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Abstract

Higher physical activity levels have been associated with a lower risk of developing various
cancers and all-cancer mortality, but the impact of pre-diagnosis physical activity on cancer-
specific death has not been fully characterized. In the prospective National Institutes of Health-
AARP Diet and Health Study with 293,511 men and women, we studied pre-diagnosis moderate
to vigorous intensity leisure time physical activity (MVPA) in the past 10 years and cancer-
specific mortality. Over a median 12.1 years we observed 15,001 cancer deaths. Using Cox
proportional hazards regression, we estimated hazard ratios (HRs) and 95% confidence intervals
(Cls) for MVVPA with cancer mortality overall and by 20 specific cancer sites, adjusting for
relevant risk factors. Compared to participants reporting never/rare MVPA, those reporting >7
hours/week MVPA had a lower risk of total cancer mortality (HR=0.89, 95% CI 0.84-0.94; p-
trend<.001). When analyzed by cancer site-specific deaths, comparing those reporting >7 hours/
week of MVPA to those reporting never/rare MVPA, we observed a lower risk of death from
colon (HR=0.70; 95% CI 0.57-0.85; p-trend<.001), liver (0.71; 0.52-0.98; p-trend=.012) and lung
cancer (0.84; 0.77-0.92; p-trend<.001) and a significant p-trend for non-Hodgkins lymphoma
(0.80; 0.62-1.04; p-trend=.017). An unexpected increased mortality p-trend with increasing
MVPA was observed for death from kidney cancer (1.42; 0.98-2.03; p-trend=.016). Our findings
suggest that higher pre-diagnosis leisure time physical activity is associated with lower risk of
overall cancer mortality and mortality from multiple cancer sites. Future studies should confirm
observed associations and further explore timing of physical activity and underlying biological
mechanisms.
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Introduction

Methods

A recent Annual Report to the Nation reported that more than 1/3 of U.S. men and women
were considered to be physically inactive and that over half did not meet physical activity
recommendations of 150 minutes of moderate to vigorous intensity activity each week?.
Physical activity has been related to lower cancer incidence for the breast, colon and
endometrium?, and has also been associated with disease severity, recurrence and survival,
particularly for breast and colorectal cancer3-4. Existing studies on physical activity and
mortality have shown an association between physical activity and lower risk of all cause®6
and overall cancer mortality’=®, but the effect of leisure time physical activity on mortality
from individual cancer sites has not been fully characterized.

We hypothesized that moderate to vigorous intensity leisure time physical activity (MVPA)
would be inversely related to overall cancer death, and that examination of physical activity
in relation to specific cancer sites would generate hypotheses for future research. While
physical activity and overall mortality have previously been examined in the National
Institutes of Health (NIH)-AARP Diet and Health Study10-11, the large, prospective nature
and extended follow-up time in this cohort of men and women allowed for additional
exploration of individual cancer sites. We thus analyzed pre-diagnosis physical activity and
cancer-specific deaths in the NIH-AARP cohort to augment the paucity of evidence on
physical activity and cancer mortality.

Study Population

The NIH-AARP Diet and Health Study has been previously described2. Briefly, the NIH-
AARP cohort included 566,398 AARP members (aged 50-71 years) who completed a
mailed baseline questionnaire in 1995-1996. In 1996-1997 an additional risk factor
questionnaire (RFQ) including additional questions about participation in physical activity
was mailed to participants who did not have self-reported cancer of the colon, breast or
prostate at the time of the baseline questionnaire (response rate=67%). Participants resided
in six states (California, Florida, Pennsylvania, New Jersey, North Carolina, or Louisiana) or
two metropolitan areas (Atlanta, Georgia or Detroit, Michigan). Of the 334,905 men and
women who completed the baseline and risk factor questionnaires we excluded those whose
questionnaires were completed by proxy (n=10,383), those diagnosed with cancer before
collection of physical activity data (n=18,810), those with self-reported poor health
(n=4,382), those who moved out of the study area or died at or before processing of the
questionnaires (n=23) and individuals with missing information on physical activity
(n=7,796). After exclusions, 293,511 participants were included in this analysis. The NIH-
AARP Diet and Health study was approved by the Special Studies Institutional Review
Board of the U.S. National Cancer Institute, and all participants gave informed consent by
virtue of completing and returning the questionnaire.
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Mortality Ascertainment

Participants were followed for address changes using the U.S. Postal Service's National
Change of Address database, and vital status was ascertained periodically by linkage to the
Social Security Administration Death Master File and the National Death Index Plus
through 12/31/2008. To classify deaths due to specific cancers we used ICD-9 (1995-1998)
and ICD-10 (1999-2008) codes and considered individual cancer sites where there were
more than 50 deaths. Mortality follow-up in this study is estimated to be more than 93%
completel3-14,

Exposure Assessment

The baseline questionnaire (1995-1996) queried about demographic characteristics, diet,
reproductive and medical history, and lifestyle. The physical activity questions on the
subsequent RFQ (1996-1997) predominantly assessed recreational and leisure time
activities performed in the last ten years. Examples of activities include tennis, golf, biking,
swimming, heavy gardening, fast walking or dancing, aerobics and jogging. Participants
reported categorical duration of activities (never, rarely, <1 hr/week, 1-3 hr/week, 4-7 hr/
week, and >7 hr/week). The NIH-AARP physical activity questionnaire has not been
validated directly, but has demonstrated expected inverse associations with all-cause
mortalityl® and for incident cases of breast, colon and endometrial cancers in this
cohort15-17,

Statistical Analysis

Hazard ratios (HRs) and 95% confidence intervals (Cls) were estimated using Cox
proportional hazards regression models with age as the underlying time metric in SAS
version 9.2 (SAS Institute Inc, Cary, NC). Follow-up started at physical activity
questionnaire completion and ended at death or the end of follow-up, whichever occurred
first. MVPA was categorized into never/rarely (reference), <1 hriweek, 1-3 hr/week, 4-7 hr/
week, and >7 hr/week.

We explored all variables in Table 1 as potential confounders and retained factors that
changed modeled estimates of overall cancer mortality by > 10%, or that are supported in
previous literature as associated with cancer mortality. BMI was calculated as kg/m? using
baseline self-reported height and weight. Physical activity HR estimates were modeled with
and without adjustment for BMI to address the possibility that BMI is in the causal pathway
between physical activity and mortality. Although including BMI in models did not
significantly change estimates, we included BMI in final models to eliminate concerns that
the association between MVPA and cancer mortality is explained by BMI. We adjusted for
cancer screening in the three years prior to questionnaire in analyses of breast and colon
cancer-specific deaths. We did not adjust for prostate cancer screening because the U.S.
randomized clinical trial found no association between screening and mortality for this
cancer18, In analyses of female cancers (breast, endometrial, ovarian), we also adjusted for
menopausal hormone therapy use (ever/never) and age at menarche (<12 years old, 12+
years old). We also performed analyses using a 31-level detailed smoking variable to see if
our estimates were altered. MVPA estimates did not change substantially with the detailed
smoking categories.
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The final models thus included adjustment for sex, race (non-Hispanic white, African
American, other), body mass index (BMI) (15-<18.5 kg/m?, 18.5-<25, 25-<30, 30-<35,
35+), smoking (never, quit >10 years before, quit 5-9 years before, quit 1-4 years before,
quit <1 year prior or current smoker <20 cigarettes per day, quit <1 year prior or current
smoker >20 cigarettes per day), alcohol intake (0, 0<-<3, and 3+ drinks/day), Healthy Eating
Index-2010 (HEI-2010) score, energy intake, married or living as married (yes/no), and
history of diabetes (yes/no). Tests for linear trend were performed coding MVPA categories
in an ordinal fashion.

To maintain power in stratified analyses we created a continuous MVPA measure by
assigning the average number of hours per week to each category of physical activity and
treated that parameter as continuous variable. To assess effect modification and to detect
potential residual confounding by smoking we performed stratified analyses of the
association between physical activity and cancer death. We also created an interaction term
as the product of continuous MVPA and smoking level, and entered the interaction term into
the fully adjusted models, using the Wald test to evaluate the statistical significance of
multiplicative interaction.

Because previous studies have shown joint associations of physical activity and BMI on
both cancer risk and mortality, we also created models to examine a joint measure of
physical activity and obesity. In a dichotomous measure “inactive” individuals included
those who reported never/rare MVVPA and “active” individuals included those who reported
<1-7+ hours per week. Individuals with a BMI <30 kg/m? were characterized as “non-
obese” and individuals with a BMI =30 were characterized as “obese”.

In additional analyses, we stratified by sex and age at questionnaire completion (<55, 55—
<60, 60—<65, and 65+ years old), and performed Wald tests for interaction. HR estimates are
presented by cancer site for men and women combined because stratification by sex did not
show substantial differences and marginal multiplicative interaction by sex as indicated by
the Wald test was observed only for oral cancer deaths (p=0.05). We also assessed
robustness of estimates by restricting analyses to individuals without heart disease, diabetes,
and emphysema at baseline. Additionally, we performed analyses limiting the population to
those with a BMI >15 and <50 kg/m? to test whether estimates were influenced by outliers.
We also ran models excluding individuals who were diagnosed within two years of
completing the physical activity questionnaire to test whether latent disease affected our
mortality risk estimates. The proportional hazards assumption, which was evaluated by
modeling interaction terms of the main exposure trend with follow up time, was met using
the Wald test. All statistical tests were two-sided, with p-values<0.05 considered significant.
We report results as significant where the p-trend test shows statistical significance, and
present the comparison of highest to lowest categories to show the estimated magnitude of
effect at the highest reported activity levels.

Our analytic cohort included 293,511 participants (171,666 men and 121,845 women). The
median time from MVPA assessment to cancer diagnosis was 5.2 years (range 0-13.2).

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Arem et al.

Page 5

Over a median 12.1 years, we observed 15,001 cancer deaths. Population characteristics are
presented in Table 1. Compared to those reporting never/rare physical activity, those who
reported higher levels of physical activity had a lower BMI and a healthier diet as scored by
the HEI-2010. Active individuals were also more likely to be married or living as married,
report regular multivitamin use, and were less likely to report diabetes and smoking at
baseline. Active women were less likely to report menarche at age<12 years.

We found a reduction in risk for overall cancer mortality with increasing MVPA (p-trend=<.
001), which reached statistical significance for those reporting greater than one hour per
week of MVVPA. Compared to those reporting never/rare MVVPA, we observed a 7% lower
risk for those reporting 1-3 MVPA h/wk (HR=0.93; 95% CI 0.88-0.98), a 10% lower risk
for those reporting 4—7 h/wk (0.90; 0.85-0.95), and a 11% lower risk for those reporting >7
h/wk of MVPA (0.89; 0.84-0.94) (Table 2). Estimates for MVVPA and cancer-specific
mortality are presented in Table 2 by strongest inverse to strongest positive point estimates
in the highest category of MVPA. We observed statistically significant inverse trends with
higher MVPA for deaths due to cancers of the colon (HR=0.70; 95% CI 0.57-0.85, p-
trend=<.001), liver (0.71; 0.52-0.98, p-trend=0.012), lung (0.84; 0.77-0.92, p-trend=<.001)
and non-Hodgkins lymphoma (0.80; 0.62-1.04, p-trend=0.017). In sensitivity analysis,
excluding those diagnosed within two years of the MVVPA questionnaire, the trend became
non-significant for non-Hodgkins lymphoma (0.86; 0.62-1.19, p-trend=0.176)
(Supplemental Table 1). No statistically significant trends were observed for lymphocytic
leukemia, oral cavity and pharynx, esophagus, myeloma, myeloid/monocytic leukemia,
stomach, ovarian, prostate, bladder, breast, brain, pancreas or rectum cancer deaths. We
observed an unexpected statistically significant positive trend between MVPA and mortality
from kidney cancer (1.42; 0.98-2.03, p-trend=0.016), which remained significant in the
analyses excluding individuals diagnosed within two years of MVVPA assessment (1.67;
1.04-2.70, p-trend=0.013) (Supplemental Table 1).

To explore the possibility of effect modification by smoking, in Table 3 we present analyses
stratified by smoking status for MVVPA and cancer death overall and by cancer site.
Multiplicative interaction was not observed for any of the cancer sites (all p-
interactions<0.05) except for ovarian cancer death (p=0.022). Still, stratified ovarian cancer
death hazard ratios were not statistically significant for never (1.04; 0.99-1.09) or ever
(0.96; 0.92-1.01) smokers.

Joint associations for physical activity and BMI with all cancer mortality are presented in
Table 4. Compared to the reference group of those who were active (reported more than
never/rare MVPA) and non-obese (BMI<30 kg/m?), we found an increased risk of cancer
mortality for those who were inactive and non-obese, (HR=1.12; 95% CI 1.06-1.18) active
and obese (1.16; 1.11-1.21), and inactive and obese (1.22; 1.13-1.32). Individuals who were
obese, whether active or inactive, showed a 39% to over two-fold statistically significant
increased risk of death due to cancers of the colon, liver, breast and endometrium compared
to those who were active and non-obese.

Restricting analyses to individuals without heart disease, diabetes, and emphysema did not
change results (data not shown). Excluding individuals with a BMI <15 kg/m?2 or >50 also
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did not affect associations (data not shown). Stratification by age at questionnaire
completion suggested stronger associations among older participants, but multiplicative
interaction terms were not significant (data not shown).

Discussion

In our study population higher MVVPA before diagnosis was independently associated with a
reduced risk of total cancer mortality. The observed inverse association was primarily driven
by lower risks for death from cancers of the colon, liver, and lung and non-Hodgkins
lymphoma. Analyses of the joint effects of BMI and MVPA suggested lower risks of cancer
death for active, non-obese individuals for various cancer sites.

Few studies report on physical activity and cancer mortality. A previous study in this cohort
with less follow up and fewer deaths found that those reporting >7 hours of MVPA each
week had an a 17% lower risk of cancer mortality (0.83; 0.74-0.93) compared to individuals
reporting no MVPAL®. In a large Taiwanese cohort researchers found a lower overall cancer
mortality risk (0.83; 0.77-0.90) comparing those with higher leisure time physical activity
(~20 metabolic equivalent hrs/wk) to inactive individualsZC. In this Taiwanese study
significant inverse associations were observed for deaths due to colon and rectum cancer,
liver cancer, and lung cancer, while the association was not significant for breast cancer
mortality. Another study using a treadmill test to assess fitness and a questionnaire to report
physical activity levels showed that fitness and reported physical activity each were
associated with lower overall cancer mortality among men, while among women there was a
suggested but not significant association?l, However, that study?! had a small number of
female deaths due to cancer (n=44), possibly contributing to the lack of statistically
significant findings.

In this cohort previous physical activity analyses focused largely on cancer incidence,
reporting inverse associations for liver, renal cell, breast, endometrial and colon

cancersl? 22-25_ Another study in this cohort on the joint effects of physical activity and
adiposity on all-cause mortality also showed independent effects of each on mortality risk!1.
Our finding on the joint association between physical activity and body mass index with all-
cancer mortality adds to the published literature in this cohort and is consistent with a
previous publication in a large cohort of women reporting independent and joint effects of
physical activity and BMI on reduced all-cancer mortality risk®.

To our knowledge, previous studies have not comprehensively reported on physical activity
and risk of death from individual cancers. A growing body of energy balance survivorship
literature was summarized in a recent review of 27 observational studies on physical activity
among cancer survivors, reporting that physical activity was associated with lower rates of
all-cause mortality and cancer-specific mortality for breast and colon cancers?. A recent
forum on obesity, energy balance and cancer survival also highlighted protective effects
among those who were normal weight and active for breast and colon cancer-specific
mortality among survivorsZ®. Our observed inverse association between physical activity
and colon cancer mortality is consistent with these findings. A study in the Women's Health
Initiative reported an association between pre-diagnosis moderate intensity activity and
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breast cancer death?’, but similar to our findings, other studies have shown no association
between pre-diagnosis physical activity and breast cancer death2%: 28-29, These conflicting
findings could be due to differences in physical activity questionnaires, differences in time
periods from measurement to diagnosis and follow up time, or differences in study
populations, such as the age at diagnosis or the percentage who reported menopausal
hormone therapy usage. Literature on physical activity and mortality from other specific
cancer sites is limited, although the above mentioned review summarized limited evidence
of an inverse association for prostate cancer mortality and no association for ovarian cancer
mortality4. Also, a previous study on pre-diagnosis physical activity and endometrial cancer
mortality in this cohort also showed no association3°. Our observed positive association
between MVPA and kidney cancer death contrasts with previous findings on MVPA cancer
incidence in this cohort, which showed an inverse association between physical activity and
renal cancer, which accounts for about 80% of kidney cancers2°. However, other
prospective cohort studies have shown no association between physical activity and renal
cancer risk31733 and both risk factors and potential mechanisms related to physical activity
may be different for incidence than for cancer mortality. A recent meta-analysis showed
protective associations between leisure-time physical activity and lung cancer risk34, and the
high fatality of lung cancer may translate into similarities between risk factors for incidence
and mortality. Published findings on physical activity and liver cancer are limited, although
a previous analysis in this cohort showed an inverse association between physical activity
and risk of developing liver cancer?2,

Mechanisms explaining the association between physical activity and mortality have been
more widely studied in relation to cancer incidence. Review papers on mechanisms by
which physical activity may affect cancer risk cite metabolic effects of high physical activity
including lower body mass index, lower circulating sex hormones and insulin levels, and
possibly effects on inflammation or the immune system32-36, These proposed mechanisms
likely differ by specific cancer site. Some exercise intervention studies among survivors
show improvements in circulating insulin levels and biomarkers related to cancer
progression and recurrence37-38, |t is also possible that individuals who are active before
diagnosis might have healthful habits (e.g. exercise) that are easier to maintain after
diagnosis.

Strengths of our study include the large, prospective nature of the cohort and sufficient
follow-up time. Other strengths include the objective endpoint (mortality) as well as a
comprehensive range of cancer deaths, allowing examination of site-specific cancers.
Detailed covariate information allowed us to examine effect modification by other risk
factors such as BMI, smoking and diabetes.

Limitations of our study include measurement errors associated with self-report of physical
activity. Although we had only a single measure of physical activity, we asked about
physical activity in the past 10 years, attempting to reflect individuals' usual activity levels
over time. Also, we lacked information on physical activity levels after cancer diagnosis,
which may differ from pre-diagnosis levels. We adjusted for known confounders but we
cannot eliminate the possibility that results were influenced by other lifestyle factors
associated with physical activity, including better health maintenance and health insurance
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coverage. Lastly, we cannot rule out a possibility of observing associations by chance due to
multiple comparisons.

Notably, the inverse association between MVPA and cancer mortality risk became
significant with one hour or more of physical activity per week, and the magnitude of the
protective association increased only slightly with more MVPA, as shown by similar point
estimates in the higher MVVPA categories. This exploratory analysis was the first to examine
MVPA and site-specific cancer mortality, and was intended to generate new hypotheses. In
particular, inverse associations observed with MVPA and deaths from colon, liver and lung
cancers should be further explored. The observed positive association with kidney cancer
death also merits investigation. In addition, future research should isolate associations with
moderate versus vigorous activities, post-diagnosis physical activity, and whether changes in
activity levels from pre to post-diagnosis affect cancer-specific mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

List of abbreviations

BMI Body mass index

Cl Confidence Interval

HEI Healthy Eating Index

HR Hazard Ratio

MVPA Moderate to vigorous physical activity

NIH National Institutes of Health

RFQ Risk factor questionnaire
References

1. Eheman C, Henley SJ, Ballard-Barbash R, Jacobs EJ, Schymura MJ, Noone AM, Pan L, Anderson
RN, Fulton JE, Kohler BA, Jemal A, Ward E, et al. Annual Report to the Nation on the status of
cancer, 1975-2008, featuring cancers associated with excess weight and lack of sufficient physical
activity. Cancer. 2012; 118:2338-66. [PubMed: 22460733]

2. Food, Nutrition, Physical Activity, and Prevention of Cancer: a Global Perspective. World Cancer
Research Fund and American Institute for Cancer Research. 2007

3. Ligibel J. Lifestyle factors in cancer survivorship. J Clin Oncol. 2012; 30:3697-704. [PubMed:
23008316]

4. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddigi SM, McTiernan A, Alfano CM.
Physical activity, biomarkers, and disease outcomes in cancer survivors: a systematic review. J Natl
Cancer Inst. 2012; 104:815-40. [PubMed: 22570317]

5. Moore SC, Patel AV, Matthews CE, Berrington de Gonzalez A, Park Y, Katki HA, Linet MS,
Weiderpass E, Visvanathan K, Helzlsouer KJ, Thun M, Gapstur SM, et al. Leisure time physical
activity of moderate to vigorous intensity and mortality: a large pooled cohort analysis. PLoS Med.
2012; 9:1001335. [PubMed: 23139642]

6. Sui X, J. LM, N. LJ, J.W. H, Chase N, Hooker SP, Blair SN. Cardiorespiratory fitness and adiposity
as mortality predictors in older adults. JAMA. 2007; 298:2507-16. [PubMed: 18056904]

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Arem et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 9

. Hu G, Tuomilehto J, Silventoinen K, Barengo NC, Peltonen M, Jousilahti P. The effects of physical

activity and body mass index on cardiovascular, cancer and all-cause mortality among 47,212
middle-aged Finnish men and women. Int J Obes Relat Metab Disord. 2005; 29:894-902.

. Hu FB, Willett WC, Li T, Stampfer MJ, Colditz GA, Manson JE. Adiposity as compared with

physical activity in predicting mortality among women. N Engl J Med. 2004; 351:2694—703.
[PubMed: 15616204]

. Smith GD, Shipley MJ, Batty GD, Morris JN, Marmot M. Physical activity and cause-specific

mortality in the Whitehall study. Public Health. 2000; 114:308-15. [PubMed: 11035446]

. Leitzmann MF, Park Y, Blair A, Ballard-Barbash R, Mouw T, Hollenbeck AR, Schatzkin A.
Physical activity recommendations and decreased risk of mortality. Arch Intern Med. 2007;
167:2453-60. [PubMed: 18071167]

Koster A, Harris TB, Moore SC, Schatzkin A, Hollenbeck AR, van Eijk JTM, Leitzmann MF.
Joint associations of adiposity and physical activity with mortality: The National Institutes of
Health-AARP Diet and Health Study. Am J Epidemiol. 2009; 169:1344-51. [PubMed: 19372216]
Schatzkin A, Subar AF, Thompson FE, Harlan LC, Tangrea J, Hollenbeck AR, Hurwitz PE, Coyle
L, Schussler N, Michaud DS, Freedman LS, Brown CC, et al. Design and serendipity in
establishing a large cohort with wide dietary intake distributions : the National Institutes of Health-
American Association of Retired Persons Diet and Health Study. Am J Epidemiol. 2001;
154:1119-25. [PubMed: 11744517]

Rich-Edwards JW, Corsano KA, Stampfer MJ. Test of the National Death Index and Equifax
Nationwide Death Search. Am J Epidemiol. 1994; 140:1016-9. [PubMed: 7985649]

Hill ME, Rosenwaike 1. Social Security Administration's Death Master File: The Completeness of
Death Reporting at Older Ages. The. Soc. Sec. Bull. 2001; 64:45.

Gierach GL, Chang SC, Brinton LA, Lacey JV Jr. Hollenbeck AR, Schatzkin A, Leitzmann MF.
Physical activity, sedentary behavior, and endometrial cancer risk in the NIH-AARP Diet and
Health Study. Int J Cancer. 2009; 124:2139-47. [PubMed: 19123463]

Howard RA, Freedman DM, Park Y, Hollenbeck A, Schatzkin A, Leitzmann MF. Physical
activity, sedentary behavior, and the risk of colon and rectal cancer in the NIH-AARP Diet and
Health Study. Cancer Causes and Control. 2008; 19:939-53. [PubMed: 18437512]

Peters TM, Schatzkin A, Gierach GL, Moore SC, Lacey JV Jr, Wareham NJ, Ekelund U,
Hollenbeck AR, Leitzmann MF. Physical activity and postmenopausal breast cancer risk in the
NIH-AARP diet and health study. Cancer Epidemiology Biomarkers & Prevention. 2009; 18:289—
96.

Andriole GL, Crawford ED, Grubb RL, Buys SS, Chia D, Church TR, Fouad MN, Gelmann EP,
Kvale PA, Reding DJ, Weissfeld JL, Yokochi LA, et al. Mortality Results from a Randomized
Prostate-Cancer Screening Trial. New England Journal of Medicine. 2009; 360:1310-9. [PubMed:
19297565]

Leitzmann MF, Park Y, Blair A, Ballard-Barbash R, Mouw T, Hollenbeck AR, Schatzkin A.
Physical activity recommendations and decreased risk of mortality. Archives of internal medicine.
2007; 167:2453. [PubMed: 18071167]

Wen CP, Wai JPM, Tsai MK, Yang YC, Cheng TYD, Lee M-C, Chan HT, Tsao CK, Tsai SP, Wu
X. Minimum amount of physical activity for reduced mortality and extended life expectancy: a
prospective cohort study. The Lancet. 2011; 378:1244-53.

Kampert JB, Blair SN, Barlow CE, Kohl lii HW. Physical activity, physical fitness, and all-cause
and cancer mortality: A prospective study of men and women. Ann Epidemiol. 1996; 6:452-7.
[PubMed: 8915477]

Behrens G, Matthews CE, Moore SC, Freedman ND, McGlynn KA, Everhart JE, Hollenbeck AR,
Leitzmann MF. The association between frequency of vigorous physical activity and hepatobiliary
cancers in the NIH-AARP Diet and Health Study. European journal of epidemiology. 2013:1-12.
Gierach GL, Chang SC, Brinton LA, Lacey JV Jr, Hollenbeck AR, Schatzkin A, Leitzmann MF.
Physical activity, sedentary behavior, and endometrial cancer risk in the NIH-AARP Diet and
Health Study. International Journal of Cancer. 2009; 124:2139-47.

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Arem et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 10

Howard RA, Freedman DM, Park Y, Hollenbeck A, Schatzkin A, Leitzmann MF. Physical
activity, sedentary behavior, and the risk of colon and rectal cancer in the NIH-AARP Diet and
Health Study. Cancer Causes Control. 2008; 19:939-53. [PubMed: 18437512]

Moore SC, Chow W-H, Schatzkin A, Adams KF, Park Y, Ballard-Barbash R, Hollenbeck A,
Leitzmann MF. Physical Activity during Adulthood and Adolescence in Relation to Renal Cell
Cancer. American Journal of epidemiology. 2008; 168:149-57. [PubMed: 18468990]

Demark-Wahnefried W, Platz EA, Ligibel JA, Blair CK, Courneya KS, Meyerhardt JA, Ganz PA,
Rock CL, Schmitz KH, Wadden T, Philip EJ, Wolfe B, et al. The role of obesity in cancer survival
and recurrence. Cancer Epidemiol Biomarkers Prev. 2012; 21:1244-59. [PubMed: 22695735]
Irwin ML, McTiernan A, Manson JE, Thomson CA, Sternfeld B, Stefanick ML, Wactawski-
Wende J, Craft L, Lane D, Martin LW, Chlebowski R. Physical activity and survival in
postmenopausal women with breast cancer: Results from the Women's Health Initiative. Cancer
Prev Res. 2011; 4:522-9.

Irwin ML, Smith AW, McTiernan A, Ballard-Barbash R, Cronin K, Gilliland FD, Baumgartner
RN, Baumgartner KB, Bernstein L. Influence of pre- and postdiagnosis physical activity on
mortality in breast cancer survivors: the health, eating, activity, and lifestyle study. J Clin Oncol.
2008; 26:3958-64. [PubMed: 18711185]

Enger SM, Bernstein L. Exercise activity, body size and premenopausal breast cancer survival. Br
J Cancer. 2004; 90:2138-41. [PubMed: 15150561]

Arem H, Park Y, Pelser C, Ballard-Barbash R, Irwin ML, Hollenbeck A, Gierach GL, Brinton LA,
Pfeiffer RM, Matthews CE. Prediagnosis body mass index, physical activity, and mortality in
endometrial cancer patients. J Natl Cancer Inst. 2013; 105:342-9. [PubMed: 23297041]
Bergstrom A, Terry P, Lindblad P, Lichtenstein P, Ahlbom A, Feychting M, Wolk A. Physical
activity and risk of renal cell cancer. International Journal of Cancer. 2001; 92:155-7.

Mahabir S, Leitzmann MF, Pietinen P, Albanes D, Virtamo J, Taylor PR. Physical activity and
renal cell cancer risk in a cohort of male smokers. International Journal of Cancer. 2004; 108:600—
5.

Setiawan VW, Stram DO, Nomura AM, Kolonel LN, Henderson BE. Risk factors for renal cell
cancer: the multiethnic cohort. American Journal of epidemiology. 2007; 166:932—40. [PubMed:
17656615]

Tardon A, Lee WJ, Delgado-Rodriguez M, Dosemeci M, Albanes D, Hoover R, Blair A. Leisure-
time physical activity and lung cancer: a meta-analysis. Cancer Causes Control. 2005; 16:389-97.
[PubMed: 15953981]

McTiernan A, Ulrich C, Slate S, Potter J. Physical activity and cancer etiology: associations and
mechanisms. Cancer Causes Control. 1998; 9:487-509. [PubMed: 9934715]

Friedenreich CM, Neilson HK, Lynch BM. State of the epidemiological evidence on physical
activity and cancer prevention. Eur J Cancer. 2010; 46:2593-604. [PubMed: 20843488]

Irwin ML, Varma K, Alvarez-Reeves M, Cadmus L, Wiley A, Chung GG, Dipietro L, Mayne ST,
Yu H. Randomized controlled trial of aerobic exercise on insulin and insulin-like growth factors in
breast cancer survivors: the Yale Exercise and Survivorship study. Cancer Epidemiol Biomarkers
Prev. 2009; 18:306-13. [PubMed: 19124513]

Ligibel JA, Campbell N, Partridge A, Chen WY, Salinardi T, Chen H, Adloff K, Keshaviah A,
Winer EP. Impact of a mixed strength and endurance exercise intervention on insulin levels in
breast cancer survivors. J Clin Oncol. 2008; 26:907-12. [PubMed: 18281663]

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Arem et al. Page 11

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Page 12

Arem et al.

YT 6'CT §eT 62T L'E€T p/B ‘axelut [oyod|v
v'Ie gze 8've 9'9g o2& Aep/jeax 000T/swielb ‘@xelul yeaw pay
1'89 L9 2'99 L'v9 829 81008 0T0Z-x3pu| Buiyes AyyresH
T€6T €281 S08T 01817 GY8T p/Ieay ‘aelul ABIsus [ej0L
76 96 AN 621 8T weung
805 805 €6 g8y 0’8y Jawio4
9'9g G'9g '9€ 9'Ge L'€e SENEIN
% ‘Dlows
8'6 g6 00T 70T 81T 9% 'asn ugjoadnq Ajreq
'S¢ 6'7C S e 0’92 % ‘asn undse Ajreq
€S 7'€g €'€s 825 v'eS % '430Ue J0 A103S1y Ajiwred
T9 8'9 z8 9'6 9T % ‘seyaqeIp parodal-y|as
6'LE 9'8¢g 8'GE zee €82 9% ‘P/Y Z5 Buiyorem 08pIA J0 LOISIAGIE L
T0L 669 €89 z'19 7'€9 9% 'Paliiew se BuIAl] Jo palLIeiN
6C 8¢ 8¢ '€ L€ BYo
v'e 92 €€ Y L'y UBDLISWY UBILIY
L'€6 9'€6 8'26 7’16 '06 MUY dlUBdSIH-UON
% ‘Aotuye/eoey
€0y L'vy 6'cr L'6€ T'9g aa10ap ayenpelf 1o abs)j0D
0€e Gze 8'€e v've 6'CE afaj 102 awos /jooyos ybiy 1sod
14 §0¢ 0'1e 9'€C 58z ajenpedb jooyas ybiy /jooyos ybiH>
% ‘uolyeanp3
6'GC 7'9¢ T 6'LC '8¢ 2W/B> ‘xapul ssew Apog
€Ty €Ty 8Ty 8Ty LTy UBWIOA
% ‘X9
z'€9 879 929 7’29 829 saeak ‘Juswssasse VdAIN e by
00L'0L/927'€  6¥0'9L/9€9'E  20S'VL/I9SL'E  S60'TE/BSY'T  SIT'TY/vS'T swedionJed [e101/syresq Jeoued
1< 1 T > adeu/1anaN (IM/U) WdAWN 0 Aduanbaaq

(1T5'€62=N)

(VdAIN) A1anoe eaisAyd Alisusiul-snolobia 01 ajeiapow Jo [9As] Aq uoneindod Apnis yijeaH pue 1810 dH¥VV-HIN 2yl Ul Sonsiiaoeleyd auljaseg

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Page 13

Arem et al.

NIH-PA Author Manuscript

uswom Buowre Ajuo UE:wmwS_m

¥4 5€T 0€C v'ze 012 % SN LHIN 1873
g9y o 0’6t 005 SIS % »mm\_mg ZT>dydJeusw Je aby
€'.S 9.8 795 L'vS S'18 % '8Sn UlWenARINA
9'29L €19/ T99. 6vLL 0'69. p/b ‘axelul 83400
1< 1 foud S EVVAEVEIN] (IM/U) WdAWN 0 Aduanbaaq

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Page 14

Arem et al.

*AW0108131SAY © paliodal OYm UsWom papnjox3

p

"ayaJeusw Je abe pue asn Adesay) suowoy Joy paisnipe >__mco:_cu<o

"aireuuonsanb 0} Jowd sieak aa1y3 sy ui Buiuaalos oy paisnipe Ajjeuonippy

q

(esop pue snyeys Buiqliosap sa1i0Ba1ed 9) [9Ad] aoWS pue ‘salagelp ‘snjels abeliiew ‘saLiofed ‘8109s OTOZ-Xapu] Bunes AuyijesH ‘(Aep/s)ulip +€ pue ‘€>—>0 ‘0 J0 sa11063]ed) |oyoo|e ‘adkl ‘uoieonpa ‘(saliobaied) |ING ‘xes 1oy paisnlpe ase m_wuos_m

0ST'0
9100
5900

Sv.'0
1640

€160
8690
8960

€290
80
9ve0
1T00°0>
6,50
1520
L10°0
L12°0
¢10'0

100°0>
8500

100°0>

(¥8'2-€6'0) €9'T
(c0'z-86'0) 2v'T
(esT-€0T) ST'T
(802-0L'0) T2'T
(95'1T-28'0) ¥T'T
(€5'1-920) 80T
(9v'1-220) €01
(¥2'1-69'0) €6°0
(92'1-59'0) 16'0
(T€'T-19'0) 060
(z2'1-09°0) 98°0
(z6'0-LL0) ¥8°0
(ST'1-650) 28°0
(80'1-09°0) 08'0
(¥0'1-29°0) 08°0
(02T-L'0) SL0
(86'0-25°0) TL'0
(58'0-25°0) 0L°0
(sz'1-2£0) 89°0

(v6'0-18°0) 68°0

8y
€6
STE

e
8¢t

60T
S8
9T

L6
89
c8
€L0T
€6
86
5349
9€
c8

114
e

9cve

(sz'2-zL0) 12T
(60'2-€0'T) L¥'T
(95'7-50'T) 82T
(€6'T-99'0) €T'T
(92'1-59'0) 16'0
(2£'7-89°0) 260
(9€'1-29°0) 56°0
(LE'1T-8L°0) €0'T
(TZ'1-€9'0) L8°0
(0r'1-290) 260
(¥S'1-6L°0) OT'T
(06'0-52'0) ¢8°0
(L0T-550) 220
(LZ'1-€L°0) 96°0
(90'1-¥9'0) £8°0
(Tz'1-81°0) 92°0
(88'0-L1'0) ¥9°0
(96'0-59'0) 62°0
(6T'T-G€°0) 590

(56:0-980) 060

6€
90T
8€€

G€
L0T

66
c8
YT

86
9/
60T
S60T
06
xq
¥ST
8¢
8.

0S¢
ve

9€9¢

(T£'2-06'0) LS'T
(¥9'7-080) ¥T'T
(6€'1-€6°0) ¥T'T
(8€'1-5v'0) 62°0
(ev'1-5L°0) €0'T
(62'7-69°0) 260
(8£'1-89°0) 260
(90'1-65'0) 62°0
(ST'1-65°0) £8°0
(¢v'1-69°0) 66°0
(TZ'1-09'0) S8'0
(00'T-¥8'0) 26°0
(18'0-0t'0) 95°0
(02'1-69'0) 16'0
(86'0-85'0) 92°0
(#2'1-15°0) 620
(TZ'1-89'0) 06'0
(20'1-0L'0) 58'0
(Tz'z-9,0) 0T

A4
68
a6¢

Le
STT

0]
c8
L0T

06
Ll
18
8G¢T
€9
€ct
LET
114
4%

89¢
4

(8v'2—v9'0) 92'T
(oLT-TL0)OT'T
(02 T-20T) SET
(69'2-58'0) ¢S'T
(99'1-8L°0) ¥T'T
(08'1-28°0) T2'T
(98'1-¥80) ST'T
(2£'1-69°0) 26'0
(9€'1-29'0) 26'0
(95'T-59'0) 00°'T
(98'1-98°0) 2T
(56'0-92°0) 58'0
(#T'1-67°0) G20
(62'1-59'0) 26'0
(85'1-06'0) 6T'T
(77" 1-87°0) €80
(T'1-¥5°0) 62°0
(T0'1-€9'0) 08'0
(68'7-87°0) 960

9T
9€
Sv1

ve
19

§S
4
§S

114
ve
0§
[44¢]
ve
§S
06
0¢
o4

60T
14

00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T
00T

8T
Ly
61

€¢
LS

0.
[4°]
08

19
6v
¥S
€¢6
19
88
0T
8¢
8

86T
0¢

wnyoay
Kaupry
Sealdued
v,o_m_:mEoucm_
ureig
o.ggmmem_
lappelg
91e1s0.d

UelieA
SURHEAO

Uoewols

BIW N3] 211A20UOW/PIOIBAIN
Bun

BWOJBAIN

snbeydos3

ewoydwA| subpoH-uoN
xuAleyd pue AAed [eI0
19N

uo|o
q 100

elWaNa| anAooydwA

WVdAIN 8J484/18A8U 01 YWY /< YdAIN Bulredwos syewnss wuiod Jo spniubew asiaaul Aq s81is 48oues [enpiaipul

(86'0-880) €60

95.¢€

(T0'1-68°0) 56°0

6991

00T

¥¢Se

s180URd ||

puall d

NIH-PA Author Manuscript

(10 %66) "H
1<

suyeap 4o 'oN

(10 %66) ¥H
1=

sureap Jo 'oN

(10 %66) YH
-1

syresp 4o 'oN

(10 9%56) °H
s

suresp 4o 'oN

(404) ¥H

sureap Jo 'oN

a1el/1anaN

yresp Ja0ued

(GIMY) YdAIN

mQHm_mmanv uonrejndod Apnis d4Ww-HIN 8y ul Alijeniow Jasued pue (WdAIN) Alanoe [eaisAyd Alisuaiul snolobia 01 81eJapowl Usamiag SUOIRII0SSY

¢ ?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

; available in PMC 2015 July 15.

Int J Cancer. Author manuscript:



Page 15

Jons] s0°0>d e 1 ES_,._cm_mn

‘(erenidoadde asaym) Aususiul Buiyows pue saleqelp ‘sniels aberiiew ‘saliojed ‘9109s 0T0Z-Xapul Buie3 AyijesH ‘exeiul [oyodje ‘adel ‘uoieanpa ‘Xapul ssew Apoq ‘xas 1o} paisnipe ale m_muo_\,_m

Arem et al.

G8e'0  (TT'1-66'0) ¥0'T 61T (60'T-16'0) 660 67  (80'T-86'0) €0'T 891 wnjoay
8650  (80°T-66'0) €0'T goz (VTT00T) 20T 66 80T T0T)v0'T 198 Aaupryy
y1e0  o(S0T00T) 20T 698  (€0'T-96°0) 00'T o€ (€0T-00T) 20T 6eeT sealoued
16,0  (60'T-¥6°0) 20T €. (60T-¥60) 20T €. (L0T-L60) 20T vt [eLswopul
Gee'o  (€0'T-96'0) 00'T 26z (L0T-16'0)20°T 99T  (¥0'T-86'0) TO'T 8GY ureigd
€590 (90'T-86°0) 20°T 1wz (¥0'1-96°0) 66°0 68T  (v0'T-86°0) TO'T 9ey 5¥°e8Id
eero  (v0'T-26'0) 00'T 98z (€0'T-,80) ¥60 09  (€0'T-96°0) 660 ove lappelg
8520  (S0'1-86'0) T0'T 18¢  (V0'T-€6'0) 860 2€T (€0T-86'0) T0°T €1 ajelsold
2200  (10'T-26°0) 96°0 €0z (60'T-66°0) ¥0'T v8T  (€0'T-16°0) 00'T 18€ oHBHEAD
G720 (v0'T-56'0) 660 oz (S0'T-16°0) 860 v, (20'T-G6°0) 660 70 (oeWolS
7880  (20T-56'0) 860 9,z (90'7-€6'0) 660 00T  (c0'1-G6'0) 66'0 9.¢ BIWNA] PIOJPAIN
vsy0  o(66°0-L6'0) 860 6197  (¥0'T-96'0) 00T 25z (667078670860 .87 Bun-y
or8'0  (S50T-96'0) 00'T ocz  (80'T-96'0) 20°T 12T (Y0'T-L6'0) TO'T TvE ewoAN
690  (20T-96'0) 660 62y (S0'T-680) 960 29 (107-96°0) 860 6V snBeydos3
9090  (T0'T-56'0) 86°0 oty (10'7-26'0) 96°0 gre  (00T56'0) 260 829  ewoydwA] sumBpoH-uoN
1650  (¥0'T-€6'0) 86'0 8T (90'T-18'0) €60 Gz (20T-€6'0) 860 €T xuAreyd pue Auned [e10
210 (20T-v60) 860 6l (86°0-180)260 81T (66°0€6'0) 960 168 ST
1050 (86707670 960 1zr (10T-+6) 860 60g (66°0°66'0) 260 9g01 uoj09
pr20  (20T-88°0) S6°0 68 (00T-180) 060 6c (66707880) €60 82T mwayna] onkooydwiA
2810 (667078670660 10877 (00'T-86'0) 66°0 ooze 66'0786'0) 660 T005T $130UED |1

uonoelsIul-d

Apnis dYVV-HIN 8yl ul Alljeniow Jaaued pue yaam Jad (WdAWN) Aanae jeaisAyd Alisusiul SnolobiA 01 812Japow Ul 8SeaJdul INOY 3U0 B 10J SUOIRIJ0SSY

NIH-PA Author Manuscript

(1D 9%56) °H

SIUBAS JO 'ON

SJ9)OWS Jang

(1D 9%G6) "H

€9lqel

SJUBAS JO 'ON

SA9X0WS 19N3N

mQHm,mmanv snyeis Bujows Aq paiyiens ‘uonendod

NIH-PA Author Manuscript

(10 9%%6) ¥H

SJUBAS JO 'ON

uone|ndod [e101

NIH-PA Author Manuscript

y1eap Jaoued Jo adA )

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Page 16

Arem et al.

"ayaseusw e abe pue asn Adelayl suow.oy Joy paisnipe >__mco:_nu<u

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



Page 17

Arem et al.

*AW0303131SAY © pey oYM UBWOM papnjox3,

ayoJeuaw Je abe pue asn Adesayl auowioy oy paisnipe Ajjeuonippy

q

(asop pue snyels Buiqliosap saliobiared 9) |aAs] axows

[eAIBIUI BOUBPILUOD :|D ‘Ol pJezey :yH :SUoNRIABIGY

pue ‘sa1agelp ‘snyeis abelitew ‘saliofed ‘9103s 0TOZ- Xapu| Buires AylfesH ‘(Aep/syulip +€ pue ‘€>—>0 ‘0 40 se1i0fajed) [oyode ‘sdes ‘uoireanps ‘(saliobaed) xapul ssew Apoq ‘xas 1oy paisnipe ase m_%o_\,_m

(LLT-¥E0) LL°0 9 (0S'1-59'0) 66'0 L (6T'1-9€°0) 99'0 4% 00T 4 wnyay
(T6'1-2L°0) 8T'T 8T (¥6'T-9T°T) 0G'T 08 (61'1-55°0) 18°0 6¢ 00T ore Kaupry
(16'0-67°0) ¥9°0 ve  (0£T-96°0)CT'T 012 (0T'T-¥2'0) 16'0 61T 00T 088 sealoued
(¢8'e-60'T) 0T zr (19e-0LT)8v'e 05 (96'1-65°0) £0'T 1 00T €L aiglBHIewopus
(86'1-25'0) 56'0 9T (95'1-96'0) 22T 8 (S¥'1-5L°0) ¥0'T 1474 00T 0ze ureig
(5e2-10T) 85T 62 (6TZ-LETELT L0T (251-82°0) 60'T 134 00T 652 giseed
(86'1-€L0) 02T LT (6ST-680)6T'T 65 (07'7-89°0) 86°0 Ge 00T gee lappelg
(¥0'2-.8'0) €€'T €z (e8T-STT) ST €6 (95'1-88°0) LT'T LS 00T ove ajeisold
(czz-56'0) S¥'T vz (6£T-6.0)S0T 29 (8v'T-72'0) SO'T L8 00T 9z q-eHENO
(Te'z-58°0) OV'T LT (¥8T-T0T) LET 85 (€5'T-2L0) SO'T € 00T 16T {oewoIS
(8€'2-00'T) ST € (ev'1-18'0)80'T 09 (92'1-09°0) 280 1€ 00T 29z elwaxna| anAoouow/pIojsAN
(97'1-88'0) T0'T zze  (S6'0-08°0) L8°0 109 (92'1-90'T) 9T'T 10L 00T LyEE Bun
(¥9'2-90°T) L9'T 12 (rST-v80) ¥T'T S (T6'7-26'0) 9€'T oy 00T 9ze ewolpAN
(76'1-G8'0) 82'T Gz (¥02-0£'T) €9'T 90T (22'1-66'0) 0E'T €9 00T 162 snfeydos3
(86'1-96'0) 8E'T e (99T-60'T) G€'T 81T (59'1-66'0) 82'T 1L 00T 90 ewoydwAj s,uniBpoH-uoN
(L9'1-2€°0) €£L0 9 (e5T-29°0) L610 €z (¥1'2-96°0) €V'T € 00T et xuAreyd pue Ayaed [ei0
(z,'e-88T) ¥9'C T (602-G2'T) 29T 8 (95'1-08°0) ¢T'T 144 00T 1€2 B
(¥5'2-65'T) T0'C 28 (¥9T-8T'T) 6T 66T (6v'1-00'T) ¢2'T 91T 00T 6€9 uojod
(ee'€-220) 09T 8 (€9T-850) 610 81 (52'7-25°0) 560 14 00T 06 elwaxnal ankooydwA
(ze1-€TT) 22T 99, (IZT-TTT)9T'T 9Lv'e (8T'T-90'T) ¢T'T 8GL'T 00T 100°0T $190UE ||V
(1D 9%56) ¥H  S1UaAd Jo 'ON (1D %56) 4H  SIU3A3 JO 'ON (1D %56) ¥H  SWaA9 J0 'ON  (Jad) ¥H  SIUSAS JO 'ON

85300 /aAII0RU|

NIH-PA Author Manuscript

859010/3AI0Y

Jaoued pue (WY +/-T> ‘WVdAIN) Aanae [eaisAyd Alsusiul

8530-UOU /aANdRU|

v alqel

8530-UOU /8AIOY

y1eap Jaoued Jo adA ]

o(176'€62=N) uone|ndod Apnis dyvv-HIN 8y} ut Ayjenow
snoJoBIA 0} ajesapow pue (;w/Bx +0g xapul ssew Apoq) A1Isaqo UsaMIaq SUOIRIOOSSE JUIOf

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Int J Cancer. Author manuscript; available in PMC 2015 July 15.



