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ABSTRACT  
 

Lindsay Almquist Williams: Integrated Molecular and Histologic Subtypes in Breast Cancer 

Risk and Survival  

(Under the direction of Melissa Troester and Hazel Nichols) 
 

 
Background: Intrinsic breast cancer subtypes and histologic subtypes have distinct 

risk factor profiles. Ductal carcinoma, diagnosed in 60-80% of cases, shows intrinsic 

subtype diversity. Lobular and mixed ductal-lobular carcinomas, each diagnosed in up to 

15% of cases, are predominantly Luminal A subtype. It is unclear whether reported risk 

factor and survival profiles by histologic subtype will persist in analyses restricted to 

Luminal A subtype. 

Methods: Using 4,359 invasive breast cancer cases from the Carolina Breast Cancer 

Study (1993-2013) we estimated tumor characteristic-histologic subtype associations and 

compared results to those in The Cancer Genome Atlas (TCGA). We estimated associations 

between reproductive risk factors and histologic subtypes. Finally, we evaluated associations 

between histologic subtype and survival. All association analyses were performed across all 

tumors regardless of molecular subtype and among tumors of Luminal A subtype (clinical 

and RNA-based) only.  

Results: Tumor and molecular characteristics of lobular and mixed carcinomas were 

quantitatively different from ductal carcinomas, overall and among Luminal A subtype. 

Associations between histologic subtypes and tumor and genomic characteristics were 

similar in CBCS and TCGA. Lobular tumors were predominantly Luminal A subtype and had 

fewer TP53 pathway defects than ductal tumors. In the analysis of reproductive risk factors 

by histologic subtype, case-case analyses suggested significant differences between lobular 

and ductal tumors for older age (≥26 years) at first birth, lactation duration >12 months, 
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and oral contraceptive use. These associations among all tumors did not vary by race and 

were similar in direction and magnitude among Luminal A tumors only. Compared to ductal 

tumors, lobular and mixed tumors were inversely associated with breast cancer-specific 

death from 0-10 years after diagnosis and positively associated with breast cancer-specific 

death at great than 10 years since diagnosis, even among Luminal A tumors only.  

Conclusions: We observed that histology was strongly associated with molecular 

tumor characteristics in the CBCS and TCGA, showing that the vast majority of lobular 

tumors are Luminal A subtype. Risk factor profiles and breast cancer-specific survival 

associations with histologic subtype among Luminal A tumors were similar in direction and 

magnitude to those observed among all tumors regardless of molecular subtype.
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CHAPTER 1: BACKGROUND 

 

1.1 Overview of molecular and histologic heterogeneity of breast cancer 

Studying heterogeneity in breast tumors most often refers to the well-characterized 

molecular and intrinsic subtype heterogeneity [1–4]. Histologic heterogeneity is less often 

the focus of breast cancer research and few studies simultaneously consider molecular and 

histologic heterogeneity in risk factor and survival analysis. Work by The Cancer Genome 

Atlas (TCGA) using RNA-based intrinsic subtype shows heterogeneity by histologic subtype 

with nearly all lobular and mixed ductal-lobular tumors classified as Luminal A subtype while 

ductal tumors show heterogeneity by subtype and nearly all Basal-like and HER2-enriched 

tumors occur among ductal tumors [5]. These findings are mirrored in two epidemiologic 

studies using IHC-based subtyping methods, the Carolina Breast Cancer Study (CBCS) 

(Phase 1) and the Nurses’ Health Study (NHS) [3, 6]. Similarly, a number of clinical studies 

have determined IHC-based intrinsic subtype among the histologic subtypes and the 

resulting trends are similar to those observed in TCGA, the CBCS (Phase 1), and the NHS 

[3, 5, 7–16]. 

 A vast majority of epidemiologic breast cancer risk factor analyses do not examine 

differences in risk by histologic subtype; yet, studies conducted where histologic subtype 

stratification has been performed suggest differences in breast cancer risk by histologic 

subtype for reproductive risk factors. Without stratification by histologic subtype, estimates 

of invasive breast cancer risk are biased towards estimates for ductal carcinoma, the most 

common subtype [17–30]. In stratified analyses, there is an increased risk for lobular 

versus ductal disease among women with younger age at menarche, older age at first birth, 

older age at menopause, and combined menopausal hormone therapy use
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 [6, 19, 24, 27–29, 31–36]. These mirror risk factor profiles reported for Luminal A intrinsic 

subtype [3, 4, 6]. There are no reports from population-based studies presenting risk factor 

analyses by intrinsic and histologic subtype, which would allow for a clearer assessment of 

differences in risk factor profiles.   

Concerning survival by histologic subtype, results are inconsistent. There is some 

suggestion of better survival for lobular tumors relative to ductal tumors, but when 

stratification by ER status is performed a different pattern emerges [15, 17, 20, 26, 37–40]. 

When stratifying by ER/PR status and histologic subtype, the risk of breast cancer specific 

death appears to be highest among patients with lobular tumors that are ER-/PR- compared 

to ER+/PR+ tumors [22, 41]. No survival analyses have stratified by intrinsic and histologic 

subtype. The aim of this dissertation was to estimate the associations between molecular 

tumor characteristics and histologic subtype, to study risk factor profiles by histologic 

subtype, to examine differences in survival by histologic subtype using the population-based 

Carolina Breast Cancer study, and to estimate these associations overall and among Luminal 

A tumors only. By restricting to Luminal A subtype, we can more clearly define differences 

in both risk and survival by histologic subtype. The next sections discuss the biology of 

breast tissue, breast cancer heterogeneity defined by both molecular and histologic subtype, 

and risk factor and survival profiles by histologic and molecular subtype.  

1.2 Biology of the breast 

The breast is a dynamic organ with maturation occurring in various stages over the 

female life course. Breast tissue begins to differentiate into ducts and lobules after exposure 

to estrogen and progesterone during adolescence and early adulthood [42]. During 

pregnancy, the hormone prolactin stimulates development of ductal epithelium and initiates 

lactation postpartum [42]. Development of the ducts and lobules during pregnancy and 

lactation signifies peak maturation of the breast tissue, and is most relevant to breast 

cancer development. At this point, there are 15-20 lobes in each breast, referred to as 

terminal ductal lobular units (TDLUs). Each TDLU is made up of several lobules connected to 
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a duct, which opens through the nipple allowing milk to flow from the alveoli [42]. Following 

completion of lactation, a majority of TDLU epithelial cells undergo apoptosis and the 

remaining breast tissue is remodeled to the pre-pregnant, less differentiated state, a 

process termed post-lactational involution [43, 44]. The cycle of differentiation and post-

lactational involution occurs with each pregnancy and lactation period.  

Age-related involution, a distinct biological phenomenon from post-lactational 

involution, is characterized by glandular tissue loss due to decreasing epithelial content and 

replacement of stromal components with fat [43, 44]. Since a vast majority of breast 

tumors occur in the TDLUs, it follows that an increasing degree of age-related involution is 

associated with decreased risk of breast cancer [43–47]. In general, age-related involution 

starts when a woman is in her 40s and reaches completion when she is in her 70s, but 

variation in initiation and completion depends on her reproductive history. Most notably, 

there is a strong association between the number of live births and menopausal hormone 

therapy use and a delay in the completion of age-related involution [43, 48]. Interestingly, 

there is evidence that lobular breast cancer is more strongly associated with reproductive 

risk factors such as nulliparity [27, 29, 33, 35] and menopausal hormone therapy use [24, 

28, 49, 50] than ductal carcinoma; suggesting that there could be an association with 

degree of age-related involution and risk of breast cancer by histologic subtype that has yet 

to be established.  

1.3 Histologic heterogeneity of breast cancer 

  Breast tumors are classified by a pathologist based on several histologic features. 

First, tumors are classified as in situ or invasive. In situ disease is confined to the epithelial 

component of the breast and does not invade the basement membrane of the TDLU [51]. In 

contrast, invasive disease shows evidence of stromal infiltration through the TDLU basement 

membrane [51, 52]. Next, tumors are classified by a pathologist to determine histologic 

subtype, or the appearance of the tumor cells within the breast tissue. The three most 

common histologic subtypes of breast cancer, comprising up to 90% of tumors, are ductal, 
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lobular, and mixed ductal-lobular [52, 53]. Invasive ductal carcinoma represents 60-80% of 

cases [18, 51, 52]. Histologically, ductal carcinoma is characterized by sheets, cords or 

nests of epithelial cells embedded in the surrounding stromal tissue [51, 52]. 

Invasive lobular carcinoma is the second most common histologic subtype diagnosed 

in 5-15% of cases [51]. Invasive lobular carcinoma is characterized by small, round 

epithelial cells infiltrating the stroma in non-cohesive, single-file strands [17, 51]. It is 

important to note that histologic classifications of ductal or lobular are based on the 

appearance of tumor cells within the tissue, not the location of the tumor within the 

architecture of the breast.  

The third most common histologic subtype of breast cancer, comprising up to 15% of 

cases, is mixed ductal-lobular (henceforward referred to as mixed) [5, 21]. While the exact 

threshold used to classify a tumor as mixed varies by pathologist, the International Agency 

for Research on Cancer (IARC) defines mixed tumors as having 10-49% of one histology 

present alongside a second histologic subtype [54].  

There are a number of less common histologic subtypes that comprise approximately 

10-20% of breast cancers and are each diagnosed in up to 5% of cases including: tubular, 

cribriform, papillary, mucinous, medullary, pleomorphic lobular, micropapillary, metaplastic, 

neuroendocrine, and mixed-other (containing various combinations of the listed histologic 

subtypes). Due to the low frequency of these less common subtypes, it is difficult to study 

them with respect to epidemiologic risk factors and survival [51].  

1.4 Intrinsic subtype heterogeneity of breast cancer 

Molecular heterogeneity of breast cancer is mostly commonly defined by 

immunohistochemistry (IHC)-based markers and RNA-based gene expression patterns [1–3, 

55]. In the early 2000s, four main intrinsic subtypes were identified using gene expression, 

and later refined to: Luminal A, Luminal B, HER2-enriched, Basal-like [2, 56]. Prior to the 

discovery of RNA-based intrinsic subtypes, which represented a major advance in tumor 

classification, tumors were classified based on a limited number of IHC markers: estrogen 
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receptor (ER), progesterone receptor (PR), and more recently human epidermal growth 

factor 2 receptor (HER2) [57, 58]. However, the use of RNA-based intrinsic subtypes in 

clinical studies remains challenging because high throughput, multi-gene assays are not well 

suited for formalin-fixed paraffin embedded (FFPE) tissue samples. Eventually, IHC-based 

surrogates for the RNA-based intrinsic subtypes were identified using five IHC markers (ER, 

PR, HER2, CK5/6, EGFR) and were suitable for FFPE tissues [3]. The definitions are Luminal 

A (ER+ and/or PR+, HER2-), Luminal B (ER+ and/or PR+, HER2+), Basal-like [ER-, PR-, 

HER2-, cytokeratin 5/6+ (CK5/6), and/or epidermal growth factor receptor+ (EGFR)], 

HER2+ (HER2+, ER-, PR-), unclassified (ER-, PR-, HER2-, CK5/6- and EGFR-) [3]. Three-

marker clinical subtypes serve as proxies to the 5-marker subtypes with Triple Negative 

(ER-, PR-, HER2-) tumors encompassing most Basal-like and unclassified tumors. More 

recently, cellular proliferation maker, Ki67, has also been incorporated into IHC-based 

definitions [59–61].   

 Luminal A is the most common intrinsic subtype at 50-80% prevalence. Studies 

suggest lower prevalence of Basal-like (10-30%), Luminal B (10-15%), and HER2-enriched 

(5-10%) tumor types [3, 4, 62, 63]. Significant variation in subtype distributions by age, 

race, and menopausal status, has been observed and may be etiologic in nature arising 

from different patterns of biological and lifestyle factors between women of different races 

[3, 4, 62, 63].  

1.5 Epidemiologic risk factor profiles by histologic subtype of breast cancer 

 A small number of studies have evaluated risk factor profiles between ductal, lobular, 

and mixed breast tumors. The study of risk among the less common histologic subtypes 

remains challenging due to sample size limitations. Most risk factor associations for overall 

disease mirror those of ductal carcinoma since it is the most frequently diagnosed histologic 

subtype. However, when analyses are stratified by histologic subtype, stronger associations 

emerge for lobular compared to ductal carcinoma for younger age at menarche, older age at 

menopause, premenopausal status, combined estrogen and progesterone (E+P) hormone 



6 
 

therapy (HT) use, and later age at first birth. Reproductive risk factors that do not show 

heterogeneity in risk by histologic subtype include breastfeeding duration and parity. Mixed 

tumors are less frequently studied and tend to show risk factor profiles intermediate to 

those of ductal and lobular subtypes. Therefore, the next section will focus on the 

differences and similarities of associations between reproductive risk factors and ductal and 

lobular disease (Tables 1.1-1.6).   

 Early age at menarche and later age at menopause both increase risk of invasive 

breast cancer, likely by increasing exposure to endogenous estrogen and progesterone, 

which impacts epithelial cell growth and differentiation [6, 19, 31]. Lobular carcinoma is 

more strongly associated with younger age at menarche and older age at menopause than 

ductal carcinoma leading to the hypothesis that lobular carcinomas are more sensitive to 

hormonal exposures (Table 1.1) [19, 27–29, 33, 35, 64–68]. When controlling for age at 

diagnosis, the risk of lobular carcinoma is higher than ductal among premenopausal women 

in two out of three studies [19, 30, 69].  
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Table 1.1. Association between age at menarche, age at menopause, menopausal 

status and histologic subtype of breast cancer 
 Variable Definition Author, Year Ductal Lobular Mixed   

Age at 

Menarche 

8-11 vs ≥14 
Beaber, 2009 

1.1 (0.7-1.5) 0.9 (0.6-1.4) 1.5 (0.9-2.3) 

12-13 vs ≥14 1.2 (0.8-1.6) 0.9 (0.6-1.3) 1.7 (1.0-3.0) 

12-13 vs <11 
Li, 2006 

1.1 (1.0-1.2) 0.8 (0.6-1.1) 1.2 (0.9-1.6) 

14+ vs <11 1.0 (0.9-1.1) 0.5 (0.4-0.8) 1.0 (0.7-1.4) 

≤11 vs ≥14 

Li, 2007 

1.2 (0.8-1.7) 2.2 (1.1-4.4)  

12 vs ≥14 0.9 (0.6-1.2) 1.7 (0.9-3.3)  

13 vs ≥14 0.9 (0.7-1.2) 1.5 (0.8-2.9)  

≤11 vs ≥14 

Nyante, 2008 

1.2 (0.9-1.5) 1.3 (0.7-2.6)  

12 vs ≥14 1.3 (1.1-1.7) 1.5 (0.8-2.9)  

13 vs ≥14 1.0 (0.8-1.3) 1.4 (0.7-2.6)  

<12 vs 12-13 

Reeves, 2009 

1.0 (1.0-1.1) 1.2 (1.1-1.3) 1.1 (1.0-1.3) 

14+ vs 12-13 1.0 (0.9-1.0) 0.9 (0.9-1.0) 0.9 (0.8-1.1) 

Trend per year 0.9 (0.9-1.0) 0.7 (0.6-0.8) 0.7 (0.6-1.0) 

Risk per year, ER+ 
CGHFBC, 2012 

1.0 (1.0-1.1) 1.1 (1.1-1.1)  

Risk per year, ER- 1.0 (1.0-1.0) 1.1(1.00-1.2)  

Menopausal 

Status 

Post vs Pre Reeves, 2009 0.9 (0.8-1.0) 0.6 (0.5-0.8) 1.0 (0.6-1.5) 

Post vs Pre Nyante, 2008 0.7 (0.6-0.9) 0.8 (0.4-1.7)  

Pre vs Post CGHFBC, 2012 1.3 (0.03) 2.0 (0.1)  

Age at 

Menopause 

<45 vs 50-54 

Reeves, 2009 

0.7 (0.7-0.9) 0.5 (0.3-0.7) 0.7 (0.4-1.4) 

45-49 vs 50-54 0.9 (0.8-0.9) 0.8 (0.6-1.9) 1.1 (0.8-1.5) 

55+ vs 50-54 1.2 (1.1-1.4) 1.0 (0.8-1.4) 1.2 (0.7-2.3) 

Trend per 5 years 1.2 (1.1-1.3) 1.2 (1.1-1.5) 1.2 (0.9-1.5) 

Trend per year 
Kotsopoulos, 

2010 
1.0 (1.0-1.0) 1.0 (1.0-1.0)  

48-50 vs ≤47 
Li, 2006 

1.1 (0.8-1.4) 1.8 (0.9-3.6) 1.9 (0.8-4.4) 

≥51 vs ≤47 1.1 (0.8-1.4) 1.4 (0.8-2.9) 1.3 (0.5-3.2) 

Risk per year, ER+ 
CGHFBC, 2012 

1.0 (1.0-1.0) 1.1 (1.0-1.1)  

Risk per year, ER- 1.0 (1.0-1.0) 1.0 (1.0-1.1)  

 

In addition to an increased risk of breast cancer due to endogenous hormone 

exposures, the use of combined estrogen and progesterone (E+P) hormone therapy (HT) 

increases the risk of invasive breast cancer [6, 70, 71]. Breast cancer incidence rates 

decreased in the early 2000s following the Women’s Health Initiative trial of HT versus 

placebo, which showed a 24% increased risk of breast cancer by women on HT; however, 

the incidence rates have since increased suggesting the contribution of other risk factors 

remains important [49, 70, 72]. Among users of HT, there is evidence of modification by 

histologic subtype for current users, increasing duration of use, and type of therapy used 

with higher risk estimates among lobular compared to ductal tumors (Table 1.2) [28, 30, 

49, 50, 73–76].  
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Table 1.2. Association between menopausal hormone therapy use and histologic 
subtype of breast cancer  

HT Use Author, Year Ductal Lobular Mixed 

Yes (no known hysterectomy) vs No 
Phipps, 2010 

1.2 (1.1-1.2) 1.5 (1.2-1.7) 1.3 (1.1-1.5) 

Yes (hysterectomy reported) vs No 1.0 (0.9-1.0) 1.3 (1.0-1.5) 0.7 (0.6-0.9) 

Former vs Never 

Li, 2013 

0.7 (0.6-1.0) 0.9 (0.7-1.2)  

Current E Only vs Never 0.9 (0.6-1.2) 1.6 (1.1-2.2)  

Current Combined vs Never 1.1 (0.8-1.5) 2.3 (1.7-3.2)  

E+P <5 years 
Kotsopoulos, 2010 

1.6 (1.4-1.8) 2.2 (1.5-3.1)  

E+P 6-10 years 1.8 (1.6-2.0) 3.1 (2.4-4.1)  

Current E+P Use 

Calle, 2009 

1.8 (1.5-2.0) 2.1 (1.6-2.8)  

E+P 1-<5 years 1.5 (1.2-1.8) 1.9 (1.3-2.8)  

E+P 5-9 years 1.8 (1.5-2.2) 2.2 (1.5-3.2)  

E+P >10 years 2.1 (1.7-2.5) 2.2 (1.5-3.2)  

 

Another reproductive risk factor associated with an increased risk of breast cancer is 

later age at first birth [6]. Later age at first birth, particularly 30 years of age and older, is 

more strongly associated with lobular and mixed carcinoma than ductal carcinoma (Table 

1.3) [24, 27, 29, 33–36].  

Table 1.3. Association between age at first birth and histologic subtype of breast 

cancer 

Age at first birth Author, Year Ductal Lobular Mixed 

20-24 vs ≤19  

Li, 2006 

1.0 (0.9-1.2) 1.9 (1.3-2.9) 1.0 (0.7-1.5) 

25-29 vs ≤19  1.2 (1.0-1.4) 2.6 (1.6-4.0) 1.4 (0.9-2.2) 

≥30 vs ≤19  1.1 (0.9-1.3) 1.8 (1.1-3.1) 1.1 (0.7-1.9) 

20-24 vs ≤19  

Beaber, 2009 

0.8 (0.6-1.1) 0.9 (0.6-1.4) 1.0 (0.6-1.7) 

25-29 vs ≤19  0.8 (0.5-1.2) 1.0 (0.6-1.6) 0.9 (0.5-1.5) 

≥30 vs ≤19  1.4 (0.8-2.5) 1.7 (0.9-3.2) 2.1 (1.0-4.3) 

20-24 vs <20  

Nyante, 2008 

1.2 (0.9-1.5) 0.9 (0.4-1.9)  

25-29 vs <20 1.3 (1.0-1.7) 1.5 (0.7-3.1)  

≥30 vs <20 1.6 (1.2-2.1) 2.5 (1.2-5.1)  

Nulliparous vs ≤19 

Li, 2007 

1.8 (1.2-2.7) 2.8 (1.1-7.0)  

20-24 vs ≤19  1.2 (0.9-1.7) 2.6 (1.2-5.8)  

25-29 vs ≤19  1.2 (0.8-1.8) 2.5 (1.1-6.1)  

30-34 vs ≤19  1.4 (0.8-2.4) 2.4 (0.8-7.2)  

≥35 vs ≤19 1.9 (0.9-4.0) 4.0 (1.0-15.6)  

Nulliparous vs <20 

Newcomb, 2013 

1.2 (1.1-1.3) 1.7 (1.3-2.2) 1.1 (0.8-1.5) 

20-24 vs <20 1.1 (1.1-1.1) 1.3 (1.1-1.5) 1.0 (0.8-1.2) 

25-29 vs <20 1.2 (1.2-1.3) 1.7 (1.4-2.0) 1.4 (1.1-1.7) 

≥30 vs <20 1.3 (1.2-1.4) 2.4 (1.9-2.9) 1.6 (1.2-2.1) 

Trend per 5 years 1.1 (1.1-1.1) 1.3 (1.2-1.4) 1.2 (1.1-1.3) 

≥30 vs <30 Phipps, 2010 1.2 (1.2-1.3) 1.7 (1.4-2.1) 1.7 (1.5-2.1) 

20-24 vs <20 

Reeves, 2009 

1.1 (1.0-1.1) 1.2 (1.2-1.3) 1.2 (1.1-1.4) 

25-29 vs <20 1.2 (1.1-1.2) 1.5 (1.4-1.6) 1.4 (1.2-1.6) 

30+ vs <20  1.3 (1.2-1.3) 1.8 (1.6-2.0) 1.7 (1.4-2.1) 

Trend per 5 years 1.1 (1.1-1.1) 1.2 (1.2-1.3) 1.2 (1.1-1.3) 

Continuous per year Kotsopoulos, 2010 1.1 1.5  
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Having one or more children has been associated with a decreased risk of breast 

cancer [6]. Supported by work in animal models, parity is thought to protect against breast 

cancer by causing differentiation of breast tissue, ridding the breast tissue of so-called 

“susceptible” cells that could lead to tumor initiation [77]. Parity modeled dichotomously 

and continuously shows that bearing one or more children decreases the risk of all three 

histologic subtypes with ductal and lobular disease showing the strongest associations 

(Table 1.4) [27, 29, 33, 35]. 

Table 1.4. Association between parity and histologic subtype of breast cancer 

Parity/Number of live births Author, Year Ductal Lobular Mixed   

Parous vs Nulliparous 

Beaber, 2009 0.5 (0.3-0.8) 0.5 (0.3-0.7) 0.5 (0.3-0.8)  

Li, 2006 0.9 (0.8-1.0) 0.8 (0.6-1.1) 0.7 (0.5-1.0) 

Kotsopoulos, 2010 1.3 (1.1-1.4) 1.2 (0.9-1.7)  

Nyante, 2008 0.8 (0.6-0.9) 0.8 (0.5-1.4)  

Phipps, 2010 0.8 (0.8-0.8) 1.0 (0.8-1.2) 0.8 (0.7-0.9) 

1 vs 0 

Li, 2006 

1.0 (0.8-1.2) 0.3 (0.2-0.6) 0.8 (0.5-1.3) 

2 vs 0 0.9 (0.8-1.1) 0.5 (0.3-0.8) 0.8 (0.5-1.2) 

3+ vs 0 0.8 (0.7-0.9) 0.5 (0.3-0.7) 0.6 (0.4-0.9) 

2 vs 1 

Beaber, 2009 

0.6 (0.4-0.9) 0.7 (0.4-1.2) 0.8 (0.4-1.5) 

3 vs 1 0.6 (0.4-1.0) 0.7 (0.4-1.3) 0.8 (0.4-1.4) 

4+ vs 1 0.7 (0.4-1.1) 0.6 (0.3-1.0) 0.7 (0.4-1.3) 

2-3 vs 1 
Nyante, 2008 

0.9 (0.8-1.1) 1.1 (0.7-1.9)  

4+ vs 1 0.6 (0.4-0.8) 0.3 (0.1-1.2)  

1 vs 0 

Reeves, 2009 

0.8 (0.9-0.9) 1.0 (0.9-1.1) 0.9 (0.8-1.2) 

2 vs 0 0.8 (0.8-0.8) 1.0 (0.9-1.0) 0.8 (0.7-0.9) 

3+ vs 0 0.7 (0.7-0.7) 0.8 (0.8-0.9) 0.7 (0.6-0.8) 

Trend per birth 0.9 (0.9-0.9) 0.9 (0.9-1.0) 0.9 (0.8-1.0) 

 
Longer breastfeeding duration has been found to reduce the risk of breast cancer 

overall [6, 78, 79]. Breastfeeding is thought protect against breast cancer by lengthening 

the fully-differentiated state of the breast tissue beyond pregnancy and by decreasing 

ovulation frequency resulting in reduced endogenous estrogen exposure [77, 80]. Increased 

breastfeeding duration shows a greater reduction in risk of ductal carcinoma than lobular or 

mixed carcinoma (Table 1.5) [27, 35].  

Table 1.5. Association between breastfeeding duration and histologic subtype of 

breast cancer 

Breastfeeding duration (months) Author, Year Ductal Lobular Mixed   

1-11 vs Never, <1 
Li, 2006 

0.8 (0.7-0.9) 0.9 (0.6-1.2) 0.8 (0.6-1.2) 

≥12 vs Never, <1 0.7 (0.6-0.8) 1.0 (0.7-1.5) 0.8 (0.6-1.2) 

Ever vs Never Beaber, 2009 0.7 (0.5-0.9) 0.9 (0.7-1.3) 0.9 (0.6-1.4) 
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Previous epidemiologic work has shown that longer duration and recency of oral 

contraceptive use increases the risk of breast cancer with the highest risk observed among 

current, long-term (4 or more years of use) users at the time of diagnosis [80–82]. Oral 

contraceptives are thought to work by increasing the levels of bioavailable hormones in the 

body and breast tissue, subsequently impacting cell differentiation. Results regarding 

current oral contraceptive use and the risk of ductal carcinoma suggest an increased risk 

among current users with conflicting results among current users diagnosed with lobular 

carcinoma (Table 1.6) [33, 83]. The risk among former and ever users is similar by subtype 

[33, 83].  

Table 1.6. Association between oral contraceptive use and histologic subtype of 

breast cancer 

Oral Contraceptive Use Author, Year Ductal Lobular Mixed   

Ever vs Never 

Newcomer, 2003 

1.0 (0.9-1.1) 1.2 (0.9-1.6)  

Former vs Never 1.0 (0.9-1.1) 1.2 (0.9-1.6)  

Current vs Never 1.2 (0.8-1.9) 2.6 (1.0-7.1)  

Ever vs Never 

Nyante, 2008 

1.2 (1.0-1.5) 1.1 (0.7-1.8)  

Former vs Never 1.2 (1.0-1.4) 1.2 (0.7-1.9)  

Current vs Never 1.5 (1.1-2.0) 0.3 (0.1-1.5)  

 

Few studies have reported racial differences in histologic subtype [21, 27, 35, 37, 

84–87]. Some reports suggest that black women experience a greater frequency of ductal 

tumors and a lower frequency of lobular tumors than white women [37, 87, 88]. For a clear 

picture of breast cancer risk by histologic subtype among women of different races, it is also 

important to account for reproductive patterns and intrinsic subtype, both of which differ by 

race [4]. 

In summary, the observed risk factor differences between ductal and lobular tumors 

are largely confined to reproductive and hormone-modulating exposures; however, these 

differences may be largely driven by intrinsic subtype. There is limited evidence of 

differences in breast cancer risk by histologic subtype and race. There are few studies that 

characterize risk factor profiles for mixed tumors, yet it remains an important public health 
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concern as it is the third most common histologic subtype and risk reduction strategies 

remain to be identified.  

1.6 Comparison of risk factor profiles for intrinsic subtype and histologic subtype 

This section will compare and contrast the associations between the previously 

described reproductive risk factors and histologic subtype to the risk factor associations 

observed for intrinsic subtype. These comparisons may help to obtain a clearer picture of 

the suspected confounding by intrinsic subtype of the reproductive risk factor-histologic 

subtype associations. As will be discussed in greater detail in section 1.10, previous 

research suggests that nearly 90% of lobular tumors are Luminal A subtype, but ductal 

tumors show diversity in intrinsic subtypes with nearly all Basal-like and HER2-enriched 

tumors classified as ductal histologically [3, 5, 7–16]. Therefore, Luminal A intrinsic subtype 

tumors and lobular tumors may be similar for risk factor and survivorship associations.  

 The associations observed for lobular tumors and younger age at menarche, older 

age at menopause, older age at first birth, nulliparity, and HT use mirror a recent report 

from the NHS on these risk factors being more strongly associated with Luminal A intrinsic 

subtype than HER2+, Basal-like, or unclassified tumor types [6]. Reports on breastfeeding 

and the risk of ductal carcinoma suggest a decreased risk of similar magnitude to that 

observed for Basal-like carcinomas, which comprise an estimated 25% of ductal carcinomas 

[4, 6, 11]. However, it is difficult to draw any firm risk factor comparisons between any of 

the intrinsic subtypes and ductal tumors due intrinsic subtype diversity among ductal 

tumors. 

1.7 Clinical characteristics by histologic subtype of breast cancer 

Previous research has shown that compared to ductal carcinoma, lobular carcinoma 

is diagnosed among women at older ages, presents as larger tumors, is more frequently 

low-intermediate grade, more frequently higher stage at diagnosis, and is associated with a 

higher rate of contralateral disease [8, 9, 11, 12, 15, 17, 18, 20–26, 37, 54, 89–102]. Using 

IHC, lobular and mixed tumors are more frequently ER positive, PR positive, and HER2 
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negative [5, 9, 11, 13–15, 17, 18, 20–26, 35, 37, 38, 89, 90, 92, 102–105]. In contrast, 

ductal carcinomas are more frequently of higher grade, have higher proportions of ER 

negative, PR negative, and HER2 positive tumors than lobular carcinomas [5, 11, 13, 17, 

18, 20–26, 37, 38, 89]. Mixed tumors do not display clinical characteristics distinct from 

ductal or lobular tumors except for a greater frequency of lymph node metastasis [18, 21, 

24, 26, 37, 95]. 

1.8 Survival by histologic subtype of breast cancer 

There is substantial analytic variation across studies of disease specific and overall 

survival by histologic subtype (Table 1.7). The literature on survival by histologic subtype is 

largely based on clinical studies that use retrospective medical records abstraction, and may 

not be population-based or racially diverse. Overall survival at 5, 10, and greater than 10-

years tends to be fairly similar between the histologic subtypes [15, 17, 20, 26, 37–40, 95]. 

The risk of death from any cause is higher among patients diagnosed with lobular tumors, 

particularly in studies with long-term follow up [12, 23, 106, 107]. One clinical trial reported 

that <10 years after diagnosis, patients with lobular tumors had a reduced risk of death 

from any cause relative to patients with ductal carcinoma; however, the trend was reversed 

after 10 years, and risk of death was highest among ER-, lobular tumors, suggesting that 

the risk of death may vary by histologic subtype, molecular subtype, and time [23]. 

The findings for risk of breast cancer-specific death are complex and hard to 

compare across studies as methods for stratification by histologic and molecular subtype as 

well as age vary greatly. Overall, studies have shown a reduced risk of breast cancer- 

specific death for both ductal and lobular tumors compared to mixed tumors and a reduced 

risk of breast cancer specific death for lobular versus ductal tumors [18, 108]. When Li 

(2010) adjusted for ER and PR status, lobular tumors showed a reduced risk of breast 

cancer-specific death [22]. When stratifying by ER status and age, the risk of breast cancer- 

specific death for both lobular and mixed tumors, compared to ductal tumors, among 

women aged 30-49 years was highest among ER-/PR- tumors and was reversed among 
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women age 50 and older [22]. Dunnwald et al. (2007) observed little variation in the risk of 

death by histologic subtype when comparing tumors that were ER+/PR- or ER-/PR- to 

ER+/PR+, suggesting that molecular subtype rather than histologic subtype may be a 

stronger risk factor for breast cancer specific death [41]. There are no survival analyses 

accounting for intrinsic subtype and histologic subtype from population-based, racially 

diverse study. 
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Table 1.7. Association between histologic subtype and survival  
Variable Definition* Author, Year Ductal (D) Lobular (L) Mixed (M) 

Overall 

5 year (%) 

Arpino,  2004 84 (83-85) 86 (84-87)  

Bharat, 2009 80 87 84 

Cristofanilli, 2005 70 90  

Korhonen, 2004 77 80  

Warren, 2013 89 90 92 

Jung, 2010 93 94  

Zengel, 2015 88 82 92 

10 year (%) 

  

Bharat, 2009 61 68 69 

Ellis, 1992 47 54 40 

Korhonen, 2004 50 59  

Zengel, 2015 71 64 83 

> 10 years (%) Suryadevara, 2010 39  46 

L vs D Garcia-Fernandez, 2015  1.2 (0.8-1.8)  

L vs D Korhonen, 2013  1.6 (1.2-2.2)  

L vs D 
Boyle, 2014 

 0.8 (0.2-3.2)  

M vs D   0.9 (0.3-3.1) 

≤10 years; L vs D 

Pestalozzi, 2008 

 0.8 (0.7-1.0)  

≤10 years ER+; L vs D  0.9 (0.8-1.1)  

≤10 years ER- ; L vs D  0.7 (0.6-1.0)  

>10 years; L vs D  1.5 (1.2-1.9)  

>10 years ER+; L vs D  1.3 (1.0-1.6)  

>10 years ER-; L vs D  2.7 (1.6-4.5)  

Breast Cancer-Specific 

D vs M Arps, 2013 0.6 (0.3-1.0)   

L vs M   0.7 (0.4-1.4)  

L vs D Campbell, 2015  0.7 (0.6-1.0)  

L vs D Garcia-Fernandez, 2015  1.2 (0.7-2.0)  

30-49 yo: L vs D 

Li, 2010 

 0.9 (0.8-1.0)  

30-49 yo ER+/PR+: L vs D  1.0 (0.8-1.1)  

30-49 yo ER-/PR-: L vs D  1.3 (1.1-1.7)  

30-49 yo: M vs D   0.9 (0.8-1.0) 

30-49 yo ER+/PR+: M vs D   1.1 (1.0-1.2) 

30-49 yo  ER-/PR-: M vs D   1.2 (1.0-1.4) 

50+ yo: L vs D  0.9 (0.8-0.9)  

50+ yo ER+/PR+: L vs D  1.0 (0.9-1.0)  

50+ yo ER-/PR-: L vs D  0.9 (0.8-1.1)  

50+ yo: M vs D   0.8 (0.8-0.9) 

50+ yo ER+/PR+: M vs D   0.9 (0.9-1.0) 

50+ yo ER-/PR-: M vs D   1.1 (1.0-1.3) 

ER+/PR- vs ER+/PR+ 

Dunnwald, 2007 

1.5 (1.4-1.6) 1.4 (1.0-1.9) 1.3 (0.9-1.7) 

ER-/PR+ vs ER+/PR+ 1.8 (1.6-2.0) 0.4 (0.1-1.4) 1.1 (0.6-2.0) 

ER-/PR- vs ER+/PR+ 2.3 (2.2-2.5) 1.9 (1.4-2.7) 2.7 (2.1-3.5) 

*Multivariate-adjusted HR (95% CI) unless otherwise noted 

 

1.9 Comparison of survival by intrinsic subtype and histologic subtype 

 Survival by IHC-based intrinsic subtype has been well characterized using the CBCS 

Phases 1 and 2 [3, 109]. In general, survival for HER2+ and Basal-like breast cancer is 
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worse than that observed for Luminal A and B subtypes [3, 109]. The 5-year survival of 

women diagnosed with Luminal A or B tumors of approximately 90% matches what has 

been reported from clinical trials among lobular tumors [3, 15, 17, 20, 26, 37–39, 109]. In 

contrast, the 10-year survival estimates of approximately 75-80% for Luminal A or B 

subtype from CBCS are nearly 20% higher than those reported for lobular tumors from 

clinical studies (Table 1.7) [3, 26, 37, 38, 40, 109]. While estimates of 5- and 10-year 

survival for patients with ductal tumors are lower than estimates for lobular tumors, these 

are likely confounded by molecular subtype as survival at 5 years is approximately 70% for 

patients with Basal-like or HER2-enriched tumors, which is about 20% lower than that for 

Luminal A and B tumors [3, 15, 17, 20, 26, 37–39, 109].  As such, it would be expected 

that lobular, ductal, and mixed tumors would show similar survival patterns when restricted 

to Luminal A intrinsic subtype. Unfortunately, due to variation in study-specific stratification 

for histologic subtype and the risk of death and intrinsic subtype and risk of death, 

comparisons between histologic subtype and intrinsic subtype cannot be inferred.  

1.10 Molecular heterogeneity of histologic subtypes of breast cancer 

There is tremendous molecular heterogeneity between histologic breast cancer 

subtypes. This heterogeneity extends beyond the traditionally discussed intrinsic subtypes 

and includes single cell markers. The most recent and comprehensive examination of the 

molecular differences between histologic subtypes was carried out by Ciriello et al. (2015) in 

TCGA [5].  

Evidence from both RNA-based and IHC-based intrinsic subtype analyses indicates 

that lobular and mixed tumors have little molecular variability compared to that observed 

for ductal tumors. Using the RNA-based PAM50 intrinsic subtype classification [110], TCGA 

found lobular tumors were predominantly Luminal A (87%) (Table 1.8) [5]. A clinical trial in 

the Netherlands that used RNA-based intrinsic subtype methods reported that 71% of 

lobular tumors were Luminal A intrinsic subtype and reported higher proportions of HER2-

enriched and Basal-like lobular tumors than in TCGA [16]. Among ductal tumors, 48-65% 
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are Luminal A or B, 10-17% are HER2-enriched, 21-26% are Basal-like, and 3-8% are 

Normal-like using RNA-based methods [5, 16]. TCGA reported RNA-based intrinsic subtype 

distributions for mixed tumors that were more variable than those for lobular tumors with 

68% of mixed tumors classified as Luminal A, 23% as Luminal B, 5% each were Basal-like 

HER2-enriched subtypes [5].  

Two epidemiologic studies have reported IHC-based intrinsic subtype among 

histologic subtypes and the distributions are similar those from TCGA. In work with the 

CBCS Phase 1 by Carey et al. (2006) and a recent report from the NHS, both observed 

approximately 80% of lobular cases were Luminal A (Table 1.8) [3, 6]. Among ductal cases, 

the distributions of intrinsic subtype were fairly similar between the CBCS and the NHS, but 

CBCS had less Luminal B cases (CBCS:16% vs NHS: 27%) and double the frequency of 

Basal-like tumors (CBCS: 22% vs NHS:11%) [3, 6]. For mixed tumors, the NHS reported 

less variability than the CBCS with 70% classified as Luminal A whereas the CBCS reported 

51% were Luminal A, 13% were Basal-like, and 11% were unclassified [3, 6]. The 

percentages from the CBCS and the NHS for lobular, Luminal A tumors are slightly higher 

than results from clinical studies that also display considerable interstudy variability in 

intrinsic subtype distributions among ductal and mixed tumors using IHC-based methods 

[8–10, 12–15, 111]. 

Table 1.8. Distribution of intrinsic subtypes by histologic subtype of breast cancer 

      Histologic Subtype 

Technical Method Intrinsic subtype Author, Year  Ductal (%)   Lobular (%) Mixed (%) 

RNA-based 

Luminal A 

Ciriello, 2015 

(TCGA) 

41 87 68 

Luminal B 25 4 23 

HER2-enriched 10 2 5 

Basal 21 1 5 

Normal-like  3 6 0 

Luminal A   27 71  

Luminal B  21 5  

HER2-enriched Lips, 2012 17 5  

Basal-like  26 10  

Normal-like   8 10  

IHC-Based  
Luminal A  Carey, 2006 

(CBCS Phase 1) 

47 82 51 

Luminal B  16 13 20 
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HER2/ER- 8 0 4 

Basal-like  22 0 13 

Unclassified   6 5 11 

Luminal A 

Sisti, 2016 

(NHS) 

52 75 70 

Luminal B 27 21 27 

HER2+ 6 1 0 

Basal-like 11 1 1 

Unclassified  3 2 1 

Luminal A 

Braunstein, 2015 

 

52 91 80 

Luminal B  19 8 16 

HER2+ 5 1 1 

Luminal-HER2 + 7 0 3 

Triple Negative  17 0 1 

Luminal A 

Caldarella, 2013 

27 42 41 

Luminal B HER2-  24 30 36 

Luminal B HER2+  14 7 8 

HER2+ 14 17 3 

Triple Negative  21 3 23 

Luminal A  

Cha, 2015 

42 75  

Luminal B  23 19  

HER2  10 1  

Triple Negative  25 4  

Luminal A  

Azim, 2014 

55 78  

Luminal B  17 8  

HER2+  12 3  

Triple Negative 17 11  

Luminal A 

Lim, 2014 

56 83  

Luminal B 11 5  

HER2+ 11 1  

Triple Negative 22 11  

Luminal A  

Engstrom, 2015 

48 54  

Luminal B  37 34  

HER2+ 8 1  

Basal-like  6 2  

Luminal A  

Garcia-Fernandez, 2015 

45 67  

Luminal B  35 27  

HER2 + 5 0  

Triple Negative 13 5  

Luminal A  
Jung, 2010 

51 91  

Non-Luminal A 49 9  

  

Intrinsic subtype markers cannot reliably predict histology; however, there may be 

other markers that can. TCGA found that 95% of lobular tumors were characterized by 

alterations of E-cadherin (CDH1) activity where only 2% of ductal tumors were 
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characterized as such [5]. This is consistent with IHC studies showing that E-cadherin loss is 

more common among lobular tumors and may be a discriminatory marker between lobular 

and ductal tumors [5, 14, 25, 105, 112–114]. Loss of CDH1, an epithelial cell-cell adhesion 

molecule, is hypothesized to play a role in the single-file epithelial cells infiltrating the 

stroma in lobular tumors, which is thought to contribute to difficulty in clinical detection, 

increased cell invasion, tumor metastasis, more aggressive disease, and an increased risk of 

death in breast and other cancers in human and animal models [14, 18, 51, 115–125]. 

 In addition to CDH1, other single markers have been studied with respect to 

histologic subtype including, tumor suppressor TP53, CK5/6, EGFR, ER, and Ki67. Lobular 

tumors are less frequently TP53 mutant by IHC and DNA sequencing than ductal tumors [5, 

15–17, 25, 26, 126]. Low levels of CK5/6 and EGFR (~5% positivity each) among lobular 

tumors is consistent with lobular tumors being predominantly Luminal A or B subtype, both 

of which are CK5/6 and EGFR negative [4, 14, 17, 25, 127, 128]. Additionally, TCGA 

hypothesized that ER regulation occurs through different molecular mechanisms in ductal 

and lobular tumors based on differences in protein levels and mutation frequency in ER 

regulating genes, including CDH1 [5, 114, 129, 130]. This hypothesis coincides with clinical 

trial work using chemotherapies that target either the ER or ER subunits, which are 

differentially expressed by histologic subtype, resulting in varying chemotherapeutic 

responses between ductal and lobular tumors [89, 131–133]. Concerning cellular 

proliferation maker, Ki67, lobular tumors display lower expression than ductal tumors (16-

34% vs 30-62%, respectively) as measured by IHC [11, 14, 26, 91, 92, 134]. Low cellular 

proliferation is thought to contribute to chemotherapeutic resistance among lobular tumors 

for therapies that rely on rapid cell division for drug uptake and are often more effective in 

treating patients with ductal tumors [5, 7, 14, 20, 38, 91, 92, 135]. TCGA found that mixed 

tumor gene expression profiles clustered with ductal or lobular tumors suggesting that 

mixed tumors do not represent a unique molecular entity [5]. The molecular profile 

differences of mixed tumors could lead to the varying epidemiologic risk factor profiles 
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observed for mixed tumors. In summary, there is considerable molecular heterogeneity 

between histologic subtypes concerning intrinsic subtypes and other commonly studied 

molecular markers. As such, the molecular variability observed for histologic subtype is 

compelling evidence for the stratification of both risk and survival estimates by both tumor 

characteristics. 

1.11 Significance 

 Recent decades have established that breast cancer represents many diseases with 

distinct molecular phenotypes. There are countless analyses that stratify by various 

predictive and prognostic markers for breast cancer including ER status, intrinsic subtype, 

and even histologic subtype, to identify differences in risk and survival allowing for more 

tailored public health messages to reduce incidence and mortality. However, there is little 

epidemiologic research focusing on risk and survival of breast cancer that integrates both 

histologic and molecular subtype, both of which have unique risk factor and survival 

profiles.  

 When considering risk by histologic subtype, there is evidence that hormone 

regulating exposures including younger age at menarche and older age at menopause, older 

age at first birth, nulliparity, and combined E+P HT use more strongly increase the risk of 

lobular carcinoma than ductal or mixed carcinomas. Molecular characterization of histologic 

subtypes has indicated that lobular and mixed tumors are predominantly Luminal A intrinsic 

subtype and ductal tumors display intrinsic subtype diversity. To determine whether the 

strongest differences in risk come from histologic or intrinsic subtype, both must be 

considered simultaneously. Identifying the impact of modifiable breast cancer risk factors by 

histologic and molecular subtype can help to ascertain etiologic differences in tumor 

heterogeneity and can serve to clarify public health messages aimed at reducing the breast 

cancer burden. 

 Similarly, for survival, stratification by various predictive and prognostic markers 

highlights the heterogeneity of breast cancer. Based on the current literature, there is no 
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clear pattern of differential survival by histologic subtype as seen with risk factor analyses. 

There appears to be modification by ER status and time since diagnosis for risk of death 

between lobular and ductal tumors, but consistency in both analysis strategy and 

populations studied is lacking. Compared to histologic survival analyses, molecular survival 

analyses have been more clear and consistent in showing differences in survival by subtype. 

This leads to the question of whether incorporation of intrinsic breast cancer subtype 

information and histologic subtype will allow for a more complete and stable picture of 

survival by both tumor phenotypes. 
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CHAPTER 2: SPECIFIC RESEARCH AIMS   

 

Breast cancer incidence rates have slowly increased since 2003 following a drop in 

incidence likely related to reduced menopausal hormone therapy use, which was found to 

increase breast cancer risk [72, 136]. There has not been a report describing changes in 

incidence of all stages of disease by histologic subtype in the past decade; however, SEER 

data (1993-2011) indicate that among patients with stage 4 disease, rates of both lobular 

and ductal carcinoma steadily increased (+3.0% vs +1.7% APC, respectively) [72]. These 

findings underscore the need to identify risk factors for each histologic subtype.  

Previous research suggests that compared to ductal, lobular carcinoma is more 

strongly associated with younger age at menarche, later age at first birth and menopause, 

and use of menopausal hormone therapy [24, 27–29, 33, 35, 36, 49, 50, 64, 79]. Less is 

known about the risk of mixed ductal-lobular carcinoma, but associations appear 

intermediate to those of ductal and lobular carcinoma [24, 27, 29, 35, 36, 51]. Recent 

molecular analyses by The Cancer Genome Atlas (TCGA) showed intrinsic subtype 

heterogeneity between histologic subtypes identifying nearly 90% of lobular and mixed 

tumors as Luminal A subtype while ductal carcinomas display intrinsic subtype diversity 

similar to breast cancer overall (41% Luminal A, 25% Luminal B, 21% Basal-like, 10% 

HER2, and 3% Normal-like) [5]. These findings are similar to those from Phase 1 of the 

Carolina Breast Cancer Study [3] and a number of clinical studies [6, 11–16]. Therefore, the 

observed differences in risk factor profiles by histologic subtype may be confounded by 

intrinsic subtype, each of which has unique reproductive risk factor associations [3, 4, 6].  

Similarly, there are different patterns of clinical characteristics for ductal, lobular, 

and mixed carcinomas. Compared to ductal carcinomas, lobular and mixed carcinomas occur
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more frequently in older women, are larger, lower grade tumors, and are predominantly 

estrogen (ER) and progesterone (PR) receptor positive [5, 9, 11, 13–15, 17–26, 35, 37, 38, 

89–92, 98–105]. Patterns of survival by histologic subtype are not as clear as risk factor 

profiles. Overall 5- and 10-year survival appears to be similar among the three histologic 

subtypes [15, 17, 20, 26, 37–40, 95]. The risk of breast cancer-specific death varies 

between studies making differences by histologic subtype difficult to discern. The influence 

of intrinsic and histologic subtype on breast cancer survival remains unexplored.  

Using the Carolina Breast Cancer Study (CBCS) Phases 1-3 (1993-2013) the 

proposed study will investigate molecular profiles, epidemiologic risk-factor profiles, and 

survival differences between ductal (2,856, 66%), lobular (326, 7%), and mixed ductal-

lobular (473, 11%) tumors.  

Aim 1. To estimate the association between molecular and clinical 

characteristics and histologic subtype, overall and among Luminal A tumors, while 

comparing the CBCS findings to those observed in TCGA. Approach: The association 

of molecular and clinical characteristics and histologic subtype will be estimated by relative 

frequency differences between ductal, lobular, and mixed ductal-lobular tumors in the CBCS 

and TCGA. Then, the associations between clinical characteristics (tumor size, tumor grade, 

stage of disease, and lymph node status), age at diagnosis, race, and histologic subtype, 

overall and among Luminal A tumors, will be estimated. Hypothesis: We hypothesize that 

lobular and mixed tumors will be predominantly Luminal A intrinsic subtype and ductal 

tumors will show variability in intrinsic subtype. Further, we hypothesize that lobular and 

mixed tumors will be lower grade, larger in size, and more frequently higher stage disease 

than ductal tumors, but differences will decrease when restricted to Luminal A tumors. 

Aim 2: To estimate the association between risk factors (race, age, 

menopausal status, recency of last birth, age at first birth, parity, lactation 

duration, and exogenous hormone use) and histologic subtype, overall and among 

Luminal A tumors.  
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Approach: We will use polytomous logistic regression in case-control (CBCS 1-2) 

and case-case analyses (CBCS 1-3) to estimate odds ratios and 95% confidence intervals as 

the measure of association between risk factors and histologic subtype. Rationale: 

Integrated analysis will reveal patterns of risk associated with histologic subtype among 

Luminal A tumors. Hypothesis: Differences in risk by histologic subtype will be diminished 

in integrated analyses among Luminal A tumors.  

Aim 3: To estimate the association between histologic subtype and breast 

cancer-specific survival, overall and among Luminal A tumors. 

Approach: We will perform survival analysis to estimate the association between 

histologic subtype and breast cancer-specific survival (CBCS 1-2). Rationale: Associations 

between histologic subtype and survival have been inconsistent. No population-based 

studies have characterized survival by histologic subtype while accounting for Luminal A 

subtype. Hypothesis: We hypothesize that among Luminal A tumors, lobular and mixed 

tumors will be associated with a higher risk of death than ductal tumors. 
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CHAPTER 3: RESEARCH STRAGEGY 

 

3.1. Study populations 

3.1.1 The Carolina Breast Cancer Study 

The Carolina Breast Cancer Study (CBCS) was initiated in 1993 and enrolled 

participants in 3 phases, ending enrollment in 2013. CBCS Phases 1-2 is a population-

based, case-control study that recruited participants from 24 of the 100 North Carolina 

counties [137]. CBCS was designed to oversample women under 50 years of age and black 

women, who comprised approximately 40% of the study population [82]. Cases of invasive 

breast cancer were identified using rapid case ascertainment via the North Carolina Central 

Cancer Registry. For CBCS 1-2, breast cancer cases were enrolled following informed 

consent and fulfillment of the eligibility criteria: being female, first diagnosis of breast 

cancer [(invasive or in situ (CBCS Phase 2 participants only)], aged 20-74 years at 

diagnosis, and residence in the specified county regions. Controls for CBCS 1-2 were 

identified from Division of Motor Vehicle lists (women under age 65) and the Health Care 

Financing Administration lists (women 65 years or older). Controls were frequency matched 

to cases based on 5-year age categories and race. Cooperation rates in CBCS 1-2 among 

eligible women were 78% for cases and 70% for controls [138]. 

CBCS Phase 3 (2008-2013) is a case-only study with case ascertainment carried out 

as in CBCS 1-2 with the oversampling of young women and black women, but expanding to 

enrollment to women from 44 of the 100 North Carolina counties. Following informed 

consent, participants in all 3 phases completed in-person interviews by a trained study 

nurse to obtain study questionnaire data, including risk factor data, height, weight, waist 

circumference, and a 30mL blood draw. Cases gave consent to obtain medical records and 
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tumor tissue blocks and/or tumor tissue slides from their treatment centers. Clinical data 

including tumor size, stage of disease, and lymph node status were abstracted from the 

medical records. Tumor grade was determined using combined mitotic and clinical tumor 

grade for CBCS 1 and 3. The study maintains Institutional Review Board approval at the 

University of North Carolina.   

This dissertation utilizes data from CBCS 1-3 to investigate the association between 

molecular and histologic subtypes of breast cancer in relation to established breast cancer 

risk factors and survival. Phases 1 (1993-1996), 2 (1998-2001), and 3 (2008-2013) 

enrolled 4,806 women with invasive breast cancer. To be eligible for these analyses, CBCS 

participants must have contributed hematoxylin and eosin (H&E) immunohistochemistry 

(IHC) stained tumor tissue that underwent centralized pathology review to determine the 

histologic subtype of invasive breast cancer. For ductal, lobular, and mixed tumors, this 

results in 3,655 of the 4,806 cases from CBCS 1-3 available for the main analyses. The 

remaining cases (n=704) are made up by the less common histologic subtypes [mixed 

ductal/non-lobular (n=285), mucinous (n=89), mixed ductal/metaplastic (n=63), 

metaplastic (n=44), DCIS w/focal invasion (n=44), undifferentiated high grade (n=29), 

tubular (n=23), micropapillary (n=21), papillary (n=19), medullary (n=18), pleomorphic 

lobular (n=17), anaplastic (n=14), apocrine (n=11), cribriform (n=9), neuroendocrine 

(n=3), others (n=15)] or have unknown or missing histology data (n=447) [unknown 

(n=99) or missing (n=376)]. 

3.1.2. The Cancer Genome Atlas  

The Cancer Genome Atlas (TCGA) breast cancer study population consists of patients 

with invasive breast cancer who were undergoing surgical resection and had received no 

prior chemotherapy or radiation [1, 5]. Participants were enrolled from various medical 

institutions around the country, which all had IRB approval to obtain tumor tissue and 

adjacent normal tissue when possible. A total of 808 females with newly diagnosed invasive 

breast cancer were used in this dissertation, which includes all female cases (9 male cases 
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were excluded) used in the molecular characterization of ductal, lobular, and mixed ductal-

lobular invasive breast tumors carried out by Ciriello et al. (2015) [5]. Tumor specimens 

were used for histologic subtype classification, RNA extraction, and RNA sequencing among 

a number of other molecular assays. Age at diagnosis, race, tumor size, lymph node status, 

and stage of disease were abstracted from the medical records. All stages of disease were 

mapped to the AJCC 7th edition of breast cancer stages of disease. TCGA data is publicly 

available [1, 5]. 

3.2. Breast cancer subtyping methods and survival data 

3.2.1. Histologic subtype of breast cancer 

 CBCS. The histologic subtypes ductal, lobular, and mixed ductal-lobular, comprise 84% 

of invasive breast cancers in the CBCS with the remaining cases classified as: mixed 

ductal/non-lobular, mucinous, mixed ductal/metaplastic, metaplastic, DCIS w/focal invasion, 

undifferentiated high grade, tubular, micropapillary, papillary, medullary, pleomorphic 

lobular, anaplastic, apocrine, cribriform, neuroendocrine, and other. Histologic subtype for 

CBCS 1-3 was determined via centralized pathology review. To be classified as a single 

histologic subtype the tumor was at least 80% representative of a single histology. Mixed 

tumors contained <80% of one histologic subtype and ≥20% of another subtype.  

 TCGA. Histologic subtype was available for all 808 women and was determined using 

clinical diagnostic criteria for histologic subtype applied by an expert pathologist committee 

[5]. A consensus ruling on histologic subtype was reached using agreement between 

pathology reports (PRS) and the expert pathologist committee (ERC) classification. 

Discrepancies were resolved using the following rules [5]: 

 • If (EPC=Ductal AND PRS= Ductal) or (EPC= Ductal AND PRS=Mixed),  

           then histologic subtype = Ductal. 

 • If (EPC=Lobular AND PRS = Lobular) OR (EPC= Lobular AND PRS = Mixed) OR  

                           (EPC=Mixed AND PRS =Lobular), then histologic subtype = Lobular. 

 • If (EPC=Lobular AND PRS=Ductal) OR (EPC=Mixed AND PRS=Mixed) OR (EPC=Ductal  
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   AND PRS =Lobular) OR (EPC=Mixed AND PRS=Ductal),  

            then histologic subtype = Mixed. 

 • If (EPC=Other OR PRS =Other),                               then histologic subtype = Other.  

3.2.2. Clinical and intrinsic breast cancer subtypes  

Clinical subtype 

CBCS. For CBCS 1-2, estrogen receptor (ER) and progesterone receptor (PR) status 

originated from medical records for 80% of cases and IHC was performed at the University 

of North Carolina (UNC) for ER and PR on tumors from the remaining 20% of participants 

with tissue available [3]. For tumors that underwent IHC staining at UNC, a study 

pathologist determined ER and PR positivity defined as any staining >5% (CBCS 1) or by 

using contemporaneous clinical cut points (CBCS 2) [3]. Human epidermal growth factor 

receptor 2 (HER2) staining was performed at UNC for all CBCS 1-2 cases with available 

tumor tissue. HER2 positivity was defined as membrane or membrane plus cytoplasmic 

staining classified as weak or greater intensity in ≥10% of tumor cells as determined by a 

study pathologist [3]. 

 In CBCS 3, 98% of cases had ER, PR, and HER2 information, which was abstracted 

from medical records serving as the primary source of molecular subtype. For the remaining 

2% of cases without ER, PR, and HER2 status from the medical records, IHC staining was 

performed at UNC with positivity cut points of ≥10% for ER and PR. HER2 positivity was 

defined as 3+ staining intensity [negativity was defined as 0/1+ (cases with equivocal 

staining, 2+ staining intensity, were excluded)]. As described by Allott et al. (2016) a core-

to-case collapsing method was used for the CBCS 3 tissue microarrays (TMA) where cases 

could have 1-4 tumor tissue cores available for IHC staining [139]. An automated analysis 

approach was used to determine positivity for ER, PR, and HER2. Agreement between the 

clinical record and automated analysis was 93% for ER and HER2 and 88% for PR [139]. 

TCGA. ER and PR status was provided from Tissue Source Sites using contemporaneous 

positivity cut points for immunohistochemistry. HER2 status was also available from the 
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Tissue Source Sites for a majority of cases and data was supplemented by TCGA using HER2 

copy number rather than fluorescence in situ hybridization (FISH) data, where necessary [1, 

5].   

 For CBCS 1-3 and TCGA, 3-marker clinical subtypes were defined as follows: Luminal A 

(ER+ or PR+ and HER2-), Luminal B (ER+ or PR+ and HER2+), Triple Negative (TN) (ER- 

and PR- and HER2-), and HER2+ (ER- and PR- and HER2+).  

Intrinsic subtype 

CBCS. For CBCS 3, Nanostring assays were carried out on a randomly sampled 

subset of available formalin fixed paraffin embedded (FFPE) tumor tissue cores (n=1,122) 

[110, 139]. RNA was isolated from 2, 1.0-mm cores from the same FFPE block using the 

Qiagen RNeasy FFPE kit (catalogue # 73504). Nanostring assays, which use RNA counting 

as a measure of gene expression, were conducted. Samples lacking sufficient quality data 

(n=101) or cases with >1 tumor block were excluded (n=8). RNA-based intrinsic subtype 

was determined using the PAM50 gene signature described by Parker et al. (2009) [110].  

Based on the highest Pearson correlation with a subtype-defined centroid, each tumor was 

categorized into one of five intrinsic subtypes (Luminal A, Luminal B, HER2, Basal-like, 

Normal-like), using the 50 gene, PAM50 signature described Parker et al. (2009) [1, 110]. 

TCGA. For TCGA, RNA was extracted from flash frozen tumor samples as previously 

described [1, 5]. Whole genome microarrays were used in RNA sequencing, which was 

performed at UNC [5]. PAM50 intrinsic subtype was assigned by first selecting a sample of 

cases from the TCGA samples used in Ciriello et al. (2015) with RNA sequencing data and 

ER status to match the distribution of ER status in the original PAM50 training set [5]. Then, 

the entire sample of tumors was assigned PAM50 intrinsic subtypes by adjusting gene 

expression to the median values calculated for the PAM50 genes from the “ER balanced” 

subset [1, 5, 110].  
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3.2.3 TP53 status 

CBCS. TP53 status determined by IHC was available for CBCS 3 cases. IHC staining 

conditions were optimized using breast tissue sections and cell lines with established TP53 

mutation status [(wild type: MCF-7, SUM102), (mutant: SKBR3)]. IHC was carried out at 

the UNC Translational Pathology Laboratory using a Bond Autostainer (Leica Microsystems 

Inc. Norwell, MA 02061). Slides were dewaxed in Bond Dewax solution (AR9222) and 

hydrated in Bond Wash solution (AR9590). Antigen retrieval was performed for 20 minutes 

in Bond-Epitope Retrieval Solution 1 pH-6.0 (AR9961). Slides were incubated for 15 min 

with a mouse monoclonal anti-TP53 antibody (BioGenex, Fremont, CA; clone D07 [catalog # 

MU239-UC], 1:7200). Detection was performed using the Bond Intense R Detection System 

(DS9263) supplemented with Dako EnVision Mouse (Carpinteria, CA, K4001). Stained slides 

were counterstained with hematoxylin, dehydrated, and coverslipped. A control TMA 

containing TP53 positive and negative breast tissue and cell lines was included in each run 

along with a negative control (no primary antibody). CBCS 3 TMA construction, has been 

previously described [139]. TMAs were constructed with 1-4, 1mm cores per participant.  

 TP53-stained TMA slides were scanned using the Aperio ScanScope XT at 20x 

magnification. Details of the scoring algorithm have been described previously [140]. 

Briefly, TP53 staining was measured with the Aperio Nuclearv9 algorithm by quantifying 

tumor cellularity and was combined with the Genie Histology Pattern Recognition tool to 

correctly classify the number of tumor and normal epithelial cells per core allowing for 

enrichment of tumor cells. Algorithm parameters including nuclear size and nuclear 

compactness were optimized to achieve the best nuclear segmentation. The algorithm 

returned a total number of nuclei per core and the number of nuclei positive for TP53. To 

determine the average percent positivity, a method of core-to-case collapsing developed by 

Allott et al. (2016) [139] was used by summing the total number of nuclei per core (1-4 

cores/participant). Each core was given a weight equal to the number of core nuclei divided 

by the total nuclei for the participant. For the core weighted percent positivity, the core’s 
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TP53 percent positivity was multiplied by the core’s weight. The weighted core values were 

summed to obtain the participant’s overall weighted percent TP53 positivity. Weighted 

percent TP53 positivity was dichotomized to classify patients as negative or positive (<10% 

for negative/wild-type, ≥10% positive/mutant). The ≥10% cut point was chosen to ensure 

similar relative frequencies of TP53 mutation to those observed in CBCS 1-2 [140–142]. 

However, the TP53 protocol for CBCS 3 differed from that used for CBCS 1-2 [moderate 

staining intensity (>2+), ≥50% TP53 positive tumor cells, or average H score of 60 was 

previously used] because the CBCS 3 staining protocol resulted in more intense staining 

with increased sensitivity [140, 142].  

RNA-based TP53 status was also determined for cases in CBCS 3. In addition to the 

PAM50 genes, the Nanostring probe set contained 52 genes for a previously validated TP53 

signature that was used to classify CBCS 3 tumors as TP53 mutant-like or wild-type-like 

[143]. For the TP53 signature, the mutant-like versus wild-type-like class was determined 

based on a similarity-to-centroid approach (Pearson coefficient) for each case [143]. The 

TP53 signature is independent of intrinsic subtype and can be used to detect deficiencies in 

the TP53 pathway. 

TCGA. RNA-based TP53 status was available in TCGA. TP53 status, as determined by 

the aforementioned TP53 gene signature was determined using RNA gene expression data 

from microarrays in the same manner used for CBCS 3 as described above [110, 143]. 

Tumors were classified as TP53 mutant-like or wild-type-like. 

3.2.4 Survival data  

Breast cancer-specific survival is the outcome of interest in the third aim of this 

dissertation using CBCS 1-2 participants. Survival time was defined from the date of 

diagnosis to the date of death from breast cancer or any cause or loss to follow-up. To 

identify breast cancer specific deaths International Classification of Death codes, ICD-9: 

174.9 and ICD-10: 50.9, were used to determine the primary or secondary causes of death 

in the National Death Index (NDI) database. If a participant had an ICD-9 or ICD-10 code 



31 
 

other than those listed for breast cancer as the primary cause of death, the cause of death 

was classified as ‘other’ and was censored in the breast cancer-specific survival analyses. 

The most recent CBCS NDI linkage was 12/31/2011 resulting in up to maximum of 18 years 

of survival data (median 13.5 years).  

3.3 Statistical analysis 

3.3.1. Aim 1. To estimate the association between molecular and clinical 

characteristics and histologic subtype, overall and among Luminal A tumors, while 

comparing the CBCS findings to those observed in TCGA. 

Generalized linear models were used to estimate relative frequency differences 

(RFDs) and 95% confidence intervals (95% CIs) as the measure of association between 

histologic subtype and age, race, tumor characteristics, clinical subtype, intrinsic subtype, 

and TP53 status [144]. For CBCS 1-3, unweighted sample size counts are presented 

alongside weighted percentages to account for the sampling design of CBCS. The following 

variables were studied in association with histologic subtype in CBCS and TCGA: age (≤50, 

>50), race [CBCS: self-reported black, non-black (>98% white, 2% other (referred to as 

white); TCGA: black and white (other races were excluded in race-specific analyses due to 

low sample sizes)], combined mitotic and clinical tumor grade (CBCS 1 and 3 only) (low-

intermediate, high), AJCC stage of disease (I/II, III/IV), lymph node status (positive, 

negative), tumor size (≤2cm, >2cm), ER, PR, HER2 (negative/positive), 3-marker IHC-

based clinical subtype (Luminal A, Luminal B, Triple Negative, HER2+) , PAM50 intrinsic 

breast cancer subtype [Luminal A, Non-Luminal A (Luminal B, Basal-like, HER2-enriched) 

(excluding Normal-like subtype, which generally reflects insufficient tumor cellularity in the 

sampled biospecimens)], TP53 status (IHC: <10% for negative/wild-type, ≥10% for 

positive/mutant; RNA: mutant-like, wild-type-like). Sample proportions and generalized 

linear model analyses were done in SAS version 9.4 (SAS Institute, Cary, NC). Graphs were 

constructed using GraphPad Prism version 7.02 for Windows (GraphPad Software, La Jolla, 
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CA). P-values were produced for a two-sided test with an alpha of 0.05 for statistical 

significance. 

3.3.2 Aim 2: To estimate the association between reproductive breast cancer risk 

factors and histologic subtypes, overall and among Luminal A tumors.  

Patient characteristics. 

The associations between histologic subtype and race, age, menopausal status, and 

clinical subtype were estimated using generalized linear models that were adjusted for age, 

race, and study phase (1, 2, 3), where appropriate. Relative frequency differences (RFDs) 

and 95% confidence intervals (95% CIs) were estimated as the measure of association 

[144]. To account for the CBCS sampling design, weighted percentages are presented 

alongside unweighted sample size counts. Patient characteristics were defined as: race 

[self-report: black, non-black (>98% white, henceforth referred to as white)], age (years) 

(<40, 40-49, 50-59, ≥60), menopausal status (pre-, post-), and clinical subtype (Luminal 

A, Luminal B, Triple Negative, HER2+) as defined above. 

Reproductive risk factor analyses 

Polytomous logistic regression was used to obtain odds ratios (ORs) and 95% 

confidence intervals (95% CIs) as the measure of association between each reproductive 

breast cancer risk factor and histologic subtype in case-control (CBCS 1-2) and case-case 

(CBCS 1-3) analyses. Weighted percentages to account for the study sampling design are 

presented with unweighted sample size counts. The following risk factors were studied in 

association with histologic breast cancer subtype: parity (nulliparous, 1, 2, ≥3), years since 

last birth (defined as: age at diagnosis minus age at last birth; among parous women only) 

(0-≤10, 10-≤20, >20), age at first live birth (years) (parous women only) (<26, ≥26), 

lifetime lactation duration (months) (parous women only) (never, 0-≤12, >12), oral 

contraceptive use (never, former, current), and hormone therapy (HT) use [never, estrogen 

alone, combined estrogen + progesterone (E+P)]. Additional variables used case-control 

analyses included: study phase (1, 2, 3), age (continuous) (20-74), family history of breast 
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cancer (yes, no), alcohol intake (ever, never), smoking duration (years) (never, <10, 11-

19, ≥20), oral contraceptive use (ever, never), breastfeeding (ever, never), age at 

menarche (years) (<13, ≥13), and the CBCS offset term to account for the study sampling 

design. Case-case analyses are presented for CBCS 1-3 to assess etiologic heterogeneity by 

histologic subtype [4, 145]. In case-case analyses, ductal served as the referent group for 

lobular and mixed tumor types. Case-case models are adjusted for age, race, and study 

phase.  

Tests of trend for the null hypothesis that the slope of the line equals zero for age at 

diagnosis, parity, and lactation duration, were conducted with the variable modeled 

continuously and the beta-coefficient p-value reported. We conducted a race-stratified 

sensitivity analysis of the pregnancy-related risk factor associations with histologic subtype, 

but we were unable to assess racial differences in oral contraceptive and HT use due to low 

sample size among black women for current OC use and combined E+P HT use. All analyses 

were done in SAS version 9.4 (SAS Institute, Cary, NC). P-values were produced for a two-

sided test with an alpha of 0.05 for statistical significance. 

3.3.3 Aim 3: To estimate the association between histologic subtype and breast 

cancer-specific survival, overall and among Luminal A tumors. 

First, descriptive analyses for ductal, lobular, and mixed histologic subtypes from 

CBCS 1-2 were carried out for race [self-report: black, non-black (>98% white, henceforth 

referred to as white)], age (years) (<40, 40-49, 50-59, ≥60), menopausal status (pre-, 

post-), tumor size (≤2cm, >2cm), combined mitotic and clinical tumor grade (CBCS 1 only) 

(low-intermediate, high), lymph node status (positive, negative), AJCC stage of disease 

(I/II, III/IV), ER, PR, HER2 status (negative/positive), and 3-marker clinical subtype 

(Luminal A, Luminal B, Triple Negative, HER2+) as defined above. Weighted sample 

percentages were presented with unweighted sample counts.  

 Survival proportions at 5-, 10-, and 15-year time points were estimated by 

histologic subtype. Kaplan-Meier curves were created to visually assess differences in breast 
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cancer-specific survival by histologic subtype, overall and among Luminal A tumors. Non-

parametric Log-Rank tests were carried out for each set of Kaplan-Meier survival curves. 

Log-log plots were examined to assess deviation from the proportional hazards assumption, 

which appeared to occur around the 10-year timepoint. Therefore, time-stratified Cox 

Proportional Hazards models were used to estimate hazards ratios (HRs) and 95% 

confidence intervals (95% CI) as the measure of association between histologic subtype and 

breast cancer-specific death adjusting for age and race for 0-10 years and >10 years post-

diagnosis. To further assess violations of the proportional hazards assumption, 1st-, 2nd-

degree polynomial and log(time) interaction terms between time and histologic subtype 

were examined. Based on Likelihood Ratio Tests (LRT) and Akaike Information Criterion 

(AIC) an interaction term between time modeled as a quadratic term and histologic subtype 

was included in all Cox regression models. All analyses were done in SAS version 9.4 (SAS 

Institute, Cary, NC). Graphs were constructed using GraphPad Prism version 7.02 for 

Windows (GraphPad Software, La Jolla, CA). P-values were produced for a two-sided test 

with an alpha of 0.05 for statistical significance. 

3.4 Strengths and limitations 

 Using the Carolina Breast Cancer Study, we were able to examine the molecular 

characteristics, risk factor profiles, and survival profiles by histologic breast cancer subtype 

in a population-based, racially-diverse study. We used centralized pathology review to 

determine histologic subtype allowing for consistency in histologic subtype categorization 

between all three phases of CBCS. CBCS has rich molecular data allowing us to draw direct 

comparisons to the TCGA for associations between histologic subtype and clinical subtype, 

PAM50 intrinsic breast cancer subtype, and TP53 status. CBCS also has data on a number of 

reproductive risk factors and exogenous hormone use allowing us to characterize these 

associations by histologic subtype. We were able to restrict our analyses to Luminal A 

tumors to determine whether the observed risk factor associations by histologic subtype 

persist among Luminal A tumors only, which has yet to be reported.  
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While CBCS had a large proportion of mixed ductal-lobular tumors, we were unable 

to classify the mixed tumors as ductal-like or lobular-like as illustrated by the TCGA [5]. 

Therefore, we focused on the differences between ductal and lobular tumors as the mixed 

tumor associations for risk factors and survival were intermediate to those for ductal and 

lobular tumors with no unique patterns emerging. Additionally, for the survival analyses in 

aim 3, sample sizes were too small for lobular and mixed tumors to draw firm conclusions. 

As CBCS 3 finished recruitment in 2013, survival data is not yet mature for these 

participants and as such could not be included in these analyses.  

3.5 Summary   

 In summary, dissertation was well poised to characterize the impact of both 

molecular and histologic subtype on breast cancer risk and survival using a number of 

statistical methods in the population-based CBCS. Using relative frequency differences as an 

absolute measure of association helped in comparing and contrasting molecular differences 

between ductal, lobular, and mixed tumors in the CBCS and TCGA. Understanding these 

associations then helped us to account for intrinsic subtype in our risk factor analyses. 

Failing to account for intrinsic subtype and histologic subtype may not give a clear picture of 

breast cancer risk, especially if these risk factors were more strongly associated with 

molecular or histologic subtype. Additionally, this dissertation sought to identify etiologic 

differences between histologic subtypes that may help to further inform the biologic 

development of invasive breast cancer. While our survival analyses were underpowered, we 

were able to account for intrinsic and histologic subtype to determine if both tumor 

phenotypes contribute to breast cancer-specific survival.
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CHAPTER 4: DIFFERENCES IN RACE, MOLECULAR, AND TUMOR CHARACTERISTICS 

BY HISTOLOGIC SUBTYPE OF INVAIVSE BREAST CANCER 

 

4.1 Introduction 

Invasive breast cancer is composed of several distinct histologic subtypes. Ductal 

carcinoma is most commonly diagnosed, representing 60-80% of tumors; however, lobular 

and mixed ductal/lobular (henceforth referred to as mixed) carcinoma represent a 

substantial portion of the breast cancer burden, each diagnosed in up to 15% of cases [18, 

51, 52]. Previous clinical research has shown that compared to ductal carcinoma, lobular 

carcinoma tends to be diagnosed in women at older ages, presents as larger, lower grade 

tumors, is more frequently diagnosed at higher stage, and is associated with a higher rate 

of contralateral disease [8, 9, 11, 12, 15, 17, 18, 20–26, 37, 54, 89–102]. While studies 

have shown that lobular and mixed tumors are predominantly Luminal A intrinsic subtype, it 

is unclear if the observed associations between histologic subtype and tumor characteristics 

will be similar in magnitude and direction when restricted to Luminal A subtype.   

A recent analysis from The Cancer Genome Atlas project (TCGA) found lobular 

tumors show distinct molecular differences from ductal tumors [5]. However, TCGA tumors 

are larger in size, diagnosed at later stages of disease, and are predominantly from white 

women, which necessitates evaluating these associations in racially diverse populations 

among women with earlier stage of disease and smaller tumors. To explore the relationship 

between histologic and molecular subtype in a population-based sample with larger 

numbers of younger women (<50) and black women, we evaluated associations between 

patient and tumor characteristics, PAM50 subtype, a validated TP53 gene signature, and 

histologic subtype among participants in the Carolina Breast Cancer Study (1993-2013) and 

placed them in context of the same associations estimated in TCGA.
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4.2 Methods 

4.2.1 Study populations 

The present analysis includes 4,359 cases of invasive breast cancer from the Carolina 

Breast Cancer Study (CBCS), Phases 1-3 (1993-2013). The CBCS is a population-based 

study among women from North Carolina [137], designed to oversample younger women 

(<50 years at diagnosis) and black women [82]. Initiated in 1993, the CBCS recruited 

participants from 24 (Phase 1-2) and from 44 (Phase 3) of the 100 North Carolina counties 

using rapid case ascertainment via the North Carolina Central Cancer Registry. After giving 

informed consent, CBCS breast cancer cases were enrolled under an Institutional Review 

Board protocol approved at the University of North Carolina. CBCS eligibility criteria included 

being female, a first diagnosis of breast cancer [invasive or (in situ: Phase 2 only)], aged 

20-74 years at diagnosis, and residence in specified counties. Cases provided consent to 

access tumor tissue blocks/slides and medical records from treatment centers. 

The Cancer Genome Atlas (TCGA) study population has been described previously [1, 

5]. A total of 808 females with newly diagnosed invasive breast cancer were used in this 

analysis. Cases were enrolled at numerous medical institutions and provided informed 

consent to obtain tumor tissue specimens used for histologic subtype classification, RNA 

extraction, RNA sequencing, and other molecular assays. Age at diagnosis, race, tumor size, 

lymph node status, and stage of disease were abstracted from the medical records. TCGA 

data is publicly available [1, 5]. 

4.2.2 Histologic subtype 

Eligible CBCS cases were those with invasive tumor tissue available for centralized 

pathology review. Single histologic subtype tumors were ≥80% representative of a single 

histology and mixed tumors contained ≥20% of a second histologic subtype in a tumor of 

another dominant (<80%) histologic subtype. The following subtypes were included in the 

main analysis: ductal (n=2,856), lobular (n=326), and mixed ductal/lobular (n=473) 

histologic subtype. The following histologic s7ubtypes were included in the ‘other’ category 
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(n=704) for select analyses: mixed ductal/non-lobular (n=285), mucinous (n=89), mixed 

ductal/metaplastic (n=63), metaplastic (n=44), DCIS w/focal invasion (n=44), 

undifferentiated high grade (n=29), tubular (n=23), micropapillary (n=21), papillary 

(n=19), medullary (n=18), pleomorphic lobular (n=17), anaplastic (n=14), apocrine 

(n=11), cribriform (n=9), neuroendocrine (n=3), others (n=15). Cases with unknown 

(n=99) or missing (n=376) histologic subtype were excluded.  

In the TCGA, histologic subtype was available for all 808 women and was determined 

using clinical diagnostic criteria for histology applied by an expert pathologist committee 

[5]. A consensus ruling on histologic subtype was reached using the pathology reports and 

pathologist committee classification.  

4.2.3 IHC-based clinical subtypes  

For CBCS 1-2, estrogen receptor (ER) and progesterone receptor (PR) status was 

abstracted from medical records for approximately 80% of cases and the remaining cases 

with available tumor tissue had whole slide immunohistochemistry (IHC) staining performed 

at UNC on tumor tissue samples. The percent positivity for ER and PR was determined by a 

study pathologist using contemporaneous clinical definitions. Human epidermal growth 

factor receptor 2 (HER2) IHC staining was performed at UNC for cases with available tissue 

(positivity defined as membrane/membrane plus cytoplasmic staining classified as weak or 

greater intensity in ≥10% of tumor cells) [3, 109].  

 In CBCS3, 98% of cases had ER, PR, and HER2 data abstracted from the medical 

records, which served as the primary data source used to determine the clinical subtypes for 

CBCS3. For the remaining 2% of cases without medical record data on ER, PR, and HER2, 

IHC staining was performed at UNC. For these 2% of cases, positivity cut points of ≥10% 

were used for ER and PR. HER2 positivity was defined as 3+ staining intensity [negative was 

defined as 0/1+ (equivocal cases with 2+ staining were excluded)] [139]. As Allott et al. 

(2016) have described, for CBCS3 multiple tissue microarray (TMA) cores per case were 

stained for ER, PR, and HER2 and a core-to-case collapsing method was applied to classify 



39 
 

the case as positive/negative for each marker [139]. Percent positivity and staining 

intensity was determined by the Genie and NuclearV9 digital algorithm (Aperio 

Technologies).  

In TCGA, ER and PR status was provided from Tissue Source Sites using 

contemporaneous positivity cut points. HER2 data was available for a majority of cases, but 

where unavailable was supplemented by TCGA using HER2 copy number rather than FISH 

data when needed [1, 5]. 

Across all studies, ER, PR and HER2 status, predominantly from the medical records for 

CBCS 1-3 and from IHC performed by Tissue Source Sites for TCGA, was used to create 3-

marker IHC-based clinical subtypes defined as: Luminal A (ER+ or PR+, HER2-), Luminal B 

(ER+ or PR+, HER2+), Triple Negative (TN) (ER-, PR-, HER2-), and HER2+ (ER-, PR, 

HER2+). 

4.2.4 RNA-based intrinsic subtypes 

For CBCS3, RNA counting (Nanostring) assays were carried out on a randomly 

sampled subset of available FFPE tumor tissue cores (n=1,122) [110, 139]. RNA was 

isolated from 2, 1.0-mm cores from the same FFPE block using the Qiagen RNeasy FFPE kit 

(cat# 73504). Samples lacking sufficient quality data (n=101) or cases with >1 tumor block 

(n=8) were excluded. RNA-based intrinsic subtype was determined using the PAM50 gene 

signature described by Parker et al. (2009) [110]. Based on the highest Pearson correlation 

with a subtype-defined centroid and each tumor was categorized into one of five intrinsic 

subtypes (Luminal A, Luminal B, HER2, Basal-like, Normal-like). 

For TCGA, RNA was extracted from flash frozen tumor samples as previously 

described [1, 5]. PAM50 intrinsic subtype was determined using RNA gene expression data 

from microarrays or RNA sequencing data and categorized into one of the 5 intrinsic 

subtypes using a similar algorithm as applied to CBCS 3 data [110, 143]. 
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4.2.5 TP53 status 

TP53 status was determined by immunohistochemistry (IHC) and by RNA expression 

for CBCS 3 cases. IHC staining conditions were optimized using breast tissue sections and 

cell lines with established TP53 mutation status [(wild type: MCF-7, SUM102), (mutant: 

SKBR3)]. TP53 status determined IHC was available for CBCS 3 cases. IHC staining 

conditions were optimized using breast tissue sections and cell lines with established TP53 

mutation status [(wild type: MCF-7, SUM102), (mutant: SKBR3)]. IHC was carried out at 

the UNC Translational Pathology Laboratory using a Bond Autostainer (Leica Microsystems 

Inc. Norwell, MA 02061). Slides were dewaxed in Bond Dewax solution (AR9222) and 

hydrated in Bond Wash solution (AR9590). Antigen retrieval was performed for 20 minutes 

in Bond-Epitope Retrieval Solution 1 pH-6.0 (AR9961). Slides were incubated for 15 minutes 

with a mouse monoclonal anti-TP53 antibody (BioGenex, Fremont, CA; clone D07 [catalog # 

MU239-UC], 1:7200). Detection was performed using the Bond Intense R Detection System 

(DS9263) supplemented with Dako EnVision Mouse (Carpinteria, CA, K4001). Stained slides 

were counterstained with hematoxylin, dehydrated, and coverslipped. A control TMA 

containing TP53 positive and negative breast tissue and cell lines was included in each run 

along with a negative control (no primary antibody). CBCS 3 TMA construction, has been 

previously described [139]. TMAs were constructed with 1-4, 1mm cores per participant.  

 TP53-stained TMA slides were scanned using the Aperio ScanScope XT at 20x 

magnification. Details of the scoring algorithm have been described previously [140]. 

Briefly, TP53 staining was measured with the Aperio Nuclearv9 algorithm by quantifying 

tumor cellularity and was combined with the Genie Histology Pattern Recognition tool to 

correctly classify the number of tumor and normal epithelial cells per core allowing for 

enrichment of tumor cells. Algorithm parameters including nuclear size and nuclear 

compactness were optimized to achieve the best nuclear segmentation. The algorithm 

returned a total number of nuclei per core and the number of nuclei positive for TP53. To 

determine the average percent positivity, a method of core-to-case collapsing developed by 
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Allott et al. (2016) [139] was used by summing the total number of nuclei/core (1-4 

cores/participant). Each core was given a weight equal to the number of core nuclei divided 

by the total nuclei for the participant. For the core weighted percent positivity, the core’s 

TP53 percent positivity was multiplied by the core’s weight. The weighted core values were 

summed to obtain the participant’s overall weighted percent TP53 positivity. Weighted 

percent TP53 positivity was dichotomized to classify patients as negative or positive (<10% 

for negative/wild-type, ≥10% positive/mutant). The ≥10% cut point was chosen to ensure 

similar relative frequencies of TP53 mutation to those observed in CBCS 1-2 [140–142]. 

However, the TP53 protocol for CBCS 3 differed from that used for CBCS 1-2 [moderate 

staining intensity (>2+), ≥50% TP53 positive tumor cells, or average H score of 60 was 

previously used] because the CBCS 3 staining protocol resulted in more intense staining 

with increased sensitivity [140, 142].  

RNA-based TP53 status was also determined for cases in CBCS 3. In addition to the 

PAM50 genes, the Nanostring probe set contained 52 genes for a previously validated TP53 

signature [143] that was used to classify CBCS 3 tumors as TP53 mutant-like or wild-type-

like. For the TP53 signature, the mutant-like versus wild-type-like class was determined 

based on a similarity-to-centroid approach (Pearson coefficient) for each case [143]. The 

TP53 signature is independent of intrinsic subtype and can be used to detect deficiencies in 

the TP53 pathway. 

RNA-based TP53 status was available in TCGA. TP53 status, as determined by the 

aforementioned TP53 gene signature was determined using RNA gene expression data from 

microarrays in the same manner used for CBCS 3 as described above [110, 143]. Tumors 

were classified as TP53 mutant-like or wild-type-like. 

4.2.6 Statistical analysis 

Generalized linear models were used to estimate relative frequency differences 

(RFDs) and 95% confidence intervals (95% CIs) as the measure of association between 

histologic subtype and age, race, tumor characteristics, clinical subtype, intrinsic subtype, 
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and TP53 status [144]. In CBCS 1-3, unweighted sample size counts are presented 

alongside weighted percentages to account for the sampling design of CBCS. The following 

variables were studied in association with histologic subtype in CBCS and TCGA: age (≤50, 

>50), race [CBCS: self-reported black, non-black (>98% white, 2% other (referred to as 

white); TCGA: black and white (other races were excluded in race-specific analyses due to 

low sample sizes)], combined mitotic and clinical tumor grade (CBCS 1 and 3 only) (low-

intermediate, high), AJCC stage of disease (I/II, III/IV), lymph node status (positive, 

negative), tumor size (≤2cm, >2cm), ER, PR, HER2 (negative/positive), 3-marker IHC-

based clinical subtype, PAM50 intrinsic breast cancer subtype (excluding Normal-like 

subtype, which generally reflects insufficient tumor cellularity in the sampled biospecimens), 

TP53 status (IHC: negative/wild-type, positive/mutant; RNA: mutant-like, wild-type-like). 

Sample percentages and generalized linear regression analyses were done in SAS version 

9.4 (SAS Institute, Cary, NC). Graphs were constructed using GraphPad Prism version 7.02 

for Windows (GraphPad Software, La Jolla, CA). P-values were produced for a two-sided test 

with an alpha of 0.05 for statistical significance. 

4.3 Results 

4.3.1 Characteristics of lobular and mixed tumors were quantitatively different 

from those for ductal tumors. 

Lobular and mixed tumors, compared to ductal, displayed consistent differences in 

patient and tumor characteristics in CBCS and TCGA (Table 4.1a and 4.1b). Associations 

between histology and age and race were weak, with black women and women ≤50 years of 

age slightly less likely to be diagnosed with lobular and mixed disease, relative to ductal, in 

both studies. Lobular and mixed tumors displayed similar patterns of association with tumor 

characteristics in CBCS and TCGA. Compared to ductal, lobular tumors tended to be larger 

[CBCS Lobular Relative Frequency Difference (RFD) (>5 cm vs ≤2cm): 14.0%, 95% CI 

(10.7, 17.4)], less frequently high grade [CBCS Lobular RFD (high vs. low-intermediate):  
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-43.4%, 95% CI (-45.2, -41.6)], and higher stage [CBCS Lobular RFD (III/IV vs. I/II): 

12.6, 95% CI (9.7, 15.4)]. In CBCS and TCGA, lobular and mixed tumors were less 

frequently ER-, PR-, and, HER2+. TCGA had higher proportions of larger tumors, positive 

lymph node status, and stage III/IV disease and lower proportions of black and younger 

women than CBCS, although the magnitude and direction of RFDs for the associations 

between patient and tumor characteristics and histologic subtypes were similar in CBCS and 

TCGA.  

4.3.2 Ductal tumors are molecularly diverse. 

IHC-based clinical subtype and RNA-based intrinsic subtype distributions by 

histologic subtype in CBCS3 and TCGA, are presented in Figure 4.1. Distributions of ductal, 

and other histologic subtype tumors for CBCS3 and TCGA were similar, but TCGA had a 

slightly higher percentage of lobular tumors (CBCS; 9%; TCGA:15%) and lower proportion 

of mixed tumors (CBCS: 16%; TCGA: 12%). Figure 4.2 displays the distributions of Luminal 

A and Triple Negative/Basal-like tumors by histologic subtype. Lobular tumors were 

predominantly Luminal A and proportions were similar by molecular subtyping method and 

study (CBCS IHC: 89%, RNA: 84%; TCGA IHC 86%, RNA:92%). In general, mixed tumors 

were more similar to lobular and were largely Luminal A subtype in CBCS and TCGA. Ductal 

tumors displayed more diversity in molecular subtype than lobular tumors. Proportions of 

ductal tumors with Luminal A subtype were similar between studies, but varied by technical 

method with lower percentages of ductal tumors classified as Luminal A by RNA than IHC in 

CBCS 3 and the TCGA (CBCS IHC: 58%, RNA: 39%; TCGA IHC 55%, RNA:42%). Ductal 

tumors from CBCS had higher proportions of Triple Negative/Basal-like subtype than TCGA 

by both IHC and RNA (CBCS IHC: 26%, RNA: 27%; TCGA IHC: 20%, RNA:23%).  

4.3.3 Lobular tumors are predominantly Luminal A. 

Figure 4.3 displays the relative frequency differences (RFD) and 95% confidence 

intervals (95% CI) for Luminal A compared to Non-Luminal A subtypes (clinical: Luminal B, 

TN, and HER2+; RNA, PAM50: Luminal B, Basal-like, HER2-enriched) among lobular and 
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mixed tumors compared to ductal tumors. Lobular tumors were more likely to be classified 

as any hormone receptor positive and HER2- (Luminal A clinical subtype), with similar 

magnitude RFDs in CBCS 1-3 and TCGA [CBCS: RFD (LumA vs. Non-LumA): 30.9%, 95% 

CI: (28.6, 33.2); TCGA: RFD 30.8%, 95% CI: (21.1, 40.4)]. The same association held for 

PAM50 subtype, the magnitude of effect was larger in TCGA than CBCS 3 [CBCS: RFD 

(LumA vs. Non-LumA): 44.9%, 95% CI (39.6, 50.1); TCGA: RFD: 50.5%, 95% CI (43.9, 

57.1)]. Compared to ductal, mixed tumors were also more likely to be Luminal A subtype by 

IHC and PAM50, but the RFDs were attenuated in TCGA relative to CBCS.   

4.3.4 Unique associations between patient and tumor characteristics for lobular 

tumors persisted among Luminal A tumors only in CBCS.  

Based on the observed associations between histologic and Luminal A subtype, 

analyses were performed among Luminal A tumors only to determine if the observed 

associations between histologic subtype and tumor characteristics, race, and age persisted 

after accounting for intrinsic subtype (Table 4.2). When restricted to PAM50 Luminal A 

subtype, differences persisted for race and age with black and younger women less likely to 

be diagnosed with lobular or mixed as compared to ductal disease, but estimates were 

attenuated. Similarly, in RNA analyses restricted to Luminal A subtype, lobular tumors 

remained larger in size, less likely to be high combined grade, and were diagnosed at higher 

stages of disease than ductal tumors. Associations were similar in magnitude and direction 

by IHC-based Luminal A subtype in CBCS 1-3 (results not shown). 

4.3.5 Lobular tumors have lower frequencies of TP53 mutation and TP53 pathway 

defects than ductal tumors.   

Based on a TCGA report of fewer TP53 DNA mutations among lobular tumors relative 

to ductal tumors, we assessed the distribution of TP53 status by histologic subtype (Table 

4.3). We evaluated TP53 mutant status by IHC (CBCS 3) and by RNA through use of a 52-

gene signature (CBCS 3 and TCGA). Compared to ductal, lobular tumors were less likely to 

have TP53 mutant status [CBCS 3: IHC mutant vs wild-type RFD: -21.0%; 95% CI (-24.4 -

17.6); RNA mutant-like vs wild-type-like RFD: -34.5% (-39.5, -29.4)] with larger 
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magnitude of association observed for lobular tumors in TCGA [RNA mutant-like vs wild-

type-like RFD: -41.8% (-50.9, -32.8)]. 
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Table 4.1a. Relative Frequency Differences (RFD) and 95% Confidence Intervals (95% CI) 

for the associations between age, race, and tumor characteristics by histologic subtype 

in CBCS 1-3  
 CBCS1-3 

  Ductal Lobular Mixed 

  
N (%*) N (%*) 

RFD  

(95% CI)a 
N (%*) 

RFD  

(95% CI) a 

Race      

  White 
1,463 (76.7) 

(72.4)b 

200 (83.9) 

(10.7)b 

Referent 287 (83.9) 

(16.8) b 

Referent 

  Black 
1,393 (23.3) 

(80.7)b 

126 (16.1) 

(7.5)b 

-7.3  

(-9.8, -4.8) 

186 (16.1) 

(11.8)b 

-7.3  

(-9.4, -5.1) 

Age at diagnosis       

  >50 1,232 (62.7) 166 (71.2) Referent 257 (74.2) Referent 

  ≤50 1,624 (37.2) 160 (28.8) 
-8.4  

(-11.5, -5.4) 
216 (25.8) 

-11.5  

(-13.9, -9.0) 

Tumor Size (cm)     

  ≤2 1,444 (58.8) 140 (44.8) Referent 269 (64.6) Referent 

  >2 
1,348 (41.2) 176 (55.2) 

14.0  

(10.7, 17.4) 198 (35.4) 

-5.8  

(-8.5, -3.2) 

  Missing 64  10  6  

Tumor Grade^     

  Low-Intermed 976 (53.7) 233 (97.7) Referent 394 (95.4) Referent 

  High 
1,153 (46.3) 9 (2.9) 

-43.4  

(-45.2, -41.6) 29 (4.6) 

-41.7  

(-43.4, -40.0) 

  Missing 727  84  50  

Lymph Node Status     

  Negative 1,717 (65.0) 187 (58.6) Referent 270 (63.9) Referent 

  Positive 
1,110 (35.0) 135 (41.4) 

6.5  

(3.2, 9.7) 197 (36.1) 

1.1  

(-1.5, 3.8) 

 Missing 29 4  6  

AJCC Stage     

  I, II 2,388 (88.1) 237 (75.6) Referent 392 (86.8) Referent 

  III, IV 
407 (11.9) 81 (24.4) 

12.6  

(9.7, 15.4) 75 (13.2) 

1.3  

(-0.5, 3.2) 

  Missing 61 8  6  

  ER+ 1,641 (65.5) 284 (90.8) Referent 419 (92.2) Referent 

  ER-  
1,164 (34.5) 39 (9.2) 

-25.3  

(-27.4, -23.2) 48 (7.9) 

-26.6  

(-28.3, -24.8) 

  Missing 51 3   6  

  PR+ 1,377 (54.3) 248 (76.4) Referent 349 (76.8) Referent 

  PR-  
1,424 (45.7) 73 (23.6) 

-22.0  

(-24.9, -19.1) 116 (23.2) 

-22.5  

(-24.9, -20.1) 

  Missing 55 5  8  

  HER2- 2,227 (83.3) 289 (93.1) Referent 407 (88.6) Referent 

  HER2+ 
482 (16.7) 20 (6.9) 

-9.7  

(-11.6, -7.9) 53 (11.4) 

-5.2  

(-7.1, -3.3) 

  Missing 147  17   13  

*All percentages weighted for sampling fractions.  ^Grade unavailable for CBCS Phase 2   
aUnivariable model for each tumor characteristic and histologic subtype. 
bRow percentages. 

 

 

 

 

 

 

 

 

 

 



47 
 

Table 4.1b. Relative Frequency Differences (RFD) and 95% Confidence Intervals (95% CI) 

for the associations between age, race, and tumor characteristics by histologic subtype 

in TCGA 
 TCGA 
  Ductal Lobular Mixed 

  
N (%*) N (%*) 

RFD  

(95% CI)a 
N (%*) 

RFD  

(95% CI) a 

Race      

  White 
340 (84.6) 

(67.2)b 

107 (92.2) 

(21.2)b 

Referent 59 (93.7) 

(11.7)b 

Referent 

  Black 
62 (15.4) 

(82.7)b 

9 (7.8) 

(12.0)b 

-7.6  

(-13.7, -1.7) 

4 (6.4) 

(5.3)b 

-9.1  

(-16.1, -2.1) 

Age at 

diagnosis   

    

  >50 320 (66.1) 98 (77.2) Referent 70 (81.4) Referent 

  ≤50 164 (33.9) 29 (22.8) 
-11.1  

(-19.5, -2.6) 
16 (18.6) 

-15.3  

(-24.5, -6.1) 
Tumor Size (cm)     
  ≤2 134 (29.2) 21 (16.7) Referent 30 (36.1) Referent 

  >2 
325 (70.8) 105 (83.3) 

12.5  

(4.8, 20.3) 53 (63.9) 

-7.0  

(-18.1, 4.2) 
  Missing 25 1  3  
Lymph Node 
Status 

    

  Negative 230 (48.4) 54 (42.9) Referent 35 (40.7) Referent 

  Positive 
245 (51.6) 72 (57.1) 5.6  

(-4.2, 15.3) 

51 (59.3) 7.7  

(-3.6, 19.0) 
 Missing 9 1  0  
AJCC Stage      
  I, II 372 (78.3) 79 (62.7) Referent 59 (71.2) Referent 

  III, IV 
103 (21.7) 47 (37.3) 

15.6  

(6.4, 24.8) 24 (28.9) 

7.2  

(-3.2, 17.7) 
  Missing 9 1  3  
  ER+ 321 (70.7) 113 (94.2) Referent 73 (91.3) Referent 

  ER-  

133 (29.3) 7 (5.8) 

-23.5  

(-29.4, -

17.5) 7 (8.8) 

-20.6  

(-28.0, -13.1) 
  Missing 30 7  6  
  PR+ 278 (61.4) 97 (81.5) Referent 65 (81.3) Referent 

  PR-  

175 (38.6) 22 (18.5) 

-20.1  

(-28.4, -

11.9) 15 (18.8) 

-19.9  

(-29.5, -10.2) 
  Missing 31 8  6  
  HER2- 240 (74.8) 68 (89.5) Referent 42 (70.0) Referent 

  HER2+ 
81 (25.2) 8 (10.5) 

-14.7  

(-23.1, -6.3) 18 (30.0) 

4.8  

(-7.8, 17.3) 
  Missing 163 51  26  

aUnivariable model for each tumor characteristic and histologic subtype. 
bRow percentages. 
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Figure 4.1. Histologic and clinical subtype distributions in CBCS 1-3 and TCGA and 

histologic and PAM50 intrinsic subtype distributions in CBCS 3 and TCGA.  
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Figure 4.2. Clinical and PAM50 subtype distributions for Luminal A and Triple 

Negative/Basal-like subtype by histologic subtype in CBCS and TCGA.  
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Figure 4.3. Relative Frequency Differences (RFD) and 95% Confidence Intervals (95% CI) 

of Luminal A subtype among lobular and mixed tumors compared to ductal tumors in 

CBCS and TCGA    
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Table 4.2. Relative Frequency Differences (RFD) and 95% Confidence Intervals (95% CI) 

for the associations between patient and clinical characteristics by histologic subtype 

among Luminal A intrinsic subtype tumors, CBCS 3 
 PAM50 Luminal A  

  Ductal Lobular Mixed 

 N (%*) N (%*) RFD (95% CI) N (%*) RFD (95% CI) 

Race      

  White 119 (84.0) 35 (89.0) Referent 47 (89.0) Referent 

  Black 73 (16.0) 11 (11.0) -5.0 (-10.2, 0.0) 23 (11.0) -5.0 (-10.0, -0.4) 

Age at diagnosis      

  >50 106 (72.6) 30 (78.8) Referent 42 (79.8) Referent 

  ≤50 86 (27.4) 20 (21.2) -6.2 (-12.9, 0.0) 28 (20.2) -7.3 (-13.0, -1.5) 

Tumor Size (cm)      

  ≤2 124 (70.7) 16 (32.7) Referent 41 (60.7) Referent 

  >2 68 (29.3) 34 (67.3) 38.0 (30.6, 45.5) 29 (39.3) 10.1 (3.4, 16.7) 

 Missing      

Tumor Grade      

  Low-Intermed 144 (81.1) 48 (95.8) Referent 67 (97.9) Referent 

  High 48 (18.9) 2 (4.2) -14.7 (-18.9, -10.7) 3 (2.1) -16.8 (-20.2, -13.3) 

 Missing      

Lymph Node 

Status 
     

   Negative 126 (69.5) 31 (57.5) Referent 44 (35.5) Referent 

   Positive 66 (30.5) 19 (42.5) 12.1 (4.3, 19.8) 26 (64.5) 5.0 (-1.6, 11.6) 

 Missing      

AJCC Stage      

  I, II 168 (89.9) 35 (64.2) Referent 65 (94.0) Referent 

  III, IV 24 (10.1) 15 (35.8) 25.7 (18.6, 32.8) 5 (6.0) -4.1 (-7.7, -0.5) 

 Missing      

*All percentages weighted for the CBCS sampling fractions. 
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Table 4.3. Relative Frequency Differences (RFD) and 95% Confidence Intervals (95% CI) 

for TP53 mutant status (IHC) and mutant-like status (RNA) among lobular and mixed 

compared to ductal invasive breast tumors in CBCS 3 and TCGA 
  Ductal Lobular Mixed 

  N (%) N (%) RFD (95% CI) N (%) RFD (95% CI)  

CBCS3* 

TP53 IHC      

  wild-type 482 (73.1) 73 (94.2) Referent 154 (87.2) Referent 

   mutant 213 (26.9) 6 (5.8) -21.0 (-24.4, -17.6) 22 (12.8) -14.1 (-17.3, -10.9) 

    missing 952 103  257  

TP53 RNA      

  wild-type-like 260 (50.6) 57 (85.1) Referent 90 (81.6) Referent 

  mutant-like 346 (49.4) 10 (14.9) -34.5 (-39.5, -29.4) 20 (18.4) -31.0 (-35.4, -26.7) 

   missing 1,041 115  191  

TCGA 

TP53 RNA      

  wild-type-like 141 (35.2) 87 (77.0) Referent 40 (64.5) Referent 

  mutant-like 260 (64.8) 26 (23.0) -41.8 (-50.9, -32.8) 22 (35.5) -29.4 (-42.2, -16.6) 

   missing 83 14  24  

*Percentages weighted for sampling design 
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4.4 Discussion 

Characteristics of lobular and mixed tumors were quantitatively different from those 

of ductal tumors in CBCS and TCGA. In both studies, lobular tumors were significantly more 

likely to be Luminal A and have lower frequencies of TP53 pathway defects than ductal 

tumors. As previously reported, we found lobular disease to be more common among older 

and white women [17, 21, 25, 26], more likely to be low-intermediate tumor grade, larger 

in size, diagnosed at later stage of disease [3, 5, 7–18, 21, 24–26, 37, 95]. However, we 

are the first to show that the associations between patient and tumor characteristics and 

lobular tumors persisted among Luminal A subtype only, suggesting histology contributes to 

these observed associations even after restricting to the dominant lobular intrinsic subtype.   

 By comparing CBCS and TCGA, we observed associations between lobular and ductal 

histology and Luminal A subtype to be quantitively similar between studies, but vary by 

technical method. We found that lobular tumors were 31% more likely to be Luminal A by 

IHC (CBCS and TCGA) and 45-51% more likely to be Luminal A by RNA (CBCS3 and TCGA, 

respectively). In a sample of 75 lobular tumors from the I-SPY trial, Lips et al. (2012) 

determined PAM50 subtypes and observed an RFD of 44% for Luminal A subtype among 

lobular compared to ductal tumors, which is similar to our estimates [16]. Other studies 

using IHC have reported RFDs for Luminal A subtype among lobular compared to ductal 

tumors ranging from 6%-39%, reflecting tremendous molecular variability in the tumors 

studied [3, 6, 8–10, 12–15, 111]. Proportions of Luminal A ductal tumors were 

overestimated by clinical data relative to RNA, suggesting RNA subtype may be important 

for understanding the differences in Luminal A prevalence among ductal tumors. 

In our study, we observed higher proportions of TP53 mutant-like tumors (RNA) than 

TP53 mutations (IHC) in each histologic subtype, indicating a higher frequency of TP53 

pathway defects that may be important for tumor etiology and progression in a subset of 

tumors. We found that compared to ductal tumors, lobular tumors are less frequently TP53 

mutant by IHC, as has been previously reported [17, 25, 26], and less frequently TP53 
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mutant-like by RNA in CBCS 3 and TCGA. Nearly 50% of CBCS 3 ductal tumors were TP53 

mutant-like by RNA, suggesting that TP53 pathway deficiencies may be integral to the 

development of the ductal phenotype. Relative to CBCS, TCGA had higher frequencies of 

mutant-like TP53 among all histologic subtypes, reflecting the higher proportion of more 

advanced tumors in TCGA.  

 Our study should be interpreted in light of some limitations. We included a mixed 

histology category of tumors, defined as <80% of a dominant phenotype and ≥20% of a 

second histologic subtype. This practice has been used in previous studies based on expert 

reviews, but some studies have adjudicated mixed tumors, classifying them as either 

lobular or ductal. For example, in TCGA, an expert panel sought consensus for lobular and 

ductal, and then found that mixed tumors were either lobular-like or ductal-like based on 

mRNA gene expression and other genomic alterations, including E-cadherin mutation status 

[5]. Future work should consider adjudicating the expert pathology review with molecular 

validation. Such approaches, if validated, could increase sample size of ductal and lobular 

tumors for etiologic and survival analyses. A second limitation of our work was that we were 

unable to study molecular characteristics of the rare histologic subtypes diagnosed in less 

than 2% of cases in CBCS due to power constraints.  

4.5 Conclusions 

 
To conclude, this analysis documents that while The Cancer Genome Atlas is not a 

population-based study of invasive breast tumors, the associations between the tumor and 

the molecular characteristics are similar to those from the population-based, Carolina Breast 

Study. Furthermore, patterns of association between tumor characteristics and histology 

were similar when restricting to Luminal A subtype, suggesting histology reflects some true 

biological differences, some of which have already been identified. Future research may 

leverage the molecular differences between lobular, ductal, and mixed tumors to improve 

histologic classification and should seek to identify how risk and survival vary for fully 

characterized subgroups of lobular tumors.
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CHAPTER 5: REPRODUCTIVE RISK FACTOR ASSOCIATIONS WITH LOBULAR AND 

DUCTAL CARCINOMA IN THE CAROLINA BREAST CANCER STUDY 

 

5.1 Introduction 

The intrinsic breast cancer subtypes, including Luminal A, Luminal B, HER2-enriched, 

and Basal-like cancers, show distinct risk factor profiles and are hypothesized to be 

independent diseases within the breast. Ductal tumors, diagnosed in up to 80% of cases 

[18, 51, 52], are comprised of approximately 50% Luminal A tumors, and while Basal-like 

and HER2-enriched intrinsic subtype tumors represent a minority of ductal tumors, the vast 

majority of Basal-like and HER2-enriched tumors are ductal [3, 5, 6, 8–10, 12–15, 111]. 

Lobular and mixed ductal-lobular breast cancers, diagnosed in up to 15% of cases each [18, 

51, 52], tend to be 80-90% Luminal A intrinsic subtype [3, 5, 6, 8–10, 12–15, 18, 51, 52, 

111]. Thus, there are strong associations between histologic and molecular subtype. 

Previous studies of etiologic heterogeneity according to histology have suggested 

that lobular disease is more strongly associated with a number of reproductive risk factors 

and hormone-modulating exposures. However, it is unclear if the observed associations 

depend on intrinsic breast cancer subtypes, which also have unique reproductive risk factor 

profiles [4, 6]. We sought to disentangle the associations between reproductive breast 

cancer risk factors and breast cancer subtype, considering both histology and Luminal A 

subtype in the Carolina Breast Cancer Study Phases 1-3 (1993-2013).  

5.2 Methods 

5.2.1 Study population  

The present analysis includes 3,655 cases of invasive breast cancer from the 

Carolina Breast Cancer Study (CBCS) Phases 1-3 (1993-2013). The CBCS is a population-
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based study among black and white women, initiated in 1993, that recruited participants 

from 24 (CBCS 1-2) to 44 (CBCS 3) of the 100 North Carolina counties [137]. CBCS 

oversampled women less than 50 years of age and black women [3, 82].  

For CBCS 1-3, case eligibility criteria included: women with a first diagnosis of breast 

cancer [(invasive or in situ (CBCS2 only)], aged 20-74 years at diagnosis, and residence in 

specified counties. Cases were enrolled following rapid case ascertainment from the NC 

Central Cancer Registry and controls (CBCS 1-2) were identified using DMV and Medicare 

lists. Controls were race and age frequency matched to cases (CBCS 1-2). All participants 

provided informed consent for study enrollment and cases granted access to tumor tissue 

blocks/slides and medical records from treatment centers. Self-report, risk factor data was 

collected during in-person interviews by a trained study nurse. Cases eligible for this 

analysis had invasive tumor tissue available for centralized pathology review to determine 

histologic subtype as ductal (n=2,856), lobular (n=326), or mixed ductal/lobular (n=473) 

(henceforth referred to as mixed) breast cancer. The study maintains Institutional Review 

Board approval at the University of North Carolina.   

5.2.2 Histologic subtype  

 Histologic subtype for CBCS1-3 was determined via centralized pathologist review. 

Tumors classified as ductal, lobular, and mixed ductal-lobular comprise 84% of all CBCS 1-3 

cases with histologic subtype available. Ductal or lobular histologic subtypes tumors were 

defined as at least 80% representative of that histology. Mixed tumors contained ≥20% of 

one histologic subtype and <80% of the second histologic subtype. The following histologic 

subtypes were excluded: mixed ductal/non-lobular (n=285), mucinous (n=89), mixed 

ductal/metaplastic (n=63), metaplastic (n=44), DCIS w/focal invasion (n=44), 

undifferentiated high grade (n=29), tubular (n=23), micropapillary (n=21), papillary 

(n=19), medullary (n=18), pleomorphic lobular (n=17), anaplastic (n=14), apocrine 

(n=11), cribriform (n=9), neuroendocrine (n=3), others (n=15). Cases with unknown 

(n=99) or missing (n=376) were also excluded. 
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5.2.3 Immunohistochemistry (IHC)-based clinical breast cancer subtypes  

For CBCS 1-2, estrogen receptor (ER) and progesterone receptor (PR) status were 

abstracted from medical records for 80% of cases, the remaining 20% with tumor tissue 

available had IHC for ER and PR performed at UNC. For tissue that was stained at UNC, a 

study pathologist determined ER and PR positivity defined using contemporaneous clinical 

cut points [3]. HER2 staining was performed at UNC for all CBCS 1-2 cases with available 

tissue as described previously with positivity defined as membrane/membrane plus 

cytoplasmic staining classified as weak or greater intensity in ≥10% of tumor cells [3].  

 In CBCS 3, 98% cases had ER, PR, and HER2 information in their medical records. For 

the remaining 2% of cases without ER, PR, and HER2 data, IHC staining was performed at 

UNC with positivity cut points of ≥10% for ER and PR. HER2 positivity was defined as 3+ 

staining intensity [negativity was defined as 0/1+ (cases with equivocal staining, 2+ 

staining intensity, were excluded)] as described in Allott et al. (2016) [139].  

 For CBCS 1-3, 3-marker clinical subtypes were defined as follows: Luminal A (ER+ or 

PR+ and HER2-), Luminal B (ER+ or PR+ and HER2+), Triple Negative (TN) (ER- and PR- 

and HER2-), and HER2+ (ER- and PR- and HER2+).  

5.2.4 Statistical analysis  

Patient characteristics  

The associations between histologic subtype and race, age, menopausal status, and 

clinical subtype were estimated using generalized linear models that were adjusted for age, 

race, and study phase (1, 2, 3), where appropriate. Relative frequency differences (RFDs) 

and 95% confidence intervals (95% CIs) were estimated as the measure of association 

[144]. To account for the CBCS sampling design, weighted percentages are presented 

alongside unweighted sample size counts. Patient characteristics were defined as: race 

[self-report: black, non-black (>98% white, henceforth referred to as white)], age (years) 
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(<40, 40-49, 50-59, ≥60), menopausal status (pre-, post-), and clinical subtype as defined 

above. 

Reproductive risk factor analyses 

The association between each reproductive breast cancer risk factor and histologic 

subtype was estimated in case-control (CBCS 1-2) and case-case (CBCS 1-3) analyses. 

Polytomous logistic regression was used to obtain odds ratios (ORs) and 95% confidence 

intervals (95% CIs) as the measure of association. The following risk factors were studied in 

association with breast cancer subtype: parity (nulliparous, 1, 2, ≥3),  years since last birth 

(defined as: age at study enrollment minus age at last birth; among parous women only) 

(0-≤10, 10-≤20, >20), age at first live birth (years) (parous women only) (<26, ≥26), 

lifetime lactation duration (months) (parous women only) (never, 0-≤12, >12), oral 

contraceptive use (never, former, current), and hormone therapy (HT) use [never, estrogen 

alone, combined estrogen + progesterone (E+P)]. Additional variables used in case-control 

analyses included: study phase (1, 2, 3), age continuous (20-74), family history of breast 

cancer (yes, no), alcohol intake (ever, never), smoking duration (years) (never, <10, 11-

19, ≥20), oral contraceptive use (ever, never), breastfeeding (ever, never), age at 

menarche (years) (<13, ≥13), and the offset term to account for the sampling design of 

CBCS. Case-case analyses are presented for CBCS 1-3 to assess etiologic heterogeneity by 

histologic subtype [4, 145]. In case-case analyses, ductal served as the referent group 

compared to lobular and mixed. Case-case models are adjusted for age, race, and study 

phase.  

We tested the null hypothesis that the slope of the line equals zero for age at 

diagnosis, parity, and lactation duration, each modeled as continuous variables. We 

conducted a race-stratified sensitivity analysis of the risk factor associations with histologic 

subtype, but we were unable to assess racial differences in oral contraceptive and HT use 

due to low sample size among black women for current OC use and combined E+P use. All 
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analyses were done in SAS version 9.4 (SAS Institute, Cary, NC). P-values were produced 

for a two-sided test with an alpha of 0.05 for statistical significance. 

5.3 Results 

5.3.1 Compared to ductal tumors, lobular tumors were less frequent among black 

women and younger women and were predominantly Luminal A clinical subtype. 

Women from the Carolina Breast Cancer Study Phases 1-3, displayed patterns 

consistent with established histological associations by age, race, menopausal status, and 

clinical subtype (Table 5.1). Relative to ductal histologic subtype, lobular and mixed tumors 

were less frequent among young women and black women, and in age, race, and study 

phase-adjusted analysis, lobular and mixed tumors were more frequent among 

premenopausal women. As other studies have shown, lobular and mixed tumors were 

predominantly Luminal A clinical subtype (ER+ or PR+ and HER2-) (lobular 88.8%, mixed 

83.1%); whereas ductal tumors are less frequently Luminal A (57.9%). After adjusting for 

age, race, and study phase, associations with molecular subtype were statistically 

significant, with lobular tumors significantly more likely to be Luminal A clinical subtype 

[Relative Frequency Difference (RFD) compared to ductal: 26.3%, 95% CI (24.0, 28.5)].  

5.3.2 Compared to ductal tumors, lobular tumors have unique risk factor patterns. 

We observed unique risk factor patterns for lobular tumors relative to ductal tumors 

(Table 5.2). Ductal tumors were inversely associated with parity, increasing lactation 

duration, and estrogen-only hormone therapy (HT) use. Among lobular tumors, parity was 

inversely associated with having 1 child versus being nulliparous, but the association was 

attenuated as parity increased. Among parous women, we observed a positive association 

between age ≥26 years at first birth versus <26 years and lobular disease [Lobular OR: 

1.32; 95% CI (0.86-2.03)] and a null effect for ductal tumors [Ductal OR: 0.94; 95% CI 

(0.77-1.16)]. Lifetime lactation duration >12 months was positively associated with lobular 

disease [Lobular OR: 1.62; 95% CI (0.99-2.67)] and inversely associated for ductal disease 

[Ductal OR: 0.78, 95% CI (0.60-1.02)]. Former oral contraceptive (OC) use was associated 
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with lobular disease [Lobular OR: 1.43, 95% CI (0.92-2.22)] but not ductal disease [Ductal 

OR: 0.96, 95% CI (0.79-1.71)]. Associations with hormone therapy use were stronger for 

lobular compared to ductal disease, with estrogen alone and having a larger inverse 

association with lobular disease [OR: 0.59, 95% CI (0.33-1.06)] and combined estrogen 

plus progesterone (E+P) hormone therapy (HT) use having a larger positive association with 

lobular disease [OR: 1.74, 95% CI (0.99-3.06)].  

5.3.3 Etiologic differences emerged for lobular tumors relative to ductal tumors. 

To assess whether these risk factor patterns were indicative of significant etiologic 

differences between ductal (referent) and lobular disease, we conducted case-case 

analyses. Case-case analyses showed a statistically significant difference in the associations 

between lobular and ductal disease for age ≥26 years at first birth [OR: 1.35, 95% CI 

(1.03-1.78)], lifetime lactation duration >12 months [OR: 1.86, 95% CI (1.33-2.60)], and 

current OC use [OR: 1.86, 95% CI (1.08-3.20)] (Table 5.3). These associations did not 

appear to differ by race (all p-values for heterogeneity >0.50) (Table 5.4).  We also 

observed that associations for mixed tumors were typically intermediate in magnitude 

between the estimates for lobular and ductal disease (Table 5.2 and 5.3). 

5.3.4 Etiologic differences remained between lobular tumors relative to ductal 

tumors after restricting to Luminal A subtype. 

To address our main research question of whether risk factor-histologic subtype 

associations persist after restricting to Luminal A clinical subtype, which is not evenly 

distributed by histologic subtype, we performed case-case analyses in CBCS 1-3 that were 

restricted to Luminal A tumors only (Table 5.5). After restricting to Luminal A clinical 

subtype, associations for lobular disease relative to ductal were similar in direction and 

magnitude to the overall case-case risk factor associations for lobular tumors, particularly 

for age at first birth ≥26 years [OR: 1.26, 95% CI: 0.82-1.93)], lactation duration >12 

months [OR: 1.51, 95% CI (1.02-2.25)], and oral contraceptive use [current OR: 1.82, 

95% CI (0.99-3.36); former OR: 1.48, 95% CI (1.06-2.06)].  
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Table 5.1. Relative Frequency Differences (RFD) and 95% Confidence Intervals 

(95% CI) for the associations between race, age at diagnosis, menopausal status 

and clinical subtype comparing lobular and mixed ductal-lobular to ductal 

histologic subtype breast tumors, CBCS 1-3 
 Ductal Lobular Mixed 

 Risk factor N (%*)  N (%*) RFD (95% CI) N (%*) RFD (95% CI) 

Age at diagnosisa      

  ≥60   697 (37.4) 109 (46.1) Ref 159 (48.8) Ref 

  50-59    591 (28.1) 65 (27.6) -3.5 (-4.3, -0.7) 107 (27.2) -3.6 (-5.7, -1.5) 

  40-49   1,105 (24.7) 131 (23.0) -3.9 (-4.7, -0.2) 160 (19.0) -5.9 (-8.0, -3.7) 

  <40    463 (9.8) 21 (3.3) -8.8 (-10.8, -

6.8) 

47 (5.0) -8.5 (-11.2, -5.8) 

Raceb      

  White 1,463 (76.7) 200 (83.9) Ref 287 (83.9) Ref 

  Black 1,393 (23.3) 126 (16.1) -3.5 (-5.0, -2.0) 186 (16.1) -4.4 (-6.5, -2.2) 

Menopausal Statusc      

 Pre 1,400 (33.2) 141 (26.9) 2.0 (0.0, 4.0) 201 (26.5) 3.9 (0.8, 6.9) 

 Post  1,456 (66.8) 185 (73.1) Ref 272 (73.5) Ref 

Clinical Subtypec,d      

 Luminal A  1382 (57.9) 270 (88.8) 26.3 (24.0,28.5) 371 (83.1) 20.8 (18.6, 23.1) 

 Non-Luminal A 1302 (41.3) 36 (11.2) Ref. 84 (16.9) Ref.  

    Luminal B  282 (10.3) 16 (6.3)  43 (10.0)  

    HER2+ 193 (6.3) 4 (0.7)  9 (1.4)  

    Triple Negative 827 (25.5) 16 (4.2)  32 (5.5)  

     Missing 172  20  18  

 *Percentages weighted for sampling fractions. 
aAdjusted for race (white, black) and study phase (1, 2, 3). 

   bAdjusted for age (continuous) and study phase. 
   cAdjusted for age, race, and study phase. 
  dLuminal A (ER+ or PR+/HER2-); Non-Luminal A [Luminal B (ER+ or PR+/HER2+), Triple Negative (ER-/PR- 

   /HER2-), HER2+ (ER-/PR-/HER2+)]



 
 

Table 5.2. Case-Control Odds Ratios (OR) and 95% Confidence Intervals (95% CI) for the associations between 

risk factors and ductal, lobular and mixed histologic subtype breast tumors compared to controls, CBCS 1-2 
 Controls  Ductal Lobular Mixed 

Risk factor N (%*)  N (%*) OR (95% CI) N (%*) OR (95% CI) N (%*) OR (95% CI) 

Paritya        

  Nulliparous   174 (22.6) 193 (15.0) Ref 19 (10.9) Ref 13 (10.7) Ref 

  1       281 (16.8) 219 (16.9) 0.80 (0.60-1.06) 22 (12.0) 0.77 (0.39-1.52) 19 (17.6) 0.90 (0.42-1.93) 

  2      495 (32.8) 372 (32.3) 0.83 (0.63-1.08) 44 (32.3) 0.87 (0.47-1.60) 37 (33.9) 1.03 (0.52-2.06) 

  ≥3      614 (27.8) 425 (35.8) 0.85 (0.65-1.12) 59 (44.8) 1.02 (0.55-1.88) 37 (37.8) 0.96 (0.46-1.97) 

    p-value   0.53  0.63  0.96 

Years since last live birth (parous only)b      

   0-≤10 194 (32.0) 182 (12.1) 0.77 (0.54-1.10) 12 (5.8) 0.79 (0.33-1.93) 15 (9.4) 1.05 (0.42-2.66) 

   >10-≤20 365 (24.9) 271 (19.5) 0.93 (0.72-1.22) 40 (25.3) 1.57 (0.86-2.86) 18 (11.2) 0.80 (0.38-1.66) 

   >20 829 (43.0) 562 (68.4) Ref. 73 (68.8) Ref 59 (79.3) Ref 

    Missing 2 1  0  1  

Age at first live birth (parous only; years) 

b 
     

  <26     1050 

(70.3) 
760 (73.4) Ref. 85 (71.0) Ref 61 (59.2) Ref 

  ≥26    335 (29.7 247 (26.6) 0.94 (0.77-1.16) 39 (29.0) 1.32 (0.86-2.03) 32 (30.1) 1.63 (1.01-2.62) 

    Missing 5 9  1  1  

Lactation duration (parous only)c      

  Never 794 (56.1) 622 (58.7) Ref 67 (48.5) Ref 54 (57.3) Ref 

  >0-≤12 

months   
408 (31.6) 272 (28.9) 0.90 (0.66-0.98) 30 (28.2) 0.69 (0.43-1.12) 24 (31.5) 0.77 (0.46-1.29) 

  >12      186 (12.2) 121 (12.4) 0.78 (0.60-1.02) 28 (23.3) 1.62 (0.99-2.67) 14 (11.2) 1.05 (0.57-1.97) 

   Missing 2 1  0  1  

    p-value   0.02  0.24  0.79 

Oral Contraceptive Used       

  Never 572 (23.5) 412 (39.4) Ref 48 (28.5) Ref 37 (44.6) Ref 

  Current 76 (4.9) 77 (6.4) 1.01 (0.68-1.50) 4 (2.8) 0.86 (0.28-2.71) 4 (3.8) 0.82 (0.26-2.66) 

  Former 905 (58.3) 716 (59.4) 0.96 (0.79-1.17) 91 (63.6) 1.43 (0.92-2.22) 65 (61.3) 1.15 (0.69-1.89) 

  Missing 11 4  1  0  

Hormone Therapy Usee       

  Never 1080 

(77.9) 
893 (64.6) Ref 98 (53.1) Ref 72 (55.1) Ref 

  Estrogen 

alone 
307 (13.8) 164 (16.8) 0.68 (0.54-0.86) 18 (19.6)  0.59 (0.33-1.06) 21 (31.6) 0.90 (0.51-1.60) 

  Combined 

E+P 
149 (8.2) 126 (18.6) 1.20 (0.89-1.60) 25 (27.3) 1.74 (0.99-3.06) 11 (13.3) 1.00 (0.48-2.06) 

  Missing 28 26  3  2  

*All percentages weighted for study sampling design. aAdjusted for race (black, white), age (continuous), study phase (1, 2, 3), family history (yes, 

no), alcohol intake (ever, never), smoking duration (never, <10 years, 11-19, ≥20), oral contraceptive use (ever, never) breastfeeding (ever, 

never), menopausal status (pre-, post-) age at menarche (<13, ≥13), CBCS offset term.bAmong parous women only. Adjusted for race, age, study 

phase, menopausal status, family history, parity, alcohol intake, smoking duration, oral contraceptive use, age at menarche, CBCS offset term. 
cAmong parous women only. Adjusted for race, age, study phase, menopausal status, family history, alcohol intake, smoking duration, oral 

contraceptive use, age at menarche, CBCS offset term. dAdjusted for race, age, study phase, family history, alcohol intake, smoking duration, oral 

contraceptive use, parity (nulliparous, 1-2, ≥3), breastfeeding, age at menarche, CBCS offset term. eAdjusted for race, age, study phase, family 

history, alcohol intake, smoking duration, oral contraceptive use, parity, breastfeeding, menopausal status, age at menarche, CBCS offset term. 

 6
2
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Table 5.3. Case-Case Odds Ratios (OR) and 95% Confidence Intervals (95% CI) 

for the associations between risk factors comparing lobular and mixed to ductal 

histologic subtype breast tumors, CBCS 1-3 

 Ductal Lobular 

 

Mixed 

Risk factor N (%*) N (%*) OR (95% CI) N (%*) OR (95% CI) 

Paritya      

  Nulliparous   428 (14.4) 47 (12.6) Ref 72 (14.0) Ref 

  1       560 (19.8) 46 (11.7) 0.75 (0.49-1.15) 71 (12.6) 0.72 (0.50-1.03) 

  2      937 (34.7) 123 (43.4) 1.14 (0.80-1.63) 173 (39.7) 1.00 (0.74-1.35) 

  ≥3      931 (31.1) 110 (32.4) 1.01 (0.70-1.46) 157 (33.7) 0.97 (0.71-1.33) 

    p-value   0.82  0.96 

Years since last live birth (parous only)a    

   0-≤10 480 (13.3) 34 (6.8) 1.16 (0.68-1.99) 69 (9.5) 1.77 (1.14-2.76) 

   >10-≤20 612 (18.2) 84 (22.6) 1.80 (1.23-2.64) 92 (16.5) 1.49 (1.05-2.10) 

   >20 1330 (68.6) 161 (70.6) Ref 238 (74.1) Ref 

    Missing 6 0  2  

Age at first live birth (parous only; years)a    

  <26     1710 (67.4) 180 (66.2) Ref. 259 (67.5) Ref. 

  ≥26    702 (32.6) 98 (33.8) 1.35 (1.03-1.78) 141 (32.5) 1.25 (0.98-1.58) 

    Missing 16 1  1  

Lactation duration (parous only)a    

  Never 1399 (55.1) 136 (43.6) Ref 206 (52.1) Ref 

  >0-≤12 

months   
714 (30.9)  84 (32.6) 1.19 (0.89-1.59) 126 (32.7) 1.13 (0.88-1.45) 

  >12      313 (14.1) 59 (23.8) 1.86 (1.33-2.60) 68 (15.3) 1.36 (1.00-1.86) 

   Missing 2 0  1  

    p-value     0.04 

Oral Contraceptive Usea    

  Never 756 (27.5) 82 (23.4) Ref 117 (25.8) Ref 

  Current 193 (5.3) 24 (5.0) 1.86 (1.08-3.20) 30 (5.1) 1.19 (0.74-1.92) 

  Former 1889 (67.2) 217 (69.6) 1.33 (0.99-1.78) 324 (69.1) 1.09 (0.86-1.40) 

  Missing 18 3  2  

Hormone Therapy Usea    

  Never 2196 (68.0) 229 (60.3) Ref 342 (59.8) Ref 

  Estrogen alone 377 (17.7) 49 (21.0) 0.97 (0.69-1.38) 84 (27.8) 1.13 (0.85-1.51) 

  Combined E+P 229 (14.3) 41 (18.7) 1.25 (0.85-1.83) 38 (12.4) 0.88 (0.60-1.30) 

  Missing 54 7  3  

*All percentages weighted for study sampling design. 
a Adjusted for race, age, study phase.
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Table 5.4. Sensitivity analysis case-case Odds Ratios (OR) and 95% Confidence 

Intervals (95% CI) for the associations between risk factors comparing lobular 

and mixed ductal-lobular to ductal histologic subtype breast tumors stratified 

by race, CBCS 1-3 
 Ductal Lobular Mixed 

Risk factor N (%*) N (%*) OR (95% CI) N (%*) OR (95% CI) 

   White women   

Paritya      

  Nulliparous   244 (14.9) 30 (12.5) Ref 40 (13.7) Ref 

  1       302 (20.1) 27 (11.1) 0.72 (0.41-1.24) 42 (12.0) 0.83 (0.52-1.34) 

  2      556 (37.0) 88 (46.0) 1.23 (0.79-1.91) 122 (42.2) 1.26 (0.85-1.87) 

  ≥3     361 (28.0) 55 (30.4) 1.05 (0.65-1.71) 83 (32.1) 1.26 (0.82-1.92) 

   p-value   0.48  0.36 

Years since last live birth (parous only)b    

   0-≤10 267 (12.9) 20 (6.2) 1.06 (0.52-2.17) 45 (9.0) 2.03 (1.13-3.67) 

   >10-≤20 313 (17.1) 54 (22.3) 1.93 (1.16-3.20) 61 (16.3) 1.80 (1.13-2.87) 

   >20 626 (70.0) 96 (71.5) Ref 139 (74.7) Ref 

    Missing 3 0  2  

Age at first live birth (parous only; years)b    

  <26     723 (62.7) 99 (64.5) Ref 142 (65.8) Ref 

  ≥26    489 (37.3) 70 (35.5) 1.21 (0.86-1.70) 104 (34.2) 1.16 (0.86-1.55) 

   Missing 7 1  1  

Lactation duration (months)b      

  Never 600 (51.4) 68 (39.7) Ref 112 (50.2) Ref 

  >0-≤12 418 (33.0) 60 (34.8) 1.40 (0.96-2.03) 84 (33.7) 1.11 (0.81-1.53) 

  >12      201 (15.6) 52 (24.5) 2.12 (1.39-3.25) 50 (16.1) 1.37 (0.93-2.01) 

   Missing 0 0  1  

    p-value   0.03  0.05 

   Black Women   

Paritya     

  Nulliparous   184 (12.6) 17 (12.9) Ref. 32 (15.7) Ref. 

  1       258 (18.8) 19 (14.8) 0.80 (0.40-1.59) 29 (15.8) 0.57 (0.33-0.99) 

  2      381 (27.3) 35 (29.6) 1.00 (0.54-1.84) 51 (26.4)  0.68 (0.42-1.10)  

  ≥3     570 (41.3) 55 

(432.7) 
0.96 (0.54-1.70) 74 (42.2) 0.69 (0.44-1.09) 

   p-value   0.43  0.59 

Years since last live birth (parous only)b    

   0-≤10 213 (14.5) 14 (10.2) 1.38 (0.61-3.15) 24 (11.9) 1.53 (0.78-3.02) 

   >10-≤20 299 (21.6) 30 (23.8) 1.65 (0.92-2.98) 31 (17.6) 1.15 (0.68-1.97) 

   >20 694 (64.0) 65 (66.0) Ref 99 (70.5) Ref 

    Missing 3 0  0  

Age at first live birth (parous only; years)b    

  <26     987 (82.3) 81 (74.6) Ref 

r 

117 (76.6) Ref 

  ≥26    213 (17.7) 28 (25.2) 1.69 (1.07-2.67) 37 (23.4) 1.45 (0.97-2.17) 

   Missing 9 0  0  

Lactation duration (months)b      

  Never 799 (66.9) 68 (63.6) Ref. 94 (61.9) Ref. 

  >0-≤12 296 (23.9) 24 (21.4) 0.95 (0.58-1.54) 42 (27.4) 1.18 (0.79-1.74) 

  >12      112 (9.2) 17 (15.0) 1.63 (0.91-2.90) 18 (10.7) 1.37 (0.79-2.38) 

   Missing 2 0  0  

    p-value   0.44  0.42 

*All percentages weighted for study sampling design. 
a Adjusted for age (continuous) and study phase (1, 2, 3),  
b Among parous women only. Adjusted for age and study phase.  

 

 

 

 



  

65 
 

Table 5.5. Case-Case Odds Ratios (OR) and 95% Confidence Intervals (95% CI) 

for the associations between risk factors comparing lobular and mixed to ductal 

histologic subtype breast tumors among Luminal A clinical subtype tumors only, 

CBCS 1-3 
 Luminal A: Case-Casea 

 

 

 

 Ductal Lobular 

 

Mixed 

Risk factor N (%*) N (%*) OR (95% CI) N (%*) OR (95% CI) 

Parity      

  Nulliparous   226 (15.3) 38 (12.7) Ref 59 (14.4) Ref 

  1       278 (20.1) 41 (12.9) 0.87 (0.54-1.40) 53 (11.3) 0.69 (0.45-1.05) 

  2      433 (33.5) 108 (46.1) 1.44 (0.96-2.16) 142 (41.7) 1.17 (0.82-1.66) 

  ≥3      445 (31.0) 83 (28.4) 1.04 (0.68-1.59) 117 (32.6) 0.98 (0.68-1.59) 

   p-value   0.76  0.89 

Years since last live birth (parous only)    

   0-≤10 204 (11.6) 26 (6.5) 0.73 (0.39-1.34) 54 (9.6) 1.26 (0.75-2.12) 

   >10-≤20 291 (17.2) 68 (20.8) 1.26 (0.82-1.93) 70 (15.4) 1.09 (0.72-1.65) 

   >20 657 (71.2) 138 (72.6) Ref 187 (74.9) Ref 

    Missing 4 0  1  

Age at first live birth (parous only; years)    

  <26     782 (65.3) 146 (64.6) Ref 198 (66.4) Ref 

  ≥26    364 (34.7) 85 (35.4) 1.31 (0.96-1.78) 114 (33.6) 1.17 (0.88-1.55) 

    Missing 10 1  0  

Lactation duration (parous only)    

  Never 634 (54.8) 117 (45.2) Ref 155 (50.0) Ref 

  >0-≤12 

months   
371 (31.9) 73 (34.0) 1.08 (0.78-1.50) 100 (33.1) 1.06 (0.79-1.42) 

  >12      151 (13.2) 42 (20.8) 1.51 (1.02-2.25) 57 (16.9) 1.51 (1.06-2.18) 

   Missing 0 0  0  

    p-value   0.15  0.21 

Oral Contraceptive Use     

  Never 402 (29.8) 65 (24.7) Ref 88 (25.5) Ref 

  Current 96 (5.3) 20 (4.6) 1.82 (0.99-3.36) 25 (5.0) 1.30 (0.76-2.25) 

  Former 880 (65.0) 182 (70.7) 1.48 (1.06-2.06) 256 (69.6) 1.25 (0.94-1.66) 

  Missing 4 3  2  

Hormone Therapy Use    

  Never 1031 (64.8) 188 (60.8) Ref 268 (66.7) Ref 

  Estrogen alone 186 (18.3) 41 (20.4) 1.07 (0.72-1.60) 67 (26.7) 1.25 (0.88-1.76) 

  Combined E+P 137 (16.9) 35 (18.8) 1.23 (0.80-1.90) 28 (11.7) 0.77 (0.48-1.21) 

  Missing 28 6  8  

*All percentages weighted for study sampling design. 
     aAdjusted for race, age, study phase. 
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5.4 Discussion 

In the Carolina Breast Cancer Study, we observed differences in reproductive risk 

factor profiles between ductal and lobular invasive breast cancers. Lobular disease was 

consistently, positively associated with more than 10 and up to 20 years since last birth, 

older age (≥26 years) at first birth, lactation duration greater than 12 months, oral 

contraceptive use, and combined estrogen plus progesterone (E+P) hormone therapy (HT) 

use. These associations did not vary by race and were not altered by restriction to Luminal 

A tumors only, suggesting that risk factor associations for histologic subtypes persist even 

after restricting to the most common molecular subtype. 

In agreement with the previous literature, we found that relative to ductal cancers, 

lobular cancers were less frequent among black versus white women [21, 37, 87, 146], less 

frequent among younger women [17, 21, 23, 25, 26, 29, 37, 87], but more common among 

premenopausal women after controlling for age [19, 30]. As has been shown previously, we 

observed that lobular tumors were predominantly Luminal A subtype while ductal tumors 

displayed diversity in clinical subtype and contained a majority of the TN and HER2+ tumor 

types [3, 5, 6, 8–10, 12–15, 111].  

Associations between a number of reproductive risk factors and histology among 

women from the CBCS were similar to associations reported elsewhere. We and others have 

shown lobular tumors are more strongly associated with older age at first birth [24, 27–29, 

33–36, 147–149], oral contraceptive use [33, 83, 150], and combined E+P HT use [24, 28, 

49, 50]. In case-case analyses, lobular tumors were significantly associated with older age 

at first birth, lactation duration greater than 12 months, and current OC use suggesting that 

these risk factors may contribute to etiologic differences between ductal and lobular tumors. 

Even after restricting to the predominant lobular clinical subtype, Luminal A, the 

aforementioned risk factor associations persisted, which mirrors work by Kotsopoulos et al. 

(2010) who reported risk factor associations among lobular tumors persisted after 

restricting to ER+ and PR+ tumors [28]. Concerning lactation duration and risk of lobular 
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disease, our findings differed from those reported previously where slightly inverse or null 

associations for lactation duration and lobular disease have been reported [27, 35, 147, 

150]. We found that among parous women only, lactation duration greater than 12 months 

was significantly associated with lobular disease relative to ductal, even after restricting to 

Luminal A subtype. Previous studies have included more women over the age of 50 and had 

lower proportions of women who reported never breastfeeding (30-40%) than was observed 

in our study (50%) [27, 35, 147, 150]. Generational differences in breastfeeding practices 

and geographic variation of breastfeeding initiation [151] may contribute to the observed 

differences in the literature for lactation duration and lobular carcinoma. Overall, our study 

supports different risk factor profiles between ductal and lobular tumors, particularly for risk 

factors that are thought to impact hormone levels.  

The findings for invasive lobular carcinoma displaying consistent associations with a 

host of hormone-modulating, reproductive risk factors even after restricting to Luminal A 

clinical subtype beg the question: is histologic subtype etiologic in origin or is it a result of 

selective pressures in the breast that encourage a tumor to develop into one histologic 

subtype over another? Intrinsic breast cancer subtypes are hypothesized to be etiologic in 

nature with Luminal A and B arising from the luminal epithelial cells of the mammary gland 

and Basal-like and HER2-enriched arising from the basal cells of the mammary gland [2]. 

Conversely, histologic subtype is subjective in nature and determined by a pathologist from 

the visual appearance of the epithelial cells where ductal histology is characterized by 

tubules and solid nests of epithelial cells and lobular carcinoma is characterized by a non-

cohesive phenotype with single-file strands of epithelial cells scattered throughout the 

stroma [17, 51]. Lobular carcinomas are characterized by down regulation of E-cadherin in 

>90% of cases; however, this can also be observed in a smaller percentage of ductal 

carcinomas [25].  Therefore, it is not clear that histologic subtype is truly etiologic in nature 

or if histology is a result of exposure to phenotype-modulating selective pressures present 

in breast tissue over the life course.  
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 Our study should be interpreted in light of some limitations. We were unable to 

include rare histologic subtypes (e.g. medullary, papillary, metaplastic, etc.) in our analyses 

due to limited sample sizes. Because lobular tumors are predominantly Luminal A subtype, 

we were unable to study differences in risk factor profiles between lobular tumors that were 

of Triple Negative or HER2+ subtype. We, like other studies of histology, acknowledge some 

uncertainty around histologic classification. Interobserver reliability for histologic subtype is 

reported to be around 80% [152], possibly leading to some instability in associations across 

studies. We sought to eliminate this problem by using centralized pathology review to 

classify CBCS invasive breast tumors into histologic subtypes, by focusing on tumors that 

had a dominant ductal or lobular phenotype (at least 80% ductal or lobular), and by 

considering mixed ductal-lobular tumors separately. This may have impacted our power, 

though, and TCGA found that molecularly, mixed tumors were not a distinct disease and 

displayed genomic features that would classify them as ductal- or lobular-like [5]. 

Therefore, applying these molecular classifications to mixed ductal-lobular tumors in 

epidemiologic studies may be a step toward better characterizing risk factor profiles for 

mixed tumors.   

5.5 Conclusions 

To conclude, we observed differences in risk factor profiles between ductal and 

lobular tumors in the Carolina Breast Cancer Study that persisted after restricting to 

Luminal A subtype. Using both case-control and case-case analyses, we found that lobular 

tumors have unique risk factor profiles from ductal tumors when considering older age at 

first birth, increasing lactation duration, current oral contraceptive use, and combined E+P 

HT use. When we restricted to Luminal A subtype, we found that the observed reproductive 

risk factor associations by histologic subtype were not altered. Overall, our findings suggest 

potential etiologic or phenotype-modulating differences between ductal and lobular disease 

that are not driven by intrinsic subtype alone. Our findings strengthen the evidence that 

lobular tumors are sensitive to hormone-modulating exposures.  
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CHAPTER 6: BREAST CNACER-SPECIFIC SURVIVAL BY HISTOLOGIC SUBTYPE 

 

6.1 Introduction 

While consistent patterns of survival by intrinsic breast cancer subtype have shown 

that Luminal A tumors generally have better survival than other subtypes, patterns of 

survival by histologic subtype are not as clear [3, 109, 110]. Overall survival at 5 and 10 

years tends to be fairly similar by histologic subtypes [15, 17, 20, 26, 37–40, 95]. However, 

the findings for risk of breast cancer-specific death are complex and hard to compare across 

studies as methods for stratification by histologic and molecular subtype vary greatly with 

no studies reporting survival estimates for histologic subtype stratified by intrinsic subtype 

[12, 18, 22, 41, 108]. In a large study pooling data from 15 clinical trials, Pestalozzi et al. 

(2008) found that lobular tumors had an early survival advantage over ductal tumors, but 

the trend was reversed after 10 years and similar survival patterns were observed when 

stratifying by ER status [23]. As lobular tumors are predominantly Luminal A intrinsic 

subtype [3, 5] and survival by Luminal A subtype has been shown to differ from that of 

other intrinsic subtypes, we sought to estimate the association between histologic subtype 

and breast cancer-specific death, overall and among Luminal A tumors only, using the 

Carolina Breast Cancer Study Phases 1-2 (1993-2001). 

6.2 Methods 

6.2.1 Study population  

The present analysis includes 1,459 cases of invasive breast cancer from the Carolina 

Breast Cancer Study (CBCS) Phases 1-2 (1993-2001). The CBCS is a population-based 

study among black and white women, that recruited participants from 24 of the 100 North 

Carolina counties [137]. CBCS oversampled women <50 years of age and black women
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[82]. For CBCS 1-2, eligibility criteria included: being female, having a first diagnosis of 

breast cancer [(invasive or in situ (CBCS2 only)], aged 20-74 years at diagnosis, and 

residence in specified counties. Cases were enrolled via rapid case ascertainment from the 

NC Central Cancer registry. Cases provided informed consent for study enrollment and 

cases granted access to tumor tissue blocks/slides and medical records from treatment 

centers. To be eligible for this analysis, participants must have had invasive tumor tissue 

available for centralized pathology review and histologic subtype classified as ductal 

(n=1,209), lobular (n=144), or mixed ductal/lobular (henceforth referred to as mixed) 

breast cancer (n=106). The study maintains approval by the University of North Carolina 

School of Medicine Institutional Review Board.   

6.2.2 Histologic subtype  

 Histologic subtype for CBCS 1-2 was determined through centralized pathology review. 

To be classified as ductal or lobular histologic subtype tumors were ≥80% representative of 

that histology; whereas, mixed tumors contained <80% of one histologic subtype and 

≥20% of the second histologic subtype.  

6.2.3 Clinical breast cancer subtype 

Estrogen receptor (ER) and progesterone receptor (PR) status was obtained from the 

medical records for 80% of CBCS 1-2 cases as previously described [3, 109]. The remaining 

cases with available tumor tissue were stained at UNC for ER and PR and all cases with 

tumor tissue available were stained for HER2 [3, 109]. Clinical 3-marker subtypes were 

defined as follows: Luminal A (ER+ or PR+ and HER2-), Luminal B (ER+ or PR+ and 

HER2+), Triple Negative (TN) (ER- and PR- and HER2-), and HER2+ (ER- and PR- and 

HER2+).  

6.2.4 Survival data  

CBCS survival data has been previously described [62, 153, 154]. To identify breast 

cancer specific deaths International Classification of Death codes, ICD-9: 174.9 and ICD-10: 

50.9, were used to determine the primary cause of death in the National Death Index (NDI) 
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database where participants were matched based on social security number and date of 

birth. All cases with a primary cause of death not identified with the specified breast cancer-

specific codes were classified as “other” causes of death and were censored in the breast 

cancer-specific survival analyses. The linkage with NDI for the CBCS 1-2 occurred on 

12/31/2011 and individuals who were recorded as living were censored on that date. The 

median follow-up time was 13.5 years with a range of 0.2-18.7 years. 

6.2.5 Statistical analysis  

Associations between histology (ductal, lobular, and mixed) and race [self-report: 

black, non-black (>98% white, henceforth referred to as white)], age (years) (<40, 40-49, 

50-59, ≥60), menopausal status (pre-, post-), tumor size (≤2cm, >2cm), combined mitotic 

and clinical tumor grade (CBCS 1 only) (low-intermediate, high), lymph node status 

(positive, negative), AJCC stage of disease (I/II, III/IV), ER, PR, HER2 status 

(negative/positive), and 3-marker clinical subtype (Luminal A, Luminal B, Triple Negative, 

HER2+) were assessed using weighted sample percentages and unweighted sample counts.  

 Breast cancer-specific survival proportions by histologic subtype were assessed at  

5-, 10-, and 15-year time points. Kaplan-Meier survival curves were constructed and non-

parametric Log-Rank tests were conducted. Log-log plots were examined to assess 

deviation from the proportional hazards assumption, which appeared to occur around the 

10-year time point. Therefore, time-stratified Cox Proportional Hazards models were used to 

estimate hazards ratios (HRs) and 95% confidence intervals (95% CI) stratified on ≤10 

years and >10 years. To further assess violations of the proportional hazards assumption, 

1st-, 2nd-degree polynomial and log(time) interaction terms between time and histologic 

subtype were examined. Based on Likelihood Ratio Tests (LRT) and Akaike information 

criterion (AIC) an interaction term between time modeled as a quadratic term and histologic 

subtype was included in all Cox regression models. All analyses were done in SAS version 

9.4 (SAS Institute, Cary, NC). Graphs were constructed using GraphPad Prism version 7.02 
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for Windows (GraphPad Software, La Jolla, CA). P-values were produced for a two-sided test 

with an alpha of 0.05 for statistical significance. 

6.3 Results 

6.3.1 Lobular tumors have unique tumor characteristics. 

In the Carolina Breast Cancer Study Phase 1 and 2, lobular tumors were more 

common among older and white women, were more frequently >2cm in size and were often 

low-intermediate tumor grade. Compared to ductal, lobular tumors had higher proportions 

of node positive and stage III/IV disease. Lobular tumors were more frequently ER positive 

(77%), PR positive (72%), and HER2 negative (90%) than ductal (60% ER+, 58% PR+, 

82% HER2-). Similarly, lobular tumors were predominantly Luminal A clinical subtype 

(79%). This information served to inform subsequent survival analyses.    

6.3.2 Lobular tumors have a breast cancer-specific survival advantage over 

ductal tumors. 

Breast cancer specific survival percentages by histologic subtype at 5, 10, and 15 

years were: ductal (85%, 78%, 75%, respectively), lobular (92%, 86%, 78%, 

respectively), and mixed (88%, 78%, 72%, respectively). Kaplan-Meier survival curves 

suggested a survival advantage for lobular breast tumors over ductal and mixed tumors 

(Figure 6.1) (Log-Rank p=0.45). A similar, but attenuated trend was observed after 

restricting to Luminal A subtype (Log-Rank p=0.65) (Figure 6.1).  

6.3.3 Risk of breast cancer-specific death may vary over time for lobular tumors. 

Using Cox regression models, the effect of histologic subtype was time-dependent 

(p<0.01) and as such, time stratified models are presented in Table 6.2. Relative to ductal, 

lobular and mixed tumors were associated with a reduced risk of breast cancer-specific 

death from 0-10 years after diagnosis [Lobular HR: 0.70, 95% CI (0.38-1.29); Mixed HR: 

0.73, 95% CI (0.42-1.28)]. Associations were similar in direction and magnitude after 

adjusting for clinical subtype. After restricting to Luminal A tumors only, lobular and mixed 

tumors had a larger inverse association with breast cancer-specific death relative to ductal 
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for 0-10 years after diagnosis. Lobular and mixed tumors showed an increased risk of breast 

cancer-specific death as compared to ductal at >10 years since diagnosis; however, sample 

sizes in these strata were reduced as reflected in the wide confidence intervals.   
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Table 6.1. Descriptive summary of ductal, lobular and mixed ductal-lobular 
histologic subtype tumors, CBCS 1-2 
 Ductal Lobular Mixed 

Risk factor N (%*) N (%*) N (%*) 

Age at diagnosis     

  ≥60   293 (36.5) 45 (42.2) 34 (48.8) 

  50-59    226 (25.7) 26 (26.8) 24 (24.9) 

  40-49   473 (26.3) 66 (28.7) 32 (17.5) 

  <40    217 (11.5) 7 (2.2) 16 (8.7) 

Race    

  White 665 (77.8) 93 (84.7) 74 (87.1) 

  Black 544 (22.2) 51 (15.3) 32 (12.9) 

Menopausal Status    

  Pre 610 (35.9) 66 (30.2) 47 (27.9) 

  Post 599 (64.1) 78 (69.8) 59 (72.1) 

Tumor Size (cm)    

  ≤2 601 (58.4) 62 (49.8) 65 (71.5) 

  >2 552 (41.6) 73 (50.2) 37 (28.5) 

   Missing 56 9 4 

Tumor Grade^    

  Low-Intermed 263 (55.6) 61 (95.2) 57 (91.5) 

  High 270 (44.4) 3 (4.8) 11 (8.5) 

    Missing 676 80 38 

Lymph Node Status    

  Negative 745 (67.6) 80 (57.6) 54 (59.2) 

  Positive 438 (32.4) 61 (43.4) 48 (40.8) 

   Missing 26 3  

AJCC Stage    

  I, II 1,017 (91.0) 105 (83.7) 89 (90.7) 

  III, IV 133 (9.0) 31 (16.3) 11 (9.3) 

   Missing 59 8 6 

  ER+ 610 (60.1) 110 (77.2) 73 (77.9) 

  ER-  551 (39.9) 32 (22.8) 27 (22.1) 

    Missing 48 2 6 

  PR+ 590 (57.8) 108 (72.2) 61 (65.6) 

  PR-  566 (42.2) 32 (27.8) 38 (34.4) 

    Missing 53 4 7 

  HER2- 874 (82.1) 118 (89.7) 80 (75.3) 

  HER2+ 202 (17.9) 11 (10.3) 17 (24.7) 

    Missing 133 15 9 

Clinical Subtype    

 Luminal A  519 (55.7) 103 (78.6) 58 (60.4) 

 Non-Luminal A 535 (44.3) 23 (21.4) 34 (39.6) 

    Luminal B  114 (11.2) 9 (9.7) 14 (22.8) 

    HER2+ 81 (6.4) 2 (0.9) 2 (2.4) 

    Triple Negative 340 (26.6) 12 (10.8) 18 (14.4) 

     Missing 155 18 14 

Vital Status 

 

 

   

  Alive 734 (61.6) 88 (55.7) 63 (61.8) 

  Deceased 

 
475 (38.4) 56 (44.3) 43 (38.2) 

   Missing 0 0 0 

Cause of Death    

  Breast Cancer 289 (47.7) 30 (51.4) 29 (56.2) 

  Other 

 
186 (52.3) 26 (48.6) 14 (43.8) 

   Missing 0 0 0 

   *All percentages weighted for study sampling design. 

   ^CBCS 1 only 
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Figure 6.1 a. Breast cancer-specific survival by histologic subtype. b. Breast 

cancer-specific survival by histologic subtype among Luminal A clinical subtype 

tumors only, CBCS 1-2. 
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Table 6.2. Time stratified analyses at 0-10 years and >10 years for Hazard Ratios (HR) and 95% Confidence 

Intervals (95% CI) for associations between histologic subtype and breast cancer-specific death among all 

clinical subtypes, adjusted for clinical subtype, and among Luminal A tumors only, CBCS 1-2 
 Overall Adjusted for clinical subtype Among Luminal A tumors only 

 
Events/Censored 

[n (%*)] 

HR  

(95% CI)a 

Events/Censored 

[n (%*)] 

HR  

(95% CI)b 

Events/Censored 

[n (%*)] 

HR  

(95% CI)c 

0-≤10 Years 

Ductal 256 (56.5) / 113 (43.5) Ref. 228 (58.9) / 94 (41.1) Ref. 83 (42.7) / 64 (57.3) Ref. 

Lobular 20 (66.0) / 10 (34.0) 
0.70  

(0.38-1.29) 
14 (60.5) / 10 (39.5) 

0.67 

 (0.31-1.35) 
11 (61.1) / 8 (38.9) 

0.50 

 (0.18-1.42) 

Mixed 22 (56.3) / 10 (43.7) 
0.73  

(0.42-1.28) 
20 (58.5) / 7 (41.5) 

0.77  

(0.42-1.41) 
7 (48.4) / 3 (51.6) 

0.45  

(0.15-1.30) 

>10 Years 

Ductal 33 (3.5) / 807 (96.5) Ref. 29 (3.5) / 703 (96.5) Ref. 19 (4.2) / 353 (95.8) Ref. 

Lobular 10 (10.2) / 104 (89.8) 
1.18  

(0.12-11.91) 
10 (11.3) / 92 (88.7) 

1.39  

(0.13-15.00) 
9 (11.8) / 75 (88.2) 

1.74  

(0.11-27.61) 

Mixed 7 (7.8) / 67 (92.3) 
1.09  

(0.08-14.63) 
7 (8.5) / 59 (91.5) 

1.33  

(0.09-18.99) 
4 (5.9) / 44 (94.1) 

1.23  

(0.05-28.9) 

*All percentages weighted for study sampling design. 
aModel adjusted for age, race. 
bModel adjusted for age, race, and clinical subtype. 
aAmong Luminal A tumors only. Model adjusted for age, race. 
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6.4 Discussion 

In the Carolina Breast Cancer Study phases 1-2, we observed that overall survival 

proportions at 5, 10, and 15 years were similar by histologic subtype. Visually, Kaplan-Meier 

curves suggested an early survival advantage for lobular tumors relative to mixed and 

ductal tumors, but mixed tumors displayed survival disadvantage relative to ductal at more 

than 10 years. Due to stratification at 10 years, sample sizes were reduced for Cox models, 

but the hazards ratios for lobular and mixed tumors versus ductal indicated an inverse 

association with breast cancer-specific death at 0-10 years, even after restricting to Luminal 

A tumors. Whereas, the hazards ratios for lobular carcinoma relative to ductal carcinoma 

were positively association with breast cancer-specific death at 10+ years, even among 

Luminal A tumors only.  

Previous reports in the literature on breast cancer-specific survival by histologic 

subtype are inconsistent. Our finding of a reduced risk of death for lobular compared to 

ductal tumors was similar in magnitude to the association reported by Campbell et al. 

(2015) [108]. In analyses stratified by ER and PR status and age in SEER data, Li (2010) 

reported a slightly reduced risk of death for lobular compared to ductal tumors that did not 

remain when restricted to ER+/PR+ tumors [22]. Conversely, in all strata of ER/PR status in 

SEER data, Dunnwald et al. (2007) observed a reduced risk of breast cancer-specific death 

among lobular tumors, which mirrors our findings of a reduced risk of death among lobular 

tumors when restricted to Luminal A subtype. One study has reported an increased risk of 

breast cancer-specific death among lobular relative to ductal disease [12]. Our findings 

mirror those reported by Pestalozzi et al. (2008), who showed a reversal of the risk of 

overall death at >10 years, for lobular as compared to ductal tumors [23], which warrants 

further investigation in epidemiologic studies with large sample sizes and survival data of 15 

or more years. 

A limitation of this analysis is that the CBCS has extensive follow-up data on phases 

1-2, but phase 3 is still accumulating survival data as this phase finished enrollment in 
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2013, which has limited our power to study these associations. Similarly, Nanostring 

analyses are not available for CBCS 1-2, which would allow for PAM50 intrinsic subtype to 

be accounted for in survival analyses. Finally, we were unable to resolve the mixed tumors 

into either ductal-like or lobular-like, but using molecular data may  allow for these 

categorizations in the future, which would increase the sample sizes of lobular tumors for 

survival analyses.  

6.5 Conclusions 

Overall, while we had limited sample sizes in our time-stratified survival analyses, 

our results mirror those reported previously and lend strength to the hypothesis that lobular 

cancers have better survival in the early years following diagnosis, but a cross-over may 

occur resulting in lobular cancers having worse long-term survivorship. These findings could 

be due to later stage at diagnosis and differences in metastatic spread between ductal and 

lobular tumors [23, 25, 26, 95, 155], but mechanistic data is lacking. We found that the 

associations by histologic subtype persisted when restricting to Luminal A subtype, 

suggesting both histology and molecular subtype may play a role in survival.



  

79 
 

CHAPTER 7: DISCUSSION 

 

7.1 Main Findings 

The main research aims of this dissertation were first, to estimate the association 

between molecular and clinical characteristics and histologic subtype, overall and among 

Luminal A tumors, and to compare these findings to those observed in The Cancer Genome 

Atlas (TCGA). Second, to estimate the association between breast cancer risk factors (race, 

age at diagnosis, menopausal status, recency of last birth, age at first birth, parity, lactation 

duration, and exogenous hormone use) and histologic subtype, overall and among Luminal 

A tumors. Third, to estimate the association between histologic subtype and breast cancer-

specific survival, overall and among Luminal A tumors. 

First, we found that the tumor and molecular characteristics of lobular and mixed 

tumors were quantitatively different from those for ductal tumors in CBCS and TCGA. In 

both studies, lobular tumors are significantly more likely to be Luminal A. While TCGA had 

higher proportions of more aggressive tumors, the magnitude of the relative frequency 

differences was similar between CBCS and TCGA for lobular as compared to ductal tumors. 

As previously reported, we observed unique associations between patient and tumor 

characteristics for lobular tumors, but we were able to take our analysis a step further by 

restricting to Luminal A subtype, where we found that the associations between tumor 

characteristics and histology persisted. Based on TCGA and others reporting lower 

frequencies if TP53 mutations in lobular tumors, we investigated the associations between 

histologic subtype and TP53 mutation as measured by IHC and TP53 mutant-like status by 

RNA, which represents pathway defects in TP53 independent of intrinsic breast cancer 

subtype and has not been evaluated in ductal, lobular, and mixed ductal-lobular tumors. We
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observed that lobular tumors had lower frequencies of TP53 pathway defects than ductal or 

mixed tumors. In whole, the molecular findings concerning PAM50 subtype and TP53 status 

for CBCS, a population-based study, mirror those from TCGA for lobular tumors suggesting 

that lobular tumors may be molecularly distinct from ductal tumors, necessitating the 

identification of risk factors that may contribute to etiologic differences by histologic 

subtype.    

Next, in the CBCS, we evaluated several reproductive risk factors in association with 

ductal, lobular, and mixed ductal-lobular breast tumors. Overall, we observed differences in 

reproductive risk factor profiles between ductal and lobular invasive breast cancers and 

intermediate risk factor profiles for mixed breast tumors. Lobular disease was positively 

associated with more than 10 and up to 20 years since last birth, older age (≥26 years) at 

first birth, lactation duration greater than 12 months, oral contraceptive use, and combined 

estrogen plus progesterone (E+P) hormone therapy (HT) use. These associations did not 

vary by race and were nearly unchanged in analyses restricted to Luminal A tumors. Our 

findings strengthen the evidence that lobular tumors are sensitive to hormone-modulating 

exposures and the case-case analysis suggested potential etiologic or phenotype-

modulating differences between ductal and lobular disease that are not driven by Luminal A 

intrinsic subtype alone. 

Finally, we characterized survival differences by histologic subtype of invasive breast 

cancer in CBCS 1-2. Based on previous reports, there is no clear pattern of survival by 

histologic subtype. Differences between studies are due to various methods of stratification 

by age groups, ER status, and survival time. In CBCS 1-2, we observed that 5-, 10-, and 

15-year survival proportions were similar between ductal, lobular, and mixed histologic 

subtype tumors. Kaplan-Meier curves suggested an early survival advantage for lobular 

tumors relative to mixed and ductal tumors, but mixed tumors displayed a survival 

disadvantage relative to ductal at greater than 10 years after diagnosis. Therefore, we used 

time-stratified Cox regression models, which negatively impacted our power in each strata. 
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We observed an inverse association with breast cancer-specific death at 0-10 years for 

lobular and mixed tumors compared to ductal tumors, and the associations were similar in 

magnitude after restricting to Luminal A tumors. Conversely, we observed an increased risk 

of breast cancer-specific death for lobular compared to ductal tumors at 10 or more years, 

that persisted even among Luminal A tumors only. However, our findings should be 

interpreted with caution due to the low sample sizes available for survival analysis.  

7.2 Is histologic subtype etiologic or does it arise from phenotype-modulating 

exposures acting on the breast tissue over the life course?  

A recent in-depth molecular analysis by TCGA identified genomic differences between 

ductal and lobular tumors, even after restricting to Luminal A intrinsic subtype [5]. While 

TCGA and others [114, 156] have shown molecular differences between ductal and lobular 

breast tumors, loss of E-cadherin among invasive lobular tumors is the most consistent 

difference and is hypothesized to contribute to the non-cohesive phenotype observed under 

the microscope for lobular tumors. In a small study of lobular carcinoma in situ (LCIS) 

lesions, E-cadherin loss is suggested may be an early event in lobular tumorigenesis as 12 

of the 13 LCIS samples studied harbored E-cadherin DNA mutations and were E-cadherin 

negative by immunohistochemistry similar to invasive lobular tumors [157]. However, it is 

not clear that all LCIS will proceed to invasive lobular disease. In an analysis of SEER data, 

Li et al. (2006) showed that among women diagnosed with invasive breast cancer following 

an initial diagnosis and treatment for LCIS and who did not undergo a mastectomy, 51% 

developed an invasive ductal carcinoma and 49% developed an invasive lobular carcinoma 

[158]. Further work remains to be done to examine the continuum of invasive lobular breast 

carcinogenesis and the underlying biologic mechanisms of development.   

It could be argued that histologic subtypes of invasive breast cancer result from 

phenotype-modulating exposures that impact the tumor microenvironment and encourage 

the development of one histologic subtype over another. In risk factor analyses, we 

identified significant differences between ductal and lobular tumors for older age at first 
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birth, increased lactation duration, and current oral contraceptive use. These finding suggest 

that perhaps these risk factors are phenotype-modulating exposures that have encouraged 

the development of lobular, rather than ductal, carcinoma. It may follow biologically that 

over a time a ductal tumor could progress into a lobular tumor through loss of normal E-

cadherin expression. One way to investigate this hypothesis in epidemiologic data could be 

to study the molecular profiles of mixed ductal-lobular tumors to see if they could be further 

parsed into ductal and lobular histologic subtypes. Mixed tumors are usually smaller in size 

like ductal tumors, which may suggest they are in a histologic transitional period at the time 

of diagnosis, shifting from ductal to lobular histology. Therefore, if we could molecularly 

classify mixed tumors as ductal-like or lobular-like, as performed in TCGA, then we may be 

better able to study the characteristics and risk factors of true ductal tumors and true 

lobular tumors. In turn, this may help to identify modifiable risk factors that reduce the 

burden of breast cancer, including reducing the risk of mixed tumors, which have been hard 

to identify since their risk factor profiles are generally intermediate to those observed for 

ductal and lobular tumors; however, this remains an important public health concern as up 

to 15% of breast cancer cases, approximately 34,000 of the estimated 230,000 diagnoses 

of invasive breast cancers each year, are classified as mixed ductal/lobular breast tumors. 

7.3 Limitations 

While this work had a number of methodologic strengths and was the first 

epidemiologic study that incorporated intrinsic breast cancer subtype into the study of 

histologic subtypes, there are some limitations to this dissertation. Even though we were 

able to compare our findings in CBCS for PAM50 intrinsic subtype and a TP53 gene 

signature and how these molecular characteristics varied by histologic subtype in TCGA, we 

were unable to extend beyond these molecular characteristics and explore other TCGA-

identified genomic associations, namely E-cadherin mutation. CBCS currently has 

Nanostring data on 194 genes and the addition of 200 more genes, including E-cadherin, to 

the Nanostring panel is underway for participants from CBCS 1-3. Therefore, it may be 
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possible to look at a number of genes and how their expression varies by histologic subtype 

in the CBCS in the future.  

Another limitation faced in comparing our findings in the CBCS to those from other 

studies is the lack of uniformity in histologic classification between studies and by 

pathologists, which impacts histologic breast cancer subtype research as a whole. This 

continues to pose challenges for studying histologic subtypes as illustrated here in the 

differences in proportion and magnitude of association for Luminal A subtype in mixed as 

compared to ductal tumors in CBCS and TCGA. CBCS used centralized pathology review and 

TCGA used an expert pathologist committee plus the pathology report to reach a histologic 

subtype consensus. While the TCGA classification system may appear to be a purer 

classification approach, it is not representative of the manner in which histology is 

determined in the clinic at the time of diagnosis or how it is determined in other 

epidemiologic studies. Therefore, the development of a universal classification scheme for 

mixed tumors will serve to clarify findings for this histologic subtype in molecular and 

epidemiologic research and aid in the identification of risk factors for mixed disease. 

Due to low proportions of lobular and mixed tumors that were Luminal B, Triple 

Negative, and HER2+, we were unable to look at differences in risk factors for these histo-

molecular subtypes. While there are distinct risk factor differences by intrinsic subtype, 

estimating these associations among each histologic subtype is important for identifying 

etiologic differences by histo-molecular subtypes and in developing risk reduction strategies 

for all histo-molecular subtypes of invasive breast cancer.   

7.4 Significance 

Our work attempts to answer an important biologic question in the study of histologic 

breast cancer heterogeneity-do the observed associations for histology persist when 

restricted to Luminal A subtype? Based on the collective findings of this work, it could be 

argued that histology defines an etiologic subtype as the observed associations for tumor 

characteristics, reproductive breast cancer risk factors, and survival all persisted when the 
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respective analyses were restricted to Luminal A subtype tumors only. In the first aim, we 

found that even after restricting to Luminal A subtype, lobular tumors were more likely to 

be larger in size, lower grade, and diagnosed at later stages of disease than ductal. In the 

second aim using case-case analyses, after restricting to Luminal A subtype, lobular tumors 

were associated with older age at first birth, lactation duration greater than 12 months, and 

oral contraceptive use. Finally, although power was lacking in the third aim, we estimated 

the association between histologic subtype and breast cancer-specific survival. We observed 

that after restricting to Luminal A subtype, lobular tumors had a reduced risk of death from 

0-10 years and an increased risk of death at greater than 10 years. As a whole, these 

finding suggest that although histologic subtype of breast cancer is determined subjectively 

by a pathologist, there may be a number of molecular and biologic factors that contribute to 

the observed histologic phenotype and the identification of risk reduction strategies remains 

important.  

By comparing and contrasting the molecular characteristics for histologic subtypes in 

CBCS and TCGA, we found that even though tumors included in TCGA had more aggressive 

characteristics, the differences between molecular, patient and tumor characteristics for 

ductal and lobular histologic subtypes were relatively robust. These comparisons are 

important for two reasons. First, TCGA is the ‘gold-standard’ for the molecular 

characterization of tumors and TCGA seeks to identify etiologic events in tumorigenesis that 

may inform the development of therapeutic targets; however, the more aggressive tumor 

types represented in TCGA may not be representative of the true population distributions of 

tumor characteristics. Second, understanding how the patients in TCGA compare to 

participants in population-based epidemiologic studies can help to better inform the 

application of the results from the TCGA. Our use of the same molecular signatures in CBCS 

also illustrates that the methods used in TCGA can be expanded into population-based 

studies with molecular tumor data for validation.  
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Finally, this dissertation was also able to provide population-based estimates of the 

association between histologic subtype and race. There are few epidemiologic studies that 

have a large enough proportion of black women to investigate these associations. We were 

able to confirm that black women in the CBCS are indeed less likely than white women to be 

diagnosed with lobular or mixed ductal-lobular breast cancer compared to ductal breast 

cancer. Given differences in reproductive patterns between black and white women, we then 

performed race-stratified analyses and found similar patterns of association between 

reproductive risk factors among black and white women for lobular relative to ductal disease 

suggesting that etiologic differences by histologic subtype do not vary by race.  

7.5 Future Directions 

There are a number of future directions that may be informative to the epidemiologic 

study of the histologic subtypes of invasive breast cancer. First, there are potential 

approaches that could be used to create better resolution of the mixed tumor category. As 

TCGA found mixed tumors to be lobular-like or ductal-like, similar classifications could be 

applied in epidemiologic studies using the proportion of each tumor that is lobular or ductal 

in conjunction with E-cadherin status. By resolving mixed tumors into ductal-like or lobular 

like, these efforts could increase sample sizes among lobular tumors where reduced sample 

size precludes studies from looking at lobular tumors with respect to risk and survival.  

Identifying molecular signatures to distinguish between lobular and ductal tumors, 

independent of intrinsic subtype would greatly advance this field of study. As we move 

toward the inclusion of higher level genomic data in epidemiologic studies these research 

goals are more attainable. The molecular resolution of histologic subtype through histology-

specific gene expression signatures would work toward eliminating the interobserver 

variation in histologic classification of breast tumors by pathologists. In turn, this may help 

to identify more appropriate treatment options and help to identify modifiable risk reduction 

strategies.  
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Creating consortia of epidemiologic studies of breast cancer could increase the 

sample sizes to include the rarer histologic subtypes, such as metaplastic, papillary, and 

tubular in risk factor and survival analyses, which we were unable to assess here. These 

subtypes, while rare, still require the identification of risk reduction strategies to reduce the 

breast cancer burden as a whole. Future work in epidemiologic studies with long term 

follow-up are needed to estimate these associations with appropriate power.  

7.6 Conclusions 

 In conclusion, we estimated differences in association between molecular 

characteristics, risk factors, and breast cancer-specific survival and ductal, lobular, and 

mixed ductal-lobular histologic subtypes of invasive breast cancer. We observed that 

histology and intrinsic breast cancer subtype likely both contribute to the observed 

associations with tumor characteristics. We also observed that histology is associated with 

reproductive risk factors and breast cancer-specific survival, even after restricting analyses 

to Luminal A subtype only. Additionally, this dissertation presented a comparison of 

molecular findings for histologic subtype between the CBCS and TCGA and found the 

associations between tumor characteristics and histologic subtypes to be similar. This 

underscores the ability and importance of validating molecular findings in epidemiologic 

studies and should serve to encourage the use of molecular tumor data in epidemiologic 

research to better understand tumor biology and how it relates to risk and survival.
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