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Abstract

Background—The Women’s Health Initiative (WHI) Life and Longevity after Cancer (LILAC) 

study offers an important opportunity to advance cancer research by extending the original WHI 

studies to examine survivorship in women diagnosed with cancer during their participation in 

WHI.

Methods—The goals of LILAC are to: 1) obtain cancer treatment information and long-term 

cancer outcomes for women diagnosed with one of eight selected cancers (breast, endometrial, 

ovarian, lung, and colorectal cancers, melanoma, lymphoma and leukemia); 2) augment the 

existing WHI biorepository with fixed tumor tissue from the solid tumor sites for cancers 

diagnosed since 2002; and 3) develop, refine and validate methods to use administrative data to 

capture treatment and recurrence data. Methods for accomplishing these goals are described, as are 

results from the initial LILAC participant survey.

Results—A total of 9,934 WHI participants living with cancer were eligible for LILAC 

participation, of which 78% (n=7,760) agreed to participate. Among the three most prevalent 

cancer types, 54% are breast cancer survivors, 11% are melanoma survivors, and 10% are 

survivors of colorectal cancer.

Corresponding author: Electra D. Paskett, PhD, 1590 N High St. Suite 525, Columbus, Ohio 43201, electra.paskett@osumc.edu. 

The authors have no conflicts of interest to declare.

HHS Public Access
Author manuscript
Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2019 February 
01.

Published in final edited form as:
Cancer Epidemiol Biomarkers Prev. 2018 February ; 27(2): 125–137. doi:
10.1158/1055-9965.EPI-17-0581.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—In addition to describing this resource, we present pertinent lessons that may 

assist other investigators interested in embedding survivorship research into existing large 

epidemiologic cohorts.

Impact—The LILAC resource offers a valuable opportunity for researchers to study cancer 

survivorship and issues pertinent to cancer survivors in future studies.

Introduction

Improvements in early detection and treatment have led to a surge in the number of cancer 

survivors in the US [1] creating a demand for a better understanding of their many, and 

sometimes unique, health concerns. These needs, recognized by both cancer researchers and 

cancer care delivery leaders, require new focused research. Cancer survivor health concerns 

are diverse and complex—arising from heterogeneity among individuals, the cancer with 

which they have been diagnosed, its treatment and ensuring effects on a wide range of health 

and social conditions. To effectively examine these concerns in a rigorous fashion, 

significant new resources need to be developed, including a much more comprehensive 

assessment on a large sample with longer-term follow-up than is typically available in cancer 

clinical trials. Such resources are expensive to develop and take considerable time to mature 

when created.

The Women’s Health Initiative (WHI), initiated in 1993, is a mature cohort with clinical trial 

and observational study components. Its original goal was to evaluate approaches to prevent 

heart disease, cancer and osteoporotic fractures in 161,000 post-menopausal women [2, 3]. 

With the clinical trials concluded nearly 10 years ago, the WHI cohort continues to be a 

resource to study issues related to aging and health, including cancer. Over 30,000 cancer 

diagnoses have been confirmed within this cohort, making the WHI a valuable platform in 

which to study cancer survivorship in older women.

In this report, we describe our efforts to accelerate survivorship research by creating the 

WHI Cancer Survivor Cohort, called LILAC, for Life and Longevity After Cancer, within 

the parent study. By building on this large, very well characterized epidemiologic cohort 

with high-quality follow-up for a broad range of health outcomes and health related 

conditions, LILAC provides timely opportunities to examine many of the important 

questions regarding aging women who are living with cancer. Herein we describe the design 

and implementation of LILAC and discuss both strengths and potential limitations of 

embedding survivorship research within an existing epidemiologic cohort.

Materials and Methods

Study Objectives

The LILAC survivorship cohort was developed to : 1) collect information on cancer 

treatment and outcomes in women diagnosed during their WHI participation with eight 

selected cancers (breast, colorectal, endometrial, lung, ovarian cancers, and melanoma, non-

Hodgkin lymphoma, and leukemia), using surveys, Medicare linkage, and direct medical 

record abstraction; 2) augment the WHI biorepository with formalin-fixed paraffin-

embedded (FFPE) tumor tissue from WHI participants diagnosed with selected solid tumors 
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(invasive breast, colorectal, endometrial, lung and ovarian cancers, and in situ and invasive 

melanoma of the skin); and 3) conduct methodological research testing the ability of 

electronic administrative data to give reliable estimates of treatment and recurrence. These 

aforementioned cancers were selected because they represent the most prevalent cancers in 

the WHI and/or cancers where survivorship research is lacking, and offers the opportunity to 

create new knowledge. This study was conducted within the Belmont Report recognized 

ethical guidelines. Written informed consent was obtained from all participants and this 

study was approved by each institution’s institutional review board (IRB).

Women’s Health Initiative

Overview: The design and implementation of WHI have been published [2, 3]. Briefly, 

WHI was launched in 1993, with sponsorship from the NIH, to study the risk factors and 

prevention of the major causes of morbidity and mortality in postmenopausal women 

including cancer. The WHI included randomized clinical trials testing three primary chronic 

disease prevention interventions: hormone therapy (HT), a low-fat eating pattern (Dietary 

Modification or DM) and calcium and vitamin D (CaD) supplements. In all, 68,132 women 

were randomized into one or more of the clinical trial (CT) components and an additional 

93,676 women enrolled into a parallel observational study (OS) with similar data collection 

procedures (Figure 1) [2, 3].

LILAC Organization—The LILAC database resides at the WHI Clinical Coordinating 

Center (CCC) at the Fred Hutchinson Cancer Research Center (FHCRC) in Seattle, buts its 

leadership is spread across three sites from WHI investigators at Kaiser-Permanente 

Northern California (KPNC) in Oakland and the Ohio State University (OSU) in Columbus. 

Each site is responsible for specific LILAC functions as well as scientific direction and 

statistical analyses (Figure 2). The CCC staff conducts all mail-based data collection from 

participants including informed consent, medical release of information, and annual 

questionnaires to survivors, performs regular linkages to Medicare and NDI and manages all 

WHI and LILAC data. The CCC also requests, collects, processes, and stores tumor tissues 

and performs a confirmatory pathology review. KPNC supervises the WHI field centers in 

their collection of medical records. The OSU team oversees the development and analyses of 

the survivorship surveys.

Eligibility, recruitment and data collection—Participants with no cancer (other than 

non-melanoma skin cancer) prior to enrollment in WHI and a confirmed invasive cancer 

diagnosis during WHI follow-up of one of the eight selected cancers are eligible for LILAC. 

Because of the close relationship between ovarian, fallopian tube and primary peritoneal 

cancer as well as the need for larger numbers, hereafter all three cancer sites are defined as 

EOC for LILAC purposes. Women with diagnoses of in situ melanoma (n=340) were 

recently added under supplemental funding and are included here for completeness.

Beginning in 2013, all LILAC eligible participants still in active WHI follow-up were sent 

an invitational mailing including a personalized letter of introduction listing their previously 

reported qualifying cancer and year of diagnosis, two copies of the consent form, a medical 

release form, an eight-page LILAC enrollment questionnaire and a self-addressed business-
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reply return envelope. Invitation mailings were sent by first class mail. Outgoing envelopes 

carried the WHI logo to ensure study recognition. All questionnaires were printed in optical 

mark recognition (bubble) format and large font, consistent with WHI practices. The 

mailings followed the established WHI follow-up protocol with questionnaires returned to 

CCC for processing. Non-respondents to the first mailing were sent a second mailing after 

eight weeks. Women who did not respond to these invitations or who indicated they did not 

want to participate were excluded from further active LILAC data collection. In each 

subsequent year, WHI participants with newly diagnosed cancers included in LILAC have 

been approached using the same protocol. Contact information within the WHI database, is 

updated routinely based on mail forwarding orders, proxy contacts, and self-reports of 

address changes.

LILAC Data collection

Initial LILAC Survivorship Survey: The first LILAC questionnaire asked about initial 

cancer treatment including chemotherapy, hormonal/endocrine therapy, radiation therapy, 

and biological therapies, including type, start dates and providers of these treatments; and 

reports of new cancer events related to their primary cancer diagnosis. Information about 

type(s) of surgical procedures was not collected in since this information was available from 

previously collected operative and pathology reports used to confirm the diagnoses initially. 

These reports included the date of the first resection procedure, along with the extent of site-

specific tissue that was removed, and relevant ancillary procedures such as lymph node 

dissection. Details regarding specifics of medical record information abstracted for each 

cancer can be found online at https://www.whi.org/studies/LILAC/Abstraction%20Forms/

Forms/AllItems.aspx. Reports of longer-term disabling conditions or effects on quality-of-

life common to many cancers or their treatments but not covered by WHI questionnaires 

(e.g., lymphedema, cardiotoxicity, nephrotoxicity, neurotoxicity), symptoms after treatment 

completion, pain, depression, anxiety, fatigue, distress, social support, weight and marital 

status, and questions on insurance coverage were also asked. These items were selected 

based on their relevance to cancer treatment and outcomes and for their complementarity to 

those collected in ongoing WHI data collection.

Annual Survivorship Surveys: Each year after enrollment, a questionnaire is mailed to all 

participants who completed the LILAC baseline questionnaire. This form requests updates 

on new cancer events and cancer treatments. A small number of additional questions are 

included each year to support newly funded ancillary studies or other emerging topics 

related to survivorship. Measures collected in the first annual questionnaire included: current 

weight; weight at first cancer diagnosis; weight two years after cancer diagnosis; intentional 

weight loss after cancer diagnosis; current or ever use of selected medications (NSAIDs, 

statins, metformin, ACE inhibitors, anti-depressants and bisphosphonates); financial toxicity 

[4]; cancer worry [5];social networks and social support; peripheral neuropathy [6]; 

participation in cancer support groups’, or online peer support groups; cognitive functioning 

[7]; physical functioning [8]; exercise [8] body image; symptoms within the past 4 weeks; 

selected nutrition/diet; and lymphedema [8–11].
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Additional measures collected in the second annual follow-up questionnaire included: 

depression, anxiety, fatigue and distress; and unmet needs of cancer survivors (e.g., pain, 

physical functioning, memory/concentration, weight changes, end of life planning, etc.).

Cancer Treatment and Outcomes Information: Details of cancer treatment and outcomes 

are derived from three main sources: Medicare data from the Center for Medicare and 

Medicaid Services (CMS), direct medical record abstraction, and self-reported data from 

cancer survivors. Data from these sources vary considerably in terms of the level of detail, 

timeliness and specificity. Because of the age of the WHI population, LILAC uses Medicare 

for patients who were diagnosed at age 65 or older to allow inexpensive and efficient 

collection of information from historical cases. For WHI participants not covered by 

Medicare, LILAC collects medical records and abstracts selected data items, similar to those 

collected for those with Medicare, to support analyses that use data from both sources. 

Analyses may need to be restricted to cases documented through a specific source for certain 

analyses (e.g., cost analyses will be restricted to the Medicare population, analyses requiring 

molecular testing results will be done among those with medical records). Documentation of 

cause and date of death comes from either death certificates, medical records, or National 

Death Index data.

Use of Medicare Claims to Assess Cancer Treatment and Outcome: The CCC has 

obtained Medicare files from 1991 through the present [12] allowing us to extract diagnosis, 

treatment and procedure codes for cancers occurring in women enrolled in fee-for service 

Medicare at the time of diagnosis (53%) throughout the entire WHI follow-up period.

Medical Records Collection: The goal of LILAC medical records collection is to document 

the initial course of cancer treatment and identify the first recurrence among women whose 

information was unobtainable through Medicare (i.e., were not in Medicare at the time of 

their cancer diagnosis or who received their Medicare benefits through a managed care 

organization). For WHI participants who died prior to the LILAC baseline, medical records 

are requested under an IRB-approved partial waiver of consent. Because of the difficulty in 

obtaining historical records, we are requesting medical records only for those cancers 

diagnosed since 2000. For the 6,853 eligible cases, we request medical records using the 

WHI approach for clinical outcomes documentation. A random sample of cases 

(approximately 125 for each of the targeted tumor sites) from the Medicare linkage set will 

also be requested to serve to validate claims data on treatment and recurrence data.

Medical Records Review and Coding: Final abstraction, review and coding cancer 

treatment and recurrence occurs at the CCC. Medical records offer the opportunity to extract 

many more details than claims data but given LILAC’s heavy reliance on Medicare and the 

cost of manual abstraction, we limit LILAC abstractions to first course of treatment and 

evidence of recurrence or last known disease-free time point. We abstract type, extent and 

dates of initial surgery, molecular testing (indications and results); chemotherapy 

(recommendations, agents, and timing); radiation therapy (recommendations, modality, 

timing and total dose); hormonal therapy (regimen, dates, changes over time and reasons for 

changes), and other selected medical interventions specific to each cancer (e.g., 
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oophorectomy, breast reconstruction, use of bisphosphonates). Site and date of new or 

recurrent cancer is recorded. The records are maintained centrally so that additional 

information could be abstracted for specific hypotheses.

When multiple sources are available, we will assume medical records are the most accurate, 

followed by Medicare and self-report, unless our validation studies and other investigations 

suggest otherwise. Analyses may be restricted to a specific subpopulation (e.g., cost analyses 

restricted to the Medicare population in analyses looking at recommended versus receipt of 

chemotherapy limited to medical records subset).

Tumor Tissue Collection—LILAC collects FFPE tumor tissue from six solid tumor sites 

(breast, colorectal, endometrial, lung, ovary, skin melanoma). Recognizing the College of 

American Pathologists minimum standards for retention of diagnostic specimens is 10 years 

[13] and that many facilities would consider destroying tissue samples after that time, we 

have limited our requests at the time the study in 2013 was initiated for tissue from cases 

diagnosed in 2002 or later.

Requesting tumor tissue: Once a release form is received (or under a waiver of consent for 

decedents), a CCC data coordinator reviews the pathology report in the existing WHI 

records to determine which specimens (i.e., biopsies, excisions, or more extensive surgical 

procedures) should be requested and from what institution. Tumors identified for request are 

greater than 0.3 cm in at least one dimension and atypical histologies are excluded.

To reduce the burden to large institutions, requests for tissues for multiple cases are batched 

and mailed quarterly. Lack of response within eight weeks generates a repeat request and 

follow-up phone contact with hospital/laboratory personnel. To address potential concerns 

about access to specimens for continuing care, we assure the return of any specimen to any 

location in the US within 48 hours if the specimen is needed for clinical care. For facilities 

that will not release multiple tumor blocks, we ask for, in order of preference, a single 

representative block, 10 unstained slides (5 um each), and finally two 0.6–2 mm punches (to 

be re-embedded in paraffin locally for storage).

Tumor Tissue Review and Storage: Upon receipt of a FFPE tissue specimen, it is logged 

into the WHI repository database, and labeled with a unique WHI specimen ID barcode. 

They are batched and sent to the FHCRC Specialized Pathology Shared Resource, 

accompanied by an electronic transmittal sheet with diagnostic information from the WHI 

database to be verified and triaged by pathologist single staff pathologist to determine 

general characteristics of the sample and concordance with the previously collected 

diagnostic information where applicable. For each block the pathologist 1) confirms the 

presence or absence of tumor and normal structures; 2) estimates the two dimensional area 

of the entire tissue block; 3) estimates the amount of available tumor and normal epithelial 

and non-epithelial structures as a percentage of the area of the tissue section; and 4) ranks 

the tissue blocks based on the amount of representative tumor. The supervising pathologist 

performs the secondary pathology review, resolves any discrepancies, and signs off on the 

pathology review for each case. Disagreements between the pathologists or with the original 

diagnosis require additional discussion or investigation.
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Statistical Considerations

The LILAC study population can be used to support diverse survival and survivorship 

analyses but the study population will vary with each analysis, based on data availability. 

Cancer survival can be examined among all WHI participants diagnosed with a specific 

cancer, since vital status information is nearly complete for the WHI participants. For 

analyses needing treatment information, several options are available, including pooling data 

across all sources or restricting analyses to one data source that best supports the study aims. 

For studies examining participant reported outcomes available only through the LILAC 

questionnaires, the selection bias associated with survival until the start of LILAC activities 

is a necessary consideration. To characterize potential selection bias inherent in this design, 

we provide the WHI baseline characteristics of three groups: all WHI participants with an 

eligible diagnosis of one of the eight LILAC cancers; all who were eligible for the LILAC 

enrollment mailing (alive and remaining in active WHI follow-up until LILAC initiation) 

and finally those who consented to LILAC.

The distribution of treatment, symptom, and quality of life data from the initial LILAC 

survey were described using contingency tables for categorical variables and mean and 

standard deviations for continuous variables. Pearson chi-squared tests and two sample t-

tests were used to compare the demographic characteristics of LILAC participants to other 

WHI participants diagnosed with cancer but not enrolled in LILAC to assess 

representativeness of the LILAC sample.

Accounting for selection bias—Given the retrospective aspects of the LILAC design, it 

is not surprising that we observe some modest differences in clinical and demographic 

factors between women participating in the LILAC survey and the other WHI participants 

diagnosed with cancer (Supplemental Tables 1 and 2). Analyses restricted to this subset of 

women (e.g., those who are interested in patient reported outcomes assessed only through 

the LILAC survey) must address the inherent selection bias in this sample. At least two 

approaches may be used to address the selection bias. For some analysis, it may be 

reasonable to simply condition on survival to a selected time point. In some analyses, it will 

be important to use Inverse Probability Weighting (IPW) [14]. In this approach, the 

probability of inclusion in LILAC is modeled using, as predictors, factors with meaningful 

differences between LILAC participants and other cancer participants in the WHI. The 

inverse of these estimated inclusion probabilities is then incorporated as weights in 

regression models examining relationships between patient outcomes and exposures of 

interest. When implemented properly, IPW minimizes selection biases by creating a 

hypothetical population in which the effect of an exposure on an outcome is the same as in 

the original population [14].

Results

LILAC Participants

As of September 15, 2015, 30,306 incident cancers had been documented among the 

161,808 original WHI participants, including 20,784 women with one or more of the 

designated eight LILAC cancer sites. Of these, 9,934 (48%) participants were still alive and 
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in active WHI follow-up as of the initiation of LILAC in 2013. The remaining had died 

(n=6,864) or were no longer active in the WHI (n=1,121). After two mailings, 7,760 (78%) 

of these women consented to LILAC survey participation, including 4,211 breast cancer 

survivors, 796 colorectal cancer survivors, 406 lung cancer survivors, 663 endometrial 

cancer survivors, 451 Non-Hodgkin lymphoma survivors, 186 leukemia survivors, 834 

participants with melanoma and 213 women diagnosed with EOC cancers (Table 1). A total 

of 7,760 women consented to participate in the study, but 109 women did not return the 

baseline survey, leaving 7,651 cancer survivors included in the remaining analyses of the 

survey data.

Eligibility reflects both survival and continuing WHI participation which varied strongly by 

age. (Table 1). We see a further, though more gradual, decline with age in the consent rates 

for LILAC (82% in those who were 50–59 years old at WHI baseline declining to 67% in 

the 70–79 year olds). This pattern is reflected in each of the specific cancer sites although 

the absolute rates of eligibility vary considerably, reflecting the varying lethality of these 

cancers. Consent rates among the eligible cases were much more comparable across tumor 

sites. Black women with cancer were somewhat less likely to be eligible (37%) and less 

likely to agree to participate (69%) than other race/ethnicity subgroups. Other factors 

associated with lower eligibility and consent rates to the survey but to a lesser degree 

included lower education, no longer having a life partner (widowed/separated/divorced), 

higher body mass index (BMI), and women with a history of diabetes and cardiovascular 

disease. Current smokers were less likely to be eligible for the survey but were consented 

(77%) at similar frequency as non-smokers (78%).

Similar strong trends in eligibility and lesser trends for consent are seen with factors 

measured at the time of diagnosis (Table 2). In particular, we saw a higher proportion of 

recently diagnosed women consented than those with earlier diagnoses buta lower 

proportion of women with poorer prognostic factors consented than did those with good 

prognoses, a pattern that was consistent across all cancer sites. There was no consistent 

pattern of eligibility and consent trends across sites by age at diagnosis. Increasing age at 

diagnosis had no major effect on eligibility among breast and endometrial cancer survivors, 

but showed a trend toward less willingness to consent. Whereas for leukemia, lymphoma 

and melanoma survivors, older women were no less likely to be eligible but were somewhat 

less likely to consent to participate. Factors associated with poor prognosis (e.g., stage of 

disease and tumor size) show strong trends of decreasing eligibility and more modest 

reductions in consent rates.

Characteristics of consented LILAC participants

Among cancer survivors who consented to participate in LILAC, approximately 91% were 

white, 15% reported a high school education or less, 45% were former smokers and 6% 

were current smokers when enrolled in the WHI (Supplemental Table 2). Approximately 

34% of participants were considered overweight; an additional 17% were considered class I 

obese and 11% were class II or III obese. Few reported a history of diabetes (3%) or 

cardiovascular disease (6%) at WHI baseline. Risk factor patterns were consistent across 

cancer sites with a few expected exceptions. The comparison of WHI baseline characteristics 
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of women with cancer who consented to the LILAC surveys to those who had the same 

diagnosis but are not participating in LILAC surveys suggested only a modest health 

advantage in these pre-diagnostic factors. The majority of LILAC survey responders were 

diagnosed with cancer in the last 10 years (55%) and 60% were 70+ years of age at 

diagnosis, including 15% who were over 80 years (Supplemental Table 2). Two thirds had 

localized and 5% had distant disease at diagnosis. EOC cancer survivors were the exception 

to this trend, as 51% of responders were diagnosed at a distant stage, and most of these 

women (70%) were diagnosed within the past 10 years.

Self-reported cancer treatment data reflects the pattern of care that one would generally 

expect in the community during this timeframe (1994–2016), which varies considerably by 

site (Table 3). (Information on surgeries is being abstracted from existing WHI medical 

records). Approximately 68% of breast cancer survivors reported treatments with hormone 

or anti-estrogen pills. In this cohort of survivors, 553 women (7.2%) reported they had 

survived a cancer recurrence. The highest proportion of those surviving a recurrence was 

among EOC cancer survivors; 27% reported a cancer recurrence. EOC cancer survivors also 

reported the highest average number of symptoms after a cancer diagnosis (3.1), compared 

to other cancer survivors. The highest proportion reporting depression was noted in leukemia 

survivors, where just over 18% reported often feeling depressed.

Discussion

In developing the LILAC cohort, our goal was to create a resource to support a broad range 

of cancer survivorship studies among older women, an understudied population where large 

gaps exist in knowledge about care needs, multiple coexisting diseases, side effects from 

treatment, and need for social support. In addition, we sought to provide a resource that 

could be highly complementary to data derived from the conduct of cancer therapy trials. By 

embedding this resource within a large, high-quality epidemiologic cohort, analyses can take 

advantage of several unusual features. First, analyses of LILAC cancers can access the 

comprehensive WHI database of prospectively collected pre-diagnostic information of 

participant characteristics, lifestyle, disease risk factors and co-morbidities. These data can 

be used to look at the impact of these factors on cancer outcomes directly and on access to 

treatment and treatment efficacy. Second, LILAC tumor tissue can be paired with the 

existing repository of blood products collected prior to diagnosis, to study biomarkers of risk 

and early detection. The high quality information on non-cancer outcomes (e.g., 

cardiovascular disease) will provide opportunities to look at risk of other conditions among 

cancer survivors, and in particular, the very unusual chance to compare post-cancer 

experiences (e.g., symptoms, quality of life, and conditions associated with aging) with 

those of similar participants who remained free of cancer. Overall, survey response was 

high, as 77% of women who were eligible to participate in the survey returned the baseline 

survey, which demonstrates the generalizability of our survey data to other populations of 

older women living with cancer.

Based on a recent study which investigated the types of information collected by cancer 

survivorship cohorts, most cancer survivorship cohort studies focus their research on 

survivorship issues amongst breast cancer survivors [15]. The LILAC cohort is a unique 
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resource in that, not only does the cohort collect information from breast cancer survivors, 

but also leukemia, lymphoma, colorectal, lung, melanoma, endometrial and EOC cancer 

survivors as well. Therefore, the LILAC cohort is filling a valuable gap in cancer 

survivorship research by including survivors from cancer sites that are currently 

understudied. The average age of participants was 79 years with a range of 65–97 years, 

which is similar to the age distribution of female cancer survivors in the United States [16]. 

Thus, this cohort can contribute greatly to our understanding of survivorship among older 

women diagnosed with these cancers. In addition to understudied cancer survivors, unmet 

social needs such as access to social support, is information not commonly collected from 

cancer survivors. The LILAC cohort also fills this research gap by including measures of 

social support within the annual surveys. Lastly, only around half of current cancer 

survivorship cohorts collect biospecimen and biomarker data from cancer survivors. The 

LILAC cohort has the opportunity to further fill this gap in survivorship research by utilizing 

tumor tissue data collected from cancer survivors to understand the relationships between 

biomarkers and survivorship outcomes such as side effects, symptoms, and survival.

The design of LILAC includes prevalent cases (cancers diagnosed prior to LILAC initiation) 

and thus requires retrospective collection of treatment and recurrence data. The primary 

advantage of this design is that it allows us access to a larger population of cancer survivors 

for whom multiple years of follow-up are already available, thereby telescoping the timeline 

to analyses.

There are several limitations of this design. First, there is noteworthy survival bias in the 

self-reported information, particularly among women whose cancers were diagnosed several 

years before the start of LILAC. Our data collection methods partially address this by 

accessing multiple sources (Medicare and medical records) to obtain treatment and 

recurrence data, some of which are independent of participant survival. Some cancers were 

diagnosed so many years previously that medical records collection is very difficult and 

expensive; accordingly, we are limiting this effort to cases diagnosed in 2000 or later. For 

participant reported outcomes, we have elected to focus on late and long-term effects of 

treatments, since our ability to capture acute effects is compromised by this design. Analyses 

of these data will need to account for selection bias through approaches that are conditional 

on survival, or adjust the known biases through inverse probability weighting methods. 

Another potential limitation is the fact that some treatments administered in the early part of 

this century may soon be obsolete. While this dilutes the value of this resource for newly 

treated cancers, the information developed here would remain relevant for the many millions 

of patients living with a cancer diagnosis now.

The LILAC cohort lacks the racial/ethnic diversity needed to fully address the cancer 

survivorship needs of the US population. Approximately 18% of the original WHI study 

population self-identified as women of color (African American, Hispanic, Asian/Pacific 

Islander, Native American) which was similar to the larger population of that age-group at 

the time of enrollment, but these subgroups represent a smaller fraction (11.2%) of women 

with a LILAC cancer diagnosis and only 8.8%of those who consented. Women of color were 

more likely than white women to stop the WHI participation or be lost to follow-up. As 

such, future studies utilizing this data resource must be cautious in drawing conclusions 
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regarding this population, as results may not be generalizable to racial minorities and non-

white populations.

The reliance on multiple sources of treatment data, including Medicare, introduces 

complexity into the data analyses but it has allowed us to expand our reach to cases 

diagnosed years before LILAC initiation, reduce the cost of data collection and rapidly 

create a database with mature cancer outcomes. We have incorporated validation samples 

into the design to allow us to look at the correspondence between Medicare, medical records 

and self-reported treatment and recurrence data. With the increasing emphasis on reusing 

existing data, the results of these validation studies will provide insight into their strengths 

and weaknesses.

Tumor tissue is a highly valued resource that creates the potential to do novel molecular 

studies, including better phenotyping and biomarker studies. Our efforts to develop the 

LILAC tumor tissue repository are ongoing but have so far yielded tissue provided by 

pathology facilities for just over 61.4% of tissues requested, which is somewhat less than 

anticipated but higher for cancers diagnosed within the last 10 years were received. The 

primary barriers to receiving tissue for cases where the participant has given consent are that 

institutions do not agree to provide them, they report having destroyed them, or the 

institution will not allow us to keep tissue blocks for long-term storage. Because LILAC 

tissue request materials guarantee the pathology providers return of the tissue within 48 

hours of a request, most facilities were willing to release blocks at least on a temporary 

basis, even for recent diagnoses and those at risk for recurrence (there was marginally higher 

tissue receipt for living participants relative to deceased—the latter of which are no longer at 

risk for recurrence). Additionally, providing the option to send unstained slides, rather than 

tumor blocks, increased our yield of tissues provided by approximately 13 percentage 

points. Many institutions will kindly provide these specimens at no charge and many others 

charge only a modest processing fee. The exorbitant fees charged by a few institutions likely 

represent a reluctance to share tissues based on their own research needs or agreements.

In summary, the LILAC study is an excellent resource to study survival and survivorship 

among older women diagnosed with eight different cancers with varying time since 

diagnosis. The resource has treatment data, clinical information and tissue (on a large 

sample of women), with data on issues of survivorship obtained from those still alive. In 

addition, data within the large WHI can be used to study various interventions to improve 

survivorship. Researchers internal and external to WHI can utilize this resource, using 

previously developed methods and policies within the WHI. Given that over seven million 

cancers survivors living in the US are over the age of 70, the demographics of LILAC 

participants, their willingness to contribute to research, and the richness and maturity of the 

WHI and LILAC data and biospecimen resources makes LILAC exceedingly well-

positioned to address the survivorship questions that account for a large and growing 

segment of US health care demands.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Eligibility and participant flow from the main WHI into LILAC. Describes the recruitment 

and retention of participants from the main WHI study into the LILAC cancer survivorship 

study.
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Figure 2. 
Organizational structure of the LILAC cohort. Describes the organization of the participating 

LILAC institutions as well as their responsibilities and duties for the cohort.
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