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Abstract

Background—We investigated differences in breast cancer mortality between younger (<40 yrs)
and older (=40 yrs) women by stage at diagnosis to identify patient and tumor characteristics
accounting for disparities.

Study Desigh—We conducted a retrospective study of women diagnosed with breast cancer in
the 1988-2003 Surveillance, Epidemiology, and End Results (SEER) Program data. Multivariate
Cox regression models calculated adjusted hazard ratios (aHR) and 95% confidence intervals (ClI)
to compare overall and stage-specific breast cancer mortality in women <40 yrs and women =40
yrs, controlling for potential confounding variables identified in univariate tests.

Results—Of 243,012 breast cancer patients, 6.4% were <40 yrs, while 93.6% were >40 yrs.
Compared with older women, younger women were more likely to be Black, single, diagnosed at
later stages, and treated by mastectomy. Younger women had tumors that were more likely to be
higher grade, larger size, ER/PR negative, and lymph-node positive (p<0.001). Younger women
were more likely to die from breast cancer compared with older women (cHR 1.39, CI 1.34-1.45).
Controlling for confounders, younger women were more likely to die compared with older women
if diagnosed with Stage | (aHR 1.44, C1 1.27-1.64) or Stage Il (aHR 1.09, CI 1.03-1.15) disease
and less likely to die if diagnosed with Stage IV disease (aHR 0.85, ClI 0.76-0.95).

Conclusions—Higher breast cancer mortality in younger women was attributed to poorer
outcomes with early stage disease. Further studies should focus on specific tumor biology
contributing to the increased mortality of younger women with early stage breast cancer.
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INTRODUCTION

Although breast cancer risk increases with age, it is estimated that 5-7% of breast
carcinomas are diagnosed in women who are younger than 40 years of age (1). Previous
studies have shown that breast cancer in this younger population is more aggressive, with
higher mortality and recurrence rates compared with older women (2-6). Chung et al. (3)
reviewed 5-year cancer specific survival by decades of age in 3,722 women who were
diagnosed with invasive breast cancer and found that women 40 years of age and younger
had the worst 5-year cancer specific survival (69.7%) compared with all older age groups.
This study showed that women 40 and younger also had a poor 5-year disease-free survival
of 60.8%, second only to women older than 80 years of age. Swanson et al. (7) also
observed that mortality was greater in younger women after controlling for race, stage, and
treatment in a cohort study using the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) Program data from 1983 to 1989.

In addition to survival disparities, young age also appears to be an important prognostic
factor for poor local control. Local recurrence in women younger than 45 years of age was
found to be four times higher than in patients older than 65 years of age (8). In another
retrospective study (9), the local recurrence rate was 38% at 10 years, and the relative risk of
loco-regional recurrence increased by 7% for every decreasing year of age in women
younger than 40 years of age who were treated with primary breast conserving surgery
followed by adjuvant radiation with or without chemotherapy. In that study, young age was
the only prognostic factor for loco-regional recurrence.

It is not completely clear why women <40 years of age appear to have worse survival and
recurrence rates than older age groups. Many studies suggest that breast cancer in younger
women is more advanced and more aggressive than breast cancers in older women (4,
10-14). Clinically, younger women are more likely to present with a palpable mass, have
larger tumor sizes, more invasive cancers, and more positive lymph nodes than older women
(4, 10-11). Studies have shown that breast tumors in younger women were more likely to be
higher grade, hormone receptor negative, poorly differentiated, and aneuploid, and to have
high S-phase fraction, abnormal expression of p53, greater extent of lymphovascular
invasion, and overexpression of human epidermal growth factor receptor 2 (HER-2) than
breast tumors in older women (11-14). Recently, Anders et al. (14) used genomic expression
analysis to explore biologically relevant gene sets that significantly distinguish breast
cancers arising in young women. Their study suggests that breast cancer in younger women
may be characterized by less hormone sensitivity and higher HER-2 and epidermal growth
factor receptor (EGFR) expression.

These studies all suggest that breast cancer in younger women is a unique disease entity that
may need a different treatment strategy than what may be efficacious for older women with
breast cancer. Since breast cancer is typically a disease of older women, the majority of
breast cancer studies have concentrated on older women and few studies have focused on
age as the primary exposure. The studies that have been published were limited by a small
sample size or limited to a single institution. Therefore, we conducted a large-scale study
utilizing the SEER Program data (15) to investigate differences in breast cancer mortality
and all-cause mortality by stage at diagnosis for women <40 years old and women =40 years
old.
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PATIENTS AND METHODS

We conducted a retrospective, population-based cohort study of women with a first primary
diagnosis of breast cancer who were recorded in the Surveillance, Epidemiology, and End
Results (SEER) Program public use database with a date of diagnosis between January 1,
1988 and December 31, 2003. Nine SEER registries were included — San Francisco-
Oakland, Connecticut, Metropolitan Detroit, Hawaii, lowa, New Mexico, Seattle (Puget
Sound), Utah, and Metropolitan Atlanta. We only included women with a single primary
cancer in their lifetime (sequence number=00 in the SEER dataset). We excluded all women
with more than one record as well as “death-certificate only” or “autopsy-only” cases.
Several updated extent of disease schemas have been utilized and collected by SEER to
document stage of disease at diagnosis. The “SEER historic stage A” scheme was only
utilized for data prior to 1988 and did not impact our analysis. We included the staging
criteria “SEER modified AJCC stage 3" edition (1988+)” and “SEER summary stage 2000
(1998+)” which represent the current AJCC staging system.

Demographic information included age, race, and marital status. Age was dichotomized
(<40 years and >40 years of age). Younger women <40 years of age were grouped together
as they represent a special high-risk population for whom routine screening is not
recommended. Tumor characteristics were classified by stage (in situ, I, 11, 111, 1V, or
unstaged), tumor size in cm (<2, 2-5, >5-10, >10-25, diffuse, or unknown), tumor grade (1,
2, 3, 4, or unknown), estrogen receptor (ER) and progesterone receptor (PR) status (positive,
negative, or unknown), laterality, and number of nodes involved (none, 1-3, >3, or
unknown). This nodal segregation of patients was selected in order to group patients who are
less likely (0-3 positive nodes) or more likely (>3 positive nodes) to undergo axillary nodal
radiation.

Patients were categorized by receipt of surgery and receipt of radiation therapy. The SEER
dataset contains separate variables for surgeries that occurred before 1998 and during or
after 1998. Two SEER variables, “site-specific surgery” (for 1983-1997 records) and
“surgery of the primary site” (for 1998-2003 records), were recoded to form a single
variable categorizing women by receipt of surgery (none, lumpectomy, mastectomy, other/
unknown). Patients who received any type of surgical resection of the primary breast tumor
(e.g., a mastectomy or lumpectomy) were categorized as having had surgery. Patients who
did not receive any formal resection of their primary tumor or who only underwent breast
biopsies for tissue diagnosis were categorized as not having surgery. Women whose surgery
status was not recorded were categorized as “unknown.” Patients also were categorized as
either having received radiation (including external-beam radiation, radioisotopes,
radioactive implants, or other forms of radiation) or not having received radiation therapy
(received, did not receive, or unknown). Margin status after primary tumor resection,
location of and surgery on metastatic disease sites, and use of any systemic therapy
(chemotherapy or hormonal therapy) are not recorded in the public use SEER database.

The two outcomes of interest in this study were all-cause mortality and breast cancer-
specific mortality. Vital status was present in the SEER dataset as “dead” or “alive.” We
calculated survival time (in months) for each woman using the “Completed Months of
Follow-up” variable in the SEER dataset. We also determined whether observed deaths were
due to breast cancer or to other causes using the “Cause of Death” recode variable in the
SEER dataset. All-cause mortality was determined by comparing women who had died with
women who were alive at the end of the study period or who had been lost-to-follow-up
during the study period. Breast cancer-specific mortality was determined by comparing
women whose cause of death was recorded as due to breast cancer with women who had
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died of other causes or who were alive at their last follow-up or at the end of the study
period.

Chi-square tests were used to compare the distribution of patient demographics, tumor
characteristics, and treatment-related characteristics between younger (<40 years) and older
women (=40 years). Cox regression models were generated to describe the relationship
between age and risk of death among women overall and within each stage at diagnosis.
These models were used to calculate the hazard ratios (HRs) and 95% confidence intervals
(Cls) in order to compare overall and stage-specific breast cancer mortality in women <40
and women =40 years of age. Death during the study period was the event of interest, and
persons who were lost to follow-up during the study period or who were still alive at the end
of the study period (December 31, 2003) were considered censored. Separate models were
generated for the outcomes of breast cancer-specific mortality and all-cause mortality. Both
crude (cHR) and adjusted hazard ratios (aHR) are reported, the latter controlling for
potential confounders of the relationship between age and survival. Two-tailed p-values
<0.05 were considered to be statistically significant. All analyses were conducted using
SPSS 16.0™ statistical software.

A total of 245,289 active follow-up cases (excluding “autopsy only” or “death certificate
only” cases) diagnosed from 1988-2003 were identified. We further excluded 2277 women
with two or more primaries. Of the remaining 243,012 women in the 1988-2003 SEER
dataset who were diagnosed with a first primary breast cancer, 15,548 (6.4%) were <40 and
227,464 (93.6%) were >40 years of age at time of diagnosis. The median age at diagnosis in
the younger women was 36 years (range 11-39) compared to a median age of 61 years in the
older women (range 40-108).

Univariate analyses identified significant differences between age groups in several patient
and tumor characteristics. Compared with older women, younger women were more likely
to have been Black, single, and diagnosed at advanced stages (each p<0.001). The biological
characteristics of the tumors in younger women also were significantly different from tumor
characteristics in older women. Younger women had tumors that were more likely to be
higher grade (3 and 4), larger size (=2cm), ER negative, PR negative, and have greater
number of nodes involved (each p<0.001). Finally, treatment differed between younger and
older women, with younger women receiving significantly more mastectomies than their
older female counterparts (p<0.001). While differences in laterality and receipt of radiation
also differed significantly between younger and older women, the absolute differences were
small and unlikely to be clinically significant. Patient, tumor, and treatment characteristics
of the two groups are summarized in Table 1.

A total of 59,555 women (24.5% of total sample) died of any cause, and 30,470 women
(12.5% of total sample) died of breast cancer during the study period. Women <40 years of
age were significantly more likely to die of breast cancer than women =40 years of age
(18.3% vs. 12.1%; p<0.001). However, older women were more likely to die overall
compared with younger women (24.8% vs. 20.4%, p<0.001). Breast cancer was the cause of
death for 90% of younger women who died during the study, whereas breast cancer was the
cause of death for only 49% of older women who died during the study.

Mortality due to breast cancer specifically and mortality due to other causes were analyzed
for the study population overall by age group and stage at diagnosis and summarized in
Table 2. As expected, the table shows that a lower percentage of women with more
advanced stages of disease were still alive at the end of the study period for both younger
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and older women and that the risk of death due to breast cancer was greater for women with
more advanced breast cancer for both younger and older women. Interestingly, the
percentage of women dying from other causes seemed to increase by stage at diagnosis for
women < 40 years of age (Stage I-1V, range from 1.1-6.2%), but was fairly stable across all
breast cancer stages (Stage I-1V, range 13.0-13.6%) for women >40 years of age.

Multivariate Cox regression models were generated to describe the association between age
and mortality by stage as shown in Table 3. Separate models were fit for all-cause mortality
and breast cancer-specific mortality at each stage of diagnosis comparing younger women
with older women (reference group). Overall, younger women were more likely to die from
breast cancer compared with older women (cHR 1.39, Cl 1.34-1.45). Controlling for
potential confounders, younger women were more likely to die from their breast cancer
compared with older women if diagnosed with Stage | (aHR 1.44, Cl 1.27-1.64) or Stage Il
(@aHR 1.09, CI 1.03-1.15) disease, but younger women were less likely to die from their
breast cancer compared with older women if diagnosed with Stage IV disease (aHR 0.85, Cl
0.76-0.95). Differences in mortality due to breast cancer between the two age groups were
not significant for in situ (aHR 1.12, CI 0.6-2.10), Stage Il (aHR 1.01, CI 0.92-1.11), or
unstaged patients (aHR 0.95, CI 0.82-1.11).

DISCUSSION

The current study, like other previously published studies (2-6), showed a significantly
higher breast cancer-specific mortality rate overall among women <40 years of age
compared with women >40 years of age. In fact, 90% of women <40 years old who died
during the study period, died due to their breast cancer, compared with only 49% of women
240 years old who died during the study period. By doing an age-group comparison for each
stage at diagnosis, we found that the higher breast cancer mortality in younger women was
attributed predominantly to poorer outcomes with early stage disease. Specifically, women
<40 years of age were significantly more likely to die from breast cancer compared with
women >40 years of age if diagnosed with Stage | or Stage Il disease.

The younger women in our study were more likely to be diagnosed at more advanced stages
of disease (Il and I11) compared with older women. For example, 45.1% of women <40
years old were diagnosed with Stage 11 disease while only 30.9% of women >40 years old
were diagnosed with Stage 1l disease (see Table 1). Given the lack of routine screening
mammography guidelines for women <40 years of age, it is not surprising that women in
this younger age group are more likely to present with a palpable mass and that their tumors
tend to be larger and have more nodal involvement than breast cancers detected by screening
(9-10,16). Even if younger women undergo mammography screening, the imaging is less
sensitive than breast imaging in postmenopausal women because the dense breast tissue in
young women can obscure radiological features of early breast cancer (17). Finally, there
may be a greater likelihood for both patient and physician to contribute palpable masses to
fibrocystic changes or other benign breast diseases in younger women. However, the
increased breast cancer-specific mortality in younger women was not solely a result of
advanced stage of disease at diagnosis, as evidenced by the significantly poorer outcomes in
women <40 years of age with early stages of disease. In addition, greater breast cancer
mortality in younger women also has been observed after controlling for tumor stage (3,8).

The younger women in our study had tumors that were distinctly different from older
women and were characterized by unfavorable biological parameters. This finding likely
accounts for the significant within-stage disparity that we observed between the younger and
older women. Younger women had tumors that were more likely to be higher grade, ER
negative, and PR negative. All of these characteristics are associated with a more aggressive
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tumors and poorer prognosis. That there may be distinctly different breast cancer subtypes,
with varying prognostic implications, has been reported previously (12-14, 18-19). Gene
expression analysis has identified several breast cancer subtypes including basal-like, human
epidermal growth factor receptor-2 positive/estrogen receptor negative (HER-2+/ER-),
luminal A, and luminal B (18). These subtypes of breast carcinoma differ in various ways,
including the surface markers expressed, proliferative capacity, and ability to respond to
certain therapies. The basal-like subtype has been associated with poor clinical outcome,
possibly attributed to its high proliferative capacity, lack of estrogen receptors, and
overexpression of HER-2, while luminal A subtype has been shown to have the best
prognosis (19). Recently, Anders et al (14) performed a large-scale genomic analysis on
breast cancers in young women and found 367 gene sets differentially expressed in young
women’s tumors, whereas tumors arising in older patients did not share any common gene
sets. His analysis also found that tumors in young women have lower ER positivity, higher
HER-2/EGFR expression, and a trend toward inferior disease-free survival. All of these
studies support the concept that tumors developing in younger women are biologically
different from tumors in older women and tend to be more aggressive with unfavorable
biological markers, which portend a poor prognosis.

While younger women were more likely to be diagnosed with late stage disease, our study is
unique in that it demonstrated that significant survival disparities occur in younger women
with Stage | and 1l disease compared with older women. Thus, the most significant within-
stage disparities are not found in patients with late stage breast cancer. There are some
possible explanations for this observation. The biological variability described previously is
likely to be the main contributing factor responsible for the mortality disparities we
observed, whereby younger women have tumors that have unfavorable features. Such
biological variability would have the greatest impact in early stage, lymph node-negative
disease. It is also possible that younger women with late stage disease (Stages Il and 1V)
may be undergoing more aggressive treatment than older women diagnosed at these stages
because of their younger age and presumed lack of comorbidities. Receipt of more
aggressive treatment among younger breast cancer patients diagnosed with late stage disease
might be the reason for the lack of a significant difference by age group in breast cancer-
specific mortality in women with Stage 111 disease and a lower likelihood of death due to
breast cancer in women with Stage IV disease. Because the SEER dataset does not include
systemic therapy approaches or co-morbidity information, we cannot verify this hypothesis.
Finally, when locally advanced disease is present, as with Stage Il disease, the
aggressiveness of the disease (and the presence of lymph node involvement) may be
outweighed by any influence of younger age.

There are several limitations to our study, which are inherent to any retrospective cohort
study. One limitation is the inability to control for selection bias. Younger women in our
study were more likely than older women to have had mastectomies. Why this treatment was
performed instead of breast-conserving surgery is unclear. Perhaps more mastectomies were
performed on younger women due to the more advanced nature of their breast cancer, more
nodal involvement, or even larger tumor size. Also, younger women may have had fewer
comorbidities compared with older women and therefore were treated more aggressively,
surgically or otherwise. Unfortunately, the public use SEER database does not contain
information about comorbidities or other cancer treatments, such as chemotherapy and
endocrine therapy. Types of systemic regimen, completion of the expected number of
cycles, and delay in receiving the expected number of cycles could potentially account for
the observed age disparities in survival. However, we are unable to determine whether
younger patients were treated more aggressively than older women in this cohort.
Socioeconomic status and access to health care, both of which could affect treatment
options, are not available in the SEER data. Other data that might be associated with
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survival but are unavailable in the SEER data include genetic risk factors, such as BRCA 1
or BRCA 2 mutations and family history of breast cancer, as well as behavioral risk factors
(e.g., physical activity, smoking, alcohol consumption, and use of hormone replacement
therapy).

Despite the lack of some potentially relevant information, the SEER database provides high
quality population-based data (20), which makes for an effective large-scale cohort study.
Our multivariate analyses, which controlled for potential confounders associated with
survival, demonstrated significantly poorer survival in early stage disease (I and Il) for
women <40 years of age compared with women >40 years of age. Thus, advanced stage at
diagnosis cannot solely explain the higher breast cancer mortality in younger women.
However, the aggressive and unfavorable biological characteristics of the tumor subtypes
seen in both histological and gene expression analysis suggests that younger women tend to
have tumors with poor prognostic features. Therefore, further studies should focus on the
specific tumor biology contributing to the increased mortality of young women with early
stage breast cancer in order to determine more efficacious treatment strategies in this
younger population.
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Characteristics of the Study Population, SEER 1988-2003, Women with a Single Primary Breast Cancer

Table 1
Occurrence
Characteristic Young women  Older women Chi-square p-
n=15548 (%) n=227,464 (%) value
Demographic characteristics
Race <0.001
Caucasian 75.6 84.7
African 14.1 8.0
American
Other specified 9.4 6.7
Other unspecified 0.2 0.1
Unknown 0.8 0.5
Marital Status <0.001
Single 22.3 10.0
Married 64.0 54.8
Separated 0.9 0.6
Divorced 7.6 9.2
Widowed 0.6 205
Unknown 4.7 49
Tumor characteristics
Stage <0.001
In Situ 11.6 15.6
| 259 38.7
1l 451 30.9
1l 8.3 53
v 3.5 4.2
Unstaged 55 53
Tumor size, cm <0.001
<2 38.6 51.8
2-5 40.2 29.8
>5-10 6.9 4.1
>10-25 0.7 0.5
Diffuse 1.7 11
Unknown 12.0 12.7
Grade <0.001
1 5.0 13.0
2 23.2 30.1
3 42.6 25.9
4 4.2 3.2
Unknown 25.0 27.9
ER status <0.001
Positive 39.1 50.1
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Characteristic Young women  Older women Chi-square p-
n=15,548 (%) n=227,464 (%) value
Negative 28.0 14.2
Unknown 328 35.7
PR status <0.001
Positive 36.2 425
Negative 30.1 20.4
Unknown 337 371
Nodes involved <0.001
None 54.6 66.4
1-3 10.3 7.1
>3 28.9 18.1
Unknown 6.2 8.3
Laterality 0.003
Right 49.3 485
Left 50.1 50.7
One, unspecified 0.1 0.2
Bilateral 0.1 0.1
Treatment characteristics
Radiation <0.001
Yes 2.7 41.4
No 53.9 55.8
Unknown 3.4 2.8
Surgery <0.001
None 4.1 55
Lumpectomy 42.2 48.3
Mastectomy 53.4 459
Other/Unknown 0.3 0.3
Outcomes
Breast cancer <0.001
death
Yes 18.3 12.1
No 81.7 87.9
Vital status <0.001
Alive 79.6 75.2
Dead 20.4 24.8

Percentages shown are for column totals.
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Table 2

Page 11

Vital Status Outcomes for the Study Population by Age and Stage at Diagnosis, SEER 1988-2003, Women
with a Single Primary Breast Cancer Occurrence

Stage n Alive (%) Death because of Death because of
breast cancer (%)  other cause (%)
Young women (< 40 y)
In Situ 1806 98.2 0.6 1.2
| 4028 92.1 6.8 11
1l 7016 77.4 20.3 2.3
11 1292 53.1 43.7 3.3
v 551 27.4 66.4 6.2
Unstaged 855 727 23.3 4.0
Overall 15,548 79.6 18.3 22
Older women (> 40y)
In Situ 35,504 93.0 0.5 6.6
| 88,092 83.4 3.6 13.0
1l 70,328 71.2 15.2 13.6
11 11,967 47.9 38.4 13.6
v 9440 18.9 67.8 13.2
Unstaged 12,133 57.6 21.5 20.8
Overall 227,464 75.2 12.1 12.6

Percentages are of row totals in second column.
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Crude and Adjusted Hazard Ratios for Breast Cancer-specific and All-Cause Mortality by Stage at Diagnosis

Table 3

Comparing Younger Women to Older Women

Breast cancer-specific mortality™ All-cause mortality!
0, 0,
stage | rt @so6cl) | aHRS @svec | CHR (€5%C1) | aHR (e5%Cl)
0 1.04 (056-1.91) | 1.13(0.61-2.11) | 0.19 (0.14-0.27) | 0.28 (0.19-
0.39)

I 1.64 (1.45-1.86) | 1.44 (1.27-1.63) | 0.40 (0.36-0.45) | 0.54 (0.48-
0.60)

T 1.24 (1.18-1.31) | 1.08(1.02-1.14) | 0.73 (0.69-0.76) | 0.80 (0.76-
0.84)

I 1.05 (0.96-1.14) | 1.00(0.92-1.09) | 0.82 (0.76-0.90) | 0.86 (0.79-
0.93)

v 0.84 (0.76-0.94) | 0.86 (0.77-0.96) | 0.77 (0.70-0.85) | 0.82 (0.74-
0.91)

Unstaged | 0.95 (0.82-1.10) | 0.91 (0.78-1.05) | 0.56 (0.49-0.64) | 0.64 (0.56-
0.74)

Overall | 1.39 (1.34-1.45) 0.75 (0.72-0.78)

Reference group for each model was women >40 y of age.

*
Breast cancer-specific mortality compared women who died of breast cancer with women who were either alive at the end of followup or died of

another cause.

TAII-catuse mortality compared women who died of any cause by the end of follow-up to women who were alive at the end of followup.

icHR=crude Hazard Ratio.

§aHR:adjusted Hazard Ratio; adjusted for race, marital status at diagnosis, tumor size, nodal involvement, grade, estrogen receptor status,

progesterone receptor status, surgical treatment received, and radiation treatment received.
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