women with breast cancer.

Key findings
Women aged 40 to 49 years showed a higher frequency of stage 0 (in situ) can-
cers (20.5%).
The mean overall survival decreased with age. The 5-year overall survival was
higher among those aged 40 to 49 years than among those aged 50 to 59 years
for stage 0 and III diagnoses and higher among those aged 60 to 69 years than
among those aged 70 to 79 years for stage I and III diagnoses.
Significant differences in survival were not observed when comparing stage 0
and I diagnoses, stage 0 and II diagnoses, and stage I and II diagnoses in the dif-
ferent age groups.

What does this add to what is known?
In situ and stage I cancers had the same survival as stage II cancers in all age
groups, suggesting limiting screening benefits to women out of the target age.
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tumors are expected to be more indo-
lent.9 A diagnosis may represent a
tumor that would never cause harm or
be clinically detectable in a woman’s
lifetime. These women may be exposed
to unnecessary treatments that induce
morbidities. In this sense, an indication
for screening among women older than
70 years is controversial.9−11

The differences observed in breast
cancer survival when adjusted by stage
may reflect the impact of screening and
early detection practices in different age
groups. This study aimed to assess the
influence of age on the diagnosis and
survival in women with breast cancer in
a setting where opportunistic screening
is mainly available.
Material and Methods
This study was a retrospective cohort of
women diagnosed with breast cancer
and used secondary data from the Pop-
ulation-Based Cancer Registry (PBCR)
and the Mortality Information System
(MIS) of Campinas City, S~ao Paulo
state, Brazil. Women were diagnosed
from 2010 to 2014. The PBCR covers all
breast cancer cases of women living in
the city regardless of the type of health-
care provider (public or private). After
combining the primary data from the
PBCR and MIS, a manual search was
2 AJOG Global Reports May 2023
conducted of the physical and digital
medical records of the main city’s facili-
ties to find missing information on the
variables selected. In the study period,
2715 cases were registered in the PBCR.
This study included only women aged
40 to 79 years. Cases diagnosed through
death certificates (DC) and those for
which the stage at diagnosis could not
be identified were excluded.

The variables that were analyzed were
age and stage at diagnosis, date of death,
and date of censorship or last follow-up.
Stage was registered according to the
American Joint Committee on Can-
cer.12 The study’s end for censorship
was March 31, 2020, which was the first
month of the isolation period in Brazil
because of the COVID-19 pandemic.
The MIS in Campinas is very accurate
and gets updated periodically with the
MIS of surrounding cities, a well-estab-
lished linkage in the region. It is
improbable that the MIS would not
identify a death of a woman.

The overall survival (OS) at 2 and
5 years was calculated for the time
between the date of diagnosis (histo-
pathologic result) and the date of death
or censorship using the Kaplan-Meier
method and was expressed as a percent-
age. Survival curves were compared
using the log-rank test. Pairwise
comparisons were made to see if there
was a difference in the survival by stage
within each age group. Stage categories
were compared using chi-square tests.
The Statistical Analysis System (SAS)
program for Windows (version 9.2) was
used for statistical analysis (SAS Insti-
tute Inc, Cary, NC).
This study was approved by the

Ethics and Research Committee of
UNICAMP, University of Campinas,
under the number CAAE 89399018.
2.0000.5404. The committee waived
the need for informed consent
because of the study’s retrospective
nature. Confidentiality was guaran-
teed. Personal data were treated only
by teams from the Department of
Population Registration of Cancer
and Mortality Surveillance of Campi-
nas as part of their routine. The first
author used an active search in medi-
cal records from the city.

Results
In the study period, 2715 breast cancer
cases were registered in the PBCR. The
stage was determined in 2054 cases. Of
them, 1741 cases were from women
aged 40 to 79. Diagnoses of stages 0 (in
situ), I, or II were more frequent in all
age groups than stage III and IV, with
stage III and IV diagnoses comprising
35.1%, 34.9%, 31.5%, and 30.7% of cases
in the age groups 40 to 49 years, 50 to
59 years, 60 to 69 years, and 70 to
79 years, respectively.
The description and comparison of

case distribution by age groups and
stages are shown in Table 1. Comparing
the age group of 40 to 49 years with 50
to 59 years, the proportion of stage 0 (in
situ) diagnoses was higher among the
younger women (20.5% vs 14.9%;
P=.022). For stage I diagnoses, there
was a higher rate among the older group
of women (20.2% vs 25.8%; P=.042).
For other stages and age groups, no dif-
ference was observed.
The mean OS was 8.9 years (95%

confidence interval [CI], 8.6−9.2)
among women aged 40 to 49 years,
8.6 years (95% CI, 8.4−8.9) among
those aged 50 to 59 years, 8.6 years
(95% CI, 8.3−8.9) among those aged 60
to 69 years, and 7.7 years (95% CI, 7.3
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TABLE 1
Comparison of breast cancer stage at diagnosis among women at the
extremes of age and women from the target group for screening
Stage 40−49 y 50−59 y P value 60−69 y 70−79 y P value

n % n % n % n %

0 (in situ) 88 20.5 82 14.9 .022 72 15.5 45 15.2 .907

I 87 20.2 142 25.8 .042 131 28.2 98 33.1 .153

II 104 24.2 135 24.5 .909 115 24.8 62 21.0 .222

III 68 15.8 86 15.6 .930 57 12.3 37 12.5 .930

IV 83 19.3 106 19.2 .980 89 19.2 54 18.2 .747

All 430 100.0 551 100.0 .110 464 100.0 296 100.0 .614
P values were determined using chi-square tests.
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−8.1) among those aged 70 to 79 years.
Table 2 presents the 2-year OS and 5-
year OS for the age groups 40 to 49 years
and 50 to 59 years. A higher survival
was observed among younger women
with stage 0 (in situ) and III diagnoses.
The pairwise comparisons between the
age groups showed a significant differ-
ence in survival between early breast
cancer (stages 0 and I and II) and stages
III and IV (P<.001), but not among
stages 0 or I or II.
TABLE 2
Comparison of breast cancer survival
women aged 40 to 49 years and wom
ing aged 50 to 59 years
Stage 40−49 y

2-y OS 5-y OS

0 (in situ)b 100.0 100.0

Id 98.9 96.6

IIe 95.1 93.1

III 91.0 77.4

IV 77.1 56.6

All 94.0 87.7
OS, overall survival.
a Log-rank tests were used to determine P values; b A significant
obtained when stage 0 was compared with stage III (P<.001) an
women aged 50−59 years was obtained when stage 0 was com
d A significant pairwise comparison among women aged 40−49
(P<.001) and stage IV (P<.001). A significant pairwise compariso
I was compared with stage III (P<.001) and stage IV (P<.001);
−49 years was obtained when stage II was compared with stage
parison among women aged 50−59 years was obtained when
(P<.001).
Fernandes. Breast cancer survival by age and stage. Am J O
Table 3 presents the 2-year and 5-
year OS for the age groups 60 to 69 years
and 70 to 79 years. A higher survival
was observed among younger women
diagnosed at stages I and III. The pair-
wise comparisons in 60- to 69-year-olds
showed a significant difference in sur-
vival for all stages when compared with
stage IV (P<.001) and when stage I was
compared with stage III (P=.005).
Among those aged 70 to 79 years, a sig-
nificant difference in survival was
by stage at diagnosis among
en in the target group for screen-

50−59 y P valuea

2-y OS 5-y OS

98.8 95.0 .036c

99.3 94.3 .854

98.5 94.0 .991

80.2 66.2 .046c

69.7 55.3 .652

90.7 83.7

pairwise comparison among women aged 40−49 years was
d stage IV (P<.001). A significant pairwise comparison among
pared with stage III (P<.001) and stage IV (P<.001); c XXX;
years was obtained when stage I was compared with stage III
n among women aged 50−59 years was obtained when stage
e A significant pairwise comparison among women aged 40
III (P<.001) and stage IV (P<.001). A significant pairwise com-
stage II was compared with stage III (P<.001) and stage IV

bstet Gynecol Glob Rep 2023.
observed when all stages were compared
with stage IV (P<.001) and when stages
0 and I were compared with stage III
(P<.01). Kaplan-Meyer curves for sur-
vival between the groups can be seen in
the Figure.

Discussion
In this population-based study that
evaluated the diagnosis and survival of
Brazilian women with breast cancer, the
mean OS decreased with advancing age
and stage. Women aged 40 to 49 years
had the highest proportion of in situ
tumors (20.5%), and stages III and IV
accounted for about one-third of the
cases in all age groups. The survival of
women aged 40 to 49 years with a stage
0 (in situ) diagnosis was significantly
higher than that of women aged 50 to
59 years. It was also significantly higher
among women aged 60 to 69 years with
a stage I diagnosis than among those
aged 70 to 79 years.
This study showed that most women

older than 50 years are diagnosed at
stage I in the study region, which is a
populated urban area. A recent study
from Brazil found a nationwide preva-
lence of stage 0 (in situ) or stage I breast
cancer of 31% among women aged 50
to 70 years and a prevalence of 36% in
the state of S~ao Paulo.12 In our study
based in Campinas, a municipality of
the state of S~ao Paulo, tumors staged 0
(in situ) or I accounted for 40% of
women aged 50 to 59 years and 44% of
women aged 60 to 69 years. There are 2
possible explanations for this higher
prevalence. First, is the origin of the
data. The nationwide survey collected
data from the Hospital-based Cancer
Registry from which most of the public
health system data were derived. Our
data came from the PBCR, which
merged data from the public and private
services. In Campinas, half of the popu-
lation of women use private care,
thereby improving access to diagnostic
services.13 The second explanation is
also related to access to care. Campinas
city has a Human Development Index
that is higher than the nationwide index
and that of the state of S~ao Paulo,
implying a more structured health sys-
tem.14 It is well described how access to
May 2023 AJOG Global Reports 3
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TABLE 3
Comparison of breast cancer survival by stage at diagnosis among
women aged 70 to 79 years and women in the target group for screen-
ing aged 60 to 69 years
Stage 60−69 y 70−79 y P valuea

2-y OS 5-y OS 2-y OS 5-y OS

0 (in situ)b 95.8 94.3 100.0 93.3 .385

Ic 97.7 94.6 95.9 86.5 .002d

IIe 98.3 90.4 95.2 83.8 .056

IIIf 92.8 83.5 89.2 64.9 .010d

IV 66.3 46.1 62.9 38.1 .094

All 91.5 83.8 87.6 75.5
OS, overall survival.
a Log-rank tests were used to determine P values; b A significant pairwise comparison among women aged 60−69 years was
obtained when stage 0 was compared with stage IV (P<.001). A significant pairwise comparison among women aged 70
−79 years was obtained when stage 0 was compared with stage III (P=.001) and stage IV (P<.001); c A significant pairwise
comparison among women aged 60−69 years was obtained when stage I was compared with stage III (P=.005) and stage IV
(P<.001). A significant pairwise comparison among women aged 70−79 years was obtained when stage I was compared with
stage III (P=.002) and stage IV (P<.001); d XXX; e A significant pairwise comparison among women aged 60−69 years was
obtained when stage II was compared with stage IV (P<.001). A significant pairwise comparison among women aged 70
−79 years was obtained when stage II was compared with stage III (P=.017) and stage IV (P<.001); f A significant pairwise
comparison among women aged 60−69 years was obtained when stage III was compared with stage IV (P<.001). A significant
pairwise comparison among women aged 70−79 years was obtained when stage III was compared with stage IV (P=.003).
Fernandes. Breast cancer survival by age and stage. Am J Obstet Gynecol Glob Rep 2023.
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care is related to early cancer
diagnosis.15

Early tumors are usually diagnosed
through mammographic screening,
reinforcing the importance of screening
in early detection. In the United States,
from 1976 to 2008, mammographic
screening increased early-stage breast
cancer detection from 112 to 234 per
100,000 women and reduced detection
at later stages by 8%.2 The detection of
tumors smaller than 2 cm and in situ
carcinomas increased from 36% to 68%
after the dissemination of mammo-
graphic screening. In comparison,
detection of tumors larger than 2 cm
decreased from 64% to 32% from 1975
to 2012 mainly because of early diagno-
sis.16 Low- and middle-income coun-
tries do not have organized screening
programs or no programs at all, and
diagnosis is usually made when tumors
are advanced and symptomatic.17 In
situ tumors comprise only 1% of the
cases India and Pakistan and 7% of the
cases in Iran. In these same countries,
the percentage of cases with stage I
tumors is 5%, 10%, and 14%, respec-
tively.18−20 In Brazil, the mammo-
graphic screening program led to an
4 AJOG Global Reports May 2023
increase in the diagnosis of early-stage
tumors from 14.5% to 43.2%, and in
recent years, a trend of downstaging
could be observed.5,21

Although most cases in this study
were early tumors, approximately one-
third were advanced neoplasms (stages
III and IV) in all age groups. It may
indicate difficulty in accessing health
services for cases with symptomatic
tumors. At the population level, care
should be integrated and mammogra-
phy should be offered systematically.
Caring for symptomatic patients is a
more complex health action at the indi-
vidual level. Healthcare providers
should be aware of admitting these
women, and the referral structure must
be organized. Fragile health systems’
healthcare usually fail in this process.
To give adequate care for symptomatic
women and to reduce the detection rate
at more advanced stages, the diagnosis
of symptomatic breast cancer must be
agile and effective.

In situ tumors were more frequent
among those in the 40 to 49 year age
group than among those in the 50 to 59
year age group. If the natural history of
breast cancer were well defined, this
could indicate screening protection.
However, such linearity is not well
defined for breast cancer. Therefore,
our results may indicate overdiagnosis
among women aged 40 to 49 years
because the proportion of in situ tumors
was similar in other age groups. A
Canadian study showed that mammo-
graphic screening of women aged 40 to
49 years did not promote breast cancer-
specific mortality reduction in this
group and estimated a 22% rate of over-
diagnosis.22 Another result that restricts
mammographic benefits is that there
was no significant difference in the sur-
vival between those with stage I and
those with stage II tumors in all age
groups. Stage I is usually diagnosed by
mammography, and stage II includes
more women diagnosed with symp-
toms. In this region where opportunistic
screening is widespread, screen-detected
cancer probably has the same survival
as early-stage cancer that was detected
following symptomatic presentation.
In Brazil, mammographic screening

is performed until 69 years of age.11

One argument for not including women
older than 69 years in screening is the
overdiagnosis of indolent tumors in this
group.9,11 This study did not detect a
significant difference in the staging of
women aged 60 to 69 years and 70 to
79 years, which may not support this
argument. This study showed that
women aged 70 to 79 years with stage I
breast tumors have a worse prognosis
than those aged 60 to 69 years (86.5%
and 94.6% in 5 years, respectively;
P=.002), and those with stage III breast
cancer (64.9% and 83.5% in 5 years;
P=.010). This effect can be explained by
aging, reducing OS, and limited thera-
peutics. However, the better prognosis
in early stages observed among older
women is an argument to include them
in mammographic screening.
This study has a main limitation,

namely stage was unknown in 25% of
the sample, which may slightly influ-
ence the results. This is a problem
inherent to population-based studies.
The database did not have information
about the tumor immunohistochemical
profile and histologic grade, which are
well-known and important prognostic

http://www.ajog.org


FIGURE
Survival curves by age groups and breast cancer stage

The data are presented for cases recorded in Campinas, Brazil, between 2010 and 2014. Kaplan-
Meyer curves are presented. P values were obtained using log-rank tests.
Fernandes. Breast cancer survival by age and stage. Am J Obstet Gynecol Glob Rep 2023.
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factors. That information would have
helped to improve the discussion. The
main strength of this study lies in the
number of patients and follow-up
reliability and the high quality and con-
sistency of data that the active search
for vital status provided. Despite their
limitations, we believe the data pre-
sented are relevant because of the lack
of population-based studies in low- and
middle-income countries.

Conclusion
In this population-based study in a big
Brazilian metropole, the survival rate of
women aged 40 to 49 years with stage 0
(in situ) or III breast cancer diagnoses
was higher than the survival rate of
those aged 50 to 59 years. Women aged
40 to 49 years had the highest propor-
tion of in situ tumors, and stages III and
IV diagnoses accounted for about one-
third of the cases in all age groups.
There was no difference in the survival
when patients with stage 0 (in situ)
breast cancer were compared with those
with stage I or when those with stage II
were compared with all age groups. &
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