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Abstract

Although incarcerated adults are at elevated risk of dying from cancer, little is known about cancer screening in carceral settings.
This study compared stage-specific incidence of screen-detectable cancers among incarcerated and recently released people with
the general population, as a reflection of screening practices. We calculated the age- and sex-standardized incidence ratios (SIR) for
early- and late-stage cancers for incarcerated and recently released adults compared to the general Connecticut population between
2005 and 2016. Our sample included 143 cancer cases among those incarcerated, 406 among those recently released, and 201 360 in
the general population. The SIR for early-stage screen-detectable cancers was lower among incarcerated (SIR ¼ 0.28, 95% CI ¼ 0.17 to
0.43) and recently released (SIR ¼ 0.69, 95% CI ¼ 0.51 to 0.88) individuals than the general population. Incidence of late-stage screen-
detectable cancer was lower during incarceration (SIR ¼ 0.51, 95% CI ¼ 0.27 to 0.88) but not after release (SIR ¼ 1.32, 95% CI ¼ 0.93 to
1.82). Findings suggest that underscreening and underdetection of cancer may occur in carceral settings.

Although cancer screening has played a central role in improving
outcomes for several common cancer types in the United States,
little is known about whether and how cancer screening is used
in carceral settings. Recent work has suggested that being diag-
nosed with cancer while in prison or after release is associated
with a higher mortality (1,2). However, whether low screening
rates contribute to these disparities is not clear, as large studies
that track cancer screening use in the general population, such
as the National Health Interview Survey, exclude the incarcer-
ated population. Other data on screening in carceral settings are
often limited, focusing on specific cancer types or populations (3-
6). Insufficient screening may contribute to the increased cancer-
related mortality observed among justice-involved individuals,
and understanding screening use in this population is critical for
improving cancer outcomes.

In the absence of data on cancer screening, patterns of cancer
diagnosis may provide some indication of screening use. Cancer
diagnosis among screened populations typically occurs at an ear-
lier stage compared to unscreened populations. Although not a
direct measure of screening, cancer incidence and stage distribu-
tion have both been used to assess screening use and its impacts
at the population level. A lower-than-expected incidence or pro-
portion of early-stage diagnosis or a higher-than-expected inci-
dence or proportion of late-stage diagnosis compared to a
reference population may suggest lower screening rates. In addi-
tion, changes in early-stage incidence may reflect the use of

screening and diagnostic testing on a relatively short time scale,
while late-stage incidence (often defined as regional or meta-
static disease) may reflect the effectiveness of screening pro-
grams in a stable population over the long term (7-11). Using this
framework, we evaluated stage-specific incidence for screen-
detectable cancers among incarcerated adults compared to the
community. We also assessed stage-specific incidence among
adults recently released from incarceration to identify whether
screening may occur after release. Finally, as a comparison, we
assessed the relation between carceral involvement and stage-
specific incidence for non-screen-detectable cancers. We
hypothesized that diagnosis of early-stage screen-detectable can-
cer would be less common among incarcerated adults and those
recently released from incarceration compared to community-
dwelling adults and that diagnosis at a later stage would be more
common among those with a history of current or former incar-
ceration.

This was a retrospective cohort study of incident cancer in 3
populations in Connecticut: incarcerated adults, adults recently
released from incarceration (defined as within a year), and the
general adult population, between 2005 and 2016. Cancer cases
among incarcerated and recently released adults were identified
by linking Department of Correction files with Connecticut
Tumor Registry data (12). For the incarcerated population, we
included only cases identified among people incarcerated for 1
year or more, since individuals incarcerated for less than 1 year
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may not have had the opportunity to be screened. For people
incarcerated more than once, cancer cases were included if the
diagnosis occurred during a period of incarceration that lasted 1
year or longer. Data on cancer cases for the general Connecticut
population were obtained from the Surveillance, Epidemiology,
and End Results (SEER) program. Although estimates of cancer
incidence in the general population includes those diagnosed
among people with involvement in the justice system, we esti-
mated that between 0.5% and 1.7% of cancer cases per year occur
in this group; therefore, they are unlikely to affect our estimates.

Within each population, we categorized cancers into screen-
detectable (breast, colorectal, cervical, and prostate) and
non-screen-detectable (all others, excluding non-melanoma skin
cancers). We did not classify lung cancer as screen-detectable
since lung cancer screening was not widely available during the
study period. We further classified cancer diagnoses as early
(stages 0-2) versus late (stages 3-4), similar to other studies (9-11).
Cases of unknown stage and hematologic malignancies that do
not use typical staging were excluded from analysis.

We calculated the age- and sex-standardized incidence ratio
(SIR) for the incarcerated and recently released populations com-
pared to the general Connecticut population, stratified by screen-
detectable cancer type and stage (early or late). This approach
uses cancer cases over a specified timeframe in the numerator
and population counts in the denominator to estimate incidence,
consistent with prior approaches we have used to calculate inci-
dence in incarcerated populations and with established methods
for calculating incidence in general populations (13,14). For the
incarcerated group, we used the mid-year population count,
adjusted to reflect the proportion of adults incarcerated 1 year or
more, as the denominator. For the recently released population,
we based the denominator on the number of individuals released
from prison each year, accounting for recidivism within 1 year.
For the general population, we used population counts from the
SEER registry.

Our primary outcome measure was the standardized inci-
dence ratio (SIR). SIRs compare incidence in one population to
another. A SIR greater than 1 suggests higher than expected inci-
dence for the population of interest compared to a reference pop-
ulation, whereas a SIR less than 1 suggests lower than expected
incidence. Similarly, the SIRs for early- and late-stage cancer
may therefore suggest higher or lower than expected incidence
of early- or late-stage disease. When evaluating SIRs, we consid-
ered a P value of less than .05 to be statistically significant.
Because stage-specific SIRs may reflect differences in incidence
for reasons unrelated to screening, we also evaluated the stage
distribution (early vs late) among patients diagnosed with cancer
in each population overall and for screen-detectable and non-
screen-detectable cancers, as stage distribution is independent
from overall incidence.

Lastly, we compared stage distribution among incarcerated
and recently released adults to that among Connecticut residents
with Medicaid or who were uninsured at the time of diagnosis.
We identified the insurance source from the Connecticut Tumor
Registry. Insurance status is abstracted from medical records by
hospital cancer registrars at the time of diagnosis. We chose
these comparisons to better understand the impact of incarcera-
tion on cancer stage at diagnosis versus other social determi-
nants of health such as poverty and racism that also
disproportionately impact people with Medicaid or who are unin-
sured. The Yale University and Connecticut Department of
Public Health Human Investigations Committees approved this

research project, which used data obtained from the Connecticut
Department of Public Health.

Our sample included 143 cancer cases diagnosed among those
incarcerated, 406 among those recently released, and 201 360 in
the general Connecticut population. The proportion of adults
diagnosed with a screen-detectable cancer at an early stage was
lower in the incarcerated and recently released populations com-
pared to the general Connecticut population, but similar to that
observed for adults with Medicaid or who were uninsured
(Figure 1).

The incidence of early-stage, screen-detectable cancer was
lower among those incarcerated compared to the general popula-
tion (SIR ¼ 0.21, 95% CI ¼ 0.17 to 0.43). Early-stage screen detect-
able cancer incidence was also lower among those recently
released compared to the general population (SIR ¼ 0.68, 95% CI
¼ 0.51 to 0.88). Late-stage screen-detectable cancer incidence
was lower during incarceration (SIR ¼ 0.51, 95% CI ¼ 0.27 to 0.88),
although not after release (SIR ¼ 1.32, 95% CI ¼ 0.93 to 1.82), com-
pared to the general population. Overall, this pattern suggests
that both screening and evaluation of symptoms may be less
common in carceral settings, leading to relatively low detection
of both early- and late-stage screen-detectable cancers during
incarceration. At the same time, estimates of late-stage disease
incidence from the post-release period may indicate a shift in the
time of diagnosis to the post-release period.

For non-screen-detectable cancers, the incidence of early-
stage disease was lower among incarcerated adults than in the
general population (SIR ¼ 0.42, 95% CI ¼ 0.31 to 0.56), while inci-
dence of early-stage, non-screen-detectable disease was higher
among those recently released, compared to the general popula-
tion (SIR ¼ 1.27 95% CI ¼ 1.08 to 1.48). For those incarcerated,
incidence of late-stage disease was similar (SIR ¼ 0.91, 95% CI ¼
0.70 to 1.16) to the general population, but higher among those
recently released (SIR ¼ 2.17, 95% CI ¼ 1.84 to 2.53) (Table 1). As
with screen-detectable cancers, this pattern suggests a shift in
diagnosis to the post-incarceration period, with a notably higher
incidence of late-stage, non-screen detectable cancers among
those recently released compared to the general population.

We observed a lower incidence of early-stage, screen-detect-
able cancer in incarcerated and recently released populations
compared to the general Connecticut population. Early-stage
diagnoses also comprised a smaller proportion of all diagnosed
cancers in incarcerated and recently released populations. These
findings together support the hypothesis that cancer screening
may be less common in carceral settings than in the general pop-
ulation. We also observed that the stage distribution at diagnosis
among people with a history of incarceration was similar to peo-
ple with Medicaid and those who are uninsured, suggesting that
barriers to screening are common to those affected by a broad
range of structural determinants of health including incarcera-
tion and poverty. Indeed, cancer screening rates are lower and
cancer mortality rates are higher among those with Medicaid
insurance or who do not have insurance compared to adults with
private insurance (15,16).

We also found that the incidence of early-stage, non-screen-
detectable cancers was lower than expected among incarcerated
adults, whereas the incidence of early- and late-stage non-
screen-detectable cancers was higher in the recently released
population. This pattern suggests that there may be relative
underdetection of non-screen-detectable cancers during incar-
ceration, resulting in a delay in diagnosis until the post-release
period. Indeed, timely evaluation of symptoms for many non-
screen-detectable cancers, including thyroid, melanoma, and
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genitourinary cancers, can lead to earlier diagnosis.
Underdetection may result from differences in reporting or eval-
uation of cancer-related symptoms, limited access to diagnostic
testing while incarcerated, or impacts from transitions in care
including barriers to communication between correctional and
community health systems. Because we compared cancer inci-
dence among incarcerated individuals and those in the general
population, overdetection in the general population may also
contribute to our findings (17).

Our study has important limitations. First, we did not directly
observe screening but rather made inferences about screening
based on observed patterns of diagnosis. As such, we cannot
exclude other explanations for our findings, including lower can-
cer incidence due to differential risk factors in incarcerated pop-
ulations. However, incarcerated populations are typically
exposed to more risk factors for cancer, including tobacco and
alcohol use, HIV, and liver disease, compared to the general pop-
ulation, making these explanations less likely (18,19). Second,
our approach was broadly designed to draw inference about pat-
terns of health care use, rather than quality of care per se. As
such, we included all adults rather than restricting the study
population to specific age groups for which screening is recom-
mended, and we included prostate cancer as screen-detectable,
even though screening is not strongly recommended for all ages.
Thus, we cannot draw conclusions about quality of care,

including whether screening practices are high or low value. In
addition, our findings focus on cancer stage at diagnosis, an out-
come that is influenced by the entire continuum of care, from
patient-level factors (including the decision to decline screening
even if offered), to primary care within carceral settings, to spe-
cialist evaluation provided outside of carceral settings. In partic-
ular, future research should seek to understand patient
perspectives on screening in carceral settings, as many factors,
including knowledge, trust, and willingness to be screened, may
influence screening use, even when available and offered (4).
Lastly, our data have limitations. Analyses use estimates of the
sizes of the incarcerated, recently released, and general
Connecticut populations as denominators to calculate incidence,
which may be subject to measurement error given that individu-
als are moving in and out of the carceral system. We also cannot
observe individuals who move out of state and thus may under-
estimate cancer incidence. Finally, although we use statewide
data, the relatively small population size in Connecticut limits
our ability to evaluate cancer stage at diagnosis by cancer type or
site.

In light of known disparities in cancer mortality, our findings
highlight an urgent need for further evaluation of care processes
in carceral settings, including access to and use of cancer screen-
ing and follow-up, as well as appropriate diagnostic testing for
those with symptoms. The Connecticut Department of

Figure 1. Proportion of cancer cases diagnosed at an early stage. Figure depicts the proportion of cancers diagnosed at an early stage (0-2) within each
population. CT Medicaid and CT uninsured bars depict proportion of early-stage cancers among those diagnosed in Connecticut residents with
Medicaid insurance or no insurance.

Table 1. Cancer incidence in the incarcerated and recently released populations compared to the general Connecticut populationa

General CT
Population

Incarcerated Recently released
Combined incarcerated þ

recently released

SIR (95% CI) P SIR (95% CI) P SIR (95% CI) P

Screen-detectable, early stage Ref 0.28 (0.17 to 0.43) <.001 0.68 (0.51 to 0.88) .003 0.49 (0.38 to 0.62) <.001
Screen-detectable, late stage Ref 0.51 (0.27 to 0.88) .01 1.32 (0.93 to 1.82) .12 0.94 (0.70 to 1.24) .71
Non-screen-detectable, early stage Ref 0.42 (0.31 to 0.56) <.001 1.27 (1.08 to 1.48) .004 0.86 (0.75 to 0.99) .34
Non-screen-detectable, late stage Ref 0.91 (0.70 to 1.16) .49 2.17 (1.84 to 2.53) <.001 1.55 (1.36 to 1.77) <.001
Overall incidence Ref 0.53 (0.45 to 0.63) <.001 1.34 (1.21 to 1.47) <.001 0.94 (0.87 to 1.03) .18

a Ref ¼ reference; SIR¼ standardized incidence ratio.
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Correction (DOC) has launched innovative efforts to expand

cancer screening, including systematic use of fecal

immunochemical-DNA testing for colorectal cancer screening,

mobile mammography, and comprehensive cervical cancer

screening and follow-up. The DOC is also implementing a lung

cancer screening program that incorporates same-day evaluation

by radiologists and pulmonologists to address the logistical com-

plexities of lung cancer screening for people who are incarcer-

ated. More broadly, the DOC has greatly expanded the number of

health care providers and implemented electronic health

records—two key system-level changes that will allow for more

accessible and accountable care. Evaluating such efforts, and

those undertaken in other correctional systems, will be critical

for understanding what approaches are most successful in

implementing screening and reducing cancer outcome dispar-

ities.
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