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ABSTRACT

Introduction: Cancer patients are prone to
infections, but the mortality of fatal infections
remains unclear. Understanding the patterns of
fatal infections in patients with cancer is
imperative. In this study, we report the
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characteristics, incidence, and predictive risk
factors of fatal infections among a population-
based cancer cohort.

Methods: A total of 8,471,051 patients diag-
nosed with cancer between 1975 and 2016 were
retrospectively identified from the Surveillance,
Epidemiology, and End Results (SEER) program.
The primary outcome was dying from fatal
infections. Mortality rates and standardized
mortality ratios (SMRs) adjusted for age, sex,
race, and calendar year were calculated to
characterize the relative risks of dying from fatal
infections and to compare with the general
population. Furthermore, cumulative mortality
rates and the Cox regression models were
applied to identify predictive risk factors of fatal
infections.

Results: In cancer patients, the mortality rate
of fatal infections was 260.1/100,000 person-
years, nearly three times that of the general
population [SMR, 2.92; 95% (confidence inter-
val) CI 2.91-2.94]. Notably, a decreasing trend
in mortality rate of fatal infections was observed
in recent decades. SMRs of fatal infections were
highest in Kaposi sarcoma (SMR, 162.2; 95% CI
159.4-165.1), liver cancer (SMR, 30.9; 95% CI
30.0-31.8), acute lymphocytic leukemia (SMR,
19.1; 95% CI 17.0-21.4), and acute myeloid
leukemia (SMR, 13.3; 95% CI 12.4-14.3).
Patients aged between 20 and 39 years old
exhibited a higher cumulative mortality rate in
the first few years after cancer diagnosis,
whereas the cumulative mortality rate of those
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> 80years old was rapidly increasing and
became the highest approximately 3 years post-
cancer diagnosis. Predictive risk factors of dying
from fatal infections in cancer patients were the
age of 20-39 or > 80 years, male sex, black race,
diagnosed with cancer before 2000, unmarried
status, advanced cancer stage, and not receiving
surgery and radiotherapy, but receiving
chemotherapy.

Conclusion: Cancer patients were at high risks
of dying from infectious diseases. Certain
groups of cancer patients, including those aged
between 20 and 39 or > 80 years, as well as those
receiving chemotherapy, should be sensitized to
the risk of fatal infections.

Keywords: Cancer patients; Cohort studies;
Fatal infections; SEER; Survivorship

Why carry out this study?

Cancer patients are prone to infections;
fatal infections remain significant causes
of death among cancer patients in the
modern era.

Understanding the patterns of fatal
infections in patients with cancer is
imperative. However, the mortality rate of
fatal infections remains unclear.

We sought to investigate the
characteristics, incidence, and predictive
risk factors of fatal infections among a
population-based cancer cohort.

What was learned from this study?

Cancer patients were not only at high risk
of get infections, but also at high risk of
dying from fatal infections.

The findings of this study identified the
high-risk population for dying of fatal
infections among cancer patients and
determined the key population for further
prevention and treatment of deadly
infections.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14185949.

INTRODUCTION

Being one of the major public health problems
worldwide, cancer was responsible for an esti-
mated 9.6 million deaths in 2018 [1]. Patients
with cancer are often at a higher risk of getting
infections, and infections in cancer patients are
more deadly [2]. Previous reports indicate that
approximately 60% of cancer deaths are infec-
tion-related or directly caused by infections,
specifically with wunderlying hematologic
malignancies [3-6]. In cancer patients, well-
recognized risk factors for getting infections
include underlying immune deficiencies, asso-
ciated comorbidities, past infections, malnutri-
tion, psychologic stress, and treatment-related
adverse effects (i.e., chemotherapy reagents,
immunosuppressant therapies, antimicrobial
use, and invasive procedures) [7-9].

Infectious diseases complicate cancer treat-
ments and directly jeopardize the health of
cancer patients, eventually leading to poor
prognosis [7]. Considering the high prevalence
of immunosuppression among cancer patients,
infections can be more severe and life-threat-
ening in these people compared to the general
population [10, 11]. The previous studies have
proven that infections are important causes of
death among patients with cancer [12], espe-
cially in adolescents and young adults with
cancer [13].

Therefore, identifying the high-risk popula-
tion for fatal infections among cancer patients
is of great significance. Nonetheless, compre-
hensive resources to assist clinicians in identi-
fying cancer patients at the highest risk of fatal
infections are currently lacking.

As such, to address the current lack of evi-
dence, we conducted a population-based anal-
ysis of the landscape in fatal infections among
cancer survivors. This study was geared towards
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analyzing the characteristics, incidence, and
predictive risk factors for mortality of fatal
infections in patients with cancer. Our findings
will help clinicians identify cancer patients at
high risk of fatal infections as well as offer per-
sonalized health care and better-informed can-
cer treatment decisions.

METHODS

Data Sources and Study Population

A retrospective cohort study was performed
using data from the Surveillance, Epidemiology,
and End Results (SEER) program. The SEER
database is a population-based cancer registry
that covers nearly 28% of the US population
and collects cancer demographics, incidence,
survival, and treatment data. SEER*Stat software
version 8.3.6 was used for analysis [14].

All patients diagnosed with cancer between
1975 and 2016 were extracted from the SEER 18
database (2019 submission). Data from patients
with the first primary cancer were included.
Patients diagnosed only through autopsy or
death certificate were excluded. We further
excluded patients without complete follow-up
information, including the duration of follow-
up, age at diagnosis or race. As a comparison, we
used the mortality data of the general US pop-
ulation registered by the National Center for
Health Statistics between 1975 and 2016 [14].

Definition of Variables

All patients were observed between the time of
cancer diagnosis and the time of their death,
exiting the study alive or the end of the study
(December 31, 2016). Of note, deaths from fatal
infections were selected as the events of inter-
est. Among patients included in this study, we
evaluated the following variables: age at diag-
nosis, sex, race, year of diagnosis, marital status,
cancer stage, surgical therapy, chemotherapy,
radiotherapy, major causes, anatomic site, and
survival in months.

Patients with cause of death coded as
“Pneumonia and influenza (50,120),

tuberculosis (50,000), syphilis (50,010), sep-
ticemia (50,030), and other infectious and par-
asitic diseases including human
immunodeficiency  virus (HIV ~ [Human
Immunodeficiency Virus]) (50,040)” were con-
sidered to have encountered death from infec-
tions[15]. Cause of death variable for infections
was 001-136, 470-474, and 480-486 in the
International Statistical Classification of Dis-
eases and Related Health Problems, the tenth
revision [ICD-8 codes] for cases diagnosed
between 1975 to 1978, was 001-139, and
480-487 in ICD-9 for cases diagnosed between
1979 and 1998, and was A00-B99 and J09-J18 in
ICD-10 for cases diagnosed between 1999 and
2016.

As the SEER database records the duration of
survival in months, and a month was the
shortest time interval available for analysis,
survival durations < 1 month are recorded as
O months in the SEER program. Therefore,
according to standard epidemiologic conven-
tions, patients with durations of survival coded
as zero were converted to half month periods
[16].

Compliance with Ethics Guidelines

Since it is a publicly available database, access to
the SEER data required a signed research data
agreement form (Supplementary materials). As
the study did not directly involve human sub-
jects, and all data obtained from the SEER
database were anonymized, the Institutional
Review Board of Union Hospital, Tongji Medical
College, Huazhong University of Science and
Technology, and that of the Sun Yat-sen
University Cancer Center waived the Institu-
tional Review Board approval for this study.
Informed consents were waived for the data
obtained from the SEER database. Our study was
conducted according to the Declaration of
Helsinki and the Declaration of Istanbul, and no
donors influenced or paid for our study. As a
privacy statement, the authors guarantee the
confidentiality of the patient data.
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Statistical Analysis

The mortality rates of fatal infections were cal-
culated as the number of deaths from infections
divided by person-years of follow-up, whereas
the SMRs and corresponding 95% confidence
intervals (CIs) of non-cancer deaths were cal-
culated based on previously published protocols
[16-19]. The SMRs were estimated as the ratios
of observed to expected number of deaths. The
observed values represented the number of fatal
infection deaths in cancer patients, whereas the
expected values depicted the number of indi-
viduals who died of fatal infections in the gen-
eral population, with a similar distribution of
age, sex, race, and calendar year. For the age and
calendar year used during standardization,
5-year categories were created and the values at
the time of diagnosis were adopted. The race
group used in the standardization included
White, Black, and others. The 95% CIs of the
SMRs were obtained using an approximation
from the Poisson distribution [16, 20]. Cumu-
lative mortality rates were calculated to display
the pattern of fatal infection over follow-up and
to identify the subgroups of patients at a higher
risk of dying from fatal infections. Furthermore,
Cox proportional hazards models were fitted to
perform multivariable modeling for predictive
risk factors associated with fatal infections.

RESULTS

Demographic Characteristics of Fatal
Infections in Cancer Patients

Among all the 8,471,051 cancer patients enrol-
led for the analysis, 134,526 deaths from infec-
tious diseases were observed. The infectious
mortality rate was 260.1/100,000 person-years
in cancer patients, while 88.9/100,000 person-
years in the general population with a similar
distribution of age, sex, race, and calendar year.
As a result, an SMR of 2.92 (95% CI 2.91-2.94)
was obtained.

Table 1 shows the demographic characteris-
tics of patients diagnosed with cancer between
1975 and 2016. Notably, cancer patients diag-
nosed at all ages have an increased risk of death

from infectious diseases compared to persons
with the same age distribution in the general US
population. Patients diagnosed with cancer
aged between 20 and 39 had an SMR of 26.0
(95% CI 25.6-26.4), and a decreasing trend with
age was observed. In those aged > 80 years and
diagnosed with cancer, the SMR was 1.62 (95%
CI 1.60-1.64). Males (62.8%) were more likely
to die from infectious diseases compared to
females (37.2%), with a mortality rate of 357.7
and 178.1 per 100,000 person-years, respec-
tively. Of note, the risk of infectious mortality
was highest in patients diagnosed between 1975
and 1989 (SMR: 4.36, 95% CI 4.31-4.41) and
declined gradually afterward. Unmarried cancer
patients had a higher SMR of fatal infections
(SMR: 3.90, 95% CI 3.87-3.93) compared to the
married ones. The SMR of infectious mortality
among cancer patients who were at distant
stages was 4.75 (95% CI 4.67-4.83). Although
there were only 25.4% of cancer patients
receiving chemotherapy, these patients had
higher SMR of deaths from infectious diseases
(SMR: 5.07, 95% CI 5.01-5.13).

Figure 1 illustrates the mortality rates of
cancer patients dying from major causes of
infection by year of cancer diagnosis compared
to the general population. Among all infectious
diseases combined, the infectious mortality was
highest in patients diagnosed between 1990 and
1994 (384.33/100,000 person-years) and
declined gradually afterward (Fig. 1). For pneu-
monia and tuberculosis, infectious mortality
was highest in patients diagnosed with cancer
before 1984 and declined gradually afterward.
For septicemia, there was an increasing pattern
and the mortality was highest in patients diag-
nosed with cancer between 2010 and 2016. For
other infectious diseases (including HIV), the
mortality rate was increasing between 1975 and
1994 (1985-1989, 128.03/100,000 person-years;
1990-1994, 169.08/100,000 person-years) and
decreased sharply thereafter.

Fatal Infections by Major Causes
and Anatomic Sites

The most prevalent causes associated with
infectious mortality were pneumonia and
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Table 1 Infectious mortality among patients diagnosed with cancer between 1975 and 2016 in SEER 18 registries by
baseline characteristics

Characteristics No. of Total Death from infectious diseases SMR® (95%
P e?tients person Patients with cancer General population CI)
with years of
cancer (%) follow-up  No. of Mortality No. of  Mortality
observed  rates (per expected  rates (per
deaths® 100,000 deaths® 100,000
(%) person-years) (%) person-years)
All patients 8,471,051 51,727,359 134,526 260.1 46,009.9 88.9 2.92
(100%) (100%) (2.91-2.94)
Age
0-19 107,868 1,057,133 486 46.0 37.8 3.6 129
(1.3%) (0.4%) (11.8-14.1)
20-39 516,813 5,088,379 13,437 264.1 517.1 10.2 26.0
(6.1%) (10.0%) (25.6-26.4)
40-59 2,519,598 19,186,562 27,930 145.6 4,898.1 25.5 5.70
(29.7%) (20.8%) (5.64-5.77)
60-79 4,165,541 23,166,272 62,661 270.5 22,059.1 95.2 2.84
(49.2%) (46.6%) (2.82-2.86)
80+ 1,161,231 3,229,012 30,012 929.4 18,497.8 5729 1.62
(13.7%) (22.3%) (1.60-1.64)
Sex
Female 4,268,625 28,108,519 50,049 178.1 18,936.1 67.4 2.64
(50.4%) (37.2%) (2.62-2.67)
Male 4,202,426 23,618,840 84,477 357.7 27,073.8 114.6 3.12
(49.6%) (62.8%) (3.10-3.14)
Race
White 7,036,840 43,981,395 108,727 2472 38,020.4 86.4 2.86
(83.1%) (80.8%) (2.84-2.88)
Black 861,518 4,420,987 17,919 405.3 5,826.4 131.8 3.08
(10.2%) (13.3%) (3.03-3.12)
Other 572,693 3,324,977 7,880 237.0 2,163.1 65.1 3.64
(6.8%) (5.9%) (3.56-3.72)
Year
1975-1989 1,104,822 9,922,591 32,033 322.8 7,349.2 74.1 4.36
(13.0%) (23.8%) (431-4.41)
1990-1999 1,319,905 12,137,240 39,184 322.8 12,1414  100.0 3.23
(15.6%) (29.1%) (3.20-3.26)
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Table 1 continued

Characteristics No. of Total Death from infectious diseases SMR® (95%
patients person Patients with cancer General population CI)
with years of
cancer (%) follow-up No. of Mortality No. of Mortality
observed rates (per expected  rates (per
deaths® 100,000 deaths® 100,000
(%) person-years) (%) person-years)
2000-2009 3,422,077 23,242,380 47,143 202.8 20,834.1 89.6 2.26
40.4%) 35.0%) 224-228)
(
2010-2016 2,624,247 6,425,148 16,166 251.6 5,685.2 88.5 2.84
(31.0%) (12.0%) (2.80-2.89)
Marital status
Married 4,679,040 31,615,761 57,391 181.5 24,746.3 78.3 2.32
55.2% 42.7% 2.30-2.34)
( ) ( ) (
Unmarried 3,194,607 16,437,775 68,462 416.5 17,557.0  106.8 3.90
(37.7%) (50.9%) (3.87-3.93)
Unknown 597,404 3,673,824 8,673 236.1 3,706.6 1009 2.34
(7.1%) (6.4%) (2.29-2.39)
Stage
In situ 483,079 4,577,177 5,626 122.9 3,024.8 66.1 1.86
(5.7%) (4.2%) (1.81-1.91)
Localized 3,144,583 27,221,996 45,891 168.6 24,056.8 88.4 191
(37.1%) (34.1%) (1.89-1.93)
Regional 1,391,229 8,313,131 19,270 231.8 6,592.7 79.3 2.92
16.4%) (14.3%) (2.88-2.96)
(
Distant 1,463,749 3,301,674 14,155 428.7 2,980.7 90.3 475
17.3%) (10.5%) (4.67-4.83)
(
Unstaged 1,988,411 8,313,382 49,584 596.4 93549 1125 5.30
(23.5%) (36.9%) (5.25-5.35)
Surgery
Yes 5,067,632 39,847,230 69,617 174.7 31,021.5 77.9 2.24
59.8% 51.7% 2.23-2.2
(59.8%) ( ) ( 6)
No 3,274,257 11,392,253 62,729 550.6 14,498.8 127.3 433
38.7% .6% 29-4.3
(38.7%) (46.6%) (4.29-4.36)
Unknown 129,162 487,876 2,180 446.8 489.5 100.3 445
(1.5%) (1.6%) (4.27-4.64)
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Table 1 continued

Characteristics No. of Total Death from infectious diseases SMR® (95%
p a‘ltients person Patients with cancer General population Cn
with years of
cancer (%) follow-up ~ No.of  Mortality No. of  Mortality
observed rates (per expected  rates (per
deaths® 100,000 deaths® 100,000
(%) person-years) (%) person-years)
Chemotherapy
Yes 2,152,975 9,962,269 26,589 266.9 5,244.5 52.6 5.07
(25.4%) (19.8%) (5.01-5.13)
No/unknown 6,318,076 41,765,090 107,937 2584 40,765.4 97.6 2.65
(74.6%) (80.2%) (2.63-2.66)
Radiotherapy
Yes 2,316,329 14,343,406 28,703 200.1 10,539.6 73.5 2.72
27.3% 21.3% 2.69-2.7
(27.3%) (21.3%) (2.69-2.76)
No/unknown 6,154,722 37,383,953 105,823 283.1 35,470.3 94.9 2.98
(72.7%) (78.7%) (2.97-3.00)
Cause
Pneumonia and 8,471,051 51,727,359 61,773 25,999.3 1194 50.2 2.38
influenza (100%) (45.9%) (2.36-2.39)
Tuberculosis 8,471,051 51,727,359 711 527.9 1.37 1.02 1.35
(100%) (0.5%) (1.25-1.45)
Syphilis 8,471,051 51,727,359 27 15.6 0.05 0.03 1.73
(100%) (0.02%) (1.19-2.53)
Septicemia 8,471,051 51,727,359 28,765 11,571.6 55.6 22.4 2.49
(100%) (21.4%) (2.46-2.51)
Other infectious 8,471,051 51,727,359 43,250 5,559.8 83.6 10.7 7.78
and parasitic (100%) (32.1%) (7.71-7.85)
diseases

including HIV

SMR standardized mortality ratios; CI confidence interval; A7/ human immunodeficiency virus

* Observed deaths represent the total number of deaths from fatal infections among patients with cancer recorded during
the study period. Expected deaths represent the number of individuals who died of fatal infections in the general population
with a similar distribution of age at diagnosis, sex, race, and calendar year

® The SMRs were estimated as the ratios of observed to expected number of deaths. The observed values represented the
number of deaths in cancer patients, whereas the expected values represented the number of individuals who died of the
same causes in the general population, with a similar distribution of age, sex, race, and calendar year
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Fig. 1 Mortality rates of fatal infection among cancer
patients by year of cancer diagnosis. a Mortality rates of all
infectious diseases combined among cancer patients by year
of cancer diagnosis; b mortality rates of pneumonia and
influenza among cancer patients by year of cancer
diagnosis; ¢ mortality rates of tuberculosis among cancer

influenza (45.9%). The SMR of deaths from
infectious diseases was highest in other infec-
tious diseases (including HIV) (SMR: 7.78, 95%
CI 7.71-7.85), followed by septicemia (SMR:
2.49, 95% CI 2.46-2.51) as well as pneumonia
and influenza (SMR: 2.38, 95% CI 2.36-2.39)
(Table 1).

The majority of deaths caused by infectious
diseases occurred in patients with cancers of the
prostate (14.3%), colon and rectum (11.1%),
breast (10.9%), Kaposi sarcoma (9.3%), and
non-Hodgkin lymphoma (NHL) (9.0%),
accounting for half of the total deaths. Among
patients diagnosed when < 20 years old, the
plurality of deaths from infectious diseases was
observed in patients with acute lymphocytic
leukemia (ALL), NHL, and Hodgkin’s lym-
phoma (HL) (Fig. 2). Among patients diagnosed
at between 20 and 50 years, most of the deaths
from fatal infections were observed in patients

Year of cancer diagnosis

T T T
S > ° o >
S S S S $oF S S S
& & & GFF S F S
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Year of cancer diagnosis

patients by year of cancer diagnosis; d mortality rates of
syphilis among cancer patients by year of cancer diagnosis;
e mortality rates of septicemia among cancer patients by
year of cancer diagnosis; f mortality rates of other
infectious diseases and parasitic diseases including HIV
among cancer patients by year of cancer diagnosis

with cancers of Kaposi sarcoma and NHL. In
contrast, among patients diagnosed when > 50
years, the plurality of fatal infections occurred
in patients with cancers of the prostate, colon
and rectum, breast, and lung.

Patients with all types of cancer had higher
SMRs of infectious mortality compared to the
general population (Table 2). Among all cancer
types, patients with Kaposi sarcoma had a sig-
nificantly higher risk of dying from infectious
diseases, with an SMR of 162.2 (95% CI
159.4-165.1). Other cancers with high infec-
tious mortality included liver cancer (SMR,
30.9; 95% CI 30.0-31.8), ALL (SMR, 19.1; 95%
CI 17.0-21.4), acute myeloid leukemia (AML)
(SMR, 13.3; 95% CI 12.4-14.3), and HL (SMR,
10.1; 95% CI 9.56-10.7) (Table 1).

For major causes of infectious death includ-
ing pneumonia and influenza, the highest SMR
was observed in patients with ALL (SMR, 10.9;
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Fig. 2 Fatal infections among cancer patients by anatomic sites. a Number of deaths from fatal infections among cancer

patients by anatomic sites; b percentage of deaths from fatal infections among cancer patients by anatomic sites

95% CI 8.60-13.8), brain cancer (SMR, 9.90;
95% CI, 9.02-10.9), and AML (SMR, 9.85; 95%
CI 8.77-11.1) (Supplementary Table 1). For
syphilis and tuberculosis, the SMR could not be
compared across different cancer types because
of the relatively small number of deaths (27
cases and 777 cases, respectively) (Supplemen-
tary Tables 2 and 3). Tuberculosis mainly
occurred in patients with cancers of the prostate
(123 cases) and lung and bronchus (111 cases).
For septicemia, the highest SMR of dying was
observed in patients with ALL (SMR, 16.8; 95%
ClI, 12.9-22.0) and AML (SMR, 11.6; 95% CI
10.0-13.4) (Supplementary Table 4). For other
infectious diseases (including HIV), the highest
SMR was observed in patients with Kaposi sar-
coma (SMR, 1,764.6; 95% CI: 1,733.7-1,796.0)
(Supplementary Table 5). More information
about the mortality and SMRs of major infec-
tion is shown in Supplementary Tables 1 to S.

Fatal Infections by Time After Cancer
Diagnosis

Table 3 and Supplementary Fig. 1 show the
SMRs of infectious mortality by time since
cancer diagnosis. With all cancer types com-
bined, the SMR of deaths from infectious

diseases was high within 1 year after cancer
diagnosis (SMR, 5.09; 95% CI 5.04-5.14),
decreased in the first 5 years after diagnosis, rose
gradually since 5years after diagnosis, and
reached a peak after > 15 years since diagnosis
(1-5 years: SMR, 1.96, 95% CI, 1.94-1.98; 5—-
10 years, SMR, 2.22, 95% CI, 2.20-2.25; 5—
10years, SMR, 2.22, 95% CI 2.20-2.25;
10-15 years: SMR, 3.45, 95% CI 3.40-3.51;
15 + years: SMR, 7.07, 95% CI 6.95-7.19). In
various types of cancer, three patterns were
observed in the risk of dying from infectious
diseases with follow-up time. In the first type,
cancer patients had the highest SMR within
1 year of cancer diagnosis, which then declined
or rose a little in the long follow-up-time; thus,
the peaks of SMRs were observed in the first year
after diagnosis. This group included Kaposi
sarcoma, liver cancer, ALL, AML, HL, anus
cancer, brain cancer, NHL, etc. For instance,
patients with Kaposi sarcoma exhibited the
highest SMR within 1 year of diagnosis (SMR:
437.3, 95% CI 426.3-448.6) and declined grad-
ually afterward. In the second type, patients had
a high SMR within 1 year of cancer diagnosis,
which declined in the first few years after diag-
nosis, elevated afterward, and reached the
highest SMR after more than 15 years of
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Table 2 Infectious mortality among patients diagnosed with cancer between 1975 and 2016 in SEER 18 registries by
anatomic sites

Anatomic No. of Total Death from infectious SMR® (95%
sites patients person diseases CI)
with years of Patients with cancer General population
cancer (%) follow-up
No. of Mortality rates No. of Mortality rates
observed  (per 100,000  expected  (per 100,000
deaths® person-years)  deaths® person-years)
(%) (%)
All sites 8,471,051 51,727,359 134,526 260.1 46,009.9 88.9 292
(100.0%) (100.0%) (2.91-2.94)
Kaposi 22,244 98,131 12,578 12,817.6 775 79.0 162.2
sarcoma (0.3%) (9:3%) (159.4-165.1)
Liver 118,324 177,570 4,352 2,450.9 140.8 79.3 30.9
(1.4%) (3.2%) (30.0-31.8)
ALL 30,933 234,098 286 (0.2%) 122.2 15.0 6.4 19.1
(0.4%) (17.0-21.4)
AML 61,060 144,147 793 (0.6%) 550.1 59.5 413 133
(0.7%) (12.4-14.3)
HL 53,532 547,217 1,158 211.6 114.3 20.9 10.1
(0.6%) (0.9%) (9.56-10.7)
Anus 34,322 205,900 1,196 580.9 135.5 65.8 8.83
(0.4%) (0.9%) (8.34-9.34)
Brain 123,661 459,070 882 (0.7%) 192.1 110.0 24.0 8.02
(1.5%) (7.51-8.57)
NHL 311,485 1,781,494 12,047 676.2 1,511.2 84.8 7.97
(3.7%) (9.0%) (7.83-8.12)
Esophagus 73,170 136,030 902 (0.7%) 663.1 153.8 113.1 5.86
(0.9%) (5.49-6.26)
CML 29,392 132,990 522 (0.4%) 3925 103.3 777 5.05
(0.3%) (4.64-5.50)
Pancreas 195,663 182,513 1,068 585.2 217.5 119.2 491
(2.3%) (0.8%) (4.62-5.21)
Lung and 965,341 1,806,907 9,521 526.9 1,953.7 108.1 4.87
bronchus (11.4%) (7.1%) (4.78-4.97)
Cervix uteri 87,411 766,778 945 (0.7%) 123.2 196.4 25.6 481
(1.0%) (4.51-5.13)
Myeloma 101,626 350,854 1,924 548.4 4089 1166 471
(1.2%) (1.4%) (4.50-4.92)
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Table 2 continued

Anatomic No. of Total Death from infectious SMR® (95%
sites patients person diseases CI)
with years of Patients with cancer General population
cancer (%) follow-up
No. of Mortality rates No. of Mortality rates
observed  (per 100,000  expected (per 100,000
deaths® person-years)  deaths® person-years)
(%) (%)
Oral cavity 194,033 1,125,510 3,445 306.1 878.7 78.1 3.92
and (2.3%) (2.6%) (3.79-4.05)
pharynx
Bones and 16,674 129,216 118 (0.1%) 91.3 327 253 3.61
joints (0.2%) (3.02-4.33)
Stomach 138,776 361,557 1,726 4774 479.1 132.5 3.60
(1.6%) (1.3%) (3.44-3.78)
Larynx 69,152 452,335 1,461 323.0 419.0 92.6 3.49
(0.8%) (1.1%) (3.31-3.67)
Vulva 48,635 437,384 742 (0.6%) 169.6 224.0 512 3.31
(0.6%) (3.08-3.56)
CLL 75,640 469,740 1,924 409.6 6205 1321 3.10
(0.9%) (1.4%) (2.97-3.24)
Corpus uteri 250,987 2,179,271 3413 156.6 1,207.3 55.4 2.83
(3.0%) (2.5%) (2.73-2.92)
Ovary 131,819 754,433 926 (0.7%) 122.7 329.4 437 2.81
(1.6%) (2.64-3.00)
Small 29,300 144,573 362 (0.3%) 250.4 129.9 89.9 2.79
intestine (0.3%) (2.51-3.09)
Kidney and 219,761 1,257,414 2619 208.3 1,032.2 82.1 2.54
renal (2.6%) (1.9%) (2.44-2.64)
pelvis
Testis 53,702 630,063 285 (0.2%) 452 120.4 19.1 2.37
(0.6%) (2.11-2.66)
Colon and 836,720 5,078,443 14,926 293.9 6,504.7 128.1 229
rectum (9.9%) (11.1%) (2.26-2.33)
Cranial 124,837 617,790 1206 195.2 531.8 86.1 227
nerves (1.5%) (0.9%) (2.14-2.40)
other
nervous
system
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Table 2 continued

Anatomic No. of Total Death from infectious SMR® (95%

sites patients person diseases CI)

with years of Patients with cancer General population

cancer (%) follow-up
No. of Mortality rates No. of Mortality rates
observed  (per 100,000  expected (per 100,000
deaths® person-years)  deaths® person-years)
(%) (%)

Soft tissue 51,819 350,653 463 (0.3%) 132.0 213.1 60.8 2.17
including (0.6%) (1.98-2.38)
heart

Urinary 310,644 2,114979 6275 296.7 29420 1391 2.13
bladder (3.7%) (4.7%) (2.08-2.19)

Eye and 16,780 141,595 212 (0.2%) 149.7 103.3 72.9 2.05
orbit (0.2%) (1.79-2.35)

Endocrine 243,115 1,955,137 1212 62.0 595.7 30.5 2.03
system (2.9%) (0.9%) (1.92-2.15)

Breast 1,385,735 12,016,998 14,707 122.4 7,525.3 62.6 1.95

(16.4%) (10.9%) (1.92-1.99)

Prostate 1,153,981 9,094,613 19,268 2119 12,557.9 138.1 153

(13.6%) (14.3%) (1.51-1.56)

Skin, non- 494,208 4,146,099 4347 104.8 2,979.1 71.9 146

basal (5.8%) (3.2%) (1.42-1.50)

SMR standardized mortality ratios; CI confidence interval; ALL acute lymphocytic leukemia; AML acute myeloid leukemia;
HL Hodgkin lymphoma; NHL non—Hodgkin lymphoma; CML chronic myeloid leukemia; CLL chronic lymphocytic

leukemia

* Observed deaths represent the total number of deaths from fatal infections among patients with cancer recorded during

the study period. Expected deaths represent the number of individuals who died of fatal infections in the general population

with a similar distribution of age at diagnosis, sex, race, and calendar year
> The SMRs were estimated as the ratios of observed to expected number of deaths. The observed values represented the
number of deaths in cancer patients, whereas the expected values represented the number of individuals who died of the

same causes in the general population, with a similar distribution of age, sex, race, and calendar year

diagnosis. These included patients diagnosed
with cancer of the larynx, vulva, corpus uteri,
ovary, etc. In the third type, the SMRs of certain
cancer patients were rising over the follow-up
time, involving cancers of eye and orbit, pros-
tate, and non-basal skin, etc. In almost all of the
cancer sites presented in Table 3, the risk of
infectious mortality was greater compared to
the general population throughout all time
points in the follow-up period. The proportion
of patients who died from cancer-related death

was decreasing by time after diagnosis, while
that of infectious diseases was increasing (Sup-
plementary Fig. 2).

Cumulative Mortality Rates and Predictive
Risk Factors for Fatal Infections

Cumulative mortality rates of fatal infections
after cancer diagnosis were calculated. In cancer
patients, the 5- and 10-year cumulative
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mortality rates of fatal infections were 1.4% and
2.3%, respectively (Supplementary Fig. 3).
Patients aged between 20 and 39 years old had
the highest cumulative incidence in the first
3 years after cancer diagnosis, while the cumu-
lative mortality rate of patients aged > 80 years
old increased rapidly and became the highest
after about 3 years of follow-up (Fig. 3). Among
patients diagnosed with cancer in different
periods, the patients diagnosed with cancer
before 2000 had a higher cumulative mortality
of fatal infections. Other baseline characteristics
associated with higher cumulative mortality of
fatal infections included male sex, black race,
unmarried status, and distant metastatic dis-
ease. For therapy of the primary cancer, the
patients who received surgical operations and

radiotherapy were found to be associated with a
lower cumulative incidence of infectious
deaths. For patients receiving chemotherapy,
the cumulative mortality rate was higher from
about 1-8 years after diagnosis (Supplementary
Fig. 4).The cumulative mortality rate of patients
not receiving chemotherapy was higher after a
long-term follow-up of more than about 8 years.

Univariable and multivariable analysis was
performed to investigate the risk factors of
dying from fatal infections (Table 4). In the
multivariable analysis, the HR was relatively
high in the 20-39 age groups [hazard ratios (HR)
12.3, 95% CI 11.2-13.5, p <0.001]. After a
slight decline, it gradually increased with age
and reached its highest value at the age of 80
(HR 41.3, 95% CI 37.6-45.3, p < 0.001). Higher
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Table 4 Univariable and multivariable COX analysis for the risk factors of fatal infections among patients diagnosed with

cancer between 1975 and 2016 in SEER 18 registries

Variables Univariable COX model Multivariable COX model
HR (95% CI) ? HR (95% CI) P
Age (years)
0-19 Reference Reference
20-39 5.57 (5.08-6.12) < 0.001 12.3 (11.2-13.5) < 0.001
40-59 3.13 (2.85-3.43) < 0.001 9.20 (8.38-10.1) < 0.001
60-79 6.13 (5.59-6.72) < 0.001 15.4 (14.0-16.8) < 0.001
80 + 194 (17.7-21.3) < 0.001 413 (37.6-45.3) < 0.001
Sex
Female Reference Reference
Male 1.96 (1.94-1.99) < 0.001 1.89 (1.87-1.92) < 0.001
Race
White Reference Reference
Black 1.54 (1.51-1.56) < 0.001 140 (1.37-1.42) < 0.001
Other 0.93 (0.91-0.95) < 0.001 1.04 (1.02-1.07) 0.001
Year of diagnosis
1975-1989 2.11 (2.06-2.15) < 0.001 2.18 (2.13-2.22) < 0.001
1990-1999 2.05 (2.00-2.09) < 0.001 1.99 (1.95-2.03) < 0.001
2000-2009 1.18 (1.16-1.20) < 0.001 1.24 (1.21-1.26) < 0.001
2010-2016
Marital status
Married Reference Reference
Unmarried 2.15 (2.12-2.17) < 0.001 2.25 (2.22-2.28) < 0.001
Unknown 1.28 (1.25-1.31) < 0.001 1.15 (1.12-1.18) < 0.001
Stage
In situ 0.75 (0.72-0.77) < 0.001 1.01 (0.98-1.04) 0.516
Localized Reference Reference
Regional 129 (126-1.31) < 0.001 140 (1.37-1.42) < 0.001
Distant 1.84 (1.80-1.88) < 0.001 130 (1.27-1.33) < 0.001
Unstaged 3.03 (2.99-3.07) < 0.001 1.93 (1.90-1.96) < 0.001
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Table 4 continued
Variables Univariable COX model Multivariable COX model
HR (95% CI) 7 HR (95% CI) 7

Surgery

Yes Reference Reference

No 2,63 (2.60-2.66) < 0.001 1.88 (1.86-1.91) < 0.001

Unknown 2.24 (2.14-2.34) < 0.001 1.41 (1.35-1.48) < 0.001
Chemotherapy

Yes 1.04 (1.02-1.05) < 0.001 1.19 (1.17-1.20) < 0.001

No/unknown Reference Reference
Radiotherapy

Yes Reference Reference

No/unknown 131 (1.29-1.32) < 0.001 136 (1.34-1.38) < 0.001

HR hazard ratio; CI confidence interval

risks of fatal infections among cancer patients
were associated with male gender (HR 1.89, 95%
CI 1.87-1.92, p < 0.001), black race (HR: 1.40,
95% CI: 1.37-1.42, p < 0.001), remote year of
diagnosis (1975-1989, HR 2.18, 95% CI:
2.13-2.22, p <0.001), unmarried status (HR
2.25, 95% CI: 2.22-2.28, p < 0.001), non-sur-
gery (HR 1.88, 95% CI 1.86-1.91, p < 0.001),
chemotherapy (HR 1.19, 95% CI 1.17-1.20,
p < 0.001), and not receiving radiotherapy (HR:
1.36, 95% CI 1.34-1.38, p < 0.001).

DISCUSSION

Our findings show that the mortality rate of
fatal infections among cancer patients was
approximately three times that of the general
population. The risk of death from infectious
diseases was significantly higher after a diag-
nosis of Kaposi sarcoma, liver cancer, ALL, AML,
and HL. Furthermore, we identified groups of
patients and types of cancer with a higher risk
of fatal infections. So far, this study arguably
represents one of the largest to characterize
infectious mortality among cancer patients in
the literature.

Infection remains a critical cause of mor-
bidity and mortality in cancer patients [7], and
the management of infection in cancer patients
remains an important aspact of improving the
survivorship of cancer patients [21]. Herein, we
found that the risk of dying from infections in
cancer patients was three times higher than that
of the cancer-free population. Previous studies
have interpreted the high morbidity and mor-
tality of infections as a consequence of the
immunosuppression induced by effects of
malignancy itself and many systematic cancer
therapies, including chemotherapeutic regi-
mens, hematopoietic stem cell transplantation
(HSCT), invasive procedures or medical devices
and malnutrition [7, 22, 23]. For instance,
chemotherapy is frequently recommended by
clinicians to treat cancer patients because of its
proved therapeutic effects. Nevertheless, the
immunosuppressive effects of some
chemotherapeutic agents influence their appli-
cation ranges, including the damage to the
anatomical barriers, irritation to veins, bone
marrow suppression, neutropenia, and inhabi-
tation of the neutrophils [24, 25]. Our data
further revealed that though receiving
chemotherapy was associated with a lower risk
of infectious death in patients with a long-term
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cancer history, receiving chemotherapy might
be associated with the elevations in the risk of
death from infections in cancer patients from
about 1-8years after cancer diganosis. Our
study also showed a peak of fatal infections in
long-term survivors of cancers like prostate
cancer, non-basal skin cancer, etc. Acute infec-
tions are not so frequent and deadly in this
group of cancer patients as Kaposi sarcoma and
hematologic malignancies. In the long-term
survivors, the major causes of death may be
non-cancer causes, including cardiovascular
diseases and infectious diseases [12].

Our data revealed a remarkable decrease in
the mortality of infections in the new century.
This may be due to the application of preven-
tive measures against infections in patients with
cancer in recent years, the encompassing
upfront prophylaxis or the preemptive therapy
using broad-spectrum antimicrobial agents
directed against the most common infecting
pathogens. Nevertheless, the risk of dying from
infections in cancer patients remains more than
two times higher than that of the cancer-free
population. This suggests that there is still
much work to be done to minimize the occur-
rence of fatal infections. Besides, the mortality
rates of cancer patients dying from infectious
diseases peaked during 1990-1994. This upward
trend in the 1980s and 1990s might be attrib-
uted to the prevalence of HIV among the pop-
ulation. The incidence of acquired immune
deficiency syndrome (AIDS) increased rapidly
throughout the 1980s, peaked in the early
1990s, and then declined. The peak of new
diagnoses was linked to the expansion of the
AIDS surveillance case definition in 1993. Also,
with the advent of highly active antiretroviral
therapy (HAART) in the mid-1990s and the rise
in societal awareness, prevention, and response
to the AIDS epidemic, the number of new AIDS
cases and deaths dramatically declined and
then stabilized in the US [26, 27].

Notably, cancer patients at all sites are at an
increased risk of infectious mortality compared
to the general population, especially in Kaposi
sarcoma. As a cancer which is relatively preva-
lent in people diagnosed with HIV/AIDS and
following an organ transplant still has the
highest risk of infectious mortality, Kaposi

sarcoma carried 162.2 times higher mortality
risk of dying from fatal infections than that of
the general population. Patients with KS-AIDS
usually die from associated opportunistic
infections or gastrointestinal Kaposi sarcoma
with hemorrhage [28]. Also, elevated SMRs for
infectious diseases were observed in nearly all
the hematologic malignancies, including ALL,
AML, HL, and myeloma. This was as per the
greater risks for immunocompromising status
directly induced by the hematologic malignan-
cies and for the immunosuppressing effects of
the therapies (e.g., chemotherapies and HSCT)
among these patients compared to those with
solid cancers [29, 30]. Though our results
revealed the remarkable elevation of mortality
risk of other fatal infections including HIV in
Kaposi sarcoma and some other types of can-
cers, it needs further consideration in further
studies. First, the variable “other fatal infections
including HIV” was only valid for patients
diagnosed in 1987 and later [15]. Second, there
may be misclassifications of the causes of death.
Due to the high infection rates in cancer types
such as Kaposi sarcoma, it is difficult to distin-
guish the infectious deaths and deaths from
primary cancer.

Among the five primary causes of fatal
infections, the highest risk of dying from
infectious diseases is first attributed to other
infections (including HIV), followed by sep-
ticemia, pneumonia and influenza, syphilis,
and tuberculosis. Among all cancers, patients
with Kaposi sarcoma are at the highest risk of
dying from tuberculosis and other infections
(including HIV). The risk for tuberculosis in
patients with cancer is due to the weak host—
caused by immunosuppression from the cancer
itself or the chemotherapy [31-33], as well as
local structural changes in the lungs by cancer
or metastasis [34, 35]. A retrospective study
conducted between 2000 and 2015 estimated
that tuberculosis-related mortality was 0.83% in
the cancer population [33] compared to 0.28%
in the general population [36]. This implies that
active tuberculosis infection triggers a worse
outcome in cancer patients. Patients with
hematologic malignancy are also prone to
tuberculosis, with an estimated 489 per 100,000
person-years [33]. We further analyzed other
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infecios diseases and found that patients with
ALL are at the highest risk of dying from
pneumonia and influenza as well as syphilis.
Pneumonia is the most common and serious
infectious complication reported in patients
diagnosed with leukemia [37]. It is a major
cause of death during and after induction
chemotherapy for acute leukemia, with case
fatality rates of 25-45% [38-41]. Our work
emphasizes the impact of the infection burden
in cancer and calls for systematic screening and
treatment of infections in cancer patients.

The present study suggested that cancer
patients diagnosed at ages between 20 and 39
years have the highest risk of dying from
infectious diseases in the short-term period after
cancer diagnosis compared to patients in other
age groups. Compared with the general US
population of similar age groups, the elevation
of the mortality rate of fatal infections in this
age group was more remarkable (by nearly 30
times). This is partly attributed to the relatively
low mortality rate of infections in normal
young people, while numerous risk fators drive
the incidence and mortality of infections in the
cancer population to a high level. Another
cause of this elevation might be due to the high
prevalence of HIV in young adults compared to
other age groups. It is reported that approxi-
mately 85% of persons diagnosed with AIDS are
aged 20-49 years (1981-2000) [42]. HIV can
significantly damage the immune system, ren-
dering patients prone to cancer and infection
[43, 44]. On one hand, patients diagnosed with
HIV have a substantially higher risk of getting
some types of cancer due to the compromised
immune systems, including cervical invasive
carcinoma, Kaposi’s sarcoma, and various forms
of lymphoma [45-47]; on the other hand, can-
cer patients are prone to opportunistic infec-
tions once they contract HIV. Opportunistic
infections are more prevalent and severe in
these patients. In addition, due to multiple host
factors and iatrogenic factors, they have higher
risks of fatal infections, which could also result
from the delays in medical treatment or poorer
access to appropriate cancer and infection
treatment. Therefore, cancer patients aged
20-39 years are at high risk of fatal infections

compared to the general population, specifically
in the short-term period after cancer diagnosis.

We attempted to characterize the predictive
risk factors associated with a higher mortality
rate from infections in cancer patients. Male
patients have higher risk of dying from fatal
infections, indicating that gender differences
should not be regarded as a reference for cancer
patient surveillance and health care. Some viral
infections were more prevalent and intense in
males than in females, as in the case of hepatitis
B and C viruses, HIV, hantavirus, West Nile
virus infections, and influenza viruses. Females
typically develop higher innate [48, 49],
humoral, and cellular immune responses
[50-52] to viral infections thereby having a
better prognosis [53]. Also, the differences in
cultural and social factors between men and
females, including exposure to various types of
antigens, access to health promotion programs
and health care, as well as the prioritization of
health needs, might contribute to a higher risk
of infectious mortality in male cancer patients
[54-56]. Unmarried status proved to be another
risk factor for fatal infections in our study.
Several lines of evidence have indicated that
marital status can have an impact on the quality
of life, health, and survival outcomes in cancer
patients. For instance, a study based on the
SEER database revealed that single marital status
is related to increased infectious mortality in
women with invasive cervical cancer [57]. Sin-
gle marital status in cancer patients seems to
have a negative effect on psychosocial health
and immune function compared to married
status; as such, cancer patients in single marital
status are more likely to die from fatal infec-
tions. The influences of age, year of cancer
diagnosis, and chemotherapy were discussed
above. Interestingly, receiving chemotherapy
was an independent predictive factor of worse
prognosis in both univariable and multivariable
analysis. Other risk factors included advanced
cancer stage and not receiving surgical therapy
and radiotherapy.

Our study has limitations. First, the primary
variable of interest, fatal infections, encom-
passes a wide array of infectious diseases, but
the SEER program did not provide details on
infectious agents, which could lead to
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infections. Thus, we analyzed the infections as a
whole and then characterized the most frequent
types of infections. Second, it is hard to deter-
mine whether the infection is present before or
after a cancer diagnosis. Some infections are
related to the occurrence of cancer. To mini-
mize the impacts of this limitation, we focus on
the deadly outcomes rather than the occurence
of infectious disease. Third, the SEER database
could not provide information on comorbidi-
ties of patients; hence, we could not analyze the
impact of other diseases including diabetes
mellitus on the risk of fatal infections. Due to
the potential underlying immune deficiencies,
associated comorbidities, and treatment-related
adverse effects, cancer patients might poten-
tially be complicated by co-infections. Thus, it
is difficult to distinguish the specific causes of
infectious mortality. Still, analyzing the large
amount of available data in the SEER database
remains a powerful and useful tool in medical
research and exploration.

CONCLUSIONS

In conclusion, the risk of dying from fatal
infections in cancer patients was nearly three
times that of the cancer-free general popula-
tion. Of note, SMRs of fatal infections in cancer
patients have been decreasing in recent decades.
Patients diagnosed with certain types of cancer,
including Kaposi sarcoma, liver cancer, ALL,
and AML, should pay heightened attention to
preventing infections. Factors associated with a
higher risk of dying from fatal infections
included the age of 20-39 or > 80 years, male
sex, black race, diagnosed with cancer before
2000, unmarried status, advanced cancer stage,
not receiving surgery and radiotherapy, and
receiving chemotherapy. Our findings therefore
underscore the significance of appropriate risk
assessment, and we recommend advanced tar-
geted preventive interventions against fatal
infections.
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