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Cancer: Epidemiology 
and Pathology



Case
57 year old female with history of IBS and GERD
◦ 5/12/15: Bilateral screening mammo – 2.6 cm irregular density 

Right breast.
◦ 5/26/15: Diagnostic mammo + U/S with a 1.6 cm asymmetric 

density with spiculated margins. U/S guided bx demonstrated 
Invasive ductal and lobular carcinoma, mBR grade 1, ER+, PR+, 
Her2-

◦ 6/26/15:  Right breast lumpectomy and SLNB. Pathology revealed 
a 2.5 cm mixed ductal and lobular, grade 2, DCIS +, no LVI, closest 
margin of invasive disease and DCIS >5.0 mm. 2 negative sentinel 
nodes. Stage IIA, pT2N0M0

She agreed to anastrozole endocrine therapy. She had an 
Oncotype DX score of 11 – no chemo indicated. 
She was referred to radiation oncology for consideration of 
adjuvant radiotherapy.



Breast Cancer - Epidemiology
SEER Data
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12.6% mortality prostate
17% breast
71% lung
37% colon



Breast Cancer - Epidemiology
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Breast Cancer:
Risk factors 
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Presentation Notes
Bone mineral density — Because bone contains estrogen receptors and is highly sensitive to circulating estrogen levels, bone mineral density (BMD) is considered a surrogate marker for long-term exposure to endogenous and exogenous estrogen. In multiple studies, women with higher bone density have a higher breast cancer risk [50-54]. In a meta-analysis of eight prospective cohort and two nested-control studies that included 70,878 postmenopausal women, of whom 1889 developed breast cancer, women in the highest hip BMD category were 62 percent more likely to develop breast cancer compared with women in the lowest BMD category (RR 1.62, 1.17-2.06, p <0.001) [54]. In a 2008 study from the Women’s Health Initiative (n = 9941 postmenopausal women), each unit increase in the total hip BMD T-score was associated with an increased risk of breast cancer (HR 1.25, 95% CI 1.11-1.40) [53]. (See "Clinical manifestations, diagnosis, and evaluation of osteoporosis in postmenopausal women", section on 'T-score'.)

 In the United States, the highest rate of breast cancer occurs among white women, although breast cancer remains the most common cancer among women of every major ethnic group (table 1 and figure 1) [4-6]. Using data from population-based cancer registries affiliated with the National Program of Cancer Registries and SEER, the rate of newly diagnosed breast cancer (per 100,000 women) was 122 and 117 for white and black women, respectively [6]. Despite this, black women more commonly presented with regional or advanced disease (45 versus 35 percent) and had a 41 percent higher breast cancer specific mortality rate (32 versus 22 deaths per 100,000 women).

Much of the ethnic differences in breast cancer rates are attributable to factors associated with lifestyle (eg, body mass index [BMI], reproductive patterns) and access to healthcare, although genetic and/or biologic factors may also contribute [7,8]. For example, breast cancer in women less than 40 years old and triple-negative breast cancers appear to be more common among African Americans than whites [9].

The limited data suggest that estrogen levels also play a role in the development of breast cancer among premenopausal women [31,32]. In a study nested within the Nurses’ Health study that included 591 premenopausal women (197 subsequently diagnosed with breast cancer), women in the highest quartile for serum estrogen levels had an increased breast cancer risk compared with those in the lowest quartile (RR 2.4, 95% CI 1.3-4.5) [31]. In an analysis of premenopausal estrogens of 634 women who were diagnosed with breast cancers both before and after menopause, there was no association between follicular estradiol, estrone, and free estradiol and risk of either total or invasive breast cancer [32]. However, higher levels of luteal estradiol was positively associated with estrogen receptor positive (ER+)/progesterone receptor positive (PR+) cancers (odds ratio [OR] 1.7, 95% CI 1.0-2.9, ptrend = 0.02). Luteal estrone, free estradiol, and progesterone were not associated with risk.





Breast Cancer Screening
ACS, ACR, AMA, NCI, ACOG, and NCCN
◦ Routine screening at age 40

USPSTF, ACP, and AAFP
◦ Routine screening at age 50
◦ Individual risk assessment and shared decision-making with patients 

for women 40-49 years



Breast Cancer: MRI Screening



Breast Cancer – Pathology 
Non-invasive

◦ DCIS
◦ LCIS

Invasive
◦ Infiltrating ductal carcinoma - 76%
◦ Infiltrating lobular carcinoma - 8%
◦ Ductal/lobular - 7%
◦ Mucinous (colloid) – 2.4%
◦ Tubular – 1.5%
◦ Medullary – 1.2%
◦ Papillary – 1%
◦ Metaplastic breast cancer and invasive micropapillary breast cancer - < 

5%



Infiltrating Lobular Carcinoma
Second most common type of invasive breast cancer

Incidence rates of lobular cancer are rising faster than the rates of 
ductal carcinoma in the US.

Postmenopausal hormone therapy may be more strongly related 
to lobular cancer risk than to ductal cancer risk.

Higher frequency of bilaterality and multicentricity

Tend to arise in older women

Tend to be larger and better differentiated tumors (ER+)

Tend to metastasize later and spread to unusual locations such as 
peritoneum, meninges and GI tract



Breast carcinoma –Subtypes
Luminal A - ~ 40% [ER+/PR+/Her2-]

◦ Most common subtype
◦ High expression of ER-related genes
◦ Low expression of HER2 cluster genes
◦ Low expression of proliferation-related 

gene

Luminal B - ~ 20% [ER+/PR+/Her2+]
◦ Lower expression of ER-related genes
◦ Variable expression of HER2 cluster 

genes
◦ Low expression of proliferation-related 

gene

Her2-enriched - ~ 10-15% [ER-/PR-
/Her2+]

◦ High expression of HER2 cluster genes
◦ High expression of proliferation-related 

gene
◦ Low expression of luminal and basal 

clusters.

Basal-like - ~ 15-20% [ER-/PR-/Her2-]
◦ Low expression of HER2 cluster genes
◦ Low expression of luminal clusters.
◦ High expression of proliferation-related 

gene



Breast Cancer – Diagnosis and 
Workup 
Majority of breast cancers are diagnosed as a result of 
abnormal mammogram.
◦ Further diagnostic evaluation with magnification views, spot 

compression views and/or targeted ultrasound and/or breast MRI
◦ Tissue biopsy

Concerning findings on mammography include: 
◦ clustered, pleomorphic, and branching calcifications
◦ Nodule, mass, architectural distortion, and density



Breast Cancer – Diagnosis and Workup 





Staging



Pathologic Nodal Staging



Lymph Nodes





Breast Cancer: 
Management



Timeline



Breast Conservation Therapy (BCT)
BCT = Breast Conservation Surgery (BCS) + RT

Contraindications to BCS
◦ Multicentric disease (tumors in more than one quadrant)
◦ Persistent positive margins after re-excisions
◦ Diffuse or suspicious microcalcifications
◦ Prior RT to breast or chest wall
◦ Current pregnancy

Relative contraindications to BCS
◦ High ratio of tumor to breast volume
◦ Subareolar location
◦ BRCA 1/2
◦ Collagen vascular disease
◦ T3 – neoadjuvant chemo may be given to convert patient to a candidate for BCT



Mastectomy vs BCT
No difference in OS between mastectomy vs BCT 

NSABP B-06 (1976-1984)
◦ 1851 patients
◦ Stage I and II with tumors ≤ 4 cm and LN+/-
◦ All had axillary lymph node dissections 

◦ level I & II for lumpectomy patients 
◦ axillary nodes removed en bloc with tumor for mastectomy 

patients
◦ Patients with positive nodes received melphalan + 5-FU

◦ Arm 1: total mastectomy
◦ Arm 2: lumpectomy
◦ Arm 3: lumpectomy + breast irradiation (50 Gy) [no boost]

21

Presenter
Presentation Notes
This is just one trial. Several similar including Milan III, Ontarior, Royal Marsdan, EORTC  10801



NSABP B-06 (1976-84)



NSABP B-06 (1976-84)

20 year ipsilateral breast 
recurrence: 14.3% for 
lumpectomy + RT vs 
39.2% for lumpectomy 
alone (P<0.001)



Mastectomy vs BCS + RT
Trial Patients Local Recurrence Survival

EORTC 10801 868 10-years:  mastectomy 12% vs. BCT + 
RT 20% (SS)

No difference OS (66% vs. 
65%, NS) and DM (66% 
vs. 61%, NS)

NSABP B-06 1851 20 years: IBTR lumpectomy + RT 14% 
vs lumpectomy alone 39% (SS) 

DFS 36% vs 35% vs 35% 
(NS)
OS 47% vs 46% vs 46% 
(NS)

NCI 237 18-years: 22% in-breast in BCT + RT 
arm vs. mastectomy 0
*Higher in-breast failure likely due to 
large tumors (10% >4cm) and not 
requiring negative surgical margins

OS (mastectomy 58% vs. 
BCT 54%) 
DFS (67% vs. 63%)

Milan 701 20 years: mastectomy 2% vs. BCS + 
RT 9% (SS)
*This rate identical to rate of 
contralateral BCA

20-year OS: both groups 
41%
DFS: 76% vs. 74% (NS)
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Presentation Notes
Several similar including Milan III, Ontarior, Royal Marsdan, EORTC  10801
Milan (<2 cm)



Mastectomy vs BCS + RT 
EBCTCG Oxford meta-analysis, Lancet 2005: 

7,300 women enrolled in 10 trials for lumpectomy +/— RT

5-yr LR risk reduction was 19% 
◦ 7% in RT vs. 26% in BCS alone

The 15-yr overall mortality risk was reduced by 5.3%
◦ 35.2% vs. 40.5%, p = 0.005

“…in the hypothetical absence of any other causes of death, 
avoid about one breast cancer death over the next 15 years 
for every four local recurrences avoided…”
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Presentation Notes
EBCTCG Oxford meta-analysis (EBCTCG Collaborators, Lancet 2005): 7,300 women enrolled
in 10 trials for BCS +/— RT. The 5-yr LR risk reduction was 19% (7% in RT vs. 26% in BCS
alone). The 15-yr breast cancer mortality was reduced by 5.4% (30.5% vs. 35.9%) with RT. The
15-yr overall mortality risk was reduced by 5.3% (35.2% vs. 40.5%), all highly significant (p =
0.005). So for every 4 women prevented to have LR, 1 woman is saved (4:1 ratio).



Mastectomy vs BCS + RT 
EBCTCG meta-analysis update, Lancet 2011: 

• 10,801 women enrolled in 17 trials for BCS +/— RT

Presenter
Presentation Notes
EBCTCG Oxford meta-analysis (EBCTCG Collaborators, Lancet 2005): 7,300 women enrolled
in 10 trials for BCS +/— RT. The 5-yr LR risk reduction was 19% (7% in RT vs. 26% in BCS
alone). The 15-yr breast cancer mortality was reduced by 5.4% (30.5% vs. 35.9%) with RT. The
15-yr overall mortality risk was reduced by 5.3% (35.2% vs. 40.5%), all highly significant (p =
0.005). So for every 4 women prevented to have LR, 1 woman is saved (4:1 ratio).



BCS + Tamoxifen +/- RT
NSABP B-21 (1989-1998)
◦ 1009 patients
◦ Invasive tumors < 1 cm (1989-1994) and 1 cm tumor allowed 

(1996-1998)
◦ All had lumpectomy and axillary lymph node dissections
◦ Negative margins and negative lymph nodes 
◦ Arm 1: Tamoxifen
◦ Arm 2: XRT + placebo
◦ Arm 3: Tamoxifen + XRT



BCS + Tamoxifen +/- RT
NSABP 21: 8 year data

Women with tumors </= 1 cm, IBTR 
occurs with enough frequency after 
lumpectomy to justify XRT 
regardless of ER status, and 
Tam+XRT when ER+



BCS + Tamoxifen +/- RT
CALGB 9343 [1994-1999]
◦ 636 patients
◦ 70 years or older, cT1N0, ER+
◦ Axillary lymph node dissection allowed but discouraged
◦ Negative margins
◦ Arm 1: Tamoxifen 20 mg daily for 5 years.
◦ Arm 2: Tamoxifen + XRT (45/25 + 14/7 boost)



BCS + Tamoxifen +/- RT
Radiation produces proportional reductions in local recurrence 

Absolute reductions are dependent on the baseline risk 

Results of CALGB 9343 are self-evident
◦ Tamoxifen + XRT has lower recurrence rate
◦ No difference in DM or survival
◦ ASCO Abstract 2010 – 10 years: 

◦ RT results in absolute reduction of 7% in local recurrence.  
◦ No impact on OS, cancer-specific survival.



BCS + Tamoxifen +/- RT
CALGB 9343 [1994-1999]



Role of Chemo/Hormone Rx
Stage I
◦ T1aN0; triple negative -> chemo
◦ T1b or T1c N0; ER negative -> chemo
◦ T1b or T1c N0; ER positive -> oncotype testing

Stage II
◦ ER negative, Her2 negative -> chemo
◦ ER negative, Her2 positive -> chemo with trastuzumab

Stage III/IV -> chemo

Post menopausal -> anastrazole (Aromatase Inhibitor)

Pre or post menopausal -> tamoxifen (SERM)



SLNB vs ALND
NSABP B-32 [1999-2004]

◦ 5611 patients with operable invasive breast 
cancer and clinically negative axillary LNs 

◦ Arm 1: SLNB followed by immediate completion 
ALND

◦ Arm 2: SLNB
◦ If SLN negative  no further intervention.
◦ If SLN not found  Full ALND
◦ If SLN positive  Full ALND



SLNB vs ALND
NSABP B-32 [1999-2004]

Overall Survival Disease-Free Survival



SLNB vs ALND
NSABP B-32 [1999-2004]



Surgeons Oncology Group Trial 
Z0011
Equivalent survival in pts with 1-2 nodes positive regardless of SLNB or SLNB 
+ ALND
Equally importantly, regional recurrence rate only 1% in SLNB alone arm 
despite estimate of 27% of patients having additional metastases in 
undissected nodes. 

After BCS patients got whole breast with tangent fields and systemic 
therapy as appropriate

Regional nodal irradiation not allowed 
Historically radiation oncologists have relied on ALND findings to decide on 
level III/sclav irradiation

◦ More than 4 nodes positive
◦ Select patients with 1-3 nodes positive 

If + SLNB without ALND, what to do? 

36

JAMA. 2011 Axillary Dissection vs no axillary dissection in women with invasive breast cancer and sentinel node 
metastasis: a randomized clinical trial. Giuliano, et. al.



Regional recurrence rate only 1% in SLNB alone arm despite estimate of 
27% of patients having additional metastases in undissected nodes. 
Why? 

◦ Chemo?
◦ Hormones? 
◦ SLN +, but with such a low burden of disease that immune system is 

eliminating disease? 
◦ TFs delivered enough dose to lower axilla to eradicate disease

37
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Z11 trial investigators are going back to look at all radiation treatment plans currently to see what was covered and to see if any relationship of what was covered in pts who failed and didn’t fail 



Axillary lymph node 
nomograms
MSKCC nomogram 

◦ Size, tumor type and grade, # of + SLN, # of –SLN, LVI, multifocality, ER status
◦ Calculates probability of spread to additional lymph nodes

Katz nomogram
◦ Tumor size, # of + SLN, LVI, lobular histology, ENE, macromet in SLN, any -SLN
◦ Calculates probability of spread to 4 or more lymph nodes
◦ Consider treating Level III and Sclav if >10% risk of 4 or more nodes

Nomograms can be used in patients without ALND for determining 
fields in patients requiring RT after BCS



Tumor Bed Boost
EORTC boost trial (1989-96) 

◦ 5318 women with BCT: 
◦ Arm 1: 50 Gy, no boost
◦ Arm 2: 50 Gy plus 16 Gy boost 
At 10 years, local failure rates
◦ Boost: 6.2%
◦ No boost: 10.2%
◦ Absolute benefit highest women < 50 

◦ Boost: 13.5%
◦ No Boost: 24%

Lyon Boost Trial (1986-92) 
◦ 1024 pts

◦ 50 Gy vs 50 Gy + 10 Gy boost
◦ At 5 years: Local recurrence: 3.6% (boost) vs 4.5% (no boost) (SS)
◦ Cosmesis: telangiectasia 12.4% vs. 5.9%, but no difference in self-assessment of cosmesis

Presenter
Presentation Notes
What is the typical whole breast RT dose, and what data supports the use of a tumor bed
boost?
Typically, the dose is 45-50 Gy to the whole breast. EORTC and French studies have demonstrated
an improved LR rate with a 10-16 Gy boost.
EORTC boost trial (Bartelink et al., JCO 2007): 5,318 women with BCT, 10-yr update: 50 Gy vs.
50 Gy + 16 Gy boost (surgical margin [SM]–) or + 26 Gy boost (SM+). 10-yr LF: 6.2% + boost
vs. 10.2% - boost. Absolute benefit was greatest in women <50 b/c they have a higher risk of LR
(24% - boost vs. 13.5% + boost for women <40 yo), but proportional benefits were seen
across all age groups.
Lyon boost trial (Romestaing et al., JCO 1997): 1,024 pts, 50 Gy vs. 50 Gy + 10 Gy boost. At 3-
yr follow-up, LF was reduced in the boost arm (3.6% vs. 4.5%).
In general, a boost of 10-16 Gy should be considered for pts at higher risk for LR (age <50 yrs,
positive axillary nodes, + LVI, or close SMs). This can be administered with brachytherapy,
electrons, or external photons.

Is there a need for a higher tumor boost dose in pts with incomplete tumor excision after BCS?
No. In the EORTC boost trial, 251 pts with microscopically incomplete tumor excision were randomized
to low (10 Gy) vs. high (26 Gy) boost. With median follow-up of 11.3 yrs, there was no difference in LC
or survival. There was significantly more fibrosis in the high-dose arm. (Poortmans PM et al., Radiother
Oncol 2009)



EORTC boost trial (1989-96) 
10 year median follow up Survival

Local Recurrence



Higher Boost?
EORTC boost trial (1989-96) 

251 patients with SM+

Arm 1) low boost 10 Gy

Arm 2) high boost 26 Gy

Median F/U 11.3 years

10-year local recurrence low 
boost 17% vs high boost 11% 
(HR 0.8, NS)

No difference in OS



Higher Boost?

Fibrosis was scored by treating physician at follow up visits on a 4-
point scale (1=none, 2=minor, 3=moderate, 4=severe)



Hypofractionation in BCT
Improve patient experience

Decrease costs

Improve access to BCT

Concerns
◦ Long-term control
◦ Cosmetic outcome



Hypofractionation in BCT

Other notable trials

MRC START A (1998-2002) - 50/25 vs. 41.6/13 vs. 39/13 over 5 weeks
◦ 5-year LRR 50 Gy 3.6%, 41.6 Gy 3.5%, 39 Gy 5.2% (NS)

Royal Marsden (UK) (1986-1998) - 50/25 vs 39/13 vs 42.9/13 all over 5 weeks. 
◦ 10-year IBTR: 12% vs. 14.8% vs. 9.6% (NS vs 50/25, but SS between 39/13 and 

42.9/13)

*women with breast width >25cm excluded from trial

Trial Patients Randomization Local control Cosmesis

1234* 50/25 vs 42.5/16 
(3 weeks) 

10 years:
6.2 vs 6.7 %

10 years,
excellent/ good:

70 vs 71%

START B
2215 50/25 vs  40/15 

(3 weeks)
6 years:

2.2% vs 3.3% 

Photographic change in 
appearance more likely 

with 50 Gy (SS)

Presenter
Presentation Notes
Patients were excluded from the study for the following reasons: 1) level I and II axillary dissection not performed; 2) presence of invasive or intraductal carcinoma involving the inked margin of excision on pathologic examination; 3) presence of a tumor of more than 5 cm in diameter or clinical T4 disease; 4) presence of multicentric disease; 5) previous diagnosis of breast cancer; 6) presence of bilateral malignancy of the breast; 7) breast deemed too large to permit satisfactory radiation therapy (i.e., the maximum width of breast tissue >25 cm); 8) patient currently pregnant or lactating; 9) presence of serious nonmalignant disease (e.g., cardiovascular or pulmonary) that would preclude radiation treatment; 10) diagnosis of previous or concomitant malignancies of any type except squamous or basal cell carcinoma of the skin and carcinoma in situ of the cervix; 11) patient geographically inaccessible for follow-up; 12) presence of psychiatric or addictive disorders that would preclude informed consent or adherence to the protocol; 13) patient not treated with chemotherapy who was unable to commence radiation therapy within 16 weeks of the last surgical procedure on the breast; 14) patient treated with chemotherapy who was unable to commence radiation therapy within 8 weeks of the last dose of chemotherapy; and 15) patient enrolled in another clinical trial.

What are some alternative fractionation regimens for whole breast irradiation as part of BCT?
What 2 RT regimens can be employed for use in BCT?
Traditionally in the U.S., alternative fractionation regimens include conventional fractionation at 1.8-2
Gy/fx to 45-50 Gy whole breast → a boost to 60-66 Gy. However, several recent published trials
suggest the same outcomes using a hypofractionated approach.
Canadian regimen (Whelan TJ et al., JNCI 2002; Whelan TJ et al., NEJM 2010): RCT using 42.5
Gy in 16 fx (2.65 Gy/fx) vs. 50 Gy in 25 fx (2 Gy/fx) with no boost; 1,234 T1-2N0 pts, all with -
SMs. Women with >25-cm breast width were excluded (to reduce heterogeneity of dose to
the breast). At median follow-up of 69 mos, there was no difference in LC, OS, or cosmesis.
Updated 10-yr follow-up: there was no difference in DFS or cosmesis. LR risk was 6.7% in the
standard regimen vs. 6.2% in the hypofractionated regimen. Good to excellent cosmesis was
equivalent (71.3% standard vs. 69.8% hypofractionated).

British regimen (START B trials, Lancet 2008): 2,215 women with pT1-3N0-1 s/p surgery
randomized to 50 Gy in 25 fx vs. 40 Gy in 15 fx (2.67 Gy/fx) with no boost given in either arm.
After 6-yr follow-up, there was no difference in IBTR (3% vs. 2%). Late adverse events were not



ASTRO Consensus 2011



Clinical Case:
Case: 57 year old woman who with Stage IIA, pT2N0M0 
right breast mixed ductal/lobular, grade 2, DCIS+, ER+, PR+, 
HER2 negative, and >5 mm margins for DCIS and invasive 
disease.

Plan for hypofractionated regimen
◦ 40.05 Gy (2.67 Gy/fx) 
◦ Boost to tumor bed 10 Gy (2 Gy/fx)
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