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Abstract

Often, studies modeling an exposure’s influence on time to disease-specific death from study
enrollment are incorrectly interpreted as if based on time to death from disease diagnosis. We
studied 151,996 post-menopausal women without breast or colorectal cancer in the Women’s
Health Initiative with weight and height measured at enrollment (1993-1998). Using Cox
regression models, we contrast hazard ratios (HR) from two time-scales and corresponding study
subpopulations: time to cancer death after enrollment among all women and time to cancer death
after diagnosis among only cancer survivors. Median follow-up from enrollment to diagnosis/
censoring was 13-years for both breast (7633 cases) and colorectal cancer (2290 cases). Follow-up
from diagnosis to death/censoring was 7-years for breast and 5-years for colorectal cancer. In
analyses of time from enrollment to death, body mass index (BMI)=35-kg/m? versus 18.5-<25-
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kg/m?2 was associated with higher rates of cancer mortality: HR=1.99; 95%ClI: 1.54, 2.56 for
breast cancer (p-trend <0.001) and HR=1.40; 95%CIl: 1.04, 1.88 for colorectal cancer (p-
trend=0.05). However, in analyses of time from diagnosis to cancer death, trends indicated no
significant association (for BMI=35-kg/m2, HR=1.25; 95%Cl: 0.94, 1.67 for breast [p-trend=0.33]
and HR=1.18; 95%CI: 0.84, 1.86 for colorectal cancer [p-trend=0.39]). We conclude that a risk
factor that increases disease incidence will increase disease-specific mortality. Yet, its influence on
post-diagnosis survival can vary, and requires consideration of additional design and analysis
issues such as selection bias. Quantitative tools allow joint modeling to compare an exposure’s
influence on time from enrollment to disease incidence and time from diagnosis to death.
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INTRODUCTION

In prospective epidemiologic studies, cancer mortality refers to the occurrence of deaths
from a particular form of cancer over time among those who entered the study cohort
without a history of that cancer.1:2 Cancer mortality from enrollment can be configured into
different time scales and corresponding study populations, as illustrated in Figure 1: time
from enrollment to incidence of a particular cancer among all study participants (including
both those who develop cancer during follow-up as well as those who do not), and time from
cancer diagnosis to death among individuals with a cancer diagnosis (Figure 1). Studies that
examine the associations between exposures measured before cancer diagnosis and cancer
mortality among all study participants enrolled in a cohort therefore could identify risk
factors for cancer incidence, cancer prognosis, or both. However, risk estimates for cancer
mortality from these studies are often misinterpreted as reflecting associations with post-
diagnosis death (i.e., survival) among those who are diagnosed with cancer.

The distinction between time from study enrollment to death and time from cancer diagnosis
to death may be of importance when studying the relationship between obesity and cancer.
Obesity is a key risk factor for incidence of colorectal cancer? as well as post-menopausal
breast cancer.* However, the relationship of obesity to cancer mortality has not been
consistent. The relationship of obesity to death depends on modeling choices (e.g., whether
the time-scale is from enrollment or from cancer diagnosis), exposure timing (e.g., when
obesity is assessed in relation to diagnosis), study population (individuals with a cancer
diagnosis versus all cohort members), and whether the outcome is cancer-specific death or
any death following a cancer diagnosis. Illustrating these considerations in the design and
interpretation of cancer mortality studies can help distinguish a risk factor’s role in cancer
incidence from its role in the prevention of morbidity, recurrence and death after a cancer
diagnosis. This in turn can help clarify the appropriate clinical management and broader
public health messages.

Modeling a risk factor’s association with post-diagnosis survival among a population with
existing disease (T2 in Figure 1) introduces new potential biases that warrant consideration.
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eFigure 1 provides a simplified illustration of how such biases might arise. In brief,
restricting analyses to individuals with a cancer diagnosis constitutes conditioning on a
variable (cancer diagnosis) that is affected by exposure (BMI) and shares common etiologic
relationships with the outcome, cancer mortality. Conditioning on a variable affected by
exposure produces a form of selection bias called collider stratification bias.® This type of
bias will likely move risk estimates toward the null, attenuating the estimated association of
BMI with post-diagnosis mortality among patients with cancer. Measured confounders of
BMI’s association with cancer death can be adjusted for in analysis, but selection bias could
still result from the existence of unmeasured confounders (e.g., genetic factors) that
influence both cancer risk and the probability of death after cancer. The relative importance
of this bias has been debated in the epidemiologic literature, including in the context of
cancer, and is partially addressed here.5-12

The main objective of this article is to address two of the many methodological issues in the
interpretation of cancer mortality studies: first, we a few address the choice of time-scale
(from enrollment or diagnosis) and corresponding study cohort (all cohort members or only
those with disease). Secondly, we demonstrate the potential bias that may be induced by
choosing time since diagnosis as the time-scale and discuss the resulting public health
interpretation. Our illustration uses the example of obesity and death due to breast or
colorectal cancer modeled with data from the Women’s Health Initiative (WHI) clinical
trials (CT) and observational study (OS). To highlight the difference between cancer
mortality from enrollment versus from after cancer diagnosis, we distinguish two cohorts
corresponding to our choice of time-scale: first, we examine all WHI participants (where
membership is all women without a cancer history at the time of study enrollment, and the
time-scale is since enrollment), and, second, we examine a ‘survivor’ sub-cohort (where
membership is defined by diagnosis of breast or colorectal cancer and the time-scale is since
diagnosis). We further consider models in which body mass index (BMI) is measured only
once, at cohort entry, and assumed to be constant over time, and subsequently models in
which BMI is updated over time and includes measurements proximal to cancer diagnosis.

METHODS
Study Population

Design details of the WHI have been published.13 Briefly, postmenopausal women aged 50—
79 years were recruited at 40 clinical centers in the United States from 1993-1998. Women
could be enrolled in the OS or randomized to one, two or three overlapping CTs of post-
menopausal hormones, dietary modification (DM) and/or calcium plus vitamin D
supplementation. Study protocols were reviewed and approved by the institutional review
boards at each clinical center and the Clinical Coordinating Center. All women signed
informed consent. Women who re-consented were followed through the WHI Extension
periods (2005-2010 and 2011-2016)

Body Mass Index

Height and weight were measured at baseline clinic visits using a standardized protocol.
BMI in kilograms per meters squared (kg/m?2) was categorized as normal-weight (BM1<25);
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Covariates

overweight (25-<30); grade-1obesity (30-<35); and grade-2+3 obesity (=35). Our models
considered BMI measured at enrollment and updated information on BMI over follow-up
until cancer diagnosis. BMI was measured three years after enrollment in the OS, and
annually in the CT from baseline.

At enrollment, self-reported data were collected on demographic characteristics, smoking,
dietary and alcohol intake, recreational physical activity, medical history, and family history
of breast and colorectal cancer.

Cancer Outcomes

Details of outcomes data collection and adjudication are published.1* Self-reports of breast
and colorectal cancers were collected at least annually and then verified by medical records
and pathology reports by physician adjudicators using the National Cancer Institute’s
Surveillance Epidemiology and End Results (SEER) coding system. Vital status was
collected through participant follow-up and periodic searches of the National Death Index.
Cause of death was determined by medical record and death certificate review. Primary
outcomes were death due to breast or colorectal cancer, i.e., deaths where the cancer of
interest was listed as the primary cause. Secondary outcomes were deaths from any cause
following the cancer diagnosis. Terminology is clarified in Table 1.

Statistical Methods

As illustrated in Figure 1, in a typical cancer mortality study, time to death from enrollment
(T3) can be parsed into incidence (time from enrollment to cancer diagnosis, T1) and post-
diagnosis survival (T2). For clinical interpretability, time from cancer diagnosis to death is
often used to model T2 (Figure 1). To investigate the difference in the association of obesity
with cancer mortality arising from these two components of T3, we provide the usual time-
to-event hazard ratio (HR) estimates from Cox proportional hazards models for the
association of obesity with incident cancer (T1), obesity with cancer mortality after
enrollment (T3), and obesity with death following a cancer diagnosis (post-diagnosis
survival, T2). In general, proportional hazard models for T1, T2 and T3 are mathematically
not mutually compatible (see Appendix). In the common situations presented here,
proportional hazards models provide an adequate fit, where associations in T3 can be parsed
into the associations in T1 and T2 without substantive departures from proportionality. We
illustrate that the HR for the association of obesity with cancer mortality after enrollment
(T3) can be approximated by the product of a risk factor’s HR for cancer incidence (T1) and
its HR for post-diagnosis survival (T2). The Appendix provides an explicit formula for T3
induced by the proportional hazards models for T1 and T2, along with assumptions and
mathematical details.

Trend tests treated BMI categories as an ordinal variable. For brevity, we report the HR and
95% Confidence Intervals (95%ClI) for our primary outcome (deaths due to the cancer of
interest) in the text. To highlight the influence of time-scale and cohort, all time-to-first
event models that use BMI at enrollment adjust for the same set of baseline covariates,
regardless of whether the event of interest was incident cancer or death following cancer
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diagnosis. Alternate models use time dependent BMI as a more proximal measurement that
precedes cancer diagnosis and are presented in the e-Supplement. Sensitivity analyses adjust
for time since cancer diagnosis in models in which women are followed from enroliment.
Andersen et. al. provide a more general example of multistate models and mortality.1> They
define explicitly situations were adjustment for time from diagnosis does and does not
influence risk estimates; these are semi-Markov models and Markov models, respectively.

For breast cancer, covariates consisted of baseline age, race/ethnicity, education, bilateral
oophorectomy, Gail 5-year risk, hormone therapy (HT: estrogen-alone use/duration, or
estrogen and progesterone use/duration), smoking, diabetes mellitus, alcohol, and self-
reported health. We used stratified Cox models, with strata defined by baseline age, WHI
study (OS vs. CT), trial arm, hysterectomy, and whether the participant enrolled in the
extended study follow-up (time-dependent).

For colorectal cancer, covariates consisted of age, race/ethnicity, education, HT, smoking,
diabetes, alcohol, self-reported health, family history of colorectal cancer, ever colonoscopy/
sigmoidoscopy, physical activity, and diet (total dietary energy, fiber, fat, fruits, vegetables,
and red meat) with similar stratification as the breast cancer models.

All women were free of breast or colorectal cancer at the start of follow-up, and we excluded
women with baseline weight measurements >135 or <35 kg or BMI >50.0 or <18.5 kg/m?,
leaving 151,996 participants for analysis.

All analyses were conducted using SAS statistical software (version 9.4; SAS Institute Inc.).
Forest plots were produced with R (version 3.2; R core team).

RESULTS

Table 2 shows the characteristics of all women by enroliment BMI group: mean (SD) age
was 63.2 (7.2) years and BMI was 27.9 (5.5) kg/m2. In the e-Supplement, these
characteristics are shown separately for each survivor sub-cohort: women who developed
invasive breast (eTable 1) or colorectal cancer (eTable 2) during follow-up. Compared to
normal-weight women, obese women were slightly younger, had lower educational
attainment, notably worse self-reported health and were less likely to be non-Hispanic white.

Median follow-up from enrollment to cancer diagnosis/censoring was 13 years for both
breast (7633 cases) and colorectal cancer (2290 cases). Median follow-up from cancer
diagnosis to death/censoring was 7 years for breast and 5 years for colorectal cancer.

Figure 2 shows that among all women followed from enrollment, there is a strong
association of higher BMI at enrollment with increased /ncidence of invasive breast cancer
(T1; Figure 2, Panel A): compared to women with normal-weight, Hazard Ratios (HR) were
HR=1.12; 95%CI: 1.06, 1.18 for overweight, HR=1.31; 95%CI: 1.23, 1.40 for grade-1
obesity, and HR=1.48; 95%Cl: 1.36, 1.61 for grade-2+3 obesity, with p-trend<0.001. With
respect to breast cancer mortality among all women followed from enrollment (T3a; Figure
2, Panel A), grade-2 obesity was associated with increased incidence of breast cancer death
(T3a, HR=1.99; 95%CI: 1.54, 2.56), whereas overweight had no significant associations. As
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expected, associations between BMI and breast cancer death were attenuated when analyses
were restricted to women with a diagnosis of breast cancer followed from diagnosis (p-
trend=0.33; Figure 2, Panel B). For the number of cases in each BMI category for each
analysis, consult eTable 3.

Associations were similar when BMI was updated over follow-up to reflect BMI proximal to
cancer diagnosis (Supplemental eFigure 2, Panels ~A and ~B), and when time from
enrollment, instead of time from diagnosis, was used to model post-diagnosis survival
(Figure 2, Panels B-C). When using time from enrollment among survivors, which better
aligns women with respect to time since exposure assessment, we conducted sensitivity
analyses that adjusted for time from diagnosis as a covariate (linear); these had little
influence on risk estimates: compared to Figure 2, Panel C, summary statistics changed to:
HR (95%CI) = 1.05 (0.85, 1.31), 1.06 (0.82, 1.38), 1.36 (1.01, 1.81) with p-trend=0.08.

Parsing breast cancer mortality from enrollment (T3a) into its component associations of T1
(cancer incidence from enrollment) and T2a (post-diagnosis survival) suggests that the
overall association of higher BMI with greater breast cancer mortality can be attributed in
part to the strong association between increasing BMI and /ncidence of invasive breast
cancer (T1). Of note, the HR for T3a (time from enrollment to death from breast cancer,
HR=1.99 for grade-2 obesity) can be roughly approximated by the product of HRs for T1
(time from enrollment to breast cancer diagnosis, HR=1.48 for grade-2 obesity) and T2a
(time from diagnosis to death from breast cancer HR=1.25 for grade-2 obesity); see
Appendix special case #3.

We conducted parallel analyses with colorectal cancer; the relationship of higher BMI to
colorectal cancer incidence is also well-established, though smaller in magnitude than for
post-menopausal breast cancer. Parsing colorectal cancer mortality from enrollment (Figure
3; T3a) into its component associations of T1 (cancer incidence from enrollment) and T2a
(post-diagnosis survival) suggests that the overall association of BMI with colorectal cancer
mortality can be in part attributed to the significant association between increasing BMI and
incidence of colorectal cancer (T1). As in the breast cancer example, T3 can be
approximated by the product of T1 and T2; e.g., the HR for T3a (HR=1.40 for grade-2
obesity) is approximately the product of HRs for T1 (HR=1.20 for grade-2 obesity) and T2a
(HR=1.18 for grade-2 obesity). For the number of cases in each BMI category for each
analysis, consult eTable 4.

As in breast cancer, associations of obesity with cancer death were slighter stronger in
magnitude when comparing women followed from enrollment (for the same length of time
relative to exposure assessment) as opposed to comparing women by time from diagnosis:
using time from enrollment, instead of time from diagnosis, slightly strengthened
associations among colorectal cancer survivors (Figure 3 Panel B vs. C; eFigure 3 Panel B
vs. C). In sensitivity analyses, adding time since colorectal cancer diagnosis as a covariate to
these models, T2a (Panel C), did not impact summary statistics; HR (95%Cl) = 1.06 (0.83,
1.36), 1.13 (0.84, 1.53), 1.20 (0.85, 1.71) with p-trend=0.26. Unlike the breast cancer
example, using proximal BMI instead of BMI at enrollment attenuated associations
(compare Figure 3 and eFigure 3).
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DISCUSSION

In this conceptual illustration, we parsed the association of BMI with cancer mortality into
its components and contrasted risk estimates for the association of BMI with cancer
incidence after study enroliment among all women and the association of BMI with cancer
survival following diagnosis among women with a cancer diagnosis. Our purpose is to
demonstrate that these are distinct relationships, and that cancer-specific survival following
diagnosis is a component of cancer mortality after study enrollment. Our results suggest the
relationship of higher BMI to the burden of cancer mortality among all women is driven in
part by increased cancer incidence: in our Cox regression analyses, associations with post-
diagnosis survival emerged only with grade-2 obesity or higher. While specific assumptions
are required to obtain a valid estimate of the association of obesity with post-diagnosis
survival among women with cancer,-12 our results are consistent with previous WHI
publications. For example, breast cancer deaths were ~2-fold higher among women with
grade-2+3 obesity compared with those with normal BMI.16 Similarly, for colorectal cancer,
other studies find associations of higher BMI with increased colorectal cancer incidence,’
but little evidence of a relationship with death following a colorectal cancer diagnosis in
analyses restricted to colorectal cancer survivors followed from diagnosis to death.18

Parsing the relationship of a risk factor to disease-specific mortality into its component
associations of incidence and survival has important implications for translation and is
relevant across a variety of exposures and diseases. If a risk factor is strongly associated with
increased disease incidence, as in the case of higher BMI with breast and colorectal cancers,
then greater disease-specific mortality is expected even when there is little influence on
survival, and this can be explicitly shown mathematically (Appendix special case #2). A
prior example of this in WHI is that estrogen plus progestin hormone therapy is not
associated with survival after a diagnosis of breast cancer, but is associated with increased
breast cancer incidence, and therefore with increased breast cancer mortality among WHI
women.19 Another possible scenario is that a risk factor’s associations with disease
incidence versus post-disease survival are in opposing directions, leading to overall null
associations.

This methodological illustration does not answer the question of whether weight change
following cancer diagnosis influences mortality outcomes. If pre-diagnosis obesity leads to
more aggressive tumors with inferior survival, then reducing obesity after diagnosis may
have little impact on prognosis. Alternatively, if a risk factor’s association with survival is
due to promoting disease progression, then intervention to mitigate that risk factor would
likely benefit a patient’s prognosis. Analysis of BMI at diagnosis among cancer patients
followed from diagnosis (T2) is relevant to the clinician counseling a newly diagnosed
patient and thus has been the subject of various narrative reviews29-21 and meta-
analyses.22:23 Of note, such analyses restricted to cancer survivors are subject to additional
methodological concerns, including selection bias. Unless all possible common causes of
cancer incidence and post-cancer mortality can be adjusted for, this form of bias will likely
result in attenuated risk estimates. Our results are consistent with and shed light on this
possibility: higher BMI at enrollment is strongly associated with incident cancer in the full
cohort but associations with post-diagnosis survival among women with cancer emerge only
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with grade-2 obesity and above. There is also the possibility that women with a high BMI at
enrollment develop and die from other conditions such as cardiovascular disease prior
receiving to a cancer diagnosis. These important sources of bias and tools to address them
(e.g., simulations, inverse probability weighting, and marginal structural models) have been
discussed in detail by others.>-12

In analyses examining BMI and death after diagnosis among women diagnosed with cancer
(T2), we first assumed BMI was approximately constant over time and used enrollment BMI
as a proxy for at-diagnosis BMI. We subsequently updated BMI over follow-up until cancer
diagnosis. Both analyses yielded similar results because enrollment BMI and BMI proximal
to diagnosis were highly correlated (r=0.9) and few women migrated down one or more BMI
categories over the period from enrollment to breast cancer diagnosis (7%) or from
enrollment to colorectal cancer diagnosis (8%), some of which could be due to measurement
error. This suggests a minimal impact of reverse causation (sub-clinical disease leading to
weight loss) on the risk estimates in Figures 2 and 3. This was further examined in a
sensitivity analysis; the inclusion of time dependent BMI (eFigures 2—-3) yields similar
conclusions to the main analysis using baseline BMI.

Strengths and Limitations

Conclusion

This study aids in the interpretation of evidence and resulting translation into clinical
practice of cancer mortality studies by explicitly contrasting risk estimates for different time
scales (from enrollment or from diagnosis) and different cohorts (all enrolled participants, or
only those with a cancer diagnosis). Prior WHI publications on cancer mortality have taken a
variety of approaches,16:19 but none has taken a purely conceptual focus as we have here.

The methodological issues addressed here (choice of time-scale and cohort) are far from the
only concerns in studies of cancer mortality. It is also important to consider various aspects
of exposure assessment. These include whether BMI is a valid measure of excess adiposity
in post-menopausal women given age-related changes in body composition, possible
threshold effects for different risk factors (which may vary by cancer site), and the time at
which BMI was assessed in relation to diagnosis. For simplicity and comparability across
models, this exercise emphasized BMI measured at cohort entry and used primarily
covariates assessed at enrollment. We did adjust for time from cancer diagnosis in sensitivity
analysis, consider richer models which updated BMI (Supplemental eFigures 2-3), and
stratify by tumor grade, stage and age at diagnosis, but this did not provide compelling
evidence of an association between enrollment BMI and breast cancer death among
survivors followed from diagnosis (T2a; p-trend changed from 0.02 to 0.47 for ~C in
eFigure 2).

Often, data is available on the timing of death from cancer, but not on the timing of
diagnosis of cancer; researchers then follow all cohort members (rather than a survivor
cohort) from study entry to cancer death.24-26 Such studies can highlight strategies to
improve the health and longevity of the population, likely through primary prevention of
cancer because interventions that reduce cancer incidence will reduce cancer mortality even
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if they have no effect on post-diagnosis survival. However, research on a pre-diagnosis
exposure’s association with cancer mortality cannot distinguish the extent to which
associations are driven by exposure’s association with cancer incidence versus with survival
after cancer onset. To answer the clinical and public health questions of what can be done to
improve survival once a cancer has been diagnosed, the most relevant observational analysis
would be to examine changes in the risk factor (e.g., changes in weight after cancer
diagnosis)’ with consideration given to potential biases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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NOVELTY AND IMPACT
Question

If a risk factor increases disease incidence then greater disease-specific mortality is
expected even with no influence on survival.
Findings

We parsed obesity’s association with cancer mortality into its components: obesity
strongly increased cancer risk, but associations with post-diagnosis survival were
apparent only with grade-2+ obesity.

Meaning

While obesity prevention might reduce cancer incidence and therefore cancer mortality,
this analysis cannot determine how interventions to manage obesity in cancer patients
influence survival.
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Figure 1. Analyses of “Cancer Mortality from Enrollment” versus “Post-Diagnosis Survival”
An analytic sketch that contrasts cancer mortality (left panel) and post-diagnosis cancer

survival (right panel) with respect to cohort and time-scale. Each line or “study ID”
represents a participant, where the survivor cohort (right panel) includes only participants
with a cancer diagnosis, a subset of the cohort that was enrolled (left panel). The time to
cancer mortality from enrollment can be partitioned into two parts: time from enrollment to
incidence of a cancer, and time from cancer diagnosis to death as indicated by n-th

participant.
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Death due to any cause after breast cancer (T3b) 1.09(0.95,1.26) - 1.36(1.16,1.60) — 1.89(1.57,2.28) —
B. Events for the survivor cohort

Time from diagnosis of invasive breast cancer to:

Death due to breast cancer (T2a) 1.05(0.84,1.30) — 0.95(0.73,1.23) ——=—— 1.25(0.94,1.67) -

]

Death due to any cause (T2b) 0.99(0.85,1.15)  —= 0.99(0.83,1.19) —%— 1.25(1.02,1.53)
C. Events for the survivor cohort
Time from enroliment to:

Death due to breast cancer (T2a)

1.06(0.85,1.32) 1.06(0.82,1.38) 1.37(1.02,1.83)
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Figure 2. Breast Cancer Incidence, Mortality and Survival in the Women’s Health Initiative:
Multivariable Adjusted Hazard Ratios by BMI at Enrollment, compared to women of normal
weight (BMI < 25)

Refer to Figure 1 for terminology definitions. Bolded summary statistics for T1, T2 & T3
were computed from the usual time-to-first-event Cox regression models with baseline
normal weight (BMI < 25 kg/m2) as the referent group. The un-bolded HRs for T3 were
obtained by multiplying the corresponding estimates of risk for incidence (T1) with survival
(T2); HR13 = HR11 * HR2 (see appendix for mathematical derivation). The p-values
correspond to a 1 degree of freedom test for trend. To highlight the influence of time-scale
(time from enrollment vs. time from diagnosis), all time-to-first event models were adjusted
for age, race/ethnicity, education, bilateral oophorectomy, Gail 5-year risk of breast cancer,
estrogen-alone use and duration, estrogen and progesterone use and duration, smoking
status, diabetes mellitus, alcohol consumption, self-reported health at baseline, and stratified
by baseline age group, WHI study (OS vs. CT), HT trial randomization group, dietary trial
randomization group, hysterectomy status, Calcium/Vitamin D Randomized Trial
randomization group (time-dependent) and extended follow-up (time-dependent).
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Figure 3. Colorectal Cancer Incidence, Mortality and Survival in the Women’s Health Initiative:
Multivariable Adjusted Hazard Ratios by BMI at Enrollment, compared to women of normal

weight (BM1<25)

Refer to Figure 1 for terminology definitions. Methods correspond to those described in
Figure 2 for breast cancer, but models were adjusted for age, race/ethnicity, education,
estrogen-alone use and duration, estrogen and progesterone use and duration, smoking
status, diabetes mellitus, alcohol consumption, self-reported health at baseline, family
history of colorectal cancer, occurrence of colonoscopy/ sigmoidoscopy/flexible
sigmoidoscopy ever, physical activity, total dietary energy, fiber, fat, fruits, vegetables, red
meat and stratified by baseline age group, WHI study (OS vs. CT), HT trial randomization
group, Calcium/Vitamin D Randomized Trial randomization group (time-dependent) and

extended follow-up (time-dependent).
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Terminology
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Table 1

Term

Definition

Cancer mortality

Time from study enrollment to death after a diagnosis of breast or colorectal cancer among all cohort
participants

Post-diagnosis survival

Time from diagnosis to death among participants diagnosed with breast or colorectal cancer

Death due to (breast or colorectal)
cancer

Deaths in which the primary cause listed on the death certificate was the cancer of interest

Death due to any cause after (breast
or colorectal) cancer

Any death following a diagnosis of breast or colorectal cancer

Cancer-specific Survival

Estimated hazard ratio (association) of BMI for cancer-specific death after a diagnosis of (breast or
colorectal) cancer (including only deaths due to breast or colorectal cancer) with the time-scale for
follow-up beginning at cancer diagnosis

Overall survival

Estimated hazard ratio (association) of BMI for with death from any cause after a diagnosis of (breast
or colorectal) cancer (including all deaths following a diagnosis of breast or colorectal cancer) with the
time-scale for follow-up beginning at diagnosis

Estimates obtained from a
traditional, time-to-first-event Cox
Proportional Hazards model

The Cox model is a commonly-used, semi-parametric survival analysis method which models the
incidence or hazard rate, the number of new cases of disease per population at-risk per unit time. If the
outcome is death, this is the mortality rate

T1

Estimated association of BMI with incident cancer (breast or colorectal cancer) with the time-scale
beginning at study enroliment

T2a Estimated association of BMI with cancer-specific death after diagnosis (only deaths due to breast or
colorectal cancer) with the time-scale beginning at diagnosis

T2b Estimated association of BMI with all deaths following a diagnosis of breast or colorectal cancer with
the time-scale beginning at diagnosis

T3a Estimated association of BMI with cancer-specific death after enroliment (only deaths due to breast or
colorectal cancer) with the time-scale beginning at study enrollment

T3b Estimated association of BMI with all deaths following a diagnosis of breast or colorectal cancer with

the time-scale beginning at study enrollment
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