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Abstract

Prognostic factors specific to medullary carcinoma of the breast (MCB) are unknown. Our
objective was to identify patient and tumor factors predictive of overall survival (OS) in a large
cohort of MCB patients. The Surveillance, Epidemiology, and End Results database was used to
identify patients with MCB diagnosed from 1988 to 2004. Patient, tumor, and treatment factors
were compared by univariate analysis via the Kaplan—Meier method and survival differences
detected using the log-rank test. A multivariate Cox proportional hazards model controlled for
patient age, race, type of surgery, radiotherapy, tumor size, number of lymph node metastases
(LNM), lymph node yield (LNY), estrogen receptor (ER) and progesterone receptor (PR) status,
and extent of disease. On univariate analysis of 3,348 patients, factors influencing OS included
age, race, tumor size, ER status, type of surgery, radiotherapy, LNM, LNY, and extent of disease
(P < 0.001). On multivariate analysis, advancing age (P < 0.001), black race (P < 0.001), regional
metastases (P < 0.001), distant metastases (P < 0.001), increasing tumor size (P < 0.001), ER
positivity (P = 0.003), and increasing LNM (P < 0.001) were associated with decreased OS. An
OS benefit was seen in PR-positive patients (P = 0.002) and in those with increasing LNY (P <
0.001). Even among node-negative patients, increasing LNY was associated with improved OS (P
< 0.001). Tumor size, LNM, regional and distant metastases, PR status, age, and race are
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important prognostic factors in MCB. ER positivity was associated with decreased OS, which may
reflect inaccuracy in diagnosing MCB or a significant biologic variant. The improved OS seen
with increasing LNY in node-negative patients suggests MCB may be currently understaged.
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Introduction

Methods

Only 3-5% of all breast cancers are characterized as medullary carcinoma of the breast
(MCB). MCB is distinguished by prominent (>75%) syncytial growth, well-circumscribed
margins, nuclear pleomorphism, and a diffuse lymphoid infiltrate an absence of an
intraductal component or microglandular features [1]. Several known poor prognostic
factors are common to MCB, including large tumor size, high nuclear grade, and hormone
receptor negativity. Despite this, MCB has superior survival compared to infiltrating ductal
carcinoma, with 10-year survival rates up to 84% [1-4].

Prognostic factors specific to MCB are relatively unknown. Determination of these factors is
important to identify patients at greatest risk for disease recurrence and death, as these
patients may benefit from more aggressive treatment. Our objective was to identify patient-
and tumor-specific factors influencing survival in a large cohort of patients with MCB.

Data were obtained from the Surveillance, Epidemiology, and End Results (SEER) database
of the National Cancer Institute. All histologically confirmed cases of MCB identified in the
SEER database inclusive of years 1988 through 2004 were eligible. We excluded patients
with known secondary cancers and those identified by death certificate or autopsy.
Characteristics of the SEER database, including the registries represented and the data fields
included, have been reported by our group previously [5-7].

Univariate estimates of survival were made for known and suspected prognostic variables
using the Kaplan—Meier method; we compared survival curves using the log-rank test.
Variables subjected to univariate analysis included patient age (<50 years or >50 years), sex,
race/ethnicity (white, black, Hispanic, Asian, Native American), tumor grade (I-11, I11-1V),
tumor size (<20 vs. >20 mm), lymph node yield (LNY median split at <13, >13), lymph
node status (LNS, positive vs. negative), type of surgery (none, lumpectomy, mastectomy,
lymph node dissection only, surgery not otherwise specified), radiation (yes, no), estrogen
receptor (ER) and progesterone receptor (PR) status (positive, negative, equivocal), and
extent of disease (local, regional, metastatic). We constructed Cox proportional hazards
models that included all variables from the univariate analysis regardless of statistical
significance, with the exception of sex; too few male patients were in our study to be
included in the multivariate analysis. Age, tumor size, LNY, and number of lymph node
metastases (LNM) were analyzed as continuous variables. Survival was calculated as the
number of completed months between the date of diagnosis and whichever occurred first:
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date of death, date last known to be alive, or 31 December 2004. The survival endpoint for
the present study was overall survival (OS). Patients who were lost to follow-up or survived
beyond 31 December 2004 were coded as censored observations. The remaining variables
were analyzed as categorical or ordinal variables as appropriate. Analyses were conducted
using STATA version 11 (StataCorp, College Station, Texas).

Results

Patient, tumor, and treatment characteristics

Patient and tumor characteristics are presented in Table 1. Briefly, our population included
3,348 patients with MCB. Of these, the median age was 50 years. Most patients were white
(72%) women (99.9%). SEER categorizes the extent of disease into three broad stages:
localized (disease confined to the breast), regional (disease confined to regional lymph
nodes), and metastatic (disease spread to distant sites). Most patients (97.8%) had local or
regional disease at the time of diagnosis. The median tumor size was 22 mm. The majority
of patients had tumors that were ER and PR negative (56.8 and 58.4%, respectively); a
fourth of patients had incomplete data regarding ER and PR status. Tumor grade was high
(11-1V) in 50.7% of patients and unknown in 43.2%. Lymph nodes were not examined in
7% of patients and the number of lymph nodes examined was unavailable in another 2%. Of
those with complete lymph node information, the median LNY was 13. Overall, two-thirds
of patients (71.7%) had no lymph node metastases. Less than 1% of patients received no
surgical treatment; 98.6% of patients received either lumpectomy (55.1%) or mastectomy
(43.5%). The majority of patients did not receive adjuvant radiation therapy (51.2%).

Survival analysis: entire population

For the population as a whole, the 10-year OS rate was 78%. Log-rank assessments of
survival differences between or among the survival curves are reported in Table 1. Sex,
tumor grade, and PR status did not achieve significance. All remaining variables
demonstrated differences significant at the P < 0.001 level.

For patients >50 years old, 10-year survival was 16.6% lower than that of patients <50 years
old (P < 0.001). Ten-year survival for blacks was 69.6% compared to 79.8% for whites.
Patients with regional and distant metastases had 10-year survival rates of 68.1 and 25.0%,
respectively. Tumors confined to the breast, however, were associated with an 83.4% 10-
year survival. Ten-year survival was 73.3% for tumors >22 mm compared to 82.8% for
those <22 mm. Ten-year survival rates were 70.3% vs. 80.8% in ER-positive and ER-
negative patients, respectively. We report 10-year survival rates of 67.5% for those with
LNM and 81.9% for those without LNM. Patients with a LNY > 13 had an 8.9% survival
advantage at 10 years over patients in which 13 or fewer lymph nodes were examined. A
trend toward improved OS was seen in patients who underwent lumpectomy (10 year
survival 82.3%) compared to those who had a mastectomy (10 year survival 73.7%).
Similarly, patients receiving radiotherapy had improved OS (10 year survival 80.5%)
compared to those who did not (10 year survival 75.7%) on univariate analysis.
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Results of the multivariate analysis of all patients are summarized in Table 2. With age as a
continuous variable, this survival difference persisted on multivariate analysis (HR 1.04, ClI:
1.04-1.05, P < 0.001). Racial differences were also found in our cohort, with blacks faring
worse on multivariate analysis (HR 1.84, Cl: 1.52-2.25, P < 0.001).

The poorer prognosis in patients with regional (HR 1.60, Cl: 1.32-1.93, P < 0.001) and
distant metastasis (HR 4.36, Cl: 2.66-7.12, P < 0.001) was maintained on multivariate
analysis. Increasing tumor size was associated with a higher risk of death (HR 1.01, ClI:
1.01-1.01, P < 0.001). We identified ER-positive status as predicting a poorer prognosis
(HR 1.51, CI: 1.15-1.98, P = 0.003). A survival benefit was observed in PR-positive
patients on multivariate analysis (HR 0.61, Cl: 0.44-0.83, P = 0.002). A worse OS was seen
in patients with increasing numbers of positive lymph nodes (HR 1.10, CI: 1.07-1.12, P <
0.001). Increasing LNY was associated with lower rates of mortality (HR 0.96, Cl: 0.95-
0.97, P < 0.001) even among node-negative patients (HR 0.96, CI: 0.94-0.97, P < 0.001).
Lumpectomy did not confer a survival advantage relative to those receiving mastectomy
(HR 0.94, CI: 0.76-1.16, P = 0.54). No survival benefit to the receipt of RT was noted (HR
0.86, Cl: 0.70-1.04, P = 0.14).

Survival analysis: non-metastatic patients undergoing lumpectomy or mastectomy

We performed a subset multivariate analysis on our patients. This analysis excluded patients
with known metastatic disease and further included only those patients treated with
lumpectomy or mastectomy for their primary tumor. The subset population consisted of
3,125 patients. Results of the subset analysis are reported in Table 3. Factors associated with
an increased risk of mortality included increased patient age (HR 1.04, Cl: 1.04-1.05; P <
0.001), black race (HR 1.95, ClI: 1.60-2.37; P < 0.001), increasing tumor size (HR 1.01, CI:
1.01-1.02; P < 0.001), increasing number of metastatic nodes (HR 1.12, Cl: 1.10-1.14; P <
0.001), ER positivity (HR 1.47, Cl: 1.12-1.94; P = 0.006), and ER status unknown (HR
5.55, Cl: 1.71-17.99; P = 0.004). Factors associated with a decreased risk of mortality
included increasing LNY (HR 0.96, Cl: 0.95-0.97; P < 0.001), PR positivity (HR 0.69, CI:
0.50-0.94; P = 0.02), and PR status unknown (HR 0.21, CI: 0.07-0.68; P = 0.009).

Discussion

This is the largest analysis of MCB to date. Our study demonstrated that MCB shares
several prognostic factors with infiltrating ductal carcinoma. Among these are advancing
age, increasing tumor size and number of lymph node metastases, and the presence of
distant metastases all of which decrease OS. We also identified several factors uniquely
predictive of survival in MCB.

Lymph node status is the most important factor predicting survival in patients with invasive
ductal and lobular carcinoma. The number of LNM not only correlates with OS but is an
important determinant of treatment. Patients receiving mastectomy are routinely offered
chest wall radiation when LNM are =4. The significance of LNM in MCB was previously
reported [1, 8-10]. Reinfuss et al. demonstrated a poorer 10-year survival in MCB patients
with LNM (58.8%) compared to those without LNM (97.1%), but identified no other
significant prognostic factors [10]. In the largest series prior to the present study, Fisher et
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al. compared the effect of LNM in MCB by categorizing patients into those with and
without LNM. Ten-year survival rates for those without LNM were 68.7-80.2%. Patients
with LNM not receiving chemotherapy had 10-year survival rates of 44.4-50.0% [9]. Our
OS was similar, with 10-year survival rates of 67.5 and 81.9% in those with and without
LNM, respectively. Ridolfi et al. identified a trend of poorer OS in MCB patients with
axillary LNM, but this did not reach statistical significance [1]. To the best of our
knowledge, no other studies have assessed LNY as a prognostic factor for MCB. We found
that increasing LN, even among node-negative patients, was associated with improved
survival. This suggests significant understaging in patients with lower LNY.

Ridolfi et al. showed tumor size >3 cm to be associated with a 10-year survival of 55%
while tumors <3 cm had 10-year survival rates of 92% [1]. In our study, the median size of
tumors was 22 mm. We categorized patients as having tumors that were 22 mm or less vs.
those that were >22 mm. Ten-year survival for those with smaller tumors was 83%
compared to 73% for those with tumors >22 mm. Tumor size continued to be a significant
prognostic factor on multivariate analysis with a 1% increased risk of death associated with
each increasing mm in tumor size.

Only 1.1% (n = 37) of our patient population had distant metastases at diagnosis. The 10-
year survival in this group was 25.0%. As expected, distant metastases predicted a worse
OS. To the best of our knowledge, this is the first description of OS in this group. Racial and
ethnic disparities in treatment and outcomes have been reported extensively in invasive
ductal and lobular breast carcinoma, even after adjusting for access to health care, treatment
differences, and socioeconomic status [11-13]. In our study, black patients had an 84%
increased risk of death relative to their white counterparts. To our knowledge, this is the first
report of racial disparities in survival for patients with MCB. While our study could not
adjust for disparities in access to health care or socioeconomic status, we were able to
control for other potential tumor-related, treatment-related, and patient-related confounders
in our multivariate analysis. The survival disadvantage attributed to black patients may not
be due to breast-specific factors, as our outcome measure for this study was OS.

ER positivity is rare in MCB [10, 14-16]. In our study, only 547 (16.3%) patients had ER-
positive tumors. Unlike infiltrating ductal and lobular carcinomas, ER positivity in MCB
was associated with poorer OS. This may reflect a biologic variant. Numerous microarray
studies based on gene clustering have described distinct molecular profiles of breast cancer
and classified them into basal-like, erbB-2, and luminal/ER-positive types to further define
the biologic behavior and prognosis of breast carcinomas [17, 18]. Webster et al. identified a
subgroup of ER-positive patients with a significantly worse prognosis with gene clustering
[7]. Oh et al. similarly identified two subgroups of patients within the luminal/ER-positive
subtype and demonstrated decreased OS in the group that overexpressed genes of increased
proliferation and antiapoptosis [19]. Therefore, ER positivity does not necessarily indicate a
survival advantage but is likely influenced by other biologic determinants. Pinto et al.
reported no survival difference in patients with ER-positive/Her-2/neu-positive carcinomas
compared to the ER-negative/Her-2/neu-positive group, suggesting a hormone therapy
resistance [20]. These studies indicate that gene interplay can modify the prognostic effects
of previously studied factors such as ER status.
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Interestingly, although the rate of PR-positive tumors was low in our study (14%), patients
with PR-positive tumors had superior rates of OS, which is in accordance with the pattern

seen in patients with invasive ductal and lobular carcinoma, but not previously reported in
the MCB literature.

We performed an additional subanalysis of patients that excluded those with metastatic
disease. This analysis was performed to remove any potential bias in the survival analysis
contributed by these patients with documented poor survival. We also excluded patients who
did not undergo surgery or who had undefined surgical procedures. Only patients who
received lumpectomy or mastectomy were included. All trends noted in the analysis
including all patients were also seen in the subanalysis of non-metastatic lumpectomy and
mastectomy patients.

MCB represents <5% of all breast cancers in the U.S. and is difficult to study prospectively.
We used the SEER database both to study a larger cohort of patients with MCB and to better
capture national trends in treatment and outcomes. The limitations of SEER data are
recognized. Histologic diagnoses may be less consistent in SEER compared to studies with
individual pathologic review of specimens. In a reevaluation of 135 MCB tumors from 1977
to 1982, interobserver and intraobserver agreement rates of 72% and 63-77% were noted,
respectively [21]. Using three different sets of diagnostic criteria for MCB, consensus could
be reached on a MCB diagnosis in 70, 87, and 96% of cases, respectively [22]. Many studies
have shown survival rates of atypical MCB to fall between that of typical MCB and
infiltrating ductal carcinoma [1, 3, 9]. The worse overall survival of ER-positive tumors may
be reflective of a stronger prognostic effect of atypical histology, but this cannot be
confirmed using SEER data. Similarly, quality control with respect to the adequacy of
surgery is difficult to determine. Finally, we have no information from SEER regarding the
use of adjuvant chemotherapy or hormonal therapy, which can influence OS. SEER data
collection began in 1973, but we chose to limit our analysis to cases diagnosed from 1988 to
2004 to take advantage of more modernized surgical care and more complete data fields.
This may impede our ability for long-term follow-up in a disease that has a 10-year OS of
84— 92% reported by others [1, 3, 10, 16], and 78% in our current study.

Conclusion

Our objective was to identify patient- and tumor-specific factors influencing survival in a
large cohort of patients with MCB. Many prognostic factors relevant to invasive ductal and
lobular breast carcinomas are important for MCB as well. Among these, we have identified
a dramatic disparity in OS among black patients with MCB. ER positive MCB patients
demonstrate poorer OS compared to their ER-negative counterparts. Furthermore, our
findings indicate that MCB is likely being currently understaged due to inadequate
lymphadenectomy. Even among nodenegative patients, increasing LNY improved survival.
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Medullary breast cancer characteristics in 3,348 patients, SEER 1988-2004

Variable N (%) P value
Age
<50 1713 (51.2) <0.001
>50 1,635 (48.8)
Sex
Female 3,343(99.9) =0.31
Male 5(0.1)
Race/ethnicity
White 2,410 (72.0)  <0.001
Black 660 (19.7)
Asian 229 (6.8)
Native American 33 (1.0
Other 16 (0.5)
Extent of disease
Local 2,283 (68.2)  <0.001
Regional 992 (29.6)
Metastatic 37 (1.1)
Unknown 36 (1.1)
Size (mm)
<22 1,663 (49.7)  <0.001
>22 1,534 (45.8)
Unknown 151 (4.5)
Grade
-1 204 (6.1) =0.92
n-v 1,697 (50.7)
Unknown 1,447 (43.2)
ER status
Negative 1,902 (56.8) <0.001
Positive 547 (16.3)
Equivocal 40 (1.2)
Unknown 859 (25.7)
PR status
Negative 1,955 (58.4) =0.14
Positive 470 (14.0)
Equivocal 29 (0.9)
Unknown 894 (26.7)
Lymph node status (LNS)
Negative 2,401 (71.7)  <0.001
Positive 947 (28.3)

Lymph node examined (LNY)
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Variable N (%) Pvalue
<13 1713 (51.2) <0.001
>13 1,635 (48.8)

Surgery
Mastectomy 1,457 (43.5) <0.001
Lumpectomy 1,845 (55.1)

None 25 (0.7)
LND only 8(0.2)
Surgery, NOS 13 (0.4)

Radiation
No 1713 (51.2) <0.001
Yes 1,513 (45.2)

Unknown 122 (3.6)
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Table 2

Multivariate model of overall survival, all patients, SEER 1988-2004

Variable Hazard 95% Confidence P value
ratio interval
Increasing age 1.04 1.04-1.05 <0.001
Race/ethnicity
White - -
Black 1.84 1.52-2.25 <0.001
Asian 1.04 0.73-1.51 0.80
Native American 1.54 0.76-3.12 0.23
Extent of disease
Local - - -
Regional 1.60 1.32-1.93 <0.001
Metastatic 5.65 3.43-9.30 <0.001
Unknown 191 0.83-4.40 0.13
Tumor size (mm) 1.01 1.01-1.01 <0.001
Grade
111 - - -
1H-1v 1.03 0.71-1.48 0.88
Unknown 0.95 0.66-1.37 0.78
ER status
Negative - - -
Positive 1.51 1.15-1.98 0.003
Equivocal 0.88 0.36-2.19 0.79
Unknown 6.12 1.96-19.19 0.002
PR status
Negative - - -
Positive 0.61 0.44-0.83 0.002
Equivocal 0.53 0.23-1.25 0.15
Unknown 0.18 0.059-0.58 0.004
Number of lymph node metastases  1.10 1.07-1.12 <0.001
Lymph node yield 0.96 0.95-0.97 <0.001
Surgery
Mastectomy - - -
Lumpectomy 0.94 0.76-1.16 0.54
None 1.96 0.70-5.44 0.20
Node dissection only il Fkx Fkx
Surgery NOS 2.33 1.02-5.33 0.04
Radiation
No - - -
Yes 0.86 0.70-1.04 0.14
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Table 3

Variable Hazard ratio 95% Confidenceinterval P value
Increasing age 1.04 1.04-1.05 <0.001
Race/ethnicity
White - - -
Black 1.95 1.60-2.37 <0.001
Asian 1.03 0.71-1.49 =0.88
Native American 1.59 0.79-3.22 0.20
Tumor size (mm) 1.01 1.01-1.02 <0.001
Grade
111 - - -
1Hi-1v 1.12 0.77-1.63 0.56
Unknown 1.06 0.73-1.55 0.75
ER status
Negative - - -
Positive 1.47 1.12-1.94 0.006
Equivocal 0.91 0.37-2.27 0.85
Unknown 5.55 1.71-17.99 0.004
PR status
Negative - - -
Positive 0.69 0.50-0.94 0.02
Equivocal 0.67 0.26-1.71 0.40
Unknown 0.21 0.07-0.68 0.009
Number of lymph node metastases  1.12 1.10-1.14 <0.001
Lymph node yield 0.96 0.95-0.97 <0.001
Surgery
Mastectomy - - -
Lumpectomy 0.85 0.68-1.06 0.15
Radiation
No - - -
Yes 0.96 0.78-1.19 0.71
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