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The Breast 

!   The Breast is made up of: 
!   Milk Ducts 

!   Lobes 
!   Supplies the ducts with milk 

!   Two main types of breast cancer 
!   Ductal carcinoma 

!   Lobular carcinoma 

!   Inflammatory Breast Cancer 

National Cancer Institute 



Why is this important? 



Statistics 
!   2nd most common cancer in women (worldwide & U.S.) 

!   1 in 8 (12%) chance of developing invasive breast cancer some time 
in a woman’s life 

!   2nd leading cause of cancer death in women (1st=lung cancer) 

!   1 in 35 chance of BC responsible for woman’s death 

!   Currently there are over 2.5 million breast cancer survivors in U.S. 

!   Males: <1% of all BC cases, usually found in men 60-70 y.o. 

American Cancer Society 



Risk Factors 
!   Older age. 

!   Menstruating at an early age. 

!   Later menopause. 

!   Older age at first birth or never having given birth. 

!   A personal history of breast cancer or benign (noncancer) breast disease. 

!   A mother or sister with breast cancer. 

!   Previous high-dose exposure radiation to the breast/chest. 

!   Breast tissue that is dense on a mammogram. 

!   Taking hormones such as estrogen and progesterone. 

!   Caucasian ethnicity. 

National Cancer Institute 



Genetic Factors: BRCA genes 
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Figure 2. The Emergent Integrated Circuit of the Cell

Progress in dissecting signaling pathways has begun to lay out a circuitry that will likely mimic electronic integrated circuits in complexity
and finesse, where transistors are replaced by proteins (e.g., kinases and phosphatases) and the electrons by phosphates and lipids, among
others. In addition to the prototypical growth signaling circuit centered around Ras and coupled to a spectrum of extracellular cues, other
component circuits transmit antigrowth and differentiation signals or mediate commands to live or die by apoptosis. As for the genetic
reprogramming of this integrated circuit in cancer cells, some of the genes known to be functionally altered are highlighted in red.

tumors, Ras proteins are present in structurally altered multiple cell biological effects. For example, the direct
interaction of the Ras protein with the survival-promot-forms that enable them to release a flux of mitogenic

signals into cells, without ongoing stimulation by their ing PI3 kinase enables growth signals to concurrently
evoke survival signals within the cell (Downward, 1998).normal upstream regulators (Medema and Bos, 1993).

We suspect that growth signaling pathways suffer While acquisition of growth signaling autonomy by
cancer cells is conceptually satisfying, it is also tooderegulation in all human tumors. Although this point

is hard to prove rigorously at present, the clues are simplistic. We have traditionally explored tumor growth
by focusing our experimental attentions on the geneti-abundant (Hunter, 1997). For example, in the best stud-

ied of tumors—human colon carcinomas—about half cally deranged cancer cells (Figure 3, left panel). It is,
however, increasingly apparent that the growth deregu-of the tumors bear mutant ras oncogenes (Kinzler and

Vogelstein, 1996).Wesuggest that the remaining colonic lation within a tumor can only be explained once we
understand the contributions of the ancillary cells pres-tumors carry defects in other components of the growth

signaling pathways that phenocopy ras oncogene acti- ent in a tumor—the apparently normal bystanders such
as fibroblasts and endothelial cells—which must playvation. The nature of these alternative, growth-stimulat-

ing mechanisms remains elusive. key roles in driving tumor cell proliferation (Figure 3,
right panel). Within normal tissue, cells are largely in-Under intensive study for two decades, the wiring

diagram of the growth signaling circuitry of the mamma- structed to grow by their neighbors (paracrine signals)
or via systemic (endocrine) signals. Cell-to-cell growthlian cell is coming into focus (Figure 2). Newdownstream

effector pathways that radiate from the central SOS- signaling is likely to operate in the vastmajority of human
tumors as well; virtually all are composed of severalRas-Raf-MAP kinase mitogenic cascade are being dis-

covered with some regularity (Hunter, 1997; Rommel distinct cell types that appear to communicate via het-
erotypic signaling.andHafen, 1998). This cascade is also linked via a variety

of cross-talking connections with other pathways; these Heterotypic signaling between the diverse cell types
within a tumor may ultimately prove to be as importantcross connections enable extracellular signals to elicit

Hanahan and Weinberg, 2000 



•  BRCA1 and BRCA2  help prevent cancer by making proteins that 
help keep the cells from growing abnormally 

•  An inherited mutated copy of either gene from a parent  

   à high risk of developing breast cancer during lifetime (up to 80%). 

Genetic Factors: BRCA genes 

National Cancer Institute 



Detecting/Diagnosing Breast Cancer 
!   Self-Exam 

!   Mammogram (X-ray of the breast) 

!   MRI 

!   Biopsy 

!   Removal of entire lump, part of lump, or sample with needle 

!   Testing for cancer 
! Estrogen & Progesterone receptors 

!   Receptor +, Receptor - 
!   HER2 growth factor 

National Cancer Institute 



Staging 
!   Stage 0- In Situ 

!   Stage I - <2cm, lymph nodes negative 

!   Stage II 

!   <2 cm, nodes – 

!   2-5 cm, nodes + or – 

!   >5cm, nodes – 

!   Stage III- locally advanced 

!   No spread beyond breast & local lymph nodes 
!   Overlying skin, chest wall or lymph nodes behind the breast bone 

!   Stage IV- Distant Spread 
!   Bone, liver, lung, brain 

National Cancer Institute 



Treatment 
!   Five types: 
!   Surgery 
!   Radiation Therapy 
!   Chemotherapy 
!   Hormone Therapy 
!   Target Therapy 



Treatment 
!   Surgery 
!   Lumpectomy 
!   Mastectomy 

!   Reconstruction 

National Cancer Institute 



Treatment 
!   Radiation Therapy 

!   Kills cancer cells or prevents further 
growth 

!   Chemotherapy 
!   Drugs taken by mouth or through 

IV to kill cancer cells or prevent 
further growth 

!   Systemic chemotherapy 

National Cancer Institute 



Treatment 
!   Hormone Therapy- specific for receptor + cancer 

! Tamoxifen 

!   Aromatase Inhibitors 
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Treatment 
!   Hormone Therapy- specific for receptor + cancer 

! Tamoxifen 

!   Aromatase Inhibitors 
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Treatment 
!   Targeted Therapy 
!   Monoclonal antibody therapy (HER2 protein) 



What is the role of physical 
activity in breast cancer? 



Proposed mechanisms 

!   reduction in circulating levels of and cumulative exposure to sex 
steroid hormones 

!   changes to insulin-related factors and adipocytokines 

!   modulation of inflammation and the immune system 

!   hormonal and cellular metabolism pathways 

Friedenreich and Cust, 2010  



Proposed mechanisms 

!   reduction in circulating levels of and cumulative exposure to sex 
steroid hormones 
!   Breast cancer is related with lifetime exposure to endogenous sex hormones 

!   Reduced adipose tissue may have a stronger effect on postmenopausal women  

!   Non-active ovaries 

!   Conversion of androgens to estrogens in adipose 

!   changes to insulin-related factors and adipocytokines 

!   modulation of inflammation and the immune system 

!   hormonal and cellular metabolism pathways 

Friedenreich and Cust, 2010 
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Figure 2. The Emergent Integrated Circuit of the Cell

Progress in dissecting signaling pathways has begun to lay out a circuitry that will likely mimic electronic integrated circuits in complexity
and finesse, where transistors are replaced by proteins (e.g., kinases and phosphatases) and the electrons by phosphates and lipids, among
others. In addition to the prototypical growth signaling circuit centered around Ras and coupled to a spectrum of extracellular cues, other
component circuits transmit antigrowth and differentiation signals or mediate commands to live or die by apoptosis. As for the genetic
reprogramming of this integrated circuit in cancer cells, some of the genes known to be functionally altered are highlighted in red.
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Proposed mechanisms 

!   reduction in circulating levels of and cumulative exposure to sex 
steroid hormones 

!   changes to insulin-related factors and adipocytokines 

!   Physical activity is associated with: 

!   Improved insulin sensitivity 
!   Increased levels of globulin (binds to/deactivates sex hormones) 

!   Increased levels of IGF-binding protein 

!   modulation of inflammation and the immune system 

!   hormonal and cellular metabolism pathways 

Friedenreich and Cust, 2010 



Proposed mechanisms 

!   reduction in circulating levels of and cumulative exposure to sex 
steroid hormones 

!   changes to insulin-related factors and adipocytokines 

!   modulation of inflammation and the immune system 

!   hormonal and cellular metabolism pathways 

Friedenreich and Cust, 2010  



Proposed mechanisms 

!   reduction in circulating levels of and cumulative exposure to sex 
steroid hormones 

!   changes to insulin-related factors and adipocytokines 

!   modulation of inflammation and the immune system 

!   hormonal and cellular metabolism pathways 
!   Activating several pathways related to breast cancer development 

Friedenreich and Cust, 2010  
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Figure 2. The Emergent Integrated Circuit of the Cell

Progress in dissecting signaling pathways has begun to lay out a circuitry that will likely mimic electronic integrated circuits in complexity
and finesse, where transistors are replaced by proteins (e.g., kinases and phosphatases) and the electrons by phosphates and lipids, among
others. In addition to the prototypical growth signaling circuit centered around Ras and coupled to a spectrum of extracellular cues, other
component circuits transmit antigrowth and differentiation signals or mediate commands to live or die by apoptosis. As for the genetic
reprogramming of this integrated circuit in cancer cells, some of the genes known to be functionally altered are highlighted in red.
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What is the role of PA? 

Extend 
survival and 

prevent 
reoccurence 

Improve quality of life 



Effects of PA 

1. Reduce the risk of acquiring cancer 

2. Extend survival following treatment 

3. Improve quality of life 



!   Review of the epidemiological literature on PA and risk of breast 
cancer 

!   34 case-control studies 

!   28 cohort studies 

Friedenreich and Cust, 2008 



RESULTS
A total of 87 papers were found that met all the criteria specified
and, of these, 28 cohort studies4–31 and 34 case-control studies1 32–63

were included in the review. The 25 studies not included were
either studies that were updated later by other authors,64–76

included male breast cancers,77 78 did not provide point estimates
with confidence intervals,79 80 used a different study design,81 had
problems with the study methods or analysis,82–86 was a less
appropriate re-analysis of other studies already included87 or was
very similar to another publication on the same study.88 The
analysis of Enger et al74 of the study by Bernstein et al33 was
included only in the population subgroup section since it provided
stratified results on hormone receptor status that were considered
in this review.

Overall associations
Thirty of the 62 studies included in this review found a
statistically significant risk reduction among the most physi-
cally active women compared with the least physically active
within their study populations.5 6 8–11 16 17 19 22 31 33 35–38

40–43 47 48 50 52 53 56 57 59 62 63 An additional 9 studies had a borderline
statistically significant risk reduction,12 15 21 27–29 55–57 8 had a non-
statistically significant reduction14 20 30 38 51 54 61 89 and 14 stu-
dies7 13 18 23–26 32 34 44 46 49 58 60 observed no effect of physical activ-
ity on the risk of breast cancer. Only one study4 reported an
increased breast cancer risk for the most physically active and
the risk was not statistically significant. Overall, there was a
25% risk reduction for all studies combined with a stronger
decrease found in the case-control studies (average 30%)
than in cohort studies (average 20%). For the 47 studies
observing a risk reduction, regardless of the statistical signi-
ficance of the reduction, the magnitude of the decrease
was about 36%. Evidence for a dose-response relation

was found in 286 8–12 15 19 21 27 31 33 35–37 40 41 43 45 47 48 50 53–55 59 62 63

of 34 studies6 8–12 15 16 19 21 27–29 31 33 35–38 40 41 43 45 47 48 50 53–56 59 62 63 89

that reported a decreased risk of breast cancer associated with
physical activity.
These risk reductions were reported more frequently in the

case-control studies than in the cohort studies (figs 1 and 2)
since 18 of the 28 cohort studies (64%) and 24 of the 34 case-
control studies (71%) reported risk decreases. Likewise, evidence
for a dose-response effect was observed somewhat more often
for the case-control studies with 16 of the 34 (47%) case-control
studies and 11 of the 28 (39%) cohort studies finding evidence
for decreasing risk with increasing activity levels.

Type, dose and timing of activity
A wide range of physical activity assessment methods were used
to assess the type, dose and timing of activity. Hence, to
evaluate whether or not specific components of physical
activity are associated with greater risk reductions for breast
cancer, these parameters of activity were examined separately.

Type of physical activity
The first parameter examined was the type of physical activity:
occupational, household, recreational (also sometimes referred
to as leisure activity) and transportation to and from work
(usually walking/cycling) (figs 3–5). Of these four types of
activities, the greatest risk decreases were found for recreational
activity (average 20% decrease), followed by walking/cycling for
transportation (14%), household (14%) and occupational
activity (13% decrease).

Figure 1 Cohort studies of physical activity and breast cancer risk.

Figure 2 Case-control studies of physical activity and breast cancer risk.
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!   Evidence of a risk reduction associated with PA was found in 47 
(76%) of 62 total studies 
!   Average risk decrease: 25-30% 

!   Stronger decreases in risk for: 
!   Recreational activity 
!   Lifetime or later life activity 
!   Vigorous activity 

!   However “both moderate and vigorous intensity activity conferred 
a nearly equal benefit for a decrease in breast cancer risk” (22% vs 
26%) 

!   Among postmenopausal women 
! Those with hormone receptor negative tumors 

Friedenreich and Cust, 2008  



!   Prospectively examined non-recreational physical activity and 
sedentary behavior in relation to breast cancer risk 

!   97039 postmenopausal women in the National Institutes of Health–
AARP Diet and Health Study 

George et al, 2010 



for high versus low levels of light household
activity per week (RR=0.82; 95% CI=0.61,
1.11; Ptrend<.05), the European Prospective
Investigation Into Cancer and Nutrition9

(RR=0.81; 95% CI=0.70, 0.93; Ptrend=.001),
and various occupational cohort studies,6–8 but
not other prospective cohort studies of non-
recreational physical activity11,12 or occupational
activity.9,13,14 In our study, the protective effects
of routine activity during the day were not
confounded by or modified by the education
level of the women.

The direction of the relationship between
active commuting and invasive breast cancer is

consistent with results from a large Finnish
cohort study.54 Although the use of active
transportation (i.e., walking or biking) is much
less prevalent in the United States than in
Europe,29 currently, 6% of adults in the United
States are considered regularly active (‡5 days
per week, ‡30 minutes per day) by walking to
work.55 More detailed research with a focus on
dose (i.e., duration in minutes and miles, average
frequency per week, intensity or pace, and type
of route [e.g., hilly, flat]) is needed to understand
whether active transportation, including walking
to a transit stop,29 is associated with decreased
invasive breast cancer incidence.

As associations of sedentary activities when
reported for other chronic disease outcomes
have been meaningful,25,30,32 we cannot rule
out the presence of a moderate or weak associ-
ation between sedentary behavior and invasive
breast cancer, which may have been masked by
measurement error in the assessment of seden-
tary behavior. Although the number of hours
women spent sitting was not statistically signifi-
cantly related to invasive breast cancer, the
difference between the magnitude of this finding
(RR=1.12) and findings for increased levels of
routine activity during the day at work or home
(which captured a range of activities, including

TABLE 3—Occupational and Household Activity, Transportation Activity, and Sedentary Behavior in Relation to Invasive Breast Cancer

Incidence Among Postmenopausal Women: National Institutes of Health–AARP Diet and Health Study, 1996–2003

No. Person-Years No. Cases
Age-Adjusted
RR (95% CI) Ptrend

Multivariate 1
RR (95% CI)a Ptrend

Multivariate 2
RR (95% CI)b Ptrend

Occupational and Household Activity

Routine activity during the day .003 .024 .092

Sitting all day 49 144 258 1.00 1.00 1.00

Sitting and a little walking 206 859 933 0.84 (0.73, 0.96) 0.84 (0.73, 0.97) 0.86 (0.75, 0.99)

Standing or walking, no lifting 251 087 1132 0.81 (0.71, 0.93) 0.83 (0.72, 0.95) 0.86 (0.74, 0.98)

Lifting or carrying light loads, or climbing stairs often 115 128 514 0.80 (0.69, 0.93) 0.83 (0.71, 0.96) 0.86 (0.74, 1.00)

Heavy lifting or carrying 9 775 29 0.55 (0.38, 0.81) 0.62 (0.42, 0.91) 0.64 (0.43, 0.94)

Transportation Activity

Years walked or biked to work .051 .081 .084

< 1 555972 2540 1.00 1.00 1.00

1–2 24 197 110 1.00 (0.83, 1.21) 0.99 (0.82, 1.20) 0.99 (0.82, 1.20)

3–5 25 376 120 1.03 (0.86, 1.23) 1.03 (0.86, 1.24) 1.03 (0.86, 1.24)

6–9 10 357 33 0.69 (0.49, 0.97) 0.69 (0.49, 0.98) 0.70 (0.50, 0.98)

‡10 16090 63 0.84 (0.65, 1.08) 0.86 (0.67, 1.11) 0.86 (0.67, 1.11)

Sedentary Behavior

Television or video watching, h/day .303 .493 .935

< 3 220736 1013 1.00 1.00 1.00

3–4 272210 1243 0.97 (0.89, 1.05) 1.02 (0.94, 1.11) 1.00 (0.92, 1.09)

5–6 103031 438 0.89 (0.80, 0.99) 0.96 (0.86, 1.08) 0.93 (0.83, 1.05)

7–8 18 990 90 0.99 (0.80, 1.23) 1.08 (0.87, 1.34) 1.04 (0.84, 1.30)

‡9 17025 82 1.03 (0.82, 1.28) 1.17 (0.93, 1.47) 1.12 (0.89, 1.41)

Sitting, h/day .006 .101 .243

< 3 136447 564 1.00 1.00 1.00

3–4 186096 856 1.11 (0.99, 1.23) 1.08 (0.97, 1.20) 1.07 (0.96, 1.19)

5–6 171157 803 1.14 (1.03, 1.27) 1.10 (0.98, 1.22) 1.08 (0.97, 1.20)

7–8 89 698 419 1.17 (1.03, 1.33) 1.11 (0.97, 1.26) 1.08 (0.95, 1.23)

‡9 48594 224 1.19 (1.02, 1.39) 1.12 (0.95, 1.31) 1.08 (0.92, 1.27)

Note. RR= relative risk; CI = confidence interval. Person-years are rounded to the nearest whole number. The total number of participants was 97039.
aAdjusted for age, energy intake (kilocalories per day), recreational moderate–vigorous physical activity (0, 1–3, or ‡4 h/wk), parity or age at first live birth (never, < 20, < 25, < 30, or ‡30 years),
menopausal hormone therapy use (never, current, or former), number of breast biopsies (0, 1, 2, or 3), smoking (ever or never), alcohol intake in grams per day (0, < 5, < 15, < 30, or ‡30), race
(White, Black, or other), education (< 12 y, high school graduate, some college, or college graduate).
bAdjusted for same covariates as in multivariate 1 plus body mass index (continuous).
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!   38% risk reduction for heavy lifting or heavy carrying during day at 
work or home 

!   Caveat: self-reported activity questionnaire 
George et al, 2010 



!   Evidence of a risk reduction associated with PA was found in 47 
(76%) of 62 total studies 
!   Average risk decrease: 25-30% 

!   Stronger decreases in risk for: 
!   Recreational activity 
!   Lifetime or later life activity 
!   Vigorous activity 

!   However “both moderate and vigorous intensity activity conferred 
a nearly equal benefit for a decrease in breast cancer risk” (22% vs 
26%) 

!   Among postmenopausal women 
! Those with hormone receptor negative tumors 



!   Prospective study within the Nurses’ Health Study 
!   Examined postmenopausal women 

!   Assessed associations of specific and total activity (measured in MET-h) 
since menopause 

!   Reported average time per week in various activities (ie, walking 
running, bicycling, swimming, etc.) and intensity (mph) 

!   Follow-up every 2-4 years from 1986-2006 
!   4782 documented invasive breast cancer cases 

Eliassen et al, 2010 



!   Results 
!   Only brisk walking (3.0 - 3.9 mph) was associated significantly 

with lower cancer risk 

!   Compared with less than 3 MET-h/wk (<1 h/wk walking), 
women engaged in higher amounts of recent total physical 
activity were at lower breast cancer risk (<27 MET-h/wk) 
[approximately 1 h/d of brisk walking] 

!   Hazard ratio: 0.85 

!   Association between total activity and breast cancer did not 
differ between receptor +/- tumors 

Eliassen et al, 2010 



!   Evidence of a risk reduction associated with PA was found in 47 
(76%) of 62 total studies 
!   Average risk decrease: 25-30% 

!   Stronger decreases in risk for: 
!   Recreational activity 
!   Lifetime or later life activity 
!   Vigorous activity 

!   However “both moderate and vigorous intensity activity conferred 
a nearly equal benefit for a decrease in breast cancer risk” (22% vs 
26%) 

!   Among postmenopausal women 
!   Those with hormone receptor negative tumors 

Friedenreich and Cust, 2008  



Hormone Receptor Negative Tumors 
!   Hormone receptor-negative tumors fail to respond to current 

established targeted therapies 

!   Worse prognoses than receptor-positive BC’s 

!   Lack of obvious molecular targets (HER2 protein, E receptor) 

Dunn et al, 2010 

!   Women of African descent tend to have more aggressive breast 
cancers that present more frequently as estrogen receptor negative 
tumors. 



Hormone Receptor Negative Tumors 
!   Some evidence for greater risk reductions in women with: 

!   ER–/PR– tumors (27% reduction) vs ER+/PR+ tumors (14%) 

Friedenreich and Cust, 2008 



Any effects for pre-menopausual women? 

Relative risk for breast cancer according to level of physical activity 
between 1980 and 1994 among women who were aged 30–55 in 1976 

Rockhill et al, 1999 



Effects of PA 

1. Reduce the risk of acquiring cancer 

2. Extend survival following treatment 

3. Improve quality of life 



!   Prospective observational study 

!   Nurses’ Health Study 

!   2987 nurses diagnosed with stage I, II, or III breast cancer 
between 1984 and 1998 (follow up until 2002) 

Holmes et al, 2005 



CI, 0.31-0.82) for 9 to 14.9 MET-
hours per week; 0.56 (95% CI, 0.38-
0.84) for 15 to 23.9 MET-hours per
week; and 0.60 (95% CI, 0.40-0.89) for
24 or more MET-hours per week (P for
trend = .004). Despite a significant lin-
ear trend, the RR was relatively flat in
the 3 highest activity categories. Simi-
lar results were found for overall sur-
vival and breast cancer recurrence. In
each analysis, adjustment for covari-

ates strengthened the results slightly
more than the age-adjusted results.

The association of physical activity
was collapsed into 2 categories with
death from breast cancer as the out-
come. The cutoff of 9 MET-hours per
week was chosen for these analyses be-
cause this was the predetermined cat-
egory that divided the cohort almost in
half. The RR of death for women who
engaged in 9 or more MET-hours per

week of physical activity was 0.63 (95%
CI, 0.48-0.81) compared with less than
9 MET-hours per week.

The 5-year survival for women who
engaged in 9 or more MET-hours per
week was 97%; 3 to 8.9 MET-hours per
week, 97%; and less than 3 MET-
hours per week, 93% (FIGURE). The
corresponding 10-year survival rates
were 92%, 89%, and 86%, respec-
tively. The absolute unadjusted risk re-
duction was 4% at 5 years and 6% at
10 years for women who engaged in 9
or more MET-hours per week of physi-
cal activity compared with less than 3
MET-hours per week.

The protective benefit of physical ac-
tivity was similar among overweight
women (BMI !25) and normal weight
(BMI "25) women (TABLE 3). Among
overweight women, the RR of death
from breast cancer for women who en-
gaged in 24 or more MET-hours per
week of physical activity compared with
less than 3 MET-hours per week was
0.52 (95% CI, 0.26-1.06; P for trend
=.01). Among normal weight women,
the RR of death from breast cancer for
women who engaged in 24 or more
MET-hours per week of physical activ-
ity compared with less than 3 MET-
hours per week was 0.61 (95% CI, 0.37-
0.99; P for trend =.10). Among women
with a BMI of 30 or higher and com-
pared with women who engaged in less
than 3 MET-hours per week of physi-

Table 1. Age-Standardized Covariates According to Physical Activity Category After Breast
Cancer Diagnosis

Physical Activity After Diagnosis, MET-h/wk (N = 2987)

"3
(n = 959)

3-8.9
(n = 862)

9-14.9
(n = 335)

15-23.9
(n = 428)

!24
(n = 403)

BMI, mean*† 26.4 25.3 24.7 24.6 24.6
Current smoker, %* 25.8 16.7 15.4 17.5 15.8
Medication use, %

Oral contraceptives (ever)* 41.4 39.6 51.0 42.3 46.3
Hormone therapy (current;

postmenopausal
women only)*

30.7 30.2 44.0 33.3 35.5

Chemotherapy‡ 31.4 33.9 37.5 33.4 32.1
Family history of breast cancer, %* 22.6 20.5 25.3 20.8 25.5
Intake, mean‡

Energy, kcal/d 1699 1738 1828 1761 1748
Energy-adjusted protein, g/d 73.1 74.3 73.1 75.0 75.2

Cancer stage, %‡
I 58.7 57.9 58.6 56.5 57.0
II 34.1 35.2 33.9 36.1 36.2
III 7.2 6.9 7.4 7.5 6.8

Weight gain (BMI increase
of #0.5), %‡

52.9 52.6 56.4 51.3 46.5

Abbreviations: BMI, body mass index; MET, metabolic equivalent task.
*Determined prior to diagnosis.
†Calculated as weight in kilograms divided by the square of height in meters.
‡Determined after diagnosis.

Table 2. Age-Adjusted and Multivariable-Adjusted Relative Risks According to Physical Activity Category After Breast Cancer Diagnosis

Total
(N = 2987)

Physical Activity After Diagnosis, MET-h/wk

P for
Trend

"3
(n = 959)

3-8.9
(n = 862)

9-14.9
(n = 335)

15-23.9
(n = 428)

!24
(n = 403)

Total deaths 463 188 126 38 51 60
Age-adjusted RR (95% CI) 1.00 0.69 (0.55-0.87) 0.53 (0.37-0.75) 0.56 (0.41-0.77) 0.67 (0.50-0.90) .004
Multivariable-adjusted RR (95% CI)* 1.00 0.71 (0.56-0.89) 0.59 (0.41-0.84) 0.56 (0.41-0.77) 0.65 (0.48-0.88) .003

Breast cancer deaths 280 110 84 20 32 34
Age-adjusted RR (95% CI) 1.00 0.79 (0.60-1.06) 0.47 (0.29-0.76) 0.60 (0.41-0.89) 0.64 (0.44-0.94) .01
Multivariable-adjusted RR (95% CI)* 1.00 0.80 (0.60-1.06) 0.50 (0.31-0.82) 0.56 (0.38-0.84) 0.60 (0.40-0.89) .004

Recurrence 370 137 108 29 45 51
Age-adjusted RR (95% CI) 1.00 0.82 (0.64-1.06) 0.53 (0.35-0.79) 0.66 (0.47-0.93) 0.76 (0.55-1.04) .05
Multivariable-adjusted RR (95% CI)* 1.00 0.83 (0.64-1.08) 0.57 (0.38-0.85) 0.66 (0.47-0.93) 0.74 (0.53-1.04) .05

Abbreviations: CI, confidence interval; MET, metabolic equivalent task; RR, relative risk.
*Adjusted for age (months); interval between diagnosis and physical activity assessment (28-33, 34-40, !41 mo); smoking status (never, current, past); body mass index ("21,

21-22.9, 23-24.9, 25-28.9, !29), which was calculated as weight in kilograms divided by the square of height in meters; menopausal status and hormone therapy use (pre-
menopausal, postmenopausal, and never use; postmenopausal and current use; postmenopausal and past use; uncertain menopausal status; missing); age at first birth and
parity (nulliparous, "25 y and 1-2 births, "25 y and !3 births, !25 y and 1-2 births, !25 y and !3 births); oral contraceptive use (never, ever, missing); energy intake (quintiles);
energy-adjusted protein intake (quintiles); disease stage (I, II, III); radiation treatment (yes or no); chemotherapy (yes or no); and tamoxifen treatment (yes or no).

SURVIVAL AFTER BREAST CANCER DIAGNOSIS
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!   3 MET/hrs = walking at an average pace (2-3 mph) for 1 hour 

!   Greatest benefit seen in women who performed the equivalent of 
walking 3-5 hours/week at an average pace 

!   Little evidence of correlation between increased benefit & 
greater intensity 

Holmes et al, 2005 



Effects of PA 

1. Reduce the risk of acquiring cancer 

2. Extend survival following treatment 

3. Improve quality of life 



Quality of Life 
The aim of physical training in cancer patients is the positive effect on: 

!   Fitness 

!   Muscle strength 

!   Physical well-being 

!   Anxiety 

!   Depression 
!   Quality of life in the widest sense 

Pedersen and Saltin, 2006 



!   Women’s Healthy Eating and Living (WHEL) Study 
!   2343 breast cancer survivors 

!   Assessment of physical health via “quality of life” (QoL) 
!   RAND-36-item Health Survey 

!   general health perceptions  
!   physical functioning  
!   bodily pain 
!   role limitations due to physical health problems 

!   No association of change in physical health w/ additional breast cancer 
events or mortality in women diagnosed ≥2 yrs before study 

!   However, for women >2 yrs post-diagnosis 
!   Hazard ratio= 0.38 for increased vs. decreased physical health 

Patterson et al, 2010 



!   Intervention study 
!   108 women treated for breast cancer 1-3 years previously 

!   Functional Assessment of Cancer Therapy (FACT) survey 

!   Quality of Life Survey 

!   Randomly assigned to 8-wk groups: 

!   Aerobic exercise therapy (50 min, moderate intensity, 3x/wk) 
!   Exercise-placebo (light intensity flexibility & passive stretching) 
!   Usual Care 

!   Significant differences favoring aerobic exercise therapy relative to 
usual care for the Quality of Life survey 

!   Not attributable to attention (no effect in exercise placebo) 

Daley et al, 2007 



Limitations of the current science 
!   Difficulty of assessing physical activity 

!   Limited number of controlled exercise intervention trials examining 
underlying biological mechanisms 

!   Lack of randomized controlled trials of exercise for cancer 
prevention 

Friedenreich, Neilson, and Lynch, 2010 



Summary 
!   The current evidence demonstrates that the beneficial effect of 

physical activity is too strong to overlook 

!   Vigorous exercise is great for reducing risk, but moderate intensity is 
adequate 

!   PA may be one of the most effective interventions available for 
hormone-negative cancers 

!   There is a need to move from:  

observational studies à intervention trials à clinical practice 
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