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Abstract

BACKGROUND—Hospitalized cancer patients are nearly 10 times more likely to develop sepsis
when compared to patients with no cancer history. We compared the risk of sepsis between cancer
survivors and no cancer history participants, and whether race was an effect modifier.

METHODS—We performed a prospective analysis of data from the REasons for Geographic and
Racial Differences in Stroke (REGARDS) cohort. We categorized participants as “cancer
survivors” or “no cancer history” derived from self-reported responses of being diagnosed with
any cancer, excluding non-melanoma skin cancer. We defined sepsis as hospitalization for a
serious infection with =2 systemic inflammatory response syndrome criteria. We performed Cox
proportional hazard models to examine the risk of sepsis after cancer (adjusted for
sociodemographics, health behaviors, and comorbidities), and stratified by race.

RESULTS—Among 29,693 eligible participants, 2959 (9.97%) were cancer survivors, and
26,734 (90.03%) were no cancer history participants. Among 1393 sepsis events, the risk of sepsis
was higher for cancer survivors (adjusted HR: 2.61, 95% ClI: 2.29 — 2.98) when compared to no
cancer history participants. Risk of sepsis after cancer survivorship was similar for Black and
White participants (p value for race and cancer interaction = 0.63).

CONCLUSION—In this prospective cohort of community-dwelling adults we observed that
cancer survivors had more than a 2.5-fold increased risk of sepsis. Public health efforts should
attempt to mitigate sepsis risk by awareness and appropriate treatment (e.g., antibiotic
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administration) to cancer survivors with suspected infection regardless of the number of years
since cancer remission.
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INTRODUCTION

Sepsis, characterized by a systemic inflammatory response to an infection, is a major public
health problem responsible for more than 200,000 deaths and 750,000 hospitalizations
annually in the United States (US) (1-3). Among hospitalized patients, cancer patients are
nearly ten times more likely to develop sepsis when compared with no cancer history
patients (4). A diagnosis of sepsis among cancer patients has been shown to increase the risk
of mortality up to 2 to 3- fold, making sepsis a significant but modifiable threat to cancer
survivorship (4-7). Treatment modalities for cancer have improved in the past decades, with
average 5-year survival approaching 70% (8, 9); however, there are disparities in survival
rates by race and socio-economic status, a trend that mirrors disparities in sepsis rates among
US adults (4, 10-27).

Cancer and sepsis have a physiologically plausible association, as infections are common
complications among cancer patients receiving major cancer surgeries or treatment within
the hospital setting (6). However, there exists limited epidemiologic evidence to support the
mechanism of cancer survivors having long-term increased risk of sepsis years following
their perspective cancers. Further, there is very limited evidence for the association between
cancer and sepsis among a longitudinal cohort of participants considered community
dwelling at baseline. Little attention has focused on risk of infection among cancer survivors
living in communities as past research has focused exclusively among hospitalized cancer
patients receiving surgical treatment and/or emergency care. An important and inherent
limitation of prior studies was the use of hospital discharge data to identify sepsis events and
the assessment of hospital-acquired rather than community acquired sepsis (4-6). First, in
hospital discharge datasets, it is difficult disentangle early (community-acquired) sepsis from
later (hospital-acquired) sepsis as a result of limited availability of present-on-admission
status of the sepsis diagnosis (28). Secondly, there is often insufficient information about
confounders on the association of cancer and sepsis including initial clinical presentation;
chronic comorbidities such as diabetes and obesity; personal characteristics such as income,
education, and body mass index; and behavioral characteristics such as smoking, alcohol
use, and diet.

Modern cancer treatment and therapies have improved cancer survivorship over the past few
decades, but there are inherent properties of cancer and effects of treatment that may cause
cancer survivors to have reduced immune function and affect overall quality of life when
compared with the general population. To date, there is limited knowledge on the risk of
sepsis among cancer survivors as compared with participants with no cancer within a well-
defined longitudinal cohort of community-dwelling adults (4-6). Therefore, the objective of
this study was to determine the risk of sepsis after cancer compared with no cancer history
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participants in the REGARDS cohort. Additionally, because there is conflicting evidence on
racial differences in sepsis we aimed to determine whether risk of sepsis after cancer was
modified by race (4-6, 24-26, 29-33). We hypothesize that, within the REGARDS cohort,
sepsis risk will be higher among cancer survivors when compared to those without a history
of cancer and that there will be racial differences in the risk of sepsis after cancer.

Study Design & Data Source

We performed a retrospective analysis of prospectively collected data using REGARDS, a
cohort of community-dwelling adults in the US (34). The REGARDS cohort was designed
to examine risk factors for racial and geographic differences in excess stroke deaths
observed among Blacks and those living in the southeastern US. The REGARDS cohort
includes 30,239 participants aged = 45 years at baseline. The cohort is 45% male, 41% black
race, and 69% >60 years old. REGARDS recruited participants between January 2003 and
October 2007. At six-month intervals, REGARDS investigators have contacted the
participants by telephone to identify any hospitalizations experienced by the participant in
the previous six months. Further details related to REGARDS study methods are described
elsewhere (34). While the objective of REGARDS was to identify and characterize stroke
events, the population of REGARDS included community-dwelling adults at healthy
baseline. The REGARDS-sepsis ancillary study used the infrastructure of the parent
REGARDS study to independently identify sepsis hospitalizations. Thus, the REGARDS
cohort provides a unique opportunity to examine cancer survivors living in communities at
baseline and future risk of community-acquired sepsis.

Primary Exposure of Interest — Cancer Survivors

Our primary cancer exposure was defined as cancer survivorship at baseline (i.e.,
participants that reported a history of cancer at baseline). We classified those with a history
of cancer as “cancer survivors” and those without cancer as “no cancer history.” REGARDS
investigators identified participants with self-reported history of cancer during baseline
interview using the following baseline question: “Have you ever been diagnosed with
cancer?” If the participant answered “yes”, then they were asked the following follow-up
question regarding the date of their last treatment: “Have you been treated with
chemotherapy or radiation in the past two years?” If the participant had been treated within
past two years, they were excluded from participation in the study. Due to the focus on
community-dwelling participants, REGARDS investigators excluded participants receiving
treatment for cancer within past two years in order to study participants considered
“healthy” at baseline. Therefore, participants defined as cancer survivors at baseline were
those that had cancer remission for at least two years before entrance into REGARDS
cohort. Further, our study excluded participants that may be undergoing cancer treatment in
the hospital, leading to an increased risk of sepsis. Self-reported history of cancer in
prospective cohort studies have been previously shown to have sensitivity values of 0.90 and
positive predictive values of 0.75 (35).
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Primary Outcome of Interest — Community-Acquired Sepsis

The primary outcome of this study was first sepsis events. Our analysis focused on
community-acquired sepsis; therefore, we assessed vital signs and laboratory findings within
the first 28-hours of hospitalization to include ED care and up to one full day of inpatient
care. We included hospitalization events reported from January 1, 2003 through December
31, 2012.

In order to identify infection events among REGARDS participants, two trained abstractors
independently reviewed all relevant medical records to confirm the presence of a serious
infection and its pertinence to the hospitalization. Our trained abstractors reviewed
emergency department physician and nursing notes, hospital admission notes, initial
laboratory test and vital signs, and the discharge summary. We then identified all serious
infections (i.e., all hospitalizations with a bacterial, fungal, or viral infectious process) based
on the taxonomy of Angus et al (2001) for identifying severe sepsis (1). We did not use
laboratory, microbiological, or radiographic information for defining serious infections.

We defined a sepsis event as a hospital admission for serious infection with the presence of
at least two Systemic Inflammatory Response Syndrome (SIRS) criteria, including heart rate
>90 beats/minute, fever (temperature >38.3°C or <36°C), tachypnea (>20 breaths/min) or
PC0O2<32 mmHg, and leukocytosis (white blood cells >12,000 or <4,000 cells/mm3 or
>10% band forms) (1).

International consensus conferences (“Sepsis-3”) have proposed new definitions for sepsis
(36). Because of its common use in prior sepsis epidemiology studies, we used the SIRS-
based sepsis definition as the primary analysis. However, in a secondary analysis, we
repeated the analysis using the Sepsis-3 definition of sepsis as the presence of a serious
infection plus a sequential organ failure assessment (SOFA) score =2 (36).

Participant Characteristics

Baseline demographic variables used in the analysis included self-reported age, race, sex,
household income, education, and geographic region. Health behaviors included tobacco,
alcohol use, and physical activity. We defined alcohol use as moderate (one drink per day for
women or two drinks per day for men) and heavy alcohol use (>1 drink per day for women
and >2 drinks per day for men), per the National Institute on Alcohol Abuse and Alcoholism
classification (37). Baseline medical conditions included self-reported history of atrial
fibrillation, chronic lung disease, coronary artery disease, deep vein thrombosis, diabetes,
dyslipidemia, hypertension, myocardial infarction, obesity, peripheral artery disease, and
stroke. We additionally created an individual level comorbidity score based on the sum of
total number of baseline medical conditions. Those with missing information for an
individual medical conditions were included as having no presence of a medical condition.
Biomarkers included in this analysis were high sensitivity C-reactive protein (indicator of
systemic inflammation), albumin-creatinine ratio (ACR) (indicator of kidney function), and
cystatin-C (indicator of kidney function and cardiovascular disease). Baseline medication
use that was analyzed in this study included aspirin, statin, and chronic steroid usage. We
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have provided detailed information regarding participant characteristics in Supplemental
Table 1.

Hospital Course and Presentation Variables

We defined hospital course as information among sepsis events during hospital stay.
Hospital course variables included infection type, presence of severe sepsis, SOFA for
respiratory, renal hepatic, cardiovascular, hematologic, and neurologic systems, Mortality in
Emergency Department Sepsis (MEDS) score, intensive care unit (ICU) admission, in-
hospital sepsis mortality, 30-day sepsis case fatality, hospital length of stay (LOS) in days.
Based on medical record and/or death certificate, we defined 30-day sepsis case fatality as
death attributed to sepsis or death within 30-days after hospital discharge of a physician-
adjudicated sepsis event. We calculated the hospital length of stay (LOS) for each sepsis
event as the difference between the sepsis hospitalization date and hospitalization discharge
date.

Statistical Analysis

We compared baseline characteristics, infection types, and hospital characteristics between
cancer survivors and those with no cancer history using Chi-square tests for categorical
characteristics, Analysis of Variance (ANOVA) for normal continuous variables, and
Wilcoxon rank-sum test for non-normal continuous variables. We tested differences in the
survival function of sepsis between cancer survivors and no cancer history participants using
the log-rank test. We estimated the mean survival times using the product-limit method of
the Kaplan-Meier survival estimator. To estimate the relative rates of first-sepsis between
cancer survivors and no cancer history participants, we fit a series of Cox proportional
hazards models with time-to-first-sepsis as endpoints. We censored individuals at the time of
their event, death, or end of follow-up (December 31, 2012). We sequentially adjusted our
models for 1) sociodemographics, 2) health behaviors, and 3) chronic medical conditions,
biomarkers, and baseline medication use. A priori we decided to examine race as an effect
modifier, and thus we stratified analysis examining the association between cancer and
sepsis by race. We additionally assessed statistical interaction between race and cancer in
our Cox proportional hazard model to determine significance of race effect modification.

In a secondary analysis, we used the Fine & Gray model to examine all-cause mortality as a
potential competing risk for sepsis events (38). In short, we employed the Fine & Gray
method to estimate the subdistribution hazard of sepsis, the marginal failure probability,
accounting for all-cause mortality using a proportional hazards model (38). Our study
utilizes the SIRS-based sepsis definition in primary analysis due to the common use in our
prior REGARDS-sepsis investigations. However, we additionally examined the association
between cancer survivorship and risk of sepsis-SOFA (presence of a serious infection plus a
SOFA score =2) using Cox proportional hazards model based on newer “Sepsis-3”
definitions. Our study focused on examining cancer survivors that were no longer
undergoing treatment (i.e., radiation and/or chemotherapy) or with underlying and unknown
cancer; therefore, we additionally examined the association between cancer and sepsis
excluding participants that died from a cancer-related death within three years of follow-up
time. We used SAS version 9.4 and Stata version 13 for all analyses. We considered p-values

Cancer Epidemiol. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al.

Page 6

< 0.05 statistically significant. We presented the estimates from our Cox models as hazard
ratios (HRs) and associated 95% confidence intervals (Cls). We additionally presented
results from our competing risks analysis as subdistribution hazard ratios (SHR) and
associated 95% Cls.

Ethical Statement

RESULTS

The institutional review board of all participating universities approved the study and all
participants provided written informed consent.

Among 30,239 REGARDS participants, 546 were excluded due to missing cancer status at
baseline and follow-up information regarding sepsis, resulting in 29,693 for analysis. A
flowchart depicting the exclusion of participants from baseline is presented in Figure 1
(Figure 1: Flowchart of REGARDS study participants used in study analysis). Among the
study participants 2959 (9.97%) were categorized as cancer survivors at baseline and 26,734
(90.03%) with no cancer history.

In general, when compared with no cancer history participants, cancer survivors were older
(69.66 vs. 64.37 years, p value <0.01), more likely to be male (57.01% vs. 43.58%, p value
<0.01), more likely to identify as White race (69.45% vs. 57.69%, p value <0.01), had
slightly higher college educational attainment (36.90% vs. 34.63%, p value = 0.02), and had
slightly higher proportion of individuals earning less than $20,000 in annual income
(18.42% vs. 17.95%, p value <0.01) (Table 1). Cancer survivors were more likely to reside
in the Stroke Belt (36.09% vs. 34.48%, p value <0.01) and be past tobacco users (49.37% vs.
39.26%, p value <0.01). In addition, cancer survivors had a greater prevalence of atrial
fibrillation (11.56% vs. 8.48%), chronic lung disease (10.88% vs. 9.01), coronary artery
disease (23.91% vs. 17.30%), deep vein thrombosis (7.78% vs. 4.98%), hypertension
(63.35% vs. 58.79), myocardial infarction (17.06% vs. 12.30%), and stroke (8.82% vs.
6.14%) when compared with participants with no cancer history (p values <0.01). Cancer
survivors had higher baseline levels of ACR (7.84 vs. 7.38, p value <0.01) and Cystatin-C
(0.98 vs. 0.94, p values < 0.01) and were more likely to be chronic aspirin users at baseline
(47.51% vs. 42.92%, p <0.01).

Among the REGARDS participants, there were a total of 1393 first sepsis hospitalizations
with the majority being attributed to lung (48.46%), kidney (17.09%), and abdominal
infections (15.08%, Table 2). There was a total 374 (12.64%) sepsis events among cancer
survivors compared with 1019 (3.81%) sepsis events among participants with no cancer
history. Among those that developed sepsis, there were no differences in sepsis infection
types, ICU admission rates, and sepsis 30-Day case fatality between cancer survivors and
participants with no cancer history. However, cancer survivors that developed sepsis were
more likely to have SOFA scores greater than or equal to 2 (24.60% vs. 18.65%, p value =
0.03), higher distribution MEDS scores (p value <0.01), higher rates of sepsis-related
hospital deaths (8.29% vs. 3.93%, p value <0.01), and longer hospital length of stay (Median
in days: 5 vs. 4, p value <0.01) when compared with sepsis cases among the no cancer
history participants.
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The risk of sepsis was higher for cancer survivors when compared with participants with no
cancer history (Crude HR: 3.22, 95% CI: 2.86 — 3.63, Table 3, Figure 2: Kaplan Meier
survival curve for time to sepsis event by cancer status). Cancer survivors were at higher risk
for sepsis even after adjustment for age, sex, race, geographic region, education, and income
(Model 1 HR: 2.73, 95% CI: 2.41 — 3.08), additional adjustment for tobacco use and alcohol
use (Model 2 HR: 2.70, 95% CI: 2.39 — 3.06), and further adjustments for baseline chronic
medical conditions, medications, and biomarkers (Model 3 HR: 2.61, 95% ClI: 2.29 — 2.98).

Secondary Analysis

Cancer remained associated with increased risk of sepsis when considering deaths as a
competing risk even after adjustment for sociodemographics (Model 1 SHR: 2.72, 95% ClI:
2.41 - 3.08), health behaviors (Model 2 SHR: 2.70, 95% CI: 2.38 — 3.06), and baseline
comorbidities, medications, and biomarkers (Model 3 SHR: 2.61, 95% CI: 2.29 — 2.99).
Similarly, when defining sepsis using the sepsis-SOFA criteria, cancer survivors were at
higher risk of sepsis when compared with no cancer history participants (Crude HR: 4.08,
95% CI: 3.18 — 5.24). This association remained significant after adjustments for
sociodemographics (Model 1 HR: 3.02, 95% CI: 2.34 — 3.91), health behaviors (Model 2
HR: 2.99, 95% CI: 2.30 — 3.89), comorbidities, medications, and biomarkers (Model 3 HR:
2.84,95% CI: 2.15 - 3.76).

In a separate analysis, we excluded individuals that experienced a cancer death within 3
years of study follow-up. As a result, we excluded 145 (0.54%) of participants with no
cancer history, and 54 (1.82%) of cancer survivors. Cancer remained associated with
increased risk of sepsis (Crude HR: 3.21, 95% CI: 2.84 — 3.61) even after adjustments for
sociodemographics (Model 1 HR: 2.72, 95% ClI: 2.41 — 3.08), health behaviors (Model 2
HR: 2.70, 95% CI: 2.38 — 3.06), comorbidities, medications, and biomarkers (Model 3 HR:
2.60, 95% CI: 2.28 — 2.97).

Effect Modification by Race Analysis

Race did not modify the effect of cancer survivorship on subsequent risk of sepsis (p value
for the interaction of race and cancer = 0.63, Table 4). Among Black participants, the risk of
sepsis for cancer survivors was higher for cancer survivors (Model 3 HR: 3.10, 95% ClI: 2.42
—3.97, Figure 3A: Kaplan Meier survival curve for time to sepsis event by cancer status for
Blacks) than for participants with no cancer history. Among White participants the risk of
sepsis was higher for cancer survivors (Model 3 HR: 2.45, 95% CI: 2.10 — 2.86, Figure 3B:
Kaplan Meier survival curve for time to sepsis event by cancer status for Whites) than for
participants with no cancer history.

DISCUSSION

The current analysis among a prospective cohort of community-dwelling participants
afforded two major contributions to the current literature gap; the opportunity to examine
long-term risk for sepsis between cancer survivors and no cancer history participants and to
examine whether these differences were modified by race/ethnicity. Our research hypothesis
was derived from the biological plausible connection between cancer survivorship and
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sepsis. Possible physiological mechanisms that could explain the association between cancer
survivorship and long-term risk of sepsis are: 1) the underlying malignancy causing an
increase in circulating cytokines and thus causing a chronic inflammatory state (39-43),
and/or 2) degradation of healthy cells due to cancer treatment and therapy, both of which
may lead cancer survivors to having a more immune-compromised physiology at baseline
which would in turn lead to increased risk for infection and sepsis (44). Using the large
population-based study of community-dwelling adults from REGARDS cohort, we observed
that cancer survivors were at more than a two-fold greater risk of sepsis when compared
with community-dwelling REGARDS participants with no cancer history. Further, this
association remained even after several adjustments for confounders, secondary analyses
that excluded participants with a cancer death within three years of study follow-up, and
accounting for all-cause mortality as competing risk. We observed no racial differences in
risk and incidence rates of sepsis after cancer.

To date, this is the first study to utilize a cohort of community-dwelling adults to examine
the association between cancer survivorship and future risk of sepsis. Only a limited number
of studies have investigated an association between cancer and sepsis. Moreover, prior
studies that have examined this association have been based on data collected during
hospitalization (i.e., cross-sectional), after major cancer surgical procedures, or only among
cancer populations (45-50). For instance, one of the first studies to examine the association
between cancer and sepsis utilized hospital discharge data from six US states (Florida,
Massachusetts, New Jersey, New York, Virginia, and Washington) linked with SEER cancer
prevalence data (50). In this study, Williams et al (2004) reported that sepsis was a very
common complication among cancer patients, being responsible for more than 126,000
sepsis cases per year and that when compared to the overall population cancer patients were
at nearly a 4-fold increased risk of developing sepsis (50). In another study, Danai et al
(2006) examined the prevalence of sepsis among hospitalized patients with a history of
cancer complemented with data from the SEER with hospital discharge data from the
National Hospital Discharge Survey (NHDS) spanning over 20 years from 1979 through
2001 (4). The authors reported that, compared to no cancer history patients, cancer patients
had nearly a 10-fold increased risk of having sepsis (4). The results of prior studies indicate
that cancer patients hospitalized or undergoing surgery are at an increased risk of sepsis (45—
50). Similarly, the results of our study illuminate that cancer survivors of any type are at
more than a two-fold increased risk of sepsis when compared with other community
dwelling adults. The results of our study suggest that even after surviving cancer for greater
than two years, cancer survivors remain at increased risk of community-acquired sepsis.
Among patients hospitalized for infection, cancer survivors represent a very pertinent
population for mitigation, infection prevention, and early detection and treatment of
infection with necessary antibiotics. We also understand that cancer is a heterogeneous
disease that has many underlying risk factors such as obesity, diet, exercise, and genetics.
While we were unable to examine the risk of sepsis by specific cancers in the current study,
we elucidated that cancer survivors considered to be healthy enough to be considered
community-dwelling and participate in a longitudinal prospective cohort study were still at
nearly a 2.5 to 3-fold increased risk of sepsis infection regardless of the cancer type, race,
and accounting for multiple risk factors such as obesity, health behaviors, and comorbidities.
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Thus, cancer is a very pertinent risk factor in the treatment of sepsis and expeditious and
urgent care should be taken when dealing treating patients with a history of cancer.

In the current investigation we observed no evidence of racial differences in sepsis incidence
after cancer survival. In contrast, several studies have suggested that Blacks suffer poorer
outcomes in cancer survival due to delays, receipt, and adherence to cancer treatment (51—
64). For example, Akinyemiju et al (2015) performed a cross-sectional analysis among
71,156 women from the NIS and reported that Black women were 23% more likely to have
metastatic breast cancer, but 6% less likely to receive mastectomy after breast cancer
diagnosis (55). Likewise, much research has shown that Blacks have a higher risk of sepsis
when compared to their White counterparts (24-26, 29-33, 65, 66). However, we note that
in our prior REGARDS investigation we observed Blacks were 35% less likely to have an
infection and there was no difference in odds of sepsis when compared to White participants
(28). Furthermore, there is little research that has investigated racial differences in the
association between cancer and sepsis. Sammon et al (2015) reported that after MCS, Black
patients were 35% more likely to have sepsis when compared to White patients (5). While
the findings from Sammon et al (2015) differ from our study results, these differences are
likely attributed to dissimilarity in the identification of sepsis events, use of cross-sectional
data, and use of cancer patients undergoing surgery. Nevertheless, the results from our study
suggest that race may not play an important role in the prediction of sepsis after cancer.

Lastly, our current analysis differed much from prior studies using administrative codes for
investigating risk of sepsis because we defined sepsis from physician-adjudicated medical
chart review within a prospective cohort of community dwelling adults. Moreover, we were
able to identify community-acquired sepsis based on limiting sepsis events to those within
the first 28-hours. Community-acquired sepsis, or sepsis events occurring within first day of
hospitalization is a condition indicative of patients presenting to the hospital from
communities with very severe infections. Thus, our observed near three-fold increased risk
of sepsis comparing cancer survivors with no cancer history participants indicates that
cancer survivors are not just getting sick while undergoing cancer treatment, but rather there
are underlying pathophysiologic differences comparing healthy participants to cancer
survivors. In addition, cancer survivors may be at more of an acute risk of death from
community-acquired sepsis as indicative by the fact that cancer survivors had higher sepsis
related mortality (in-hospital mortality) but similar 30-day sepsis case fatality when
compared to no cancer history participants. This is likely a representation of more severe and
higher acuity sepsis infection (which can also be observed when comparing SOFA and
MEDS scores between cancer survivors and no cancer history participants) among cancer
survivors when compared to no cancer participants that subsides over time.

While this study has several strengths, there are a few limitations that should be considered
when interpreting the aforementioned results. First, the REGARDS cohort was originally
designed to investigate risk factors for stroke, and was not a surveillance study for
identifying both cancer survivors and sepsis events. As a result many of the available
covariates including comorbidities, medications, and biomarkers are potentially associated
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with cerebrovascular disease. Furthermore, the original focus on stroke incidence may lead
to misclassification, and it is possible that we underestimated the true number of cancer
survivors and sepsis events. Thus, if we under-detected the true number of cancer survivors
(and cancer survivors had much higher risk of sepsis risk) we may have underestimated the
risk of sepsis among cancer survivors. On the other hand, if we under-detected the true
number of sepsis events (and cancer survivors still had much higher risk of sepsis) our
observed effect sizes may still be underestimates of the true association between cancer
survivorship and sepsis risk. Nonetheless, there is likely minimal bias in the identification of
sepsis because events were physician-adjudicated with an inter-rater agreement of 0.90.
Further, self-reported history of cancer has been shown to have high sensitivity values that
range from 0.79 to 0.90 for recall of cancer site and year of diagnosis (35). However, there
remains considerable variability in the sensitivity of self-reported cancer history by site as
major cancers such as lung (0.90), breast (0.91), and prostate (0.90) have excellent
sensitivity; and less common cancers such as rectal (0.16) and melanoma (0.53) have
generally poor sensitivity (35). Additionally, we were unable to account for cancer as a time-
varying exposure (i.e., no cancer history participants could develop cancer over study
follow-up). As a result, it is likely that we underestimated the true effect of the association
between cancer survivorship and sepsis due to this misclassification resulting in cancer
survivors being in the non-exposed (i.e., no cancer history) participant category. We
additionally performed several secondary analyses to account for all-cause mortality and
death attributed to cancer within 3 years of follow-up. These analyses possibly accounted for
participants that with unknown cancers during baseline (including those individuals that
were misclassified as no cancer history participants), and participants with higher cancer
morbidity and lower cancer survival. Lastly, we could not assess the specific cancer types
and sites and their respective associations with risk of sepsis, and it is possible that the
observed risk of sepsis varies by cancer type and site.

CONCLUSION

In this large community-dwelling cohort of Black and White adults, cancer survivors are at
more than a two-fold increased risk of developing sepsis. Public health and acute care
initiatives should focus on identifying patients with any history of cancer, regardless of time
in remission, in order to mitigate the increased sepsis risk observed in this specific
population. Future studies should further investigate the risk of sepsis among cancer
survivors and additionally examine whether there are differences by cancer subtype.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Flowchart of REGARDS study participants used in study analysis.
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Figure 2.
Kaplan Meier survival curve for time to sepsis event by cancer status.
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Figure 3.

Kaplan Meier survival curve for time to sepsis event by cancer status for each race/ethnicity.

Figure in panel A represents the survival for Blacks. Figure in panel B represents the
survival for Whites.

Cancer Epidemiol. Author manuscript; available in PMC 2018 August 01.

10



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Moore et al.

Table 1

Page 19

Comparison of demographic, substance use, and comorbidity characteristics by cancer survivorship status.
Among 29,693 REGARDS participants.

Cancer Survivors

No Cancer History

(N = 2959) (N = 26734)
N (%) N (%)
Mean (SD)& Mean (SD)2 pvalue
Age? 69.66 (8.67) 64.37 (9.36) <0.01
Sex
Male 1687 (57.01) 11650 (43.58) <0.01
Female 1272 (42.99) 15084 (56.42)
Race
Black 904 (30.55) 11312 (42.31) <0.01
White 2055 (69.45) 15422 (57.69)
Education
Less than high school 389 (13.16) 3319 (12.42) 0.02
High School Graduate 710 (24.01) 6958 (26.05)
Some College 767 (25.94) 7184 (26.89)
College or higher 1091 (36.90) 9252 (34.63)
Income < $20 000 545 (18.42) 4799 (17.95) <0.01
Geographic Region
Stroke Belt 1068 (36.09) 9218 (34.48) <0.01
Stroke Buckle 466 (15.75) 5750 (21.51)
Non-Stroke Belt 1425 (48.16) 11766 (43.99)
Tobacco Use
Never 1171 (39.74) 12212 (45.85) <0.01
Past 1455 (49.37) 10457 (39.26)
Current 321 (10.89) 3963 (14.88)
Alcohol Use
None 1764 (61.04) 16479 (62.84) 0.02
Moderate 1023 (35.40) 8670 (33.06)
Heavy 103 (3.56) 1074 (4.10)
Exercise Activity
None 1080 (37.25) 8986 (34.10) <0.01
1-3 Times per week 974 (33.60) 9562 (36.29)
4+ Times per week 845 (29.15) 7804 (29.61)
Baseline Medical Condition
Atrial fibrillation 335 (11.56) 2214 (8.48) <0.01
Chronic lung disease 322 (10.88) 2410 (9.01) <0.01
Coronary artery disease 694 (23.91) 4539 (17.30) <0.01
Chronic kidney disease 345 (11.66) 2911 (10.89) 0.20
Deep vein thrombosis 230 (7.78) 1325 (4.98) <0.01
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Cancer Survivors  No Cancer History
(N = 2959) (N = 26734)
N (%) N (%) b
Mean (SD)& Mean (SD)2 pvalue
Diabetes 684 (23.16) 6021 (22.60) 0.49
Dyslipidemia 1745 (61.55) 15219 (59.10) <0.01
Hypertension 1870 (63.35) 15678 (58.79) <0.01
Obesity 1510 (51.10) 14357 (53.79) <0.01
Peripheral artery disease 85 (2.87) 578 (2.16) 0.01
Stroke 260 (8.82) 1636 (6.14) <0.01
Comorbidity Score, Mean (SD)4 2.27 (1.58) 1.98 (1.48) <0.01
Biomarkers, Median (P25, P75)¢
hs-CRP 2.14(0.96-4.85)  2.22(0.96 - 5.06) 0.57
ACR 7.84(4.84-18.97) 7.38(4.63-1579)  <0.01
Cystatin-C 0.98 (0.85-1.18) 0.94 (0.83-1.11) <0.01
Baseline Medication Use
Aspirin 1405 (47.51) 11,467 (42.92) <0.01
Statins 969 (32.75) 8391 (31.39) 0.13
Steroids 119 (4.02) 920 (3.44) 0.10

a -
Presented as Mean (Standard deviation).

b_ . . " .
Estimated using x 2 test, ANOVA, Wilcoxon rank sums test as appropriate.

cPresented as Median (25th percentile to 75th percentile).

hs-CRP = high sensitivity C-reactive protein, ACR = Albumin-Creatinine Ratio

Comorbidity score is total of comorbidities, presented as mean and standard deviation (SD).
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Table 2

Infection types, hospital characteristics, and outcomes among 1393 first sepsis hospitalizations.

All Participants  Cancer Survivors  No Cancer History

Variable (N = 1393) (N = 374) (N =1019) pvalue?
Infection Type (%)b
Lung 675 (48.46) 182 (48.66) 493 (48.38) 0.89
Kidney 238 (17.09) 62 (16.58) 176 (17.27)
Abdominal 210 (15.08) 61 (16.31) 149 (14.62)
Skin 109 (7.82) 26 (6.95) 83 (8.15)
Sepsis 93 (6.68) 27 (7.22) 66 (6.48)
Other 68 (4.88) 16 (4.28) 52 (5.10)
Hospital Characteristics
SOFA Score (%)?
0 971 (69.71) 241 (64.44) 730 (71.64) 0.03
1 140 (10.05) 41 (10.96) 99 (9.72)
=2 282 (20.24) 92 (24.60) 190 (18.65)
MEDS Score® 3(3-3) 3(3-9) 3(3-3) <0.01
ICU Admission (%)Y 67 (4.81) 23 (6.15) 44 (4.32) 0.16
Outcomes
Hospital death (%)? 71(5.10) 31(8.29) 40 (3.93) <0.01
Hospital LOS® 5(2-8) 5@3-8) 4(2-98) <0.01
30-day Fatality? (%)% 167 (11.99) 47 (12.57) 120 (11.78) 0.69

Page 21

a.. .. . . . - . . . . . )
Significance for comparison between cancer survivors and no history of cancer participants with sepsis; determined using Chi-square or Wilcoxon

Rank-Sum test.

b
Presented as N (column percentage).

c . . .
Presented as Median (25th percentile to 75th percentile).

dDefined as death attributed to sepsis or death within 30-days after hospital discharge of a physician-adjudicated sepsis event.

SOFA=Sequential Organ Failure Assessment Score. MEDS=Mortality in Emergency Department Sepsis Score. ICU=Intensive Care Unit.

LOS=Length of Stay (in days)
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Hazard ratios (HRs) and 95% confidence intervals for the association between cancer survivors and sepsis,

stratified by race.

HR (95% CI)

Black White
(N =12,216) (N =17,477)
Cancer Survivors
No Events (%)@ 101 (11.17) 273 (13.28)

Mean Survival Time (95% ClI)

8.13 (8.01 - 8.25)

8.53 (8.43 - 8.62)

No Cancer History (Referent)

No Events (%)4
Mean Survival Time (95% CI)

371 (3.28)
9.21(9.19 - 9.24)

648 (4.20)
8.82 (8.80 - 8.84)

Crude

Model 1
Model 2
Model 3

3.29 (2.64 — 4.10)
3.06 (2.43 - 3.84)
2.94(2.33-3.71)
3.10 (2.42-3.97)

3.11(2.70 - 3.58)
2.60 (2.25 - 3.01)
261 (2.25-3.02)
2.45 (2.10 — 2.86)

Model 1: adjusted for age, sex, geographic region, education level, and income.

Model 2: additionally adjusted for tobacco and alcohol use.

Model 3: additionally adjusted for baseline comorbidity score, aspirin use, aloumin-creatinine ratio, and Cystatin-C.

a . . . .
Proportion among cancer group by race/ethnicity to have incident sepsis event.

p-value for race-cancer history interaction = 0.63

Cancer Epidemiol. Author manuscript; available in PMC 2018 August 01.



	Abstract
	INTRODUCTION
	METHODS
	Study Design & Data Source
	Primary Exposure of Interest – Cancer Survivors
	Primary Outcome of Interest – Community-Acquired Sepsis
	Participant Characteristics
	Hospital Course and Presentation Variables
	Statistical Analysis
	Ethical Statement

	RESULTS
	Secondary Analysis
	Effect Modification by Race Analysis

	DISCUSSION
	Limitations

	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4

