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Abstract

Rationale: There have been advances in both cancer and sepsis
treatment over the past several decades, yet little is known about trends
in sepsis-associated mortality in patients with versus without cancer.

Objectives: To assess trends in sepsis-associated mortality in
hospitalized patients with and without cancer using objective clinical
criteria to identify sepsis and detailed clinical data to adjust for
severity of illness.

Methods: This was a retrospective cohort study at a tertiary referral
hospital and cancer center. Adult in-patients with clinical indicators
of sepsis (U.S. Centers for Disease Control and Prevention Adult
Sepsis Event criteria) were identified between 2003 and 2014.
Patients with cancer were identified using diagnosis codes from
their hospitalization or the preceding 90 days. Sepsis-associated
in-hospital mortality rates were assessed in 3-year intervals.
Multivariable logistic regression models were used to adjust for case mix
and severity of illness and to test for subgroup interactions in trends.

Results: The cohort included 20,975 patients with sepsis, of whom
7,489 (35.7%) had cancer (61.7% solid and 38.3% hematologic).

Sepsis-associated mortality rates in patients with cancer decreased
from 31.3% in 2003-2005 to 26.0% in 2012-2014 (absolute decrease,

5.2% [95% confidence interval (CI), 2.3-8.2%]). This mortality
reduction persisted after risk adjustment (adjusted odds ratio, 0.53
[95% CI, 0.45-0.63] in 2012-2014 relative to 2003-2005). In
contrast, sepsis-associated mortality rates increased in patients
without cancer from 20.9% in 2003-2005 to 23.9% in 2012-2014
(absolute increase, 2.1% [95% CI, 0.1-4.1%]), but were stable after
risk-adjustment (adjusted odds ratio, 0.90 [95% CI, 0.79-1.03])
(P<0.001 for comparison of trends between patients with vs.
without cancer on both crude and adjusted analysis). Among
patients with cancer, declines in risk-adjusted sepsis-associated
mortality were observed in both solid and hematologic cancer
subgroups, with both community-onset and hospital-onset sepsis, in
patients receiving active cancer treatments, and in patients requiring
mechanical ventilation at sepsis onset.

Conclusions: Sepsis-associated mortality rates declined
significantly over a 12-year period in patients with cancer, but not in
patients without cancer. Potential explanations include advances
in the management of cancer and/or better sepsis treatments
specifically in patients with cancer. Further research is needed

to elucidate the reasons for our findings and to assess their
generalizability to other hospitals.
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ORIGINAL RESEARCH

Sepsis affects an estimated 1.7 million adults
each year in the United States, ranks among
the most costly diseases, and contributes to
up to half of all deaths in hospitalized
patients (1-4). Although sepsis can affect
anyone, most patients who develop sepsis
have underlying chronic conditions (5, 6).
Cancer in particular is one of the most
common predisposing conditions as a
consequence of anatomic disruptions from
tumor invasion, immunosuppression,
frequent hospital stays, medical procedures,
and frailty (3, 7, 8).

There has been an increasing focus on
early sepsis recognition and treatment over
the past few decades; concurrently, major
advances in cancer treatment have helped
reduce cancer death rates (9, 10). However,
relatively little is known about whether and
how mortality rates have changed in
patients with cancer and sepsis. Prior
epidemiologic studies of patients with
cancer using administrative data to identify
sepsis have suggested that sepsis mortality
rates are declining, but comparisons of
studies from different time periods are
confounded by different administrative
definitions as well as improvements in sepsis
coding practices over time, leading to the
inclusion of less severe cases (8, 11-19).

The aim of this study was to use
detailed electronic health record data to
compare crude and adjusted sepsis-
associated mortality rates in patients with
and without cancer over time in a major
academic medical center serving a large
oncology population. We identified sepsis
using the validated U.S. Centers for Disease
Control and Prevention (CDC) Adult Sepsis
Event surveillance definition, which uses
objective clinical markers of presumed
infection and concurrent acute organ
dysfunction to identify sepsis rather than
administrative codes and therefore enables
more reliable longitudinal assessments of
sepsis epidemiology (1, 20).

Methods

Study Design and Data Source

This was a retrospective cohort study of
adults 18 years of age or older who had
sepsis during hospitalizations between
January 1, 2003, and December 31, 2014 at
Brigham and Women’s Hospital, a 779-bed
tertiary academic hospital that cares for a
large oncology population by serving as the
in-patient facility for the Dana Farber
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Cancer Institute. Our primary data source
was the Research Patient Data Registry,

a centralized clinical data warehouse
containing demographic, administrative,
medication, and laboratory data (21). Data
on mechanical ventilation were obtained
from a database maintained by the hospital’s
Respiratory Therapy Department as well as
International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-
9-CM) codes (96.7X) or Current Procedural
Terminology codes (94002, 94003, or
94004) (17). The study was approved by the
Partners Healthcare Institutional Review
Board with a waiver of informed consent.

Identifying Sepsis and Cancer
Sepsis cases were identified using CDC
Adult Sepsis Event criteria, which identify
hospitalizations with clinical indicators of
presumed serious infection and concurrent
organ dysfunction (20). This definition has
high concordance with Sepsis-3 criteria, but
is optimized for objective retrospective
surveillance using electronic health record
data (22). Presumed serious infection is
defined as a blood culture order and
administration of 4 or more consecutive
days of new antibiotics (fewer if death,
discharge to hospice, or discharge to another
acute care hospital occurs before 4 d)
starting from 2 days before through 2 days
after the blood culture day. Organ
dysfunction includes initiation of
vasopressors or mechanical ventilation,
lactate 2.0 mmol/L or greater, doubling in
baseline creatinine, or decrease in estimated
glomerular filtration rate by 50% or greater,
doubling in total bilirubin to 2.0 mg/dL or
greater, or 50% or greater decrease in
platelet count to less than 100 cells/pl. For
this analysis, we modified CDC criteria to: I)
exclude the platelet criterion to minimize
false positives secondary to chemotherapy;
2) exclude phenylephrine as a qualifying
vasopressor, because our dataset does not
allow us to distinguish vasopressors given in
the operating room, and phenylephrine is
rarely a first-line vasopressor for sepsis in
our institution; and 3) exclude the lactate
criterion, because rates of lactate testing
increased substantially over the study
timeframe in our institution, which could
cause ascertainment bias from identification
of milder sepsis cases over time (1, 17, 23).
Patients with cancer were identified
using the Agency for Healthcare Research
and Quality’s (AHRQ’s) Clinical
Classifications Software, which specifies

ICD-9-CM codes for 35 different solid and
hematologic malignancies (24). For
descriptive purposes, we consolidated the
diagnoses into five separate solid cancer
categories (breast, gastrointestinal,
genitourinary, lung, and other) and three
hematologic cancer categories (leukemia,
lymphoma, and multiple myeloma) based
on clinical assessment of their relatedness
and prior literature (25). We identified
patients with solid cancer with metastases
using ICD-9-CM codes as previously
described (25), and stem cell transplants
using codes V42.81 or V42.82. Codes from
the index sepsis hospitalization or any
in-patient or out-patient visit within the
preceding 90 days were used. Patients with
both hematologic and solid malignancies
were categorized as solid cancer if they had
solid tumor metastases (n =73); otherwise,
they were classified as having a hematologic
malignancy (n=286). We further identified
patients on active cancer therapy during the
index sepsis hospitalization or within the
prior 90 days (including home medications,
out-patient infusions, and targeted
molecular agents). All ICD-9-CM codes
and cancer medications are shown in
Appendices E1 and E2 in the online
supplement.

To assess the accuracy of the AHRQ
cancer diagnosis codes, one auditor (A.J.C.)
reviewed 200 randomly selected sepsis
hospitalizations (including patients with and
without cancer) using a standardized data
abstraction form to ascertain the presence
and type of cancer. The AHRQ cancer
classifications had good performance relative
to medical record review: 85.2% sensitivity
(95% confidence interval [CI], 72.9-93.4%)
and 90.2% positive predictive value (95% CI,
78.6-96.7%) for solid cancer, and 72.2%
sensitivity (95% CI, 54.8-85.8%) and 100%
positive predictive value (95% CI, 86.8-
100%) for hematologic cancer (Table E1).

Statistical Analyses and Trends in
Sepsis-associated Mortality

Descriptive analyses were performed
evaluating the characteristics of patients
with sepsis with and without cancer. Crude
in-hospital mortality rates were calculated
for each cancer type, stratified by presence
or absence of solid metastases for solid
cancer and stem cell transplants for
hematologic cancer. Comorbidities were
imputed using the Elixhauser method (26).
Infectious syndromes were determined
using ICD-9-CM codes (Appendix E3).
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In patients with and without cancer,
we calculated crude sepsis-associated
in-hospital mortality rates in 3-year
intervals to maximize the precision of our
estimates, with a focus on comparing the
2012-2014 time period to the baseline
2003-2005 period. To formally compare
trends between patients with versus without
cancer, we fit interaction terms between
cancer and time (in 3-yr intervals) in a
logistic regression model. We then used
multivariable logistic regression models to
adjust trends for case mix and severity of
illness. We did not include any ICD-9-CM-
based covariates to minimize any
ascertainment bias that might arise from
changes in coding practices over time (27,
28). Instead, we adjusted for objective
demographic factors (age, sex, and race) and
clinical markers of severity of illness
(initiation of vasopressors, mechanical
ventilation, albumin, anion gap, aspartate
aminotransferase, creatinine, hematocrit,
sodium, total bilirubin, white blood cell
count, and positive blood cultures for
noncommensal organisms). Severity of
illness was identified using the worst
laboratory values from 1 day prior through 1
day after the day of sepsis onset, defined as
the first antibiotic administration or blood
culture in the window period when CDC
criteria were met (20). Laboratory values
were dichotomized as normal versus
abnormal using clinically relevant cut points
(Table E2). Missing covariates for laboratory
values were assumed to be normal, as is
commonly done for clinical severity-of-
illness scores (29). Rates of missing
laboratory values were generally low (<2%
for complete blood counts and basic
chemistries, <15% for liver function tests).
Lactate, however, was frequently missing.
The rate of lactate missingness diminished
over the study period and so was not
included as a covariate to minimize
ascertainment bias (missing data rates are
summarized in Figure E1 in the online
supplement).

Among the cancer cohort, we calculated
trends in several important subgroups: 1)
patients requiring mechanical ventilation at
sepsis onset, given recent reports of steadily
high mortality in this population (30-32); 2)
patients on active cancer treatment, to
understand whether mortality trends might be
affected by changes in the ratio of patients with
active disease versus those in remission; and 3)
patients with community-onset and
hospital-onset sepsis to understand whether
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trends might be affected by differential care
delivered in the emergency department
versus within the hospital. Sepsis was
considered hospital onset if the blood culture,
first antibiotic day, and organ dysfunction all
occurred on Hospital Day 3 or later (33). To
explore potential clinical factors that might
affect sepsis outcomes in patients with
cancer, we also examined trends in the

use of targeted molecular cancer drugs,
granulocyte-colony-stimulating factor
(G-CSF), and antifungal medications that
became available during the study period
(echinocandins and triazoles).

In a sensitivity analysis, we assessed
trends in the combined outcome of both
in-hospital death and discharge to
hospice, because hospice is an increasingly
common end-of-life destination for patients
with sepsis and cancer (34). To examine how
trends differ when identifying sepsis using
administrative codes versus consistent
clinical criteria, we analyzed outcomes in
hospitalizations meeting modified Angus
criteria, which requires concurrent
diagnosis codes for infection and acute
organ dysfunction, or explicit codes for
severe sepsis (995.92) or septic shock
(785.52) (7, 14).

All tests of significance used two-sided
P values at less than 0.05. Analyses were
conducted using SAS version 9.4 (SAS
Institute).

Results

Characteristics and Outcomes of
Patients with Sepsis

The study cohort included 20,975
hospitalized patients with sepsis; 7,489
(35.7%) had cancer, including 4,623 with
solid cancer (2,979 [64.4%] with metastatic
disease) and 2,866 with hematologic cancer
(413 [14.4%] with stem cell transplants)
(Figure 1). Patient characteristics are shown
in Table 1.

Overall sepsis-associated mortality
rates were higher in patients with cancer
(2,130/7,489, 28.4%) versus patients without
cancer (2,959/13,486, 21.9%) (absolute
difference, 6.5% [95% CI, 5.3-7.7%]).
Mortality rates were similar with solid
(28.2%) and hematologic cancer (28.8%)
and higher among patients with solid cancer
with versus without metastases (31.5% vs.
22.3%) and patients with hematologic
cancer with versus without stem cell
transplants (35.4% vs. 27.7%). The highest

sepsis-associated mortality rates were seen
in patients with metastatic lung cancer
(39.6%), patients with leukemia and stem
cell transplants (38.3%), and patients with
multiple myeloma and stem cell transplants
(35.3%) (Figure 2).

Trends in Sepsis-associated Mortality
in Patients with and without Cancer
Sepsis-associated mortality rates in patients
with cancer decreased from 31.3% in 2003-
2005 to 26.0% in 2012-2014 (absolute
decrease, 5.2% [95% CI, 2.3-8.2%];
unadjusted odds ratio [OR], 0.77 in 2012-
2014 relative to 2003-2005, 95% CI, 0.67—
0.89) (Figure 3A and Table E3). This
mortality reduction persisted after risk
adjustment (adjusted OR, 0.53 [95% CI,
0.44-0.63]); declines in risk-adjusted
mortality were observed in both solid and
hematologic cancer subgroups (Figure 3B).
In contrast, sepsis-associated mortality
increased in patients without cancer from
20.9% in 2003-2005 to 23.9% in 2012-2014
(absolute increase, 2.1% [95% CI, 0.1-4.1%];
unadjusted OR, 1.13 [95% CI, 1.01-1.27]),
although there was no significant change in
risk-adjusted mortality (adjusted OR, 0.91
[95% CI, 0.80-1.04]). Unadjusted and
adjusted trends between patients with and
without cancer assessed using subgroup
interaction tests were significantly different
(P <0.001 for both). The full risk-adjusted
model results for patients with and without
cancer are shown in Table E2.

In patients with cancer requiring
mechanical ventilation at sepsis onset
(n=2,348, 31.4% of the cancer cohort),
crude mortality was high, but also declined
over time (54.8% in 2003-2005 vs. 48.1% in
2012-2014; absolute decrease, 6.7% [95%
CIL, 0.9 to 12.4%]; adjusted OR, 0.67 [95% CI,
0.52 to 0.87]; Figure E2). In patients without
cancer requiring mechanical ventilation
(n=6,358, 47.2%), mortality did not
significantly change (31.2% in 2003-2005 vs.
31.1% in 2012-2014, absolute decrease, 0.1%
[95% CI, —3.1 to 3.4%]; adjusted OR, 0.93
[95% CI, 0.79 to 1.10]).

Within the cancer cohort, similar
declines were seen with community-onset
sepsis (n=4,434, 57.9% of the cancer
cohort) and hospital-onset sepsis (1 = 3,155,
42.1%) (Figure E3). There was no
substantial change over time in the
proportion of patients with sepsis and
cancer who were on active chemotherapy
within 90 days before their sepsis
hospitalization (Figure E4); within this subset
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624,062 adults hospitalized from 2003-2014

20,975 patients with sepsis by modified

CDC Adult Sepsis Event criteria®

|

7,489 patients with sepsis
and cancer (35.7%)

}

13,486 patients with sepsis
and no cancer (64.3%)

!

)

4,623 patients
with solid cancer
(61.7%)

2,866 patients with
hematologic cancer
(38.3%)

Figure 1. Flow diagram for study cohort derivation. *The U.S. Centers for Disease Control and Prevention (CDC) Adult Sepsis Event definition was modified
to exclude patients who otherwise would meet organ dysfunction criteria solely based on elevated lactate, decreased platelets, or phenylephrine use.

(n=2,556, 34.1%), trends were similar

with a decline in sepsis-associated mortality
from 29.2% in 2003-2005 to 25.7% in
2012-2014 (absolute decrease, 3.5% [95% CI,
—1.5 to 8.4%]; adjusted OR, 0.51 [95% CI,
0.37 to 0.70]). Examination of care patterns
revealed a slight decrease in the proportion
of patients with sepsis and cancer who
received G-CSF and an increase in the
proportion that was receiving targeted
cancer therapy, although this latter group
was still small in 2012-2014 (6.2%; Figure
E4). A higher proportion of patients with
sepsis with versus without cancer received
echinocandins and triazoles; there was

an initial increase in the proportion of
patients treated with echinocandins from
2003-2005 to 2006-2008, but this was stable
afterwards, whereas the use of triazoles was
largely stable throughout the study period
(Figure E5).

On sensitivity analyses, the
improvements in sepsis-associated
outcomes in patients with cancer were
attenuated when combining in-hospital
death and discharge to hospice, but declines
were still present on adjusted analysis
(Figure E6). When using the Angus
administrative definition of sepsis
(n=20,637 patients, including 7,950 with
cancer and 12,687 without cancer), declines
in sepsis-associated mortality were more
pronounced in both patients with and
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without cancer, with greater relative
improvements in patients with cancer
(P <0.001 for subgroup interaction test)
(Figure E7).

Most markers of severity of illness at
sepsis onset were higher in the late time
period for patients with and without cancer
(Tables E4-E6). There was no substantial
difference in the quantity of missing
laboratory values between the two time
periods except for lactates (Figure E1).

Discussion

In this retrospective study using detailed
clinical data from an academic hospital
that cares for a large oncology population,
we found that sepsis-associated mortality
rates declined over a 12-year period in
patients with cancer, but not in patients
without cancer. The improvement in sepsis-
associated mortality in patients with
cancer was consistent across important
subgroups, including those requiring
mechanical ventilation at sepsis onset,
community and hospital-onset sepsis,

and patients receiving active cancer
treatment.

Other work has primarily studied the
epidemiology of sepsis in patients with
cancer using administrative data to identify
sepsis (8). Danai and colleagues (11), for
example, described a reduction in sepsis

mortality from 44.7% in 1979 to 23.8% in
2001 using the National Hospital
Discharge Survey. Another study using
administrative data from six states in

1999 described a sepsis mortality rate of
37.8%. Most recently, a study using 2013-
2014 data from the National Readmissions
Database demonstrated in-hospital
mortality rates of 27.9% for cancer-related
sepsis versus 19.5% in non-cancer-related
sepsis (12). The estimates in these various
studies, however, are not directly
comparable, because each used different
administrative definitions of sepsis (35).
Furthermore, using administrative data to
track sepsis trends is prone to ascertainment
bias from increasing sepsis awareness and
more diligent documentation and coding
practices over time (16, 18, 36, 37). Using
CDC’s Adult Sepsis Event definition allows
for more confidence in our findings, because
this definition uses consistent clinical
criteria rather than administrative codes to
detect sepsis. Adult Sepsis Events are less
susceptible to ascertainment bias than
administrative codes, more sensitive than
explicit sepsis codes, and more specific
than “implicit” administrative definitions
that use infection and organ dysfunction
codes (1, 17, 38, 39). The importance of
objective clinical surveillance is underscored
by our sensitivity analysis using the Angus
implicit administrative definition, which
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Table 1. Characteristics of patients with sepsis with and without cancer, 2003-2014

Characteristic Solid Hematologic No
Cancer* Cancer* Cancer
(n=4,623) (n=2,866) (n=13,486)
Age, yr, median (IQR) 64 (55-72) 58 (46-66) 62 (49-74)
Male sex, n (%) 2,519 (54.5) 1,678 (58.6) 7,381 (54.7)
Race
White, n (%) 3,725 (80.6) 2,472 (86.3) 9,718 (72.1)
Black, n (%) 365 (7.9) 115 (4.0) 1,641 (12.2)
Other, n (%) 533 (11.5) 279 (9.7) 2,127 (15.8)
Comorbidities (Elixhauser)
Chronic lung disease, n (%) 517 (11.2) 182 (6.4) 1,960 (14.5)
Congestive heart failure, n (%) 492 (10.6) 299 (10.4) 3,560 (26.4)
Diabetes, n (%) 431 (9.3) 184 (6.4) 2,090 (15.5)
Liver disease, n (%) 179 (3.9) 79 (2.8 709 (5.3)
Neurologic disease, n (%) 245 (5.3) 7 (3.4) 1,334 (9.9)
Renal failure, n (%) 304 (6.6) 181 6.3) 1,739 (12.9)
Median Elixhauser score (IQR) 17 (11-25) 11 (5-17) 11 (3-17)
Hospital-onset sepsis, n (%) 1,686 (36.5) 1,469 (51.3) 4,353 (32.3)
Organ dysfunction at sepsis onset,
n (%)
Vasopressors 2,221 (47.8) 1,093 (38.1) 7,972 (59.1)
Mechanical ventilation 1,568 (33.9) 780 (27.2) 6,358 (47.2)
Creatinine or eGFR 2,157 (46.7) 1,330 (46.4) 5,993 (44.4)
Bilirubin 1,135 (24.6) 1,366 (47.7) 2,625 (19.5)
Platelet 794 (17.2) 758 (26.5) 2,686 (19.9)
WBC <1 x 10%L at sepsis onset, 184 (4.0) 884 (30.8) 165 (1.2)
n (%)
Infectious syndromes, n (%)
Pulmonary 1,819 (39.4) 1,146 (40.0) 6,196 (45.9)
Urinary 777 (16.8) 319 (11.1) 2,675 (19.8)
Intra-abdominal 959 (20.7) 400 (14.0) 1,823 (13.5)
Skin/soft tissue 236 (5.1) 193 (6.7) 910 (6.8)
Septicemia 1,787 (38.7) 1,230 (42.9) 5,261 (39.0)
Bone/joint 53 (1.2) 31 (1.1) 455 (3.4)
Central nervous system 65 (1.4) 53 (1.9) 368 (2.7)
Obstetric/gynecologic 13 (0.3) 6 (0.2) 104 (0.8)
Other 920 (19.9) 910 (31.8) 3,191 (23.7)
Unknown source 816 (17.7) 552 (19.3) 2,112 (15.7)
Positive blood cultures, n (%) 746 (16.1) 618 (21.6) 2,012 (14.9)
Gram-positive organism, n (%) 413 (8.9) 365 (12.7) 1,274 (9.4)
Gram-negative organism, n (%) 372 (8.0) 286 (10.0) 808 (6.0)
Fungal organism, n (%) 75 (1.6) 66 (2.3) 205 (1.5)
Required ICU admission, n (%) 2,505 (54.2) 1,180 (41.2) 8.623 (64.9)
Median hospital LOS, d, n (%) 12 (7-21) 21 (10-33) 14 (8-24)
Discharge disposition, n (%)
Home 1,692 (36.6) 1,441 (50.3) 4,516 (33.5)
Facility 1,371 (29.7) 528 (18.4) 5,854 (43.4)
Hospice 242 (5.2) 70 (2.4) 124 (0.9)
In-hospital death 1,305 (28.2) 825 (28.8) 2,959 (21.9)

Definition of abbreviations: eGFR = estimated glomerular filtration rate; ICU =
length of stay; WBC =white blood cell.

IQR =interquartile range; LOS =

intensive care unit;

*Patients with both hematologic and solid malignancies were categorized as having a solid cancer if
they had solid tumor metastases (n =73); otherwise they were categorized as having a hematologic

malignancy (n =286).

TPositive blood cultures include any blood culture taken during a sepsis hospitalization. Some patients

had multiple organisms isolated.

suggested improvements in sepsis-associated
mortality rates in both patients with and
without cancer. However, the administrative
definition still demonstrated a greater relative
improvement in the cancer subgroup.
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The improvement in sepsis-associated
mortality rates in patients with cancer cannot
be attributed to a less severely ill population
over time, because: 1) the proportion of
patients on active cancer treatment was stable

over the study period; and 2) patients in the
later years of the cohort were older and had
more severe disease at sepsis onset. This latter
finding explains why the effect estimate for the
decline in mortality rates was even more
pronounced after adjusting for case mix and
severity of illness. One possible explanation for
improving outcomes in this population might
be greater awareness and more aggressive
treatment of sepsis specifically in the cancer
population. Other factors that could have
contributed to the preferential decrease in
sepsis mortality rates in patients with cancer
could include advances in anti-infective
therapies that are more commonly used in this
population, such as more efficacious and less
toxic antifungal agents (40-43). This latter
hypothesis is supported by the increasing use
of echinocandins early on in the study period.
We did not, however, observe a higher
proportion of patients with sepsis receiving
triazoles.

The stable mortality rates in
hospitalized patients without cancer
suggests that universal trends in sepsis care,
such as faster administration of antibiotics
and fluids, are probably not the sole
explanation for the decrease in sepsis
mortality in patients with cancer. The trend
may instead be explained by more effective
and/or less toxic treatments for cancer (3).
In particular, the evolution of more targeted
and less toxic treatments may allow patients
with cancer to recover from other acute
insults more easily and to live longer with
their disease (44, 45). In our study, we
observed an increase in the proportion of
patients with sepsis with cancer on targeted
agents, although this only accounted for a
small fraction of the cohort. Other studies
have suggested that greater use of G-CSF in
patients receiving myelotoxic chemotherapy
has led to a decreased incidence of febrile
neutropenia and infections (46, 47), but we
did not observe a higher proportion of
patients with sepsis receiving G-CSF.

Patients with cancer and sepsis who
required mechanical ventilation had
substantially higher mortality rates than
patients without cancer (approximately 50%
vs. 30%). These findings are consistent with
a recent meta-analysis demonstrating short-
term mortality rates ranging from 55% to
83% in patients with cancer requiring
mechanical ventilation (30). The
improvement in mortality rates that we
observed in this severely ill subset, however,
add to the literature supporting the utility of
trials of short-term aggressive care in
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Figure 2. Sepsis-associated in-hospital mortality rates by specific solid and hematologic cancer diagnosis categories. (A) Sepsis-associated mortality
rates for patients with solid cancer, stratified by the presence of metastases. Sample size: breast (n =213 with mets vs. 150 with no mets), genitourinary
(n=298 vs. 298), gastrointestinal (1 =822 vs. 529), lung (n =848 vs. 143), other (=591 vs. 902), and overall (n=2,979 vs. 1,644). (B) Sepsis-
associated mortality rates for patients with hematologic cancer, stratified by presence of stem cell transplant. Sample size: leukemia (230 with stem cell
transplant vs. 383 with no transplant), lymphoma (171 vs. 915), multiple myeloma (51 vs. 251), and overall (413 vs. 2,453). mets = metastases.

critically ill patients with cancer (10, 48),
and potentially argue against the stigma of
cancer as a universally terminal comorbidity
in this setting.

The trend toward improving survival
was partially attenuated when including
discharge to hospice as an outcome, which
reflects the increasing use of hospice services
at our hospital and nationwide (34).
However, discharge to hospice does not
guarantee death of the patient within
30 days, 90 days, or even within 6 months
(34, 49). In addition, increasing rates of
discharge to hospice may actually be in line
with patient preferences and arguably
represent a more favorable outcome than
in-hospital mortality. Regardless, even with
including discharge to hospice within our

Cooper, Keller, Chan, et al.: Sepsis Mortality Trends in Patients with vs. without Cancer

short-term mortality measures, our data
demonstrated improvements in risk-
adjusted sepsis outcomes.

This study has several strengths,
including large sample size, the use of both
clinical and administrative data, objective
identification of sepsis cases using CDC
surveillance criteria, and a validation of the
AHRQ Clinical Classifications for cancer
diagnosis categories. This study also has
several limitations. First, our inclusion
of a single center limits generalizability.
However, this is a necessary tradeoff to
obtain more granular data than is available
in most national datasets. Second, we have
only limited insight into the mechanisms
that might account for the differential
improvement in sepsis-associated mortality

for patients with versus without cancer.
In particular, we were not able to study
changes in timeliness of antibiotics and
other sepsis-related interventions, because
our dataset did have time-stamped
medication data. Prior work in our
institution has demonstrated increasingly
rapid administration of fluids and
antibiotics for patients with sepsis in the
emergency department during this study
period (50), but we do not know if this
occurred more in patients with cancer.

In addition, we did not have data on all
hospitalized patients, and so cannot assess
whether improvements in mortality rates
extended to all hospitalized patients with
cancer. Third, we had incomplete cancer-
specific information, including stage of
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Figure 3. Trends in sepsis-associated in-hospital mortality rates in patients with and without cancer. (A) Unadjusted annual trends in in-hospital mortality
(all patients with sepsis). (B) 3-year interval mortality rates adjusted for case mix and severity of illness (all patients with sepsis). The numbers of sepsis deaths
per 3-year interval in patients with cancer were 571/1,826 (31.3%) in 2003-2005, 580/1,975 (29.4%) in 2006-2008, 517/1,914 (27.0%) in 2009-2011, and
462/1,774 (26.0%) in 2012-2014. The number of sepsis deaths in patients without cancer were 655/3,134 (20.9%) in 2003-2005, 697/3,352 (20.8%) in
2006-2008, 779/3,404 (22.9%) in 2009-2011, and 828/3,596 (23.0%) in 2012-2014. Values presented in B represent the adjusted odds ratios for mortality
in each 3-year period (with 95% confidence intervals).

disease. However, we identified patients
on active treatment within 90 days of their
sepsis hospitalizations and found similar
trends in this subgroup. Fourth, although
we had a detailed set of clinical measures
to adjust for severity of illness, our dataset
did not include vital signs, mental status,
or other physiologic variables necessary

to calculate established scores, such as
APACHE (Acute Physiology and Chronic
Health Elements) or SOFA (Sequential
Organ Failure Assessment). Fifth, because
our cohort draws from a hospitalized
population rather than a general community
cohort, we were not able to draw inferences
about the incidence of sepsis in cancer

and in various cancer types. Finally, it is
possible that increases in intensive care
unit capacity and improvements in
electronic documentation at our hospital
could confound the analysis of changing
sepsis mortality over time. However, this
would likely have affected both patients
with and those without cancer.

In conclusion, although short-term
sepsis-associated mortality rates are higher
in patients with cancer versus patients
without cancer, there is room for optimism,
as sepsis-associated mortality declined in
patients with cancer over a 12-year period.
This is important, as both sepsis and cancer
continue to be substantial public health

problems. Our findings also suggest that
improvements in sepsis outcomes may
be explained in part by improvements

in the management of comorbid
conditions, and/or better sepsis treatment
specifically in patients with cancer.
Future work should focus on confirming
our findings in a nationally representative
set of hospitals, studying sepsis
prevention strategies in patients with
cancer, and better elucidating the factors
that improve outcomes for patients with
cancer.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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