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A B S T R A C T

Purpose
Breast cancer mortality began declining in many Western countries during the late 1980s. We
estimated the proportion of improvements in stage- and age-specific breast cancer survival in the
United States explained by tumor size or estrogen receptor (ER) status.

Methods
We estimated hazard ratios for breast cancer–specific death from time of invasive breast cancer
diagnosis in the National Cancer Institute’s Surveillance, Epidemiology, and End Results 9 Registries
Database from 1973 to 2010, with and without stratification by tumor size and ER status.

Results
Hazards from breast cancer–specific death declined from 1973 to 2010, not only in the first 5 years
after diagnosis, but also thereafter. Stratification by tumor size explained less than 17% of the
improvements comparing 2005 to 2010 versus 1973 to 1979, except for women age � 70 years
with local (49%) or regional (38%) disease. Tumor size usually accounted for more of the
improvement in the first 5 years after diagnosis than later. Additional adjustment for ER status
(positive, negative, or unknown) from 1990 to 2010 did not explain much more of the improve-
ment, except for women age � 70 years within 5 years after diagnosis.

Conclusion
Most stage-specific survival improvement in women younger than age 70 years old is unexplained
by tumor size and ER status, suggesting a key role for treatment. In the first 5 years after
diagnosis, tumor size contributed importantly for women � 70 years old with local and regional
stage, and stratification by tumor size and ER status explained even more of the survival
improvement among women age � 70 years.

J Clin Oncol 33:2870-2876. © 2015 by American Society of Clinical Oncology

INTRODUCTION

Breast cancer mortality rates began declining among
young women in many Western countries during
the 1980s,1,2 including the United States,3,4 even
though breast cancer incidence rates increased.5-7

Screening patterns,8,9 treatments,10,11 and the pro-
portion of estrogen receptor (ER) –positive can-
cers7,12 also changed.

Peto et al2 attributed breast cancer mortality
improvements in the United Kingdom and United
States to diagnosis and treatment. Screening pat-
terns and adjuvant therapies changed in response to
guidelines,8-11 consensus statements,13-15 and clini-
cal evidence.16-20 Elaborate models that incorpo-
rated data from the Surveillance, Epidemiology, and
End Results (SEER) Program of the National Can-
cer Institute on breast cancer incidence, survival,

and many other factors indicated that both
screening and adjuvant treatment contributed to
improvements in mortality, but estimates were
uncertain.21-23 Elkin et al24 studied secular trends in
relative breast cancer survival in SEER from 1975 to
1999. By standardizing on tumor size, they showed
that a substantial proportion of the improvement
was attributable to decreases in tumor size within
local and regional stage.

We extended the approach of Elkin et al24 to
study improving breast cancer survival in the United
States. Instead of relative survival, we used two mea-
sures, hazard rates for breast cancer–specific death
and breast cancer–specific survival, after breast can-
cer diagnosis. In addition, we extended SEER case
data from 1973 to 2010 and also examined ER status.
We estimated how much of the secular improve-
ment in the hazard of breast cancer–specific death
could be explained by stratification on tumor size
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from 1973 to 2010 and by stratification on tumor size and ER status
from 1990 to 2010. We discuss these findings in connection with
screening, adoption of adjuvant treatments, and ER-specific cancer
incidence.

METHODS

Data

We obtained invasive breast cancer incidence5,6 and mortality25 data
from January 1, 1973, through December 31, 2010, from the National Cancer
Institute’s SEER 9 Registries Database, which covers approximately 10% of the
US population. We analyzed breast cancer survival in all women diagnosed
with invasive breast cancer during this period. We examined the following data
obtained at diagnosis: age at diagnosis, year of diagnosis, tumor size (priority:
operative report; physical examination; mammography), lymph nodal status
(negative or positive), SEER historic stage A (local, regional, distant, or un-
known), and ER status (positive, negative, or unknown). SEER recorded
tumor size and historic stage A from 1973 onward, lymph nodal status from
1988, and ER expression from 1990. Survival information included vital status,
cause of death, and survival time in months. We included only the first primary
breast cancer.

Statistical Analysis

Most analyses focused on hazard rates for breast cancer–specific
death and breast cancer–specific survival after diagnosis in SEER. Hazard
ratios (HRs) for breast cancer–specific death were estimated using Cox
proportional hazards models separately for times less than 5 years and � 5
years after diagnosis. We added 0.5 to each survival time in months. For less
than 5 years, follow-up ended at the earliest of 5.001 years, time at Decem-
ber 31, 2010, or time at death. A breast cancer death indicator was 1.0 if the
time of death was the earliest of these times and the death was ascribed to
breast cancer; otherwise, the indicator was 0. For � 5 years after diagnosis,
follow-up ended at the earliest of time at December 31, 2010, or time at
death, and contributions to the partial likelihood only came from � 5
years. Survival was analyzed within strata defined jointly by age at diagnosis
(� 50, 50 to 69, or � 70 years) and SEER stage. HRs compared with 1973
to 1979 for breast cancer–specific death were computed for 1980 to 1984,
1985 to 1989, 1990 to 1994, 1995 to 1999, 2000 to 2004, and 2005 to 2010.
For analyses from 1990 to 2010, when ER data were available, the reference
period was 1990 to 1994. The unadjusted HRs were compared with ad-
justed hazard ratios (HRadj) obtained by stratification on tumor size or on
both tumor size and ER status. Age and year at diagnosis were categorized
as described earlier, tumor size as less than 10, 10 to 19, 20 to 29, 30 to 39,
40 to 49, or � 50 mm or unknown, and ER as positive, negative, or
unknown. For a given age group, stage, and survival period, we mea-
sured the proportion of improvement explained in hazards for breast
cancer–specific death and in breast cancer–specific 5-year survival. The
percentage of improvement explained in the hazard of breast cancer–
specific death is �1 � 100 � (HRadj – HR)/(1 – HR). The percentage of
improvement explained in 5-year survival is �2 � 100 � ��Ŝ�t � C� � Ŝ
�t � Cref�� � �Ŝadj�t � C� � Ŝadj�t � Cref��� / �Ŝ�t � C� � Ŝ�t � Cref��, where t � 5 for less
than 5 years and t � 10 for analysis of 5-year survivors. Ŝ is a Kaplan-Meier
estimate of 5-year breast cancer–specific survival, Ŝadj is a weighted
average of tumor or tumor plus ER stratum-specific survival estimates,
weighted by the stratum distribution at reference time Cref (ie, 1973 to 1979
or 1990 to 1994), and C is a later time interval. In the Data Supplement, �1

and �2 denote parameters rather than estimates. Jackknife estimates of
variances were obtained for estimates (Data Supplement). Incidence and
mortality rates per 100,000 woman-years were age standardized (direct
method, 2000 US population). Analyses were performed with R version
3.0.0 (http://www.r-project.org).

RESULTS

The SEER 9 Registries included 543,171 women with first primary
invasive breast cancer and 468,761,934 woman-years of follow-up
from 1973 to 2010. Women diagnosed at age less than 50 years had
larger tumors, a smaller proportion of local-stage disease, a higher rate
of positive lymph nodes, and a higher rate of ER-negative disease
(Data Supplement Table 1).

Improvement in HRs of Breast Cancer–Specific

Death,1973 to 2010, and Adjustment for Tumor Size

HRs compared with 1973 to 1979 for breast cancer–specific death
are shown for three age-at-diagnosis strata for less than 5 years (Fig
1A) and � 5 years after diagnosis (Fig 1B). In the first 5 years (Fig 1A),
HRs decreased steadily in time for women younger than age 70, even
among those with distant disease. In women age � 70 years, improve-
ments were confined to those with local or regional disease. Improve-
ments were greater in younger than older women.

Figure 2A shows the percentage of the improvement in breast
cancer–specific death hazard, comparing 2005 to 2010 versus 1973
to 1979, that is explained by stratification on tumor size in the first
5 years after diagnosis. For women younger than age 70 years,
tumor size explained less than 17% of the improvement. For
women age � 70 years, the percentages explained were 49%, 39%,
and 20% for local, regional, and distant disease, respectively. The
percentages of improvement explained in breast cancer–specific
5-year survival were larger (86%, 65%, and 36% for local, regional,
and distant disease, respectively) in women age � 70 years, but still
no larger than 33% in women younger than age 70 years (Data
Supplement Table 2).

After 5 years after diagnosis (Fig 1B), breast cancer–specific death
HRs compared with 1973 to 1979 decreased over time for women with
local or regional disease in all age groups. The HRs also decreased in
women younger than age 50 years with distant disease. Figure 2B
shows that the proportion of improvement explained is less than 10%
in women younger than age 70 years and less than 22% in women age
� 70 years. The percentage of improvement in breast cancer–specific
5-year survival beginning 5 years after diagnosis that is explained is no
larger than 25% for women younger than age 70 years and 24% for
women age � 70 years (Data Supplement Table 2; we do not mention
estimates whose 95% CIs include 0).

Improvement in HRs of Breast Cancer-Specific

Death,1990 to 2010, and Adjustment for Tumor Size

Alone and for Tumor Size and ER Expression

HRs (compared with 1990 to 1994) for breast cancer–specific
death in the first 5 years after diagnosis declined among women
younger than age 70 years, even women with distant disease (Data
Supplement Fig 1A). In women age � 70 years, improvements were
small and were not seen in women with distant disease. Figure 3A
depicts the corresponding percentages of the improvements explained
either by tumor size alone or by tumor size and ER status. Tumor size
alone explained less than 10% of the improvement in women younger
than age 70 years, and tumor size plus ER status explained less than
20%. In women age � 70 years, tumor size explained as much as 46%,
and tumor size plus ER status explained as much as 61%. Correspond-
ing improvements in breast cancer–specific 5-year survival were less
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than 36% in women younger than age 70 years and less than 89% in
women age � 70 years (Data Supplement Table 3).

After 5 years after diagnosis, the HRs for breast cancer–
specific death declined for women with local or regional disease
(Data Supplement Fig 1B), and there was some improvement in
women younger than age 70 years with distant disease. Changes in
tumor size explained less than 14% of the improvement, regardless
of age or stage (Fig 3B). Changes in tumor size and ER status
explained 21% or less. Estimates of the percentage improvement in
breast cancer–specific 5-year survival had wide confidence limits
but were slightly larger than for breast cancer–specific death haz-
ards (Data Supplement Table 3).

DISCUSSION

We applied survival methods to study secular trends in hazard rates for
breast cancer–specific death and breast cancer–specific 5-year survival
after diagnosis in SEER. These are not ecologic data but individual
survival outcomes among women with first primary invasive breast

cancer. We measured the proportion of improvement explained in
breast cancer–specific death hazard rates and in breast cancer–specific
5-year survival and found the following results. Hazards from breast
cancer–specific death declined consistently from 1973 to 2010, not
only in the first 5 years after diagnosis, but also thereafter. Among
women younger than age 70 years, stratification on tumor size ex-
plained less than 17% of the improvement in breast cancer–specific
death hazards in the first 5 years comparing 2005 to 2010 versus 1973
to 1979. For women age � 70 years, tumor size accounted for 49% of
the improvement for local, 39% for regional, and 20% for distant stage
in the first 5 years. Stratification on tumor size accounted for more
improvement in the first 5 years after diagnosis than later. Improve-
ments in hazards for breast cancer–specific death comparing 2005 to
2010 or 2000 to 2004 versus 1990 to 1994 were also impressive and
could be adjusted for ER status as well as tumor size. Stratification on
ER status and tumor size explained more than tumor size alone in
1990 to 2010. Adjustment for ER status and tumor size explained little
among women younger than age 70 years, either within the first 5
years or thereafter. For women age � 70 years, such adjustment
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Fig 1. Breast cancer–specific death hazard ratios are plotted against calendar time period, with referent 1973 to 1979. Plots are shown for three age-at-diagnosis
strata and for (A) less than 5 years and (B) � 5 years after diagnosis.
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explained 61% for local, 26% for regional, and 57% for distant stage
within the first 5 years, but little thereafter.

Taken together, these results indicate that factors other than
tumor size or ER status accounted for most of the stage-specific sur-
vival improvements in women younger than age 70 years. For women
age � 70 years, changes in tumor size explained much of the improve-
ment from 1973 to 1979 to 2005 to 2010 in the first 5 years. After 5
years, neither tumor size alone nor tumor size and ER status explained
much improvement in women age � 70 years. Percent improvements
explained in breast cancer–specific 5-year survival yielded similar con-
clusions (Data Supplement).

Our results describe survival improvements over time in each of
nine categories defined by stage (local, regional, or distant) and age
group (� 50, 50 to 69, or � 70 years). However, it is challenging to
relate these stage- and age-specific findings to trends in US breast
cancer mortality rates because cancer screening has changed the dis-
tribution of age and stage at diagnosis and because changes in diag-

nostic methods may have altered the characteristics of patients within
SEER stages in ways that are not captured by tumor size or ER status.
For example, recently diagnosed women may have higher proportions
of indolent tumors from length-biased sampling26 or overdiagnosis.27

Weighing against such explanations are the facts that improvements
have been seen long after screening was well established and in women
with distant disease at diagnosis, and our data excluded patients with
in situ disease. Despite these concerns, it is tempting to interpret the
stage- and age-specific improvements (shown in Fig 1 and Data Sup-
plement Fig 1) in light of US data on factors such as use of adjuvant
therapy and mammographic screening.

Figure 4 depicts various changes in the United States from 1973
to 2010. Overall age-adjusted breast cancer mortality rates were stable
initially but decreased 30% from 33.5% in 1988 to 23.5% in 2010.
Overall incidence rates increased through 2000 and declined slightly
thereafter. ER-positive incidence rates have tracked with overall inci-
dence, whereas ER-negative incidence rates have declined. Median
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tumor size decreased from 25 mm in the early 1980s to 16 mm by
2009. The proportion of women with mammographic screening
within the previous 2 years increased from 29% in 1987 to approxi-
mately 70% from 2000 onward.8,9 From special studies in SEER,10,11

the percentages of women with invasive breast cancer who received
adjuvant hormonal therapy and/or chemotherapy in 2000 were ap-
proximately 70% at age � 70, 78% at age 50 to 69, and 88% at age 50
and younger. However, only approximately 10% of women age � 70
years received chemotherapy alone in 2000, compared with 21% at age
50 to 59 and 40% at age less than 50 years.11

The data in Figure 4 provide context and possible explanations
for our findings. Changes in tumor size explained an appreciable
proportion of the improvements in women age � 70 years in the first
5 years after diagnosis (Fig 1A and Data Supplement). Screening, as
well as palpation by health care providers and self-examination, may
have contributed to decreases in tumor size, rendering surgical treat-
ment more effective. In contrast, changes in tumor size explained little
of the improvement in the first 5 years after diagnosis seen in women
younger than age 70 years, who were treated more aggressively than
older women. Consistent with this view is the fact that women
younger than age 70 years with distant disease also showed important
reductions in hazards for breast cancer–specific death (Fig 1A and
Data Supplement); screening would not be expected to contribute
much to improvements in women with distant disease. There were
also important improvements in hazards for breast cancer–specific
death beyond 5 years after diagnosis (Fig 1B and Data Supplement),
but changes in tumor size explained little (Figs 2B and 3B).

From 1990 to 2010, breast cancers with ER-negative and ER-
unknown status decreased in all age groups.7 Women with ER-
negative and ER-unknown status have poorer survival than
women with ER-positive cancer (unreported analyses). Among
SEER patients with known ER status, the proportion of ER-

positive patients increased in women younger than age 70 years but
remained constant at 85% in women age � 70 years (Data Supple-
ment Table 4). Thus, the survival improvements explained by ER
status among women younger than 70 years old (Fig 3) may reflect
increasing proportions of ER-positive cancers and decreasing pro-
portions of ER-negative and ER-unknown cancers. Among women
age � 70 years, the survival improvements explained by ER status
probably reflect decreasing proportions of ER-unknown cancers
(28.8% in 1990 to 1994 and 8.4% in 2005 to 2010).

Analyses for 1975 to 2000 from seven mathematical models
attributed 28% to 65% of the reduction in the US breast cancer
mortality rate in 2000 to screening mammography,22 with the
balance, 72% to 35%, attributed to adjuvant therapy. An update
that also used ER status attributed 38% to 52% to screening.23 It is
difficult to compare our findings with these estimates of the pro-
portion of improvements in overall US breast cancer mortality
attributable to screening, because these models also incorporated
information on the changing stage distribution. It is striking, how-
ever, how little of the stage- and age-specific improvements in
women younger than age 70 years could be explained by changes in
tumor size over time (Figs 2 and 3). The fact that tumor size
explains little of the improvement in women younger than age 70
years suggests that treatment, rather than screening, accounts for
most of the improvement in such women. Perhaps this fact is not
evident when one analyzes overall US mortality rates.22,23

We assumed that improvements explained by stratification on
tumor size reflect detection of smaller tumors by screening and con-
sequent improved local control. However, smaller tumor size is tem-
porally associated with decreasing ER-negative incidence, increasing
proportions of ER-positive cancers, and decreasing proportions with
unknown ER status (Fig 4 and Data Supplement Table 4). Hence
survival improvements attributed to tumor size may partly reflect an
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increasing proportion of the more treatable ER-positive cancers and a
decreasing proportion of the more difficult to manage ER-negative
and ER-unknown cancers. Moreover, the extent of the mortality re-
duction from screening mammography is uncertain.28 In screening
trials, mortality benefits lag behind initiation of screening by 10 to 14
years.29,30 US breast cancer mortality began to decline before wide-
spread screening (Fig 4).31 In addition, mortality declines and screen-
ing began almost simultaneously in the United Kingdom, without the
expected lag.2,32 Similar breast cancer mortality declines have been
observed in European countries with and without national screening
programs.33,34 Moreover, ecologic comparisons within Denmark
failed to show greater mortality reductions in screened regions than in
unscreened regions.35 Hence, our estimates of the proportions of
survival improvements explained by tumor size may overestimate
age- and stage-specific screening effects.

Study weaknesses include lack of individual treatment and
screening data. ER data included unknowns and came from patient
records and from many laboratories.36,37 Women within a given SEER
stage may have changed over time in ways not measured by tumor size
or ER status. The study had several strengths. It included a large
representative sample of patients with invasive breast cancer, which
permitted analyses within age-by-stage groups. Individual survival
data, not ecologic data, drove these analyses. Compared with ap-
proaches based on complex models,22,23 we required few untestable
assumptions. However, our assessments of the relative importance of
screening and treatment are consequently less formal, and the inter-
pretation of percent improvement explained by tumor size as a screen-
ing effect is open to question.

To summarize, women diagnosed with invasive breast cancer
experienced large reductions in breast cancer–specific death hazards
from 1973 to 2010, not only in the first 5 years after diagnosis, but also
after 5 years. Improvements were evident throughout 1973 to 2010
and were also found in women younger than age 70 years with distant
stage. Changes in tumor size explained less than 17% of the improve-
ment in breast cancer–specific death hazards (33% of the improve-
ment in breast cancer–specific 5-year survival) in women younger
than age 70 years, suggesting that treatment played a key role. For
women age � 70 years, decreasing tumor size contributed to the
improvements, suggesting an impact of screening or a change in
inherent tumor characteristics. Better care associated with fewer pa-
tients with unknown ER status may have also improved the prognosis
among women age � 70 years in the first 5 years after diagnosis.
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