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ABSTRACT

Introduction: Incarceration is associated with decreased cancer screening rates and a higher
risk for hospitalization and death from cancer after release from prison. However, there is a
paucity of data on the relationship between incarceration and cancer outcomes and quality of
care. In the Incarceration and Cancer-Related Outcomes (ICRO) Study, we aim to develop a
nuanced understanding of how incarceration affects cancer incidence, mortality, and treatment,
and moderates the relationship between socioeconomic status, structural racism, and cancer
disparities.

Methods and analysis: We will use a sequential explanatory mixed methods study design. We
will create the first comprehensive linkage of data from the Connecticut Department of
Correction and the statewide Connecticut Tumor Registry. Using the linked dataset, we will
examine differences in cancer incidence and stage at diagnosis between individuals currently
incarcerated, formerly incarcerated, and never incarcerated in Connecticut from 2005-2016.
Among individuals with invasive cancer, we will assess relationships among incarceration,
quality of cancer care, and mortality, and will assess the degree to which incarceration status
moderates relationships among race, socioeconomic status, quality of cancer care, and cancer
mortality. We will use multivariable logistic regression and Cox survival models with interaction
terms as appropriate. These results will inform our conduct of in-depth interviews with
individuals diagnosed with cancer during or shortly after incarceration regarding their
experiences with cancer care in the correctional system and the immediate post-release period.
The results of this qualitative work will help contextualize the results of the data linkage.

Ethics and Dissemination: The Yale University Institutional Review Board (#2000022899) and
the Connecticut Department of Public Health Human Investigations Committee approved this
study. We will disseminate study findings through peer-reviewed publications and academic and
community presentations. Access to the de-identified quantitative and qualitative datasets will
be made available upon review of the request.

Registration Details: Not Applicable
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ARTICLE SUMMARY

Strengths and Limitations of this Study

We will use a mixed-methods sequential explanatory design to examine cancer
incidence, outcomes, and quality of care among individuals currently incarcerated,
formerly incarcerated, and never incarcerated in Connecticut from 2005-2016 and will be
the first study to explore the relationship between incarceration and racial and
socioeconomic disparities in cancer.

We will devise innovative partnerships among the Connecticut Tumor Registry (CTR),
the Connecticut Department of Correction (CDOC) and Yale Cancer Center Rapid Case
Ascertainment (RCA) to create a novel administrative data linkage registry.

Our findings will be based on a single state’s correctional system, and Connecticut has
unique state Medicaid policies which may limit the applicability of our findings to other
states’ correctional populations.

We rely on registry data rather than self-reported measures of race, ethnicity, and
socioeconomic status, and attempts to disentangle race from other sociodemographic

characteristics may not yield consistent results.
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INTRODUCTION

The United States (U.S.) adult prison population tripled between 1987 and 2015.
According to recent data, 2.2 million Americans are incarcerated at any given time,[1] and these
individuals are disproportionately racial and ethnic minorities and of lower socioeconomic
class.[2] Incarceration is associated with a higher risk of iliness and death after release,
including from cancer.[3-5] Given the disproportionate impact of mass incarceration on Black
and Latinx populations and individuals with lower socioeconomic status, as well as related
detrimental health effects, incarceration may also be associated with racial and socioeconomic
disparities in cancer outcomes (Figure 1). Past studies documenting the existence of such
disparities have focused on assessing the potential influence of biology, health behaviors, bias,
or access to high quality care.[6] These analyses, however, have largely failed to measure
criminal justice exposure directly, or have done so in limited ways.

There are a number of reasons that having been incarcerated would place individuals at
higher risk for developing cancer. In 2016, 30.2% of iliness-related deaths in U.S. state prisons
were attributed to cancer, making it the leading cause of illness-related deaths in the
incarcerated population.[7] Studies suggest that incarcerated individuals are often at least ten
years older in physiologic age than chronologic age,[8] and accelerated aging predisposes
individuals to chronic and geriatric illnesses, including cancer. Researchers have also noted
higher rates of self-reported cancer in incarcerated populations[9,10] and indirectly found that
incarceration increases cancer risk factors.[11] Cancer risk factors include smoking, substance
use, and infectious disease and are more prevalent in incarcerated people compared with the
general population.[12-14] Additionally, individuals with a history of incarceration have higher
rates of co-morbidities, including alcohol and substance use disorders and mental health
conditions compared with the general population, making treatment management more

difficult.[15] Moreover, high levels of stress during incarceration have been described in prison
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ethnographies,[16,17] and given that cancers are mediated by inflammatory processes, there
may be a higher incidence of cancer in this population.

Despite these data, the nature of association between incarceration and cancer
outcomes remains unclear. When considering screening or prompt diagnosis after symptom
onset, incarceration may counterintuitively improve cancer outcomes for minorities and
individuals of low socioeconomic status given constitutionally guaranteed access to healthcare
during incarceration. This hypothesis is informed by the fact that many adults first engage with
the health care system during their incarceration, and as a result, approximately 40% receive
their first diagnosis of a chronic condition while incarcerated.[18] Improved access to healthcare
services, reduced access to illicit drugs and alcohol, and enforced adherence to medications
may improve overall health while incarcerated.

Conversely, it is plausible that incarceration is associated with worse cancer
outcomes.[19] While research examining quality of care provided to currently or formerly
incarcerated individuals is limited,[20,21] cost-cutting methods and co-payments may limit
access to cancer care.[22] In one study, researchers noted inadequate pain management
among incarcerated individuals with cancer pain but did not assess cancer treatment.[23]
Another study demonstrated that many individuals do not receive screening during incarceration
despite its availability in prison. For instance, of all individuals held in San Francisco jails, only
41% of women older than 40 reported having a mammogram within two years, and only 31% of
individuals older than 50 reported having a colonoscopy.[24] Incarcerated individuals are also
likely unaware of cancer screening guidelines, considering the high rates of inadequate health
literacy among justice-involved populations.[25]

Additionally, when individuals are released from a correctional facility, they frequently
lose any improvements in health and experience worse health outcomes compared with those
never incarcerated. A prior study demonstrated that Medicare beneficiaries recently released

from correctional facilities had higher cancer-related hospitalization rates, along with an
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increased risk of cancer-related mortality compared with the general population.[26] This result
could be due to stressors related to securing housing, food, and work post-release — tasks
more difficult with a criminal record.[27] These barriers may prevent individuals from obtaining
primary care and health insurance and resuming their cancer-directed treatments.[28,29]
Through the ICRO study, we will attempt to fill these knowledge gaps and examine the
impact of incarceration, independent from socioeconomic differences and other confounding
factors, on cancer incidence, quality of care, and mortality and assess the degree to which
incarceration status moderates relationships among race, socioeconomic status, quality of

cancer care, and cancer mortality.

METHODS AND ANALYSIS
Study design

We will use a mixed methods sequential explanatory design to investigate the
relationship between incarceration and cancer outcomes (Figure 2). This is a design which
includes two distinct consecutive phases: quantitative followed by qualitative, where the second
phase builds upon the results of the first.[30] Specifically, we will create the first comprehensive,
population-based linkage of a statewide cancer registry, the Connecticut Tumor Registry (CTR),
which includes mortality data, and the movement database of the Connecticut Department of
Correction (CDOC). Novel data linkages are needed to study the relationship between
incarceration and cancer outcomes in part because incarceration status is not addressed by
large, national population-based surveys such as the Behavioral Risk Factor Surveillance
System or the National Health Interview Survey, or by the national cancer registration programs
(the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) program
and the Centers for Disease Control and Prevention’s National Program of Cancer Registries

(NPCR)).
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We will link these databases based on probabilistic matching of individual cases using
name, date of birth, sex and social security number to ensure accuracy. We will then assemble
retrospective cohorts with members who are currently, formerly, or were never incarcerated in
Connecticut between 2005-2016. Incarceration will be defined as having a history of being
admitted to CDOC, whether remanded (admitted to custody, but not yet sentenced) or
incarcerated (sentenced to either jail or prison). The “never incarcerated” cohort will be defined
as individuals who did not appear in CDOC movement files between 2005-2016. Once we have
identified these cohorts, we will extract their linked data. We will not track individuals who move
out of Connecticut during the study period.

Population-level epidemiologic data from our linkage will provide an inroad into
understanding the impact of incarceration on cancer outcomes and treatment quality, and into
how mass incarceration may contribute to racial and socioeconomic cancer disparities. Yet, only
direct narratives from individuals diagnosed with cancer can provide an in-depth understanding
of individual and health system factors associated with quality of care during and immediately
after release.[31] Within our sequential explanatory design, we will use quantitative data from
our data linkage to design interview guides that we will use to conduct one-on-one interviews
with unique individuals who were released from CDOC within the prior month. This qualitative
component will function to refine and explain quantitative results.

Connecticut, a state with the nation’s second highest income gap,[32] and wide racial
disparities in incarceration,[33] is an ideal setting to study the relationship between
incarceration, cancer outcomes, and racial and socioeconomic disparities. The CTR is the
oldest cancer registry in the country and is highly regarded for its quality and long-standing track
record of productive academic collaboration. The CDOC also has a combined criminal justice
system where jails and prisons are under the authority of a single agency, thus allowing for

easier data linkages.
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Data Sets and Linkage

Descriptions of the data sets for linkage in the ICRO study are presented in Table 1.

Table 1: Data sets for Linkage

Database

The
Connecticut
Tumor
Registry (CTR)

Connecticut
Department of
Correction
(CDOC)

Description

The CTR is a population-based resource for
examining cancer patterns in Connecticut which
includes all reported cancers diagnosed in
Connecticut residents since 1935, as well as
follow-up, treatment, and survival data. All licensed
medical providers, as well as hospitals and private
pathology laboratories in the state, are required by
law to report cancer cases to the registry, including
those that care for incarcerated individuals. The
CTR is the oldest population-based cancer registry
in the country. Rigorous quality control procedures,
stringent requirements in case reporting, and
reciprocal cancer reporting agreements with
neighboring states allow the registry to identify
cancers among all Connecticut residents even
when diagnosed or treated in other states. CTR
data have been used widely in research into
cancer etiology, epidemiology and quality of care.
The CDOC has an annual population of
approximately 15,000 individuals, with
disproportionate incarceration of racial and ethnic
minorities (demographically similar to rates of
incarceration nationwide). CDOC also has a
combined criminal justice system, where jails and
prisons are under the authority of a single agency.
CDOC supports research aimed at improving the
health of, and reducing recidivism for, justice
involved individuals and has partnered with many
academic institutions on federally funded
grants.[34]

Key Variables

Name?*, date of birth*,
social security
number*, age,
race/ethnicity, marital
status, sex, residential
census tract at time of
diagnosis, insurance
at time of diagnosis,
dates of diagnosis and
treatment, vital status,
date of last contact,
cause of death.

Dates of incarceration,
date of release (if
applicable), inmate
name*, any known
alias(es)*, inmate
number, place of
incarceration, date of
birth*, race, social
security number®, sex,
and place of birth.

* These variables were used in the record linkage only and were not part of the analytic dataset.

The Yale Cancer Center’s Rapid Case Ascertainment (RCA) Shared Resource, which

was developed in 1986 in response to a Connecticut Hospital Association request to establish a

single entity that would be responsible for all aspects of population-based cancer epidemiology

studies, will abstract medical records. RCA staff function as agents of the Connecticut Tumor

Registry (CTR) and can conduct record reviews to address information missing from the CTR.

RCA can thus abstract patient-specific treatment data including diagnostic, imaging and
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pathology reports, and clinical notes in each hospital’s electronic medical record or paper
charts.

Using data collected between 2005 and 2016, we will use Match*Pro, a probabilistic
record linkage software program available from the National Cancer Institute,[35] to link CDOC
movement files to CTR data using first name, last name, sex, date of birth, and social security
number. The linkage methodology is based upon the Fellegi and Sunter model.[36] We will
extract data for matched cases on cancer diagnosis (primary site, date, histology), stage of
disease, vital status, date of last contact, and cause of death (if deceased) from the CTR. In
previous studies, CDOC data has been linked to state health insurance data using sophisticated
probabilistic and deterministic algorithms with reported sensitivity and positive predictive values

in the mid 90 percent range.

Patient and Public Involvement

Our multidisciplinary study team consists of health services researchers, oncologists,
primary care doctors, statisticians, and individuals with a history of incarceration. For the
qualitative component, we will work with individuals with a history of incarceration to design an
interview guide, conduct qualitative in-depth interviews, and iteratively code and identify themes
related to quality of cancer treatment. Community healthcare workers, who have a history of
incarceration and are experienced in conducting research with vulnerable populations, will be
trained to conduct the interviews. We will convene a Study Advisory Board which consists of
correctional providers, oncologists, policymakers, individuals with cancer and a history of
incarceration, and community advocates. The board will meet quarterly to provide input on

research progress and findings.

Planned analyses

Cancer incidence and mortality analyses

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 11 of 24

oNOYTULT D WN =

BMJ Open

We will use the linked dataset to compare new cancer diagnoses, cancer incidence rate,
quality of cancer care, and cancer-related deaths among Connecticut residents currently,
formerly, and never incarcerated. First, for the cancer incidence rate among individuals currently
incarcerated, we will divide the number of individuals with new primary cancers diagnosed
between the date of admission to custody in 2005 and December 31, 2016, by the person-years
at risk of incident cancer, defined as the difference between the date of admission to custody in
2005 and December 31, 2016, death, diagnosis of primary cancer, or release (whichever
occurred first). If an individual was released and re-incarcerated, the period of time between the
date of re-admission, and their death, diagnosis of cancer, or December 31, 2014 will be added
to their person-time “incarcerated.” Second, for the released group, we will use CDOC data to
estimate the number of formerly incarcerated individuals living in Connecticut in each age/sex
strata. In each stratum, we will calculate the number of person-years as the population at risk
and employ CTR data to calculate age-adjusted incidence and mortality. Finally, for those never
incarcerated between 2005 and 2016, we will divide number of new primary cancers diagnosed
by the person-years at risk of incident cancer. The “never incarcerated” group will be estimated
by subtracting the currently and formerly incarcerated individuals from the Connecticut
population data by age/sex group as obtained from Census data.

To measure the associations among incarceration, cancer incidence and mortality, we
will estimate population attribute risk from incarceration with the equation p(ec)x(OR-1)/OR,
where p(ec) is the proportion exposed (i.e., experience with incarceration) among
individuals.[28] We will use two tailed chi-square tests to compare cancer incidence and
mortality rates among currently incarcerated, ever incarcerated, and never incarcerated
groups. To detect a difference in incidence and mortality rate equivalent to a medium effect size
(OR=3.47, or Cohen d=0.5) or a small effect size (OR=1.68, or Cohen=0.2), with alpha=0.05
and power=80%, each group will need N=107 or N=964. Our large sample size will grant more

than sufficient statistical power to detect clinical meaningful effect size.
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Incarceration and Mortality

To assess the relationship between incarceration and cancer mortality among
Connecticut residents diagnosed with cancer during 2005-2016, we will use Cox regression
models to evaluate the independent association of incarceration states and cancer mortality. We
will calculate descriptive statistics for each independent variable, stratified by incarceration
status. The extended Cox model will use binary incarcerated status as the time-varying
covariate as well as other time-fixed covariates. Time-fixed covariates of interest include age,
sex, race/ethnicity (categorized into Hispanic, non-Hispanic white, black, and other racial
groups), marital status (categorized into single, separated, divorced, widowed, and unmarried
partner), insurance at the time of diagnosis (no insurance, insurance, and other if unknown),
mortality, incarceration history prior to the time of diagnosis, and socioeconomic states. We will
categorize poverty into 4 levels using the Census Tract Poverty Indicator. We will use a Cox
model with time-dependent incarcerated status covariate will to assess the association between
incarceration status and risk of cancer mortality. We will also evaluate the association between
place of diagnosis (i.e., during incarceration, post-incarceration within a defined time frame of
release, and never incarcerated) and cancer incidence and risk of mortality. Finally, we will
include clinical factors such as late stage of diagnosis to assess whether the relation between
incarceration and cancer mortality is mediated by diagnosis stage or treatment timeliness.

To estimate an adequate sample size for this survival analyses, we used Singer and
Willett's sample size table,[37] which provides minimum total sample sizes necessary to achieve
a reasonable power level based on the ratio of median lifetimes (R=m1/m2) and length of
follow-up (F=T/A, where T=total length of follow-up, and A=m1/m2). A previous study found
median survival times of 21 months for incarcerated cases and 54 months for a matched SEER
cohort, which corresponds to a large effect size of R=2.57.[10] When median lifespan in one
group is twice as long as median lifespan in the other, the study will have an 80% chance of

detecting this difference using only N=100-200 cases. With a more conservative estimate,
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assuming a minimum detectable effect size of R=1.5-1.75, a significance level of 0.05, and 80%

of power, we will need an N=122 or N=296.

Quality of cancer care analyses

We will ascertain quality of care using two approaches. First, we will assess timeliness of care,
defined as the system’s capacity to provide care quickly after a need is recognized.[38] Guidelines and
prior empiric studies have defined treatment delay as the temporal period between diagnosis and
definitive cancer treatment and examined the significance of treatment delay for many common cancer
types.[39-41] We will employ a common definition of delay as >30 days between diagnosis and initial
treatment.[42] Second, we will assess adherence to care processes recommended for each major
cancer type. For instance, we will assess the use of curative cancer therapy among men with
intermediate or high grade localized prostate cancer.[43]

Yale RCA staff will conduct a medical chart review to both validate CTR data and abstract
additional information about quality and timeliness of care, including receipt of cancer directed therapy
for non-metastatic disease, dates of surgery, radiation therapy, and clinicopathologic tests for each
diagnosis. We will use a rigorous, multi-step approach to train abstractors and assure quality of
medical record abstraction.[44] To measure the association between incarceration and quality of
cancer care, we will use descriptive statistics to characterize receipt of care for individuals based on
their incarceration status at the time of diagnosis and use chi-square tests to compare. We will use
logistic regression to assess the association between incarceration and treatment delay (yes/no) and
treatment concordant-care (yes/no). We will adjust for individual characteristics, including age, sex,
race, ethnicity, marital status, insurance at time of diagnosis, and socioeconomic status (percent of
families living below the poverty level derived from individual census tract.) Poverty, individual
race/ethnicity, marital status, and insurance will be grouped as noted above. We will also examine
additional variables including place of diagnosis and sex as it is associated with mortality and quality of

care. To address sex as a biologic variable, we will only examine cancers that can affect women,
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despite lower rates of women being incarcerated (for example we will exclude cancers that only affect
male reproductive organs). Sex can be an important source of variation in detection, quality of care,
and mortality both because correctional facilities that care for women and the challenges women face
upon release are unique.[45]

To estimate the number of participants needed for multivariate regression models, we used a
logistic regression sample size estimation method.[46] We performed calculations with the following
assumptions: 1) the ability to detect an odds ratio of 1.5 (equivalent to a small effect size);[47] 2) two-
sided 0.05 significance level; 3) adjustment of R-squared of 0.4 (i.e., R-squared achieved when the
independent variable of interest is regressed on the other covariates in the regression). Given such
assumptions, we will need to review medical records from 308 patients from the entire study sample to
achieve 80% statistical power. Breast cancer will likely be the smallest number of cancers we identify
given the population of incarcerated individuals. We will be able to look at breast cancer outcomes and
detect a minimum of small to medium effect size of OR=2.0 if there are at least 86 breast cancers
diagnosed in CDOC (assuming 80% statistical power, two-sided test with significance level of

0.05).[48]

Incarceration and cancer disparities analysis

To assess how incarceration status moderates the relation between race and ethnicity (as a
socially, not biologically related variable), socioeconomic status, and quality of cancer care and cancer
mortality, we will measure black-white and socioeconomic disparities in cancer treatment and mortality
before and after adjusting for incarceration status in a multivariable model. The difference in the race
parameter estimate before versus after adjusting for incarceration status will be reported to estimate
the degree to which incarceration mediates the relation between race and ethnicity and cancer
outcomes. We will also measure the high and low socioeconomic disparity and statistically test
whether exposure to incarceration moderates observed associations. In addition to the overall cancer

model, we will analyze each primary cancer diagnosis separately when sample size permits.
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Qualitative investigation of factors associated with cancer care

We will use findings from our quantitative assessments to select cancer types and
stages that may be particularly vulnerable to poor quality care among previously incarcerated
individuals and to inform the interview guide. Eligible participants must have been released from
CDOC within one month and diagnosed with cancer. We will use a purposeful sampling strategy
to capture diverse perspectives from key groups of interest (gender, race/ethnicity, disease
status).[49] Multi-pronged recruitment will include direct engagement at a primary care clinic for
individuals with a history of incarceration, participant word of mouth, and referral from the
CDOC, and direct referrals from the community health workers. Participants will receive a $30
gift card for participation. We will over-sample women to more fully characterize the experience
of cancer care for people in the women’s facility and expect to interview close to 20. Two
members of our research team—one with a history of incarceration who will be trained in
qualitative interviewing—will lead semi-structured interviews using a standardized interview
guide that will include open-ended questions to elucidate how correctional institutions facilitated
or constrained management of cancer. For instance, for those who were diagnosed with cancer
in prison, sample questions include: “What was it like to be diagnosed with cancer in prison?”,
“What made it easy or hard to manage your cancer in prison?”, or “What makes it easy or hard
to manage cancer now that you have been released?” We will design the interview guide in
partnership with the Study Advisory Board. Interviews will be audio-recorded, professionally
transcribed, and reviewed for accuracy.

Three members of our research team will meet regularly to analyze interviews.[50] We
will initially review five transcripts to develop a preliminary coding structure through inductive
coding. This strategy employs an interpretive description approach to qualitative analysis,
allowing themes to emerge inductively from participants rather than from researcher
preconceptions.[51,52] Code keys will be shared with the full research team and advisory board

for feedback periodically. A fourth member of our team will review these transcripts and the
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preliminary coding structure to assess comprehensiveness and properties of emerging codes.
After developing a preliminary code structure, we will code the first five transcripts
independently, meeting weekly to negotiate consensus and refine our code structure using
constant comparative analysis.[53] This iterative process will allow us to refine to our code
structure, eliminating or consolidating codes where needed[54] until we reach thematic
saturation. We will maintain a thorough audit trail of coding decisions. We will then
systematically apply the final codes to all transcripts. We will use qualitative analysis software

(ATLAS.1i 8.0) to facilitate data organization and analysis.

A timeline of the ICRO study is presented in figure 3.

ETHICS AND DISSEMINATION

The Yale University Institutional Review Board (#2000022899) approved the entirety of
this study and the Connecticut Department of Public Health Institutional Review Board Human
Investigations Committee approved the quantitative data matching portion of this study. We will
disseminate study findings through peer-reviewed publications and academic and community
presentations. The access to the de-identified data set and qualitative interview guides will be

made available upon review of the request.

DISCUSSION

Our ICRO study will create the first comprehensive linkage of a statewide tumor registry
that includes vital statistics, and correctional system data, integrated with interviews of
individuals with cancer. The study will enable us to develop a nuanced understanding of how
incarceration affects cancer incidence, mortality, treatment, and relates to observed racial and

socioeconomic cancer disparities. We anticipate that this state-level study will provide
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knowledge to identify and develop ways to improve cancer care in correctional settings as well
as in the community for people just released from correctional facilities.

There are several methodological limitations to note. First, accurately matching
individuals across different data sources is an important challenge for any study involving the
creation of a novel, linked data set. Past linkage studies in Connecticut have had 90% success
rate in linking data across participants. Second, sample size of those incarcerated while
diagnosed with cancer may be small. We have conducted sample size calculations, and even
among the most prevalent cancers among women (for example, breast cancer), we estimate
sufficient sample size to detect meaningful differences between incarceration exposure and
treatment quality. However, for cancers where sample size is small, especially among those
diagnosed while incarcerated, we may create a combined variable, “history of incarceration,” to
explore differences between those with and without a history of incarceration. Third, the CTR
data, although highly reliable in identifying incident cancer diagnoses, may occasionally lack
details regarding treatment timeliness and receipt of therapy beyond the peri-diagnosis period.
For this reason, we will partner with the Yale Cancer Center RCA program, enabling our team,
to receive detailed cancer treatment information abstracted from hospital medical records.
Fourth, our measure of race and ethnicity from the CTR is not self-reported and is derived from
the medical record or health care provider/system, and we will derive measure socioeconomic
status from census tract average poverty level. Self-reported race and ethnicity and individual
measures of socioeconomic status would be more accurate reflections of race/ethnicity and
socioeconomic status, but these are limitations from any study using registry data to examine
racial, ethnic, and socioeconomic disparities. Fifth, attempts to disentangle race/ethnicity from
other sociodemographic characteristics do not always yield consistent results. In some models,
socioeconomic status accounts for most of the cancer disparities between whites and non-
whites,[55] while other studies have found the association between socioeconomic status and

racial and ethnic disparities is attenuated but not completely explained.[56] For the ICRO study,
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which would be the first study to explore the relationship between incarceration and racial/ethnic
and socioeconomic cancer disparities, we will examine these characteristics separately. Sixth,
our interviewees will have been released from a single state’s correctional system. This means
our findings may not be transferable to all correctional settings. Similarly, given uniquely
stabilizing CDOC and state Medicaid policies, many individuals are released in Connecticut with
health insurance and are more apt to engage in care following release, again limiting the

applicability of the ICRO study to other correctional populations.
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FIGURE LEGENDS

Figure 1: Models Regarding Incarceration and Cancer Disparities

There are two potential models for the relationship between criminal justice involvement and
disparities in cancer treatment and outcomes. The first (Model A; Figure 1) involves a causal
link between incarceration health outcomes that is independent of race and ethnicity. That is,
incarceration might adversely affect cancer care and outcomes, but the effect is similar for
minority and non-minority individuals. In this setting, the fact that minority individuals are more
likely to be incarcerated is the driver of worse outcomes for minority individuals. In the second
model (Figure 1; Model B), race/ethnicity is an effect modifier in the relation between criminal
justice involvement and cancer outcomes, and Black and Latino communities are
disproportionately affected by being incarcerated relative to white communities.

Figure 2: Incarceration and Cancer-Related Outcomes Mixed Methods Study Schema

Figure 3: Timeline of the ICRO Study
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Figure 1: Models Regarding Incarceration and Cancer DisparitiesThere are two potential models for
the relationship between criminal justice involvement and disparities in cancer treatment and outcomes. The
26 first (Model A; Figure 1) involves a causal link between incarceration and health outcomes that is
27 independent of race and ethnicity. That is, incarceration might adversely affect cancer care and outcomes,
28 but the effect is similar for minority and non-minority individuals. In this setting, the fact that minority
29 individuals are more likely to be incarcerated is the driver of worse outcomes for minority individuals. In the
30 second model (Figure 1; Model B), race/ethnicity is an effect modifier in the relation between criminal justice
involvement and cancer outcomes, and Black and Latino communities are disproportionately affected by

being incarcerated relative to white communities.
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ABSTRACT

Introduction: Incarceration is associated with decreased cancer screening rates and a higher
risk for hospitalization and death from cancer after release from prison. However, there is a
paucity of data on the relationship between incarceration and cancer outcomes and quality of
care. In the Incarceration and Cancer-Related Outcomes (ICRO) Study, we aim to develop a
nuanced understanding of how incarceration affects cancer incidence, mortality, and treatment,
and moderates the relationship between socioeconomic status, structural racism, and cancer
disparities.

Methods and analysis: We will use a sequential explanatory mixed methods study design. We
will create the first comprehensive linkage of data from the Connecticut Department of
Correction and the statewide Connecticut Tumor Registry. Using the linked dataset, we will
examine differences in cancer incidence and stage at diagnosis between individuals currently
incarcerated, formerly incarcerated, and never incarcerated in Connecticut from 2005-2016.
Among individuals with invasive cancer, we will assess relationships among incarceration,
quality of cancer care, and mortality, and will assess the degree to which incarceration status
moderates relationships among race, socioeconomic status, quality of cancer care, and cancer
mortality. We will use multivariable logistic regression and Cox survival models with interaction
terms as appropriate. These results will inform our conduct of in-depth interviews with
individuals diagnosed with cancer during or shortly after incarceration regarding their
experiences with cancer care in the correctional system and the immediate post-release period.
The results of this qualitative work will help contextualize the results of the data linkage.

Ethics and Dissemination: The Yale University Institutional Review Board (#2000022899) and
the Connecticut Department of Public Health Human Investigations Committee approved this
study. We will disseminate study findings through peer-reviewed publications and academic and
community presentations. Access to the de-identified quantitative and qualitative datasets will
be made available upon review of the request.

Registration Details: Not Applicable
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ARTICLE SUMMARY

Strengths and Limitations of this Study

We will use a mixed-methods sequential explanatory design to examine cancer
incidence, outcomes, and quality of care among individuals currently incarcerated,
formerly incarcerated, and never incarcerated in Connecticut from 2005-2016 and will be
the first study to explore the relationship between incarceration and racial and
socioeconomic disparities in cancer.

We will devise innovative partnerships among the Connecticut Tumor Registry (CTR),
the Connecticut Department of Correction (CDOC) and Yale Cancer Center Rapid Case
Ascertainment (RCA) to create a novel administrative data linkage registry.

Our findings will be based on a single state’s correctional system, and Connecticut has
unique state Medicaid policies which may limit the applicability of our findings to other
states’ correctional populations.

We rely on registry data rather than self-reported measures of race, ethnicity, and
socioeconomic status, and attempts to disentangle race from other sociodemographic

characteristics may not yield consistent results.
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INTRODUCTION

The United States (U.S.) adult prison population tripled between 1987 and 2015.
According to recent data, 2.2 million Americans are incarcerated at any given time,[1] and these
individuals are disproportionately racial and ethnic minorities and of lower socioeconomic
class.[2] Incarceration is associated with a higher risk of iliness and death after release,
including from cancer.[3-5] Given the disproportionate impact of mass incarceration on Black
and Latinx populations and individuals with lower socioeconomic status, as well as related
detrimental health effects, incarceration may also be associated with racial and socioeconomic
disparities in cancer outcomes. Past studies documenting the existence of such disparities have
focused on assessing the potential influence of biology, health behaviors, bias, or access to
high quality care.[6] These analyses, however, have largely failed to measure criminal justice
exposure directly, or have done so in limited ways.

There are a number of reasons that having been incarcerated would place individuals at
higher risk for developing cancer. In 2016, 30.2% of iliness-related deaths in U.S. state prisons
were attributed to cancer, making it the leading cause of illness-related deaths in the
incarcerated population.[7] Studies suggest that incarcerated individuals are often at least ten
years older in physiologic age than chronologic age,[8] and accelerated aging predisposes
individuals to chronic and geriatric illnesses, including cancer. Researchers have also noted
higher rates of self-reported cancer in incarcerated populations[9,10] and indirectly found that
incarceration increases cancer risk factors.[11] Cancer risk factors include smoking, substance
use, and infectious disease and are more prevalent in incarcerated people compared with the
general population.[12-14] Additionally, individuals with a history of incarceration have higher
rates of co-morbidities, including alcohol and substance use disorders and mental health
conditions compared with the general population, making treatment management more

difficult.[15] Moreover, high levels of stress during incarceration have been described in prison
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ethnographies,[16,17] and given that cancers are mediated by inflammatory processes, there
may be a higher incidence of cancer in this population.

Despite these data, the nature of association between incarceration and cancer
outcomes remains unclear (Figure 1). When considering screening or prompt diagnosis after
symptom onset, incarceration may counterintuitively improve cancer outcomes for minorities
and individuals of low socioeconomic status given constitutionally guaranteed access to
healthcare during incarceration. This hypothesis is informed by the fact that many adults first
engage with the health care system during their incarceration, and as a result, approximately
40% receive their first diagnosis of a chronic condition while incarcerated.[18] Improved access
to healthcare services, reduced access to illicit drugs and alcohol, and enforced adherence to
medications may improve overall health while incarcerated.

Conversely, it is plausible that incarceration is associated with worse cancer
outcomes.[19] While research examining quality of care provided to currently or formerly
incarcerated individuals is limited,[20,21] cost-cutting methods and co-payments may limit
access to cancer care.[22] In one study, researchers noted inadequate pain management
among incarcerated individuals with cancer pain but did not assess cancer treatment.[23]
Another study demonstrated that many individuals do not receive screening during incarceration
despite its availability in prison. For instance, of all individuals held in San Francisco jails, only
41% of women older than 40 reported having a mammogram within two years, and only 31% of
individuals older than 50 reported having a colonoscopy.[24] Incarcerated individuals are also
likely unaware of cancer screening guidelines, considering the high rates of inadequate health
literacy among justice-involved populations.[25]

Additionally, when individuals are released from a correctional facility, they frequently
lose any improvements in health and experience worse health outcomes compared with those
never incarcerated. A prior study demonstrated that Medicare beneficiaries recently released

from correctional facilities had higher cancer-related hospitalization rates, along with an

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 8 of 24

increased risk of cancer-related mortality, compared with the general population.[26] This result
could be due to stressors related to securing housing, food, and work post-release — tasks
more difficult with a criminal record.[27] These barriers may prevent individuals from obtaining
primary care and health insurance and resuming their cancer-directed treatments.[28,29]
Through the ICRO study, we will attempt to fill these knowledge gaps and examine the
impact of incarceration, independent from socioeconomic differences and other confounding
factors, on cancer incidence, quality of care, and mortality, and assess the degree to which
incarceration status moderates relationships among race, socioeconomic status, quality of

cancer care, and cancer mortality.

METHODS AND ANALYSIS
Study design

We will use a mixed methods sequential explanatory design to investigate the
relationship between incarceration and cancer outcomes (Figure 2). This is a design which
includes two distinct consecutive phases: quantitative followed by qualitative, where the second
phase builds upon the results of the first.[30] Specifically, we will create the first comprehensive,
population-based linkage of a statewide cancer registry, the Connecticut Tumor Registry (CTR),
which includes mortality data, and the movement database of the Connecticut Department of
Correction (CDOC). Novel data linkages are needed to study the relationship between
incarceration and cancer outcomes in part because incarceration status is not addressed by
large, national population-based surveys such as the Behavioral Risk Factor Surveillance
System or the National Health Interview Survey, or by the national cancer registration programs
(the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) program
and the Centers for Disease Control and Prevention’s National Program of Cancer Registries

(NPCR)).
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We will link these databases based on probabilistic matching of individual cases using
name, date of birth, sex and social security number to ensure accuracy. We will then assemble
retrospective cohorts with members who are currently, formerly, or never incarcerated in
Connecticut between 2005-2016. Incarceration will be defined as having a history of being
admitted to CDOC, whether remanded (admitted to custody, but not yet sentenced) or
incarcerated (sentenced to either jail or prison). The “never incarcerated” cohort will be defined
as individuals who did not appear in CDOC movement files between 2005-2016. Once we have
identified these cohorts, we will extract their linked data. We will not track individuals who move
out of Connecticut during the study period.

Population-level epidemiologic data from our linkage will provide an inroad into
understanding the impact of incarceration on cancer outcomes and treatment quality, and into
how mass incarceration may contribute to racial and socioeconomic cancer disparities. Yet, only
direct narratives from individuals diagnosed with cancer can provide an in-depth understanding
of individual and health system factors associated with quality of care during and immediately
after release.[31] Within our sequential explanatory design, we will use quantitative data from
our data linkage to design interview guides that we will use to conduct one-on-one interviews
with unique individuals who were released from CDOC within the prior month. This qualitative
component will function to refine and explain quantitative results.

Connecticut, a state with the nation’s second highest income gap,[32] and wide racial
disparities in incarceration,[33] is an ideal setting to study the relationship between
incarceration, cancer outcomes, and racial and socioeconomic disparities. The CTR is the
oldest cancer registry in the country and is highly regarded for its quality and long-standing track
record of productive academic collaboration. The CDOC also has a combined criminal justice
system where jails and prisons are under the authority of a single agency, thus allowing for

easier data linkages.
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Descriptions of the data sets for linkage in the ICRO study are presented in Table 1.

Table 1: Data sets for Linkage

Database

The
Connecticut
Tumor
Registry (CTR)

Connecticut
Department of
Correction
(CDOC)

Description

The CTR is a population-based resource for
examining cancer patterns in Connecticut which
includes all reported cancers diagnosed in
Connecticut residents since 1935, as well as
follow-up, treatment, and survival data. All licensed
medical providers, as well as hospitals and private
pathology laboratories in the state, are required by
law to report cancer cases to the registry, including
those that care for incarcerated individuals. The
CTR is the oldest population-based cancer registry
in the country. Rigorous quality control procedures,
stringent requirements in case reporting, and
reciprocal cancer reporting agreements with
neighboring states allow the registry to identify
cancers among all Connecticut residents even
when diagnosed or treated in other states. CTR
data have been used widely in research into
cancer etiology, epidemiology and quality of care.
The CDOC has an annual population of
approximately 15,000 individuals, with
disproportionate incarceration of racial and ethnic
minorities (demographically similar to rates of
incarceration nationwide). CDOC also has a
combined criminal justice system, where jails and
prisons are under the authority of a single agency.
CDOC supports research aimed at improving the
health of, and reducing recidivism for, justice
involved individuals and has partnered with many
academic institutions on federally funded
grants.[34]

Key Variables

Name?*, date of birth*,
social security
number*, age,
race/ethnicity, marital
status, sex, residential
census tract at time of
diagnosis, insurance
at time of diagnosis,
dates of diagnosis and
treatment, vital status,
date of last contact,
cause of death.

Dates of incarceration,
date of release (if
applicable), inmate
name*, any known
alias(es)*, inmate
number, place of
incarceration, date of
birth*, race, social
security number®, sex,
and place of birth.

* These variables were used in the record linkage only and were not part of the analytic dataset.

The Yale Cancer Center’'s Rapid Case Ascertainment (RCA) Shared Resource,

developed in 1986 in response to a Connecticut Hospital Association request to establish a

single entity that would be responsible for all aspects of population-based cancer epidemiology

studies, will abstract medical records. RCA staff function as agents of the CTR and can conduct

record reviews to address information missing from the CTR. RCA can thus abstract patient-

specific treatment data including diagnostic, imaging and pathology reports, and clinical notes in

each hospital’s electronic medical record or paper charts.
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Using data collected between 2005 and 2016, we will use Match*Pro, a probabilistic
record linkage software program available from the National Cancer Institute,[35] to link CDOC
movement files to CTR data using first name, last name, sex, date of birth and social security
number. The linkage methodology is based upon the Fellegi and Sunter model.[36] We will
extract data for matched cases on cancer diagnosis (primary site, date, histology), stage of
disease, vital status, date of last contact and cause of death (if deceased) from the CTR. In
previous studies, CDOC data has been linked to state health insurance data using sophisticated
probabilistic and deterministic algorithms with reported sensitivity and positive predictive values

in the mid 90 percent range.

Patient and Public Involvement

Our multidisciplinary study team consists of health services researchers, oncologists,
primary care doctors, statisticians, and individuals with a history of incarceration. For the
qualitative component, we will work with individuals with a history of incarceration to design an
interview guide, conduct qualitative in-depth interviews, and iteratively code and identify themes
related to quality of cancer treatment. Community healthcare workers, who have a history of
incarceration and are experienced in conducting research with vulnerable populations, will be
trained to conduct the interviews. We will convene a Study Advisory Board which consists of
correctional providers, oncologists, policymakers, individuals with cancer and a history of
incarceration, and community advocates. The board will meet quarterly to provide input on

research progress and findings.

Planned analyses
Cancer incidence and mortality analyses
We will use the linked dataset to compare new cancer diagnoses, cancer incidence rate,

quality of cancer care, and cancer-related deaths among Connecticut residents currently,
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formerly, and never incarcerated. First, for the cancer incidence rate among individuals currently
incarcerated, we will divide the number of individuals with new primary cancers diagnosed
between the date of admission to custody in 2005 and December 31, 2016, by the person-years
at risk of incident cancer, defined as the difference between the date of admission to custody in
2005 and December 31, 2016, death, diagnosis of primary cancer, or release (whichever
occurred first). If an individual was released and re-incarcerated, the period of time between the
date of re-admission, and their death, diagnosis of cancer, or December 31, 2014, will be added
to their person-time “incarcerated.” Second, for the released group, we will use CDOC data to
estimate the number of formerly incarcerated individuals living in Connecticut in each age/sex
strata. In each stratum, we will calculate the number of person-years as the population at risk
and employ CTR data to calculate age-adjusted incidence and mortality. Finally, for those never
incarcerated between 2005 and 2016, we will divide number of new primary cancers diagnosed
by the person-years at risk of incident cancer. The “never incarcerated” group will be estimated
by subtracting the currently and formerly incarcerated individuals from the Connecticut
population data by age/sex group as obtained from Census data.

To measure the associations among incarceration, cancer incidence and mortality, we
will estimate population attributable risk from incarceration with the equation p(ec)x(OR-1)/OR,
where p(ec) is the proportion exposed (i.e., experience with incarceration) among
individuals.[28] We will use two tailed chi-square tests to compare cancer incidence and
mortality rates among currently incarcerated, ever incarcerated, and never incarcerated
groups. To detect a difference in incidence and mortality rate equivalent to a medium effect size
(OR=3.47, or Cohen d=0.5) or a small effect size (OR=1.68, or Cohen=0.2), with alpha=0.05
and power=80%, each group will need N=107 or N=964. Our large sample size will grant more

than sufficient statistical power to detect clinical meaningful effect size.
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1

2

i Incarceration and Mortality

Z To assess the relationship between incarceration and cancer mortality among

; Connecticut residents diagnosed with cancer during 2005-2016, we will use Cox regression

?0 models to evaluate the independent association of incarceration states and cancer mortality. We
1; will calculate descriptive statistics for each independent variable, stratified by incarceration

12 status. The extended Cox model will use binary incarcerated status as the time-varying

12 covariate as well as other time-fixed covariates. Time-fixed covariates of interest include age,
1&73 sex, race/ethnicity (categorized into Hispanic, non-Hispanic white, black, and other racial

%(19) groups), marital status (categorized into single, separated, divorced, widowed, and unmarried
;g partner), insurance at the time of diagnosis (no insurance, insurance, and other if unknown),

;;' mortality, incarceration history prior to the time of diagnosis, and socioeconomic states. We will
;? categorize poverty into 4 levels using the Census Tract Poverty Indicator. We will use a Cox

;g model with time-dependent incarcerated status covariate to assess the association between

g? incarceration status and risk of cancer mortality. We will also evaluate the association between
§§ place of diagnosis (i.e., during incarceration, post-incarceration within a defined time frame of
;g release, and never incarcerated) and cancer incidence and risk of mortality. Finally, we will

g? include clinical factors such as late stage of diagnosis to assess whether the relation between
;E incarceration and cancer mortality is mediated by diagnosis stage or treatment timeliness.

2; To estimate an adequate sample size for this survival analyses, we used Singer and

ji Willett's sample size table,[37] which provides minimum total sample sizes necessary to achieve
jg a reasonable power level based on the ratio of median lifetimes (R=m1/m2) and length of

j; follow-up (F=T/A, where T=total length of follow-up, and A=m1/m2). A previous study found

gg median survival times of 21 months for incarcerated cases and 54 months for a matched SEER
g; cohort, which corresponds to a large effect size of R=2.57.[10] When median lifespan in one

gi group is twice as long as median lifespan in the other, the study will have an 80% chance of

gg detecting this difference using only N=100-200 cases. With a more conservative estimate,

S5
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assuming a minimum detectable effect size of R=1.5-1.75, a significance level of 0.05, and 80%

of power, we will need an N=122 or N=296.

Quality of cancer care analyses

We will ascertain quality of care using two approaches. First, we will assess timeliness of care,
defined as the system’s capacity to provide care quickly after a need is recognized.[38] Guidelines and
prior empiric studies have defined treatment delay as the temporal period between diagnosis and
definitive cancer treatment and examined the significance of treatment delay for many common cancer
types.[39-41] We will employ a common definition of delay as >30 days between diagnosis and initial
treatment.[42] Second, we will assess adherence to care processes recommended for each major
cancer type. For instance, we will assess the use of curative cancer therapy among men with
intermediate or high grade localized prostate cancer.[43]

Yale RCA staff will conduct a medical chart review to both validate CTR data and abstract
additional information about quality and timeliness of care, including receipt of cancer directed therapy
for non-metastatic disease, dates of surgery, radiation therapy, and clinicopathologic tests for each
diagnosis. We will use a rigorous, multi-step approach to train abstractors and assure quality of
medical record abstraction.[44] To measure the association between incarceration and quality of
cancer care, we will use descriptive statistics to characterize receipt of care for individuals based on
their incarceration status at the time of diagnosis and use chi-square tests to compare. We will use
logistic regression to assess the association between incarceration and treatment delay (yes/no) and
treatment concordant-care (yes/no). We will adjust for individual characteristics, including age, sex,
race, ethnicity, marital status, insurance at time of diagnosis, and socioeconomic status (percent of
families living below the poverty level derived from individual census tract.) Poverty, race/ethnicity,
marital status, and insurance will be grouped as noted above. We will also examine additional variables
including place of diagnosis and sex as they are associated with mortality and quality of care. In our

analysis of sex as a biological variable, we will focus on cancers that can affect women, excluding
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cancers that only affect male reproductive organs. Sex can be an important source of variation in
detection, quality of care, and mortality both because correctional facilities that care for women and the
challenges women face upon release are unique.[45]

To estimate the number of participants needed for multivariate regression models, we used a
logistic regression sample size estimation method.[46] We performed calculations with the following
assumptions: 1) the ability to detect an odds ratio of 1.5 (equivalent to a small effect size);[47] 2) two-
sided 0.05 significance level; 3) adjustment of R-squared of 0.4 (i.e., R-squared achieved when the
independent variable of interest is regressed on the other covariates in the regression). Given such
assumptions, we will need to review medical records from 308 patients from the entire study sample to
achieve 80% statistical power. Breast cancer will likely be the smallest number of cancers we identify
given the population of incarcerated individuals. We will be able to look at breast cancer outcomes and
detect a minimum of small to medium effect size of OR=2.0 if there are at least 86 breast cancers
diagnosed in CDOC (assuming 80% statistical power, two-sided test with significance level of

0.05).[48]

Incarceration and cancer disparities analysis

To assess how incarceration status moderates the relationships between race and ethnicity (as
a socially, not biologically related variable), socioeconomic status, and quality of cancer care and
cancer mortality, we will measure Black-white and socioeconomic disparities in cancer treatment and
mortality before and after adjusting for incarceration status in a multivariable model. The difference in
the race parameter estimate before versus after adjusting for incarceration status will be reported to
estimate the degree to which incarceration mediates the relation between race and ethnicity and
cancer outcomes. We will also measure the high and low socioeconomic disparity and statistically test
whether exposure to incarceration moderates observed associations. In addition to the overall cancer

model, we will analyze each primary cancer diagnosis separately when sample size permits.
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Qualitative investigation of factors associated with cancer care

We will use findings from our quantitative assessments to select cancer types and
stages that may be particularly vulnerable to poor quality care among previously incarcerated
individuals and to inform the interview guide. Eligible participants must have been released from
CDOC within one month and diagnosed with cancer. We will use a purposeful sampling strategy
to capture diverse perspectives from key groups of interest (gender, race/ethnicity, disease
status).[49] Multi-pronged recruitment will include direct engagement at a primary care clinic for
individuals with a history of incarceration, participant word of mouth, referral from the CDOC,
and direct referrals from community health workers. Participants will receive a $30 gift card as
remuneration. We will over-sample women to more fully characterize the experience of cancer
care for people in the women'’s facility and expect to interview close to 20 people. Two members
of our research team—one with a history of incarceration who will be trained in qualitative
interviewing—will lead semi-structured interviews using a standardized interview guide that will
include open-ended questions to elucidate how correctional institutions facilitated or constrained
management of cancer. For instance, for those who were diagnosed with cancer in prison,
sample questions include: “What was it like to be diagnosed with cancer in prison?”, “What
made it easy or hard to manage your cancer in prison?”, or “What makes it easy or hard to
manage cancer now that you have been released?” We will design the interview guide in
partnership with the Study Advisory Board. Interviews will be audio-recorded, professionally
transcribed, and reviewed for accuracy.

Three members of our research team will meet regularly to analyze interviews.[50] We
will initially review five transcripts to develop a preliminary coding structure through inductive
coding. This strategy employs an interpretive description approach to qualitative analysis,
allowing themes to emerge inductively from participants rather than from researcher
preconceptions.[51,52] Code keys will be shared with the full research team and advisory board

for feedback periodically. A fourth member of our team will review these transcripts and the
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preliminary coding structure to assess comprehensiveness and properties of emerging codes.
After developing a preliminary code structure, we will code the first five transcripts
independently, meeting weekly to negotiate consensus and refine our code structure using
constant comparative analysis.[53] This iterative process will allow us to refine to our code
structure, eliminating or consolidating codes where needed[54] until we reach thematic
saturation. We will maintain a thorough audit trail of coding decisions. We will then
systematically apply the final codes to all transcripts. We will use qualitative analysis software

(ATLAS.1i 8.0) to facilitate data organization and analysis.

A timeline of the ICRO study is presented in Figure 3.

ETHICS AND DISSEMINATION

The Yale University Institutional Review Board (#2000022899) approved the entirety of
this study and the Connecticut Department of Public Health Institutional Review Board Human
Investigations Committee approved the quantitative data matching portion of this study. We will
disseminate study findings through peer-reviewed publications and academic and community
presentations. The access to the de-identified data set and qualitative interview guides will be

made available upon review of the request.

DISCUSSION

Our ICRO study will create the first comprehensive linkage of a statewide tumor registry
that includes vital statistics, and correctional system data, integrated with interviews of
individuals with cancer. The study will enable us to develop a nuanced understanding of how
incarceration affects cancer incidence, mortality, treatment, and relates to observed racial and

socioeconomic cancer disparities. We anticipate that this state-level study will provide
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knowledge to identify and develop ways to improve cancer care in correctional settings as well
as in the community for people just released from correctional facilities.

There are several methodological limitations to note. First, accurately matching
individuals across different data sources is an important challenge for any study involving the
creation of a novel, linked data set. Past linkage studies in Connecticut have had 90% success
rate in linking data across participants. Second, sample size of those incarcerated while
diagnosed with cancer may be small. We have conducted sample size calculations, and
estimate sufficient sample size to detect meaningful differences between incarceration exposure
and treatment quality, even in cancers most prevalent in women, (for example, breast cancer),
despite the low incarceration rate of women. However, for cancers where sample size is small,
especially among those diagnosed while incarcerated, we may create a combined variable,
“history of incarceration,” to explore differences between those with and without a history of
incarceration. Third, the CTR data, although highly reliable in identifying incident cancer
diagnoses, may occasionally lack details regarding treatment timeliness and receipt of therapy
beyond the peri-diagnosis period. Therefore, we will partner with the Yale Cancer Center RCA
program, which will enable our team to receive detailed cancer treatment information abstracted
from hospital medical records. Fourth, our measure of race and ethnicity from the CTR is not
self-reported and is derived from the medical record or health care provider/system, and we will
derive measure socioeconomic status from census tract average poverty level. Self-reported
race and ethnicity and individual measures of socioeconomic status would be more accurate,
but these are limitations from any study using registry data to examine racial, ethnic, and
socioeconomic disparities. Fifth, attempts to disentangle race/ethnicity from other
sociodemographic characteristics do not always yield consistent results. In some models,
socioeconomic status accounts for most of the cancer disparities between whites and non-
whites,[55] while other studies have found the association between socioeconomic status and

racial and ethnic disparities is attenuated but not completely explained.[56] For the ICRO study,
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which would be the first study to explore the relationship between incarceration and racial/ethnic
and socioeconomic cancer disparities, we will examine these characteristics separately. Sixth,
our interviewees will have been released from a single state’s correctional system. This means
our findings may not be transferable to all correctional settings. Similarly, given uniquely
stabilizing CDOC and state Medicaid policies, many individuals are released in Connecticut with
health insurance and are more apt to engage in care following release, again limiting the

applicability of the ICRO study to other correctional populations.
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FIGURE LEGENDS

Figure 1: Models Regarding Incarceration and Cancer Disparities

There are two potential models for the relationship between criminal justice involvement and
disparities in cancer treatment and outcomes. The first (Model A; Figure 1) involves a causal
link between incarceration health outcomes that is independent of race and ethnicity. That is,
incarceration might adversely affect cancer care and outcomes, but the effect is similar for
minority and non-minority individuals. In this setting, the fact that minority individuals are more
likely to be incarcerated is the driver of worse outcomes for minority individuals. In the second
model (Figure 1; Model B), race/ethnicity is an effect modifier in the relation between criminal
justice involvement and cancer outcomes, and Black and Latino communities are
disproportionately affected by being incarcerated relative to white communities.

Figure 2: Incarceration and Cancer-Related Outcomes Mixed Methods Study Schema

Figure 3: Timeline of the ICRO Study
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Figure 1: Models Regarding Incarceration and Cancer DisparitiesThere are two potential models for
the relationship between criminal justice involvement and disparities in cancer treatment and outcomes. The
first (Model A; Figure 1) involves a causal link between incarceration and health outcomes that is
independent of race and ethnicity. That is, incarceration might adversely affect cancer care and outcomes,
but the effect is similar for minority and non-minority individuals. In this setting, the fact that minority
individuals are more likely to be incarcerated is the driver of worse outcomes for minority individuals. In the
second model (Figure 1; Model B), race/ethnicity is an effect modifier in the relation between criminal justice
involvement and cancer outcomes, and Black and Latino communities are disproportionately affected by
being incarcerated relative to white communities.
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