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Abstract
Institutional data are conflicting regarding the prognosis of breast cancer patients with extensive
(≥10) axillary lymph node (ALN) metastases. We hypothesized that overall survival (OS) and
disease specific survival (DSS) improved after the introduction of anthracycline-based therapy in
1997. We used the Surveillance, Epidemiology, and End results (SEER) database to identify
breast cancer patients with ≥10 ALN metastases diagnosed between 1988 and 2004. Patients were
categorized according to whether they were diagnosed prior to the FDA approval of anthracyclines
(pre-anthracycline era, pre-AE) or after approval (post-anthracycline era, post-AE). Univariate
analyses of OS and DSS were performed using the Kaplan–Meier method and differences assessed
via the log rank test. Anthracycline era as an independent predictor of OS and DSS was evaluated
using Cox proportional hazards models with patient age, hormone receptor status, tumor size, use
of radiation therapy, and number of metastatic ALNs as covariates. Entry criteria were met by
12,653 patients. Of these, 5,655 (44.7%) and 6,998 (55.3%) were treated in the pre-AE and post-
AE, respectively. On univariate analysis, post-AE patients experienced significantly improved
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rates of OS (P<0.001) and DSS (P<0.001) relative to pre-AE patients. On multivariate analysis,
treatment in the post-AE favorably influenced both OS (Hazard Ratio [HR] 0.90, 95% Confidence
Interval [CI] 0.84–0.96) and DSS (HR 0.84, CI 0.79–0.91). Both OS and DSS are poor in patients
with extensive ALN metastases. Patients with advanced breast cancer treated in the post-AE
demonstrated superior OS and DSS.

Keywords
Anthracycline; Advanced breast cancer; Survival; SEER

Introduction
The status of the axillary lymph nodes (ALN) is the most important predictor of overall
survival (OS) and disease-specific survival (DSS) for patients with breast cancer [1,2].
While the mere presence of ALN metastasis is prognostic, so too is the total number of ALN
metastases. Studies of survival in breast cancer patients with ALN metastasis prior to the
widespread adoption of adjuvant systemic chemotherapy demonstrated a correlation
between the number of positive LN and DFS [3]. Patients with ≥4 positive ALN had a 5
year DFS of 39.7%, but those with ≥13 positive ALN had a DFS of only 16.4% [3]. The
current 6th edition staging system of the American Joint Committee on Cancer (AJCC) takes
into account the importance of the total number of ALN metastases to breast cancer
outcomes. Patients with extensive ALN metastases (≥10) are categorized as having stage
IIIc disease using current AJCC criteria. Survival rates for this select group of patients with
extensive disease have been rather wide-ranging. Five year rates of OS have ranged from
<30 to >70% [4–9].

In 1997 the United States Federal Drug Administration (FDA) approved anthracyclines for
use an adjuvant systemic therapy agent for breast cancer. Subsequent randomized controlled
trials have confirmed a DSS and OS benefit to the use of anthracyclines in patients with
node positive breast cancer.

Our study objective was to estimate the true rate of OS and DSS in a large sample of breast
cancer patients with ≥10 ALN metastases. We hypothesized that those patients treated prior
to the FDA approval of anthracyclines for adjuvant therapy (pre-anthracycline era, pre-AE)
would have poorer survival rates than those treated after anthracycline approval (post-
anthracycline era, post-AE).

Methods
We used the Surveillance Epidemiology and End Results (SEER) database of the National
Cancer Institute to identify patients with invasive ductal carcinoma (IDC), lobular
carcinoma (ILC), ormixed ductal/lobular carcinoma (MDLC) of the breast associated with
≥10 metastatic lymph nodes diagnosed between 1988 and 2005. The geographic scope of
the current SEER registry has been reported previously [10–12]. SEER registries routinely
collect data on patient demographics, primary tumor site, tumor morphology, stage at
diagnosis, first course of treatment, and follow-up vital status.

Patients were excluded if they had distant metastases, or the diagnosis of advanced BCa was
documented only by death certificate or autopsy. Additional exclusions were made for
patients with incomplete data. The final sample included 12,653 patients. Patients diagnosed
with breast cancer prior to 1998 were categorized as being treated in the pre-AE era; those
diagnosed in 1998 and beyond were categorized as being treated in the post-AE era. We

Beal et al. Page 2

Med Oncol. Author manuscript; available in PMC 2011 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



compared differences among eras using Chi-square testing for categorical variables and
proportions.

Survival was calculated as the number of completed months between the date of diagnosis
and whichever occurred first: date of death, date last known to be alive, or December 31,
2004. The survival endpoints for the present study were OS and DSS. Patients who were lost
to follow-up or survived beyond December 31, 2004 were coded as censored observations.

Patient, tumor, and treatment factors of known or potential prognostic importance were
examined by univariate analysis for their influence on OS and DSS using the Kaplan–Meier
method. Statistical differences among or between survival curves were assessed via the log-
rank test. Variables subjected to univariate analysis included age (median split, ≤56 vs.
>56), sex, tumor size (median split, ≤32 vs. >32 mm), estrogen receptor (ER) and progester-
one receptor (PR) status (positive, negative, equivocal, unknown), use of radiation therapy
(yes vs. no), and anthracycline era.

Significant factors from the univariate analysis were included in multivariate Cox
proportional hazards models to assess significant predictors of OS and DSS. The covariates
age and tumor size were analyzed as continuous variables in the multivariate models.
Estimated risks of death were reported as hazard ratios (HR) with 95% confidence intervals
(CI). Statistical significance was indicated by P<0.05. All analyses were conducted using
STATA version 10 (StataCorp, College Station, Texas).

Results
Patient, tumor and treatment characteristics of the two study populations are detailed in
Table 1. Briefly, the median age of patients in our study was 56 years. The median number
of ALN metastases in our patients was 14. Women comprised the overwhelming majority of
our study population (99.1%); 115 men (0.9%) were included. The median tumor size was
32 mm. The most common histology was IDC (75.3%); ILC and MDLC represented 14.5
and 10.2% of tumors, respectively. Overall, the majority of tumors were ER positive
(50.5%); the remainder were ER negative (21%), or equivocal (0.7%). PR status was
positive for 41.2% of tumors; the remainder were PR negative (28.8%), or PR equivocal
(0.8%). Of note, ER and PR status were unknown in 27.9 and 29.2% of our patients,
respectively. Pre-AE and Post-AE groups did not significantly differ from one another with
respect to the total number of ALN metastases (<14 vs. ≥14) or sex. Statistically significant
differences were noted for all other factors at the P<0.001 level, including age, tumor size,
histology, hormone receptor status, and use of radiation therapy.

Significant predictors of DSS and OS are presented in Table 2. Only sex was not a
significant predictor of DSS or OS. All other covariates were significant at the P<0.001
level. The median DSS and OS for the population as a whole were 86 and 68 months,
respectively (Fig. 1). For the pre-AE group, the median DSS was 79 months, but the median
DSS was not yet reached in the post AE group. Five-year DSS rates were 58 and 64% for
pre-AE and post-AE groups, respectively. After 80 months of follow-up, DSS rates were 50
and 57% in the pre-AE and post-AE groups, respectively. For the pre-AE group, the median
OS was 64 months, and the median OS was 76 months in the post AE group. Five-year OS
rates were 52 and 57% for pre-AE and post-AE groups, respectively. After 80 months of
follow-up, OS rates were 42 and 48% in the pre-AE and post-AE groups, respectively.

We excluded sex from the multivariate models. The final Cox proportional hazards models
for DSS and OS are presented in Table 3. Briefly, compared to pre-AE patients, post-AE
patients demonstrated a decreased risk of death due to breast cancer (HR 0.84, CI 0.79–0.91;
P<0.001) or any cause (HR 0.90, CI 0.84–0.96; P<0.001).
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Covariates associated with an increased risk of breast cancer-related death included
increasing patient age (HR 1.01, CI 1.01–1.01; P<0.001), increasing tumor size (HR 1.00,
CI 1.00–1.00; P<0.001), increasing numbers of ALN metastases (HR 1.02, CI 1.02–1.03;
P<0.001), ER negative status (HR 1.84, CI 1.67–2.02; P<0.001), ER status borderline (HR
1.45, CI 1.06–1.97; P<0.02), ER status unknown (HR 1.62, CI 1.25–2.10; P<0.001), PR
negative status (HR 1.35, CI 1.23–1.48; P<0.001), and PR status borderline (HR 1.92, CI
1.44–2.56; P<0.001). Other than treatment in the post-AE, only use of radiation predicted a
decreased risk of breast cancer-related mortality (HR 0.79, CI 0.74–0.84; P<0.001).

Covariates predicting an increased risk of death due to any cause included increasing age
(HR 1.02, CI 1.01–1.02; P<0.001), increasing tumor size (HR 1.00, CI 1.00–1.00; P<0.001),
increasing number of ALN metastases (HR 1.02, CI 1.01–1.02; P<0.001), ER negative
status (HR 1.71, CI 1.57–1.86; P<0.001), ER status unknown (HR 1.62, CI 1.29–2.05;
P<0.001), PR negative status (HR 1.31, CI 1.21–1.42; P < 0.001), and PR status borderline
(HR 1.71, CI 1.30–2.23; P < 0.001). Other than treatment in the post-AE, a decreased risk of
mortality due to any cause was predicted by the use of radiation (HR 0.76, CI 0.72–0.81; P <
0.001).

Discussion
Breast cancer with extensive ALN metastases has long been a clinical challenge. High-dose
chemotherapy with bone marrow transplantation was conceived in an effort to provide these
patients with an improvement in their otherwise dismal rates of survival. Although results
were initially promising, no significant benefit in OS was ultimately demonstrated [13–17].
At a time when the merits of bone marrow transplantation and high-dose chemotherapy were
being challenged, anthracyclines were approved for adjuvant use in breast cancer by the
FDA. The basis for this approval was solid randomized controlled trial evidence
demonstrating improvements in DSS and OS [18,19].

Our data indicate that the 5 year survival rates for AJCC stage IIIc breast cancer patients
with ≥10 ALN metastases is intermediate between the most pessimistic and optimistic
values previously reported (approximate range, 30–70%). For our entire cohort, 5 year DSS
and OS rates were 61 and 54.3%. We hypothesized that the introduction of anthracyclines
into the adjuvant treatment regimen for breast cancer would lead to improvements to DSS
and OS. Indeed, this is what we found. Post-AE patients had a 6 and 5% benefits in 5 year
DSS and OS relative to their pre-AE counterparts.

Improved outcomes for breast cancer patients with extensive ALN metastases have also
been reported with the use of adjuvant radiation therapy. It is well-established that any
patient undergoing lumpectomy should undergo radiation therapy to minimize rates of local
recurrence. However, data from trials of post-mastectomy radiation therapy indicate that
there is both a recurrence-free and OS advantage to the use of radiation therapy in patients
with ≥4 ALN metastases. Current guidelines favor the use of radiation with ≥4 ALN
metastases. Given current guidelines, all of our patients would be candidates for radiation
therapy. Nevertheless, approximately 49% of our entire study population did not receive
radiation therapy. Pre-AE patients received lower rates of radiation therapy than their post-
AE counterparts (42.3 vs. 57.7%), which is consistent with the fact that the main trials
supporting the use of radiation therapy for advanced nodal disease were published in 1997.
The discrepancy between the use of radiation therapy between pre-and post-AE groups may
partially explain the survival differences noted in our study.

Our study is further complicated by the fact that we make no direct measurement of the use
of chemotherapy among our study patients. SEER data do not include information on use of
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hormonal therapy or chemotherapy. Furthermore, SEER does not provide information on
health comorbidities that might otherwise preclude the use of adjuvant therapy. It was not
our goal to measure the usage of chemotherapy in one time-period compared to another,
however. Our objective was to provide an accurate estimate of the DSS and OS of breast
cancer patients with extensive (≥10) ALN metastases based on “real world” population-
based data. Furthermore, our objective was to demonstrate that survival rates have positively
changed since anthracycline agents became available for adjuvant use.

ALN status remains the most important factor determining breast cancer outcome, but
patient and tumor-specific factors such as age, tumor size and hormone receptor status are
also important. In our study population, the number of ALN metastases beyond 10 had a
modest impact on DSS and OS. For each ALN metastasis beyond 10, there was a 2%
increased risk of death due to breast cancer or any cause. Advancing age and tumor size
were associated with minimal, but likely clinically unimportant, increases in the risk of
mortality. With regard to hormone receptor status, as expected patients that were ER or PR
negative had a higher risk of mortality. ER negative patients had an 84 and 71% increased
risk of mortality due to breast cancer or any cause, respectively. Similarly, PR negative
patients had a 35 and 31% increased risk of mortality due to breast cancer or any cause,
respectively.

Both DSS and OS are poor in patients with extensive ALN metastases. Patients with
advanced breast cancer and extensive ALN metastases treated in the post-AE demonstrated
superior DSS and OS.
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Fig. 1.
a Disease specific survival. b Overall survival
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Table 1

Patient, tumor and treatment characteristics of patients in the pre- and post-anthracycline eras

Pre-AE Post-AE P-value

Age (%) <0.001

    <56 years 2,618 (46.3) 3,553 (50.8)

    ≥56 years 3,037 (53.7) 3,445 (49.2)

ALN metastasis (%) <0.07

    <14 2,707 (47.9) 3,467 (49.5)

    ≥14 2,948 (52.1) 3,531 (50.5)

Sex (%) 0.94

    Male 51 (0.9) 64 (0.9)

    Female 5,604 (99.1) 6,934 (99.1)

Tumor size (%) <0.001

    ≤32 mm 2,808 (53.3) 3,195 (48.8)

    >32 mm 2,459 (46.7) 3,353 (51.2)

Histology (%) <0.001

    IDC 4,476 (79.2) 5,047 (72.1)

    ILC 756 (13.4) 1,077 (15.4)

    MDLC 423 (7.4) 874 (12.5)

ER status (%) <0.001

    Positive 2,767 (48.9) 3,618 (51.7)

    Negative 1,155 (20.4) 1,503 (21.5)

    Equivocal 71 (1.3) 12 (0.2)

    Unknown 1,662 (29.4) 1,865 (26.6)

PR status (%) <0.001

    Positive 2,907 (41.5) 2,310 (40.9)

    Negative 2,099 (30) 1,543 (27.3)

    Equivocal 34 (0.5) 64 (1.1)

    Unknown 1,958 (28) 1,738 (30.7)

Radiation (%) <0.001

    No radiation 3,263 (57.7) 2,959 (42.3)

    Radiation 2,392 (42.3) 4,039 (57.7)
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Table 2

Univariate analysis

Disease specific
survival (P-value)

Overall
survival (P-value)

Age <0.001 <0.001

    <56 years

    ≥56 years

ALN metastasis <0.001 <0.001

    <14

    ≥14

Sex <0.65 <0.15

    Male

    Female

Tumor size <0.001 <0.001

    ≤32 mm

    >32 mm

Histology <0.001 <0.001

    IDC

    ILC

    MDLC

ER status <0.001 <0.001

    Positive

    Negative

    Equivocal

    Unknown

PR status <0.001 <0.001

    Positive

    Negative

    Equivocal

    Unknown

Radiation (%) <0.001 <0.001

    No radiation

    Radiation
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Table 3

Multivariate analysis

Disease-specific survival Overall survival

HR 95% CI P-value HR 95% CI P-value

Age 1.01 1.01–1.01 <0.001 1.02 1.01–1.02 <0.001

Tumor size
  (mm)

1.00 1.00–1.00 <0.001 1.00 1.00–1.00 <0.001

# ALN
  metastasis

1.02 1.02–1.03 <0.001 1.02 1.01–1.02 <0.001

ER status

    Positive Referent

    Negative 1.84 1.67–2.02 <0.001 1.71 1.57–1.86 <0.001

    Borderline 1.45 1.06–1.97 <0.02 1.28 0.96–1.70 <0.10

    Unknown 1.62 1.25–2.10 <0.001 1.62 1.29–2.05 <0.001

PR status

    Positive Referent

    Negative 1.35 1.23–1.48 <0.001 1.31 1.21–1.42 <0.001

    Borderline 1.92 1.44–2.56 <0.001 1.71 1.30–2.23 <0.001

    Unknown 0.91 0.71–1.18 <0.50 0.84 0.67–1.06 <0.15

Radiation

    No Referent

    Yes 0.79 0.74–0.84 <0.001 0.76 0.72–0.81 <0.001

Anthracycline era

    Pre-AE Referent

    Post-AE 0.84 0.79–0.91 <0.001 0.90 0.84–0.96   0.001
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