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ABSTRACT

Background Patients with malignancy are vulnerable to
influenza viruses and are at high risk of developing serious
complications. However, few studies have investigated the
impact of influenza infection among hospitalised patients
with malignancy.

Methods Cancer-related hospitalisations were identified
by using data from National Inpatient Sample in the USA
between 2012 and 2014. We conducted a 1:1 propensity
score matching analysis to compare the in-hospital
outcomes between cancer patients with and without
influenza. Multivariate logistic regression analyses

were also performed to identify independent prognosis
predictors of mortality.

Results We identified 13 186 849 weighted cancer-
related hospitalisations during the study period, and 47
850 of them (0.36%) had a concomitant diagnosis of
influenza. After propensity score matching, cancer patients
with concomitant influenza had a higher mortality (5.4%
vs 4.2%; OR, 1.30; 95% Cl, 1.13 to 1.49; p<0.001), longer
length of stay (6.3 days vs 5.6 days; p<0.001) but lower
costs (US$14 605.9 vs US$14 625.5; p<0.001) in hospital
than those without influenza. In addition, cancer patients
with influenza had a higher incidence of complications,
including pneumonia (18.4% vs 13.2%; OR, 1.49; 95%

Cl, 1.37 to 1.62; p<0.001), neutropenia (7.1% vs 3.4%;
OR, 2.18; 95% Cl, 1.91 to 2.50; p<0.001), sepsis (19.5%
vs 9.3%; OR, 2.36; 95% Cl, 2.16 to 2.58; p<0.001),
dehydration (14.8% vs 8.8%; OR, 1.80; 95% Cl, 1.65

t0 1.97; p<0.001) and acute kidney injury (19.9% vs
17.6%; OR, 1.16; 95% Cl, 1.08 to 1.25; p<0.001) than
those without influenza. Older age, no insurance, more
comorbidities, lung cancer and haematological malignancy
were independently associated with higher mortality.
Conclusion Influenza is associated with worse in-
hospital clinical outcomes among hospitalised patients
with malignancy. Annual influenza vaccination and early
initiation of antiviral therapy are recommended in this
high-risk population.

INTRODUCTION

Influenza is a highly contagious respiratory
disease and serious influenza can result in
hospitalisation or death. In the USA, 9.2
million to 35.6 million people get influenza
and the complications of influenza lead 140
000 to 710 000 people to be hospitalised and
about 36 000 people to die each year.'

,! Dingding Zhang,? Zhao Sun,' Chunmei Bai," Lin Zhao'

Key questions

What is already known about this subject?

» Patients with malignancy are vulnerable to influenza
viruses and are at high risk of developing serious
complications that may lead to hospitalisations, dis-
ruptions in anticancer therapy schedule and even
death.

What does this study add?

» We identified 47 850 cancer-related hospitalisations
with a concomitant diagnosis of influenza by using
data from the largest nationwide inpatient database
in the USA. Hospitalised cancer patients with con-
comitant influenza had a higher morbidity and mor-
tality than those without influenza.

How might this impact on clinical practice?

» Our study highlights the need for efforts to prevent
influenza infection and manage related serious
complications in hospitalised cancer patients.

In particular, patients with malignancy
have more concomitant diseases and may
experience chemotherapy or radiotherapy,
bone marrow transplant and other related
medications (eg, systemic corticosteroids),
which seriously impair their immune func-
tion.”* These immunosuppressed population
are more vulnerable to influenza viruses and
are at high risk of developing serious compli-
cations that may lead to hospitalisations,
disruptions in anticancer therapy schedule
and even death.”® Yearly, 441 per 100 000
cancer patients are hospitalised because of
influenza infection in the USA, which is three
to five times higher than in the general popu-
lation.’ Some studies also reported that during
the influenza epidemic, 21% to 33% cancer
patients admitted to hospital with respiratory
symptoms might test positive for influenza.”®
Considering that at least 16.9 million people
with a history of cancer are alive and about 650
000 cancer patients receive chemotherapy in
an outpatient oncology clinic each year, influ-
enza has become a substantial disease burden
among cancer patients in the USA.? Despite
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influenza infection poses prevailing concerns in patients
with malignancy, the actual morbidity and mortality in
this heterogeneous population is still not well defined.
Therefore, we conducted this nationwide analysis to eval-
uate the impact of influenza infection among hospital-
ised patients with malignancy in the USA.

METHODS

Study design and sample population

Data for analysis were collected from the National Inpa-
tient Sample (NIS) provided by the Healthcare Cost and
Utilization Project (HCUP) between 2012 and 2014. The
NIS is the largest inpatient database in the USA, which is a
20% stratified sample of nationwide inpatient hospitalisa-
tions and contains over 7 million hospital discharge data
from about 1000 hospitals annually.

Hospitalisations among patients aged =18 years with
a diagnosis of cancer were identified using the clinical
classifications software (CCS) diagnostic codes. CCS is
a diagnosis and procedure categorisation scheme that
groups the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes into
clinically meaningful categories. The detailed diagnostic
codes are listed in online supplemental appendix A.
Hospitalisations with missing value were excluded from
any further analysis. All identified cancer-related hospi-
talisations were subsequently categorised into two groups:
influenza and no influenza.

The ethics committee of Peking Union Medical College
Hospital determined that this study was exempt from
formal institutional review board review due to the retro-
spective design and de-identified data.

Characteristics and outcomes

Baseline characteristics included in this study are listed
in table 1. The comorbidity burden was calculated by
using Elixhauser comorbidity software developed by
HCUP.""" The primary outcome was in-hospital mortality.
The secondary outcomes included length of stay, total
cost and incidence of in-hospital complications, including
pneumonia, neutropenia, sepsis, dehydration and acute
kidney injury. The diagnostic codes of the complications
are listed in online supplemental appendix A.

Statistical analysis

Data analysis was conducted following recommended
methodological standards for NIS." In an attempt to
control for potential confounders, we performed 1:1
propensity score matching to balance the differences
in baseline characteristics between cancer patients with
influenza and without influenza. The propensity score
analysis followed a recommended guideline modified
from the STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology) statement."”
Univariate and multivariate logistic regression anal-
yses were performed to identify independent prognosis
predictors of in-hospital mortality. Normally distributed
continuous variables were compared using Student’s

t-test. Categorical variables were compared using % test
or Mann-Whitney rank-sum test. A p value less than 0.05
(two-sided test) was considered to be statistically signif-
icant. All statistical analyses were performed with SAS
(V.9.4, SAS Institute Inc, Cary, North Carolina, USA).

RESULTS

Baseline characteristics

We identified 13 186 849 weighted cancer-related hospi-
talisations during the study period, and 47 850 of them
(0.36%) had a concomitant diagnosis of influenza
(figure 1). Baseline patient and hospital characteristics
are shown in table 1. Cancer patients with concomitant
influenza were more likely to be older (70.1 vs 68.2 years,
p<0.001), have Medicare insurance (69.8% vs 64.0%,
p<0.001), have more comorbidities (3.3 vs 2.8, p<0.001),
have breast cancer (17.1% vs 15.7%, p<0.001) or haema-
tological malignancy (24.1% vs 12.6%, p<0.001), admit to
a hospital located in Midwest (26.3% vs 21.7%, p<0.001),
admit to a rural hospital (10.6% vs 9.0%, p<0.001) and
admit to a small hospital (16.2% vs 14.1%, p<0.001)
than those without influenza infection. After propensity
matching, a sample of 95 690 patients (47 845 in each
group) with well-matched baseline characteristics was
identified (table 1).

In-hospital outcomes

In the propensity score-matched population, patients
with concomitant influenza had a higher in-hospital
mortality (5.4% vs 4.2%; OR, 1.30; 95% CI, 1.13 to 1.49;
p<0.001) (figure 2), longer length of stay (6.3 days vs 5.6
days; p<0.001) but lower costs (US$14 605.9 vs US$14
625.5; p<0.001) in hospital (table 2). In addition, patients
with influenza had a higher incidence of complications,
including pneumonia (18.4% vs 13.2%; OR, 1.49; 95%
CI, 1.37 to 1.62; p<0.001), neutropenia (7.1% vs 3.4%;
OR, 2.18; 95% CI, 1.91 to 2.50; p<0.001), sepsis (19.5%
vs 9.3%; OR, 2.36; 95% CI, 2.16 to 2.58; p<0.001), dehy-
dration (14.8% vs 8.8%; OR, 1.80; 95% CI, 1.65 to 1.97;
p<0.001) and acute kidney injury (19.9% vs 17.6%; OR,
1.16; 95% CI, 1.08 to 1.25; p<0.001) (figure 2, table 2).
Similar results were seen in multivariable regression anal-
ysis in the unmatched cohort (table 2).

Table 3 presents relevant factors associated with
mortality in hospitalised cancer patients with influenza.
In the multivariate logistic regression analysis adjusting
for relevant variables, older age, no insurance (vs Medi-
care; OR, 1.90; 95% CI, 1.39 to 2.61; p<0.001), Elixhauser
comorbidity 24 (vs <4; OR, 1.73; 95% CI, 1.56 to 1.92;
p<0.001), lung cancer (vs colorectal cancer; OR, 1.56;
95% CI, 1.28 to 1.90; p<0.001) and haematological malig-
nancy (vs colorectal cancer; OR, 1.30; 95% CI, 1.08 to
1.56; p<0.001) were independently associated with higher
mortality. With regard to hospital level factors, admis-
sion to medium (vs small; OR, 1.25; 95% CI, 1.04 to 1.51;
p<0.019) or large size hospital (vs small; OR, 1.50;95% CI,
1.27 to 1.78; p<0.001), and admission to hospital located
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(n = 107 441 456)

Total available hospitalisations from NIS
between 2012 and 2014

Excluded because of

1. Age < 18 years old (n = 17 007 516)
2. No cancer diagnosis (n = 75 883 441)
3. Missing value (n = 1 363 650)

included for analysis
(n=13 186 849)

Cancer-related hospitalisations

Influenza
(n =47 850)

No influenza
(n =13 138 999)

Figure 1

in the South (vs Northeast; OR, 1.32;95% CI, 1.14 to 1.53;
p<0.001) or West (vs Northeast; OR, 1.25; 95% CI, 1.05 to
1.50; p=0.013) were independently associated with higher
mortality.

DISCUSSION

During the past few decades, the rapid progress of cancer
research has resulted in a prolonged survival in many
patients with malignancy. However, since the malignant
disease and its related treatment can seriously impair
immune function, patients with cancer are especially

Flow diagram of study population selection. NIS, National Inpatient Sample.

susceptible to influenza and are at great risk of devel-
oping serious complications. In this propensity score-
matched analysis of the largest nationwide database of
hospitalisation in the USA, we found influenza infection
was associated with worse in-hospital clinical outcomes
among hospitalised patients with malignancy.

In this study, hospitalised cancer patients with influ-
enza had a mortality rate of 5.4%, which was signifi-
cantly higher than those without influenza. Consistently,
previous studies also reported a mortality rate from 4%
up to 10% in hospitalised cancer patients with influenza

25—
195 19.9
20
184 176
& 5] 14.8
@ 132
s} -
&
T 10 93 8.8
2 7.1
54
5_] |4.2| |3.4|
o_
Mortality Pneumonia Neutropenia Sepsis Dehydration  Acute kidney injury
== |nfluenza == No Influenza

Figure 2 Comparison of in-hospital mortality and incidence of complications between hospitalised cancer patients with and
without influenza after propensity score matching. All p values are less than 0.001.
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In-hospital outcomes among hospitalised patients with malignancy before and after propensity score matching

Table 2

After propensity-score matching

Before propensity-score matching

Adjusted OR (95%

ch*

No influenza (n=47

845)

Adjusted OR (95% Influenza (n=47
845)

chy*

No influenza (n
138 999)

Influenza (n=47

845)

OR (95% ClI)

OR (95% CI)

1.31 (1.14 t0 1.51)

0.10 (0.02)t
~0.17 (0.01)t

1.30 (1.13 to 1.49)
0.11 (0.02)t
~0.17 0.01)t

5.4 4.2

1.35 (1.23 to 1.49)

0.12 (0.01)t
~0.17 (0.01)t

1.34 (1.22 to 1.47)

0.17 (0.01) 1
~0.16 (0.01)f

41

5.4

In-hospital mortality (%)

5.6+6.7

6.3+7.7

5.6+6.4

6.3+7.7

Length of stay (days), mean+SD
Total cost (US$), mean+SD

14 625.5+19 749.0

14 605.9+28 913.8

14 163.7+19 529.3

14 606.3+28 912.3

Complication incidence (%)

1.52 (1.40 to 1.65)
2.18 (1.90 to 2.51)
2.41 (2.20 to 2.63)
1.81 (1.65 t0 1.98)
1.17 (1.08 t0 1.27)

1.49 (1.37 to 1.62)
2.18 (1.91 to 2.50)
2.36 (2.16 to 2.58)
1.80 (1.65 to 1.97)
1.16 (1.08 to 1.25)

13.2

8.4
71
19:5
14.8

1
1

1.54 (1.45 to 1.64)
2.08 (1.91 to 2.27)
2.33 (2.20 to 2.46)
1.80 (1.70 to 1.91)
1.20 (1.13 to 1.27)

1.76 (1.66 to 1.86)
2.62 (2.42 t0 2.84)
2.59 (2.46 to 2.73)
1.90 (1.80 to 2.01)
1.42 (1.35 to 1.50)

11.3

18.4

Pneumonia

3.4
9.3
8.8
17.6

2.8
8.5
8.4
14.7

71
19.5

Neutropenia

Sepsis

14.8

Dehydration

9.9

19.9

Acute kidney injury

*Adjusted for age, sex, race, insurance status, household income, Elixhauser comorbidity, cancer type, region, hospital location and teaching status and hospital size (hospital cost was additionally adjusted for length of stay).

TLinear regression coefficient and its SE in linear regression model.

depending on different populations and approaches to
disease management.’ '* With regard to patientrelated
characteristics in this study, we found age, insurance status,
comorbidity and cancer type as independent prognosis
factors associated with mortality. Consistent with previous
studies, higher mortality was observed in older patients
and patients with more comorbidities.” " According to
the Centers for Disease Control and Prevention (CDC)
in the USA, about 50% seasonal influenza-related hospi-
talisations and about 70% related deaths occurred in
people 65 years and older.'® In addition, our results iden-
tified significant differences in morbidity and mortality
between patients with haematological malignancy and
those with solid tumour. Patients with haematological
malignancy tend to receive more aggressive interventions
but less palliative care than those with solid tumour.'™"
However, it is difficult to attribute this difference to the
disease or treatment-associated immunosuppression.
Hospital-level characteristics were also found to be associ-
ated with mortality in cancer patients with influenza. The
mortality was significantly higher in patients admitted to
large hospitals than those admitted to small hospitals. A
possible explanation could be that complex patients are
more likely to be referred to large specialised centres for
more advanced care. According to geographical location,
the mortality of patients was lower in hospitals in the
Midwest and North-central and higher in hospitals in the
South or West. This regional variation may suggest the
difference of influenza infection prevention and control
level across the hospitals in different regions.

The economic burden associated with influenza and its
complications can be substantial. In the USA, influenza
is estimated to result in 20.1 million days of lost produc-
tivity and 6.3 to 25.3 billion US$ economic burden to
the healthcare system and society each year.”” Compared
with cancer patients without influenza, a longer length of
stay but lower hospitalisation costs was observed among
cancer patients with influenza in this study. Although
influenza can cause a longer length of stay has already
been reported in previous studies, the finding of lower
hospitalisation costs is somewhat unexpected. This
finding may in part be due to influenza and its compli-
cations compromise cytotoxic dose intensity and impede
their planned cancer-associated treatment, which poten-
tially reduces the hospitalisation cost.”

In the general population, influenza is an acutely
debilitating but self-limited disease and most infected
patients can recover without complications. However,
this study identified that cancer patients with influenza
were at a greater risk of serious complications than those
without influenza. The major complication of influ-
enza is pneumonia, which is also the leading causes of
admission and mortality in patients with cancer.”'™
Influenza virus can affect tracheobronchial epithelium
of patients and contribute to secondary bacterial pneu-
monia and subsequent excess mortality.** * Neutro-
penia is common among cancer patients undergoing
active chemotherapy or radiotherapy with an impaired
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Table 3 Univariable and multivariable logistic regression analysis of in-hospital mortality among hospitalised cancer patients

with influenza

Mortality (%) OR P value Adjusted OR P value

Age (years)

18-49 4.4 Reference Reference

50-64 6.2 1.44 (1.28 to 1.69) <0.001 1.54 (1.25 to 1.89) <0.001

65-84 5.0 1.14 (0.98 to 1.33) 0.089 1.28 (1.02 to 1.60) 0.037

>=85 5.8 1.33 (1.13 to 1.57) 0.001 1.66 (1.28 to 2.15) <0.001
Sex

Male 519 Reference Reference

Female 4.8 0.81 (0.75 to 0.88) <0.001 0.91 (0.80 to 1.02) 0.110
Race

White 5.5 Reference Reference

Black 4.6 0.84 (0.73 to 0.97) 0.016 0.83 (0.70 to 0.99) 0.036

Hispanic 5.3 0.96 (0.82 to 1.12) 0.622 0.87 (0.71 to 1.07) 0.190

Asian/Pacific Islander 4.4 0.80 (0.58 to 1.10) 0.160 0.83 (0.56 to 1.21) 0.326
Median household income

15.25™ percentile 5.7 Reference Reference

26"-50" percentile 4.6 0.79 (0.71 to 0.89) <0.001 0.74 (0.63 to 0.86) <0.001

515.75" percentile 5.6 0.97 (0.87 to 1.08) 0.576 0.99 (0.85 to 1.15) 0.907

75"-100" percentile 5.6 0.98 (0.88 to 1.09) 0.694 1.03 (0.88 to 1.20) 0.747
Insurance status

Medicare 5.3 Reference Reference

Medicaid 5.6 1.05 (0.90 to 1.22) 0.568 1.12 (0.89 to 1.41) 0.346

Private 5.1 0.95 (0.86 to 1.06) 0.340 1.12 (0.95 t0 1.32) 0.174

Self 5.8 1.09 (0.83 to 1.44) 0.547 0.70 (0.44 to 1.12) 0.140

Uninsured 7.6 1.47 (1.13 to 1.90) 0.004 1.90 (1.39 to 2.61) <0.001
Elixhauser comorbidity

<4 4.0 Reference Reference

>=4 71 1.82 (1.68 to 1.97) <0.001 1.73 (1.56 to 1.92) <0.001
Cancer type

Colorectal 5.8 Reference Reference

Lung 8.4 1.50 (1.24 t0 1.82) <0.001 1.56 (1.28 to 1.90) <0.001

Breast 2.8 0.48 (0.38 to 0.59) <0.001 0.51 (0.41 to 0.64) <0.001

Prostate 3.5 0.58 (0.47 t0 0.72) <0.001 0.57 (0.46 to0 0.72) <0.001

Haematological malignancy 7.0 1.23 (1.04 to 1.47) 0.019 1.30 (1.08 to 1.56) 0.006
Region

Northeast 5.1 Reference Reference

Midwest 4.3 0.85 (0.75 to 0.96) 0.009 0.91 (0.78 to 1.08) 0.279

South 5.7 1.14 (1.02 to 1.27) 0.017 1.32 (1.14 to 1.53) <0.001

West 6.8 1.36 (1.20 to 1.55) <0.001 1.25 (1.05 to 1.50) 0.013
Hospital location and teaching status

Rural 4.3 Reference Reference

Urban non-teaching 5.0 1.18 (1.01 to 1.38) 0.037 0.94 (0.77 to 1.14) 0.514

Urban teaching 5.8 1.38 (1.19 to 1.59) <0.001 1.04 (0.86 to 1.25) 0.687
Hospital size

Small 4.6 Reference Reference

Medium 4.7 1.02 (0.89 to 1.17) 0.779 1.25 (1.04 to 1.51) 0.019

Large 5.8 1.27 (1.13 t0 1.43) <0.001 1.50 (1.27 to 1.78) <0.001
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immune system and patients with neutropenia are also
proven to have higher rates of influenza-related bacte-
rial complications compared with the general popula-
tion. Although neutropenia can be attributed to viral
infections in adult patients, there is a paucity of research
regarding on the association between neutropenia and
influenza viruses.”* ¥ A number of mechanisms have
been proposed, including development of antineutro-
phil antibodies, infection-induced bone marrow suppres-
sion or aplasia, enhanced neutrophil utilisation caused
by hypersplenism and drug-related toxicity.® Sepsis is a
life-threatening clinical syndrome caused by the dysregu-
lated systemic response to infection. Among patients with
cancer, one report estimated the in-hospital mortality rate
associated with severe sepsis was 37.8%.% Although sepsis
is associated with bacterial infection traditionally, influ-
enza virus can also trigger deregulation of immune system
with excessive cytokines release.”® Dehydration can cause
electrolyte abnormalities, compromising tissue perfusion
and hypovolemic shock, and a higher incidence of dehy-
dration was observed among cancer patients with influ-
enza in our study. A possible explanation is that patients
with influenza are commonly accompanied by fever and
their fluids are seriously lost through sweating. However,
cancer patients always reduce their oral intake because
of anorexia, nausea, dysphagia and delirium, and there-
fore fail to adequately replace their lost fluids caused by
fever.”! ** Acute kidney injury can enhance toxicity of
systemic chemotherapy and is associated with substantial
morbidity among cancer patients.”” Although the reasons
for development of this complication in patients with
influenza are multifold, insufficient resuscitation, inflam-
matory response, perfusion failure and cell injury of the
influenza virus on the kidney provide tentative explana-
tions.**

Based on our findings, it is reasonable to recommend
annual influenza vaccination for patients with malig-
nancy. Although immunosuppressed cancer patients may
have poor serological response to vaccine, some studies
demonstrated that influenza vaccination could reduce
the risk of influenza infection effectively and safely.” *’
A Cochrane meta-analysis also found vaccinated cancer
patients had a significantly lower all-cause mortality than
those who did not get vaccinated.” However, despite
public health recommendations, the documented rates
of vaccination are only 30% to 50% among patients with
cancer, similar to the general population.%8 % In contrast
to their relatively low vaccination rates, proactive educa-
tion approaches that raise awareness about the necessity
of vaccination among cancer patients is warranted. Some
studies showed that recommendations by physicians,
especially oncologists could result in significant higher
influenza vaccination coverage rates in patients with
malignant disease.’”™ In addition, rapid screening tests
and early initiation of antiviral therapy within the first
48 hours of influenza symptoms are also crucial. When
initiated promptly, antiviral therapy with a neuraminidase

inhibitor can shorten the duration of influenza symptoms
and decrease the mortality of patients."*

This study has several limitations. First, it is hard to
determine whether influenza occurred before admission
or during hospitalisation because of the cross-sectional
study design. Second, this study cannot make a distinc-
tion between laboratory-confirmed influenza and clinical
diagnosis influenza. Third, NIS lacks data regarding influ-
enza virus type, tumour staging and medications; hence,
we cannot account for related information that may influ-
ence in-hospital outcomes.

CONCLUSION

In conclusion, our study demonstrated that influenza was
associated with worse clinical outcomes among hospital-
ised patients with malignancy. Annual influenza vaccina-
tion and early initiation of antiviral therapy are recom-
mended in this high-risk population.

Contributors JL, DZ and LZ conceived and designed the study. JL collected the
data and wrote the manuscript. JL and DZ performed the statistical analyses. LZ,
ZS, and CB reviewed and revised the manuscript. All authors read and approved the
final manuscript.

Funding This work was supported by grants from the National Natural Science
Foundation of China (No. 61435001) and the CAMS Innovation Fund for Medical
Sciences (No. 2016-12M-1-001, No. 2017-12M-4-003).

Competing interests None declared.
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement The database analysed during the current study are
available in the Healthcare Cost and Utilization Project (HCUP).

Supplemental material This content has been supplied by the author(s). It has

not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, any changes made are indicated, and the use is non-commercial.
See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Jiarui Li http://orcid.org/0000-0002-9340-3962

REFERENCES

1 Rolfes MA, Foppa IM, Garg S, et al. Annual estimates of the burden
of seasonal influenza in the United States: a tool for strengthening
influenza surveillance and preparedness. Influenza Other Respir
Viruses 2018;12:132-7.

2 LidJ, Pang H, Sun Z, et al. Health status of middle-aged and older
cancer survivors: a nationwide cross-sectional study from the China
health and retirement longitudinal study (CHARLS). Ann Trans! Med
2020;8:183

3 Bitterman R, Eliakim-Raz N, Vinograd |, et al. Influenza vaccines in
immunosuppressed adults with cancer. Cochrane Database Syst Rev
2018;2:CD008983.

8

Li J, et al. ESMO Open 2020;5:€000968. doi:10.1136/esmoopen-2020-000968


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9340-3962
http://dx.doi.org/10.1111/irv.12486
http://dx.doi.org/10.1111/irv.12486
http://dx.doi.org/10.21037/atm.2020.01.105
http://dx.doi.org/10.1002/14651858.CD008983.pub3

I

4

20

21

22

23

Kunisaki KM, Janoff EN. Influenza in immunosuppressed
populations: a review of infection frequency, morbidity, mortality, and
vaccine responses. Lancet Infect Dis 2009;9:493-504.

Taha A, Vinograd |, Sakhnini A, et al. The association between
infections and chemotherapy interruptions among cancer patients:
prospective cohort study. J Infect 2015;70:223-9.

Cooksley CD, Avritscher EBC, Bekele BN, et al. Epidemiology

and outcomes of serious influenza-related infections in the cancer
population. Cancer 2005;104:618-28.

Elting LS, Whimbey E, Lo W, et al. Epidemiology of influenza A virus
infection in patients with acute or chronic leukemia. Support Care
Cancer 1995;3:198-202.

Yousuf HM, Englund J, Couch R, et al. Influenza among hospitalized
adults with leukemia. Clin Infect Dis 1997;24:1095-9.

Miller KD, Nogueira L, Mariotto AB, et al. Cancer treatment and
survivorship statistics, 2019. CA Cancer J Clin 2019;69:363-85.
Elixhauser A, Steiner C, Harris DR, et al. Comorbidity measures for
use with administrative data. Med Care 1998;36:8-27.

Moore BJ, White S, Washington R, et al. Identifying increased risk of
readmission and in-hospital mortality using Hospital administrative
data: the AHRQ Elixhauser comorbidity index. Med Care
2017;55:698-705.

Khera R, Angraal S, Couch T, et al. Adherence to methodological
standards in research using the National inpatient sample. JAMA
2017;318:2011-8.

Yao Xl, Wang X, Speicher PJ, et al. Reporting and guidelines in
propensity score analysis: a systematic review of cancer and cancer
surgical studies. J Nat/ Cancer Inst 2017;109. doi:10.1093/jnci/
djw323. [Epub ahead of print: 01 Apr 2017].

Chemaly RF, Vigil KJ, Saad M, et al. A multicenter study of
pandemic influenza A (H1N1) infection in patients with solid

tumors in 3 countries: early therapy improves outcomes. Cancer
2012;118:4627-33.

Tai Y, Lee T-C, Chang H-L, et al. Epidemiology and outcomes of
hospitalization of influenza in the cancer population in Taiwan. J
Cancer Res Clin Oncol 2009;135:1061-6.

Centers for Disease Control and Prevention. Estimated influenza
illnesses, medical visits, hospitalizations and deaths in the United
States: 2018-2019 influenza season, 2020.

Hui D, Bansal S, Park M, et al. Differences in attitudes and beliefs
toward end-of-life care between hematologic and solid tumor
oncology specialists. Ann Oncol 2015;26:1440-6.

LeBlanc TW, O'Donnell JD, Crowley-Matoka M, et al. Perceptions of
palliative care among hematologic malignancy specialists: a mixed-
methods study. J Oncol Pract 2015;11:e230-8.

Hui D, Park M, Liu D, et al. Attitudes and beliefs toward supportive
and palliative care referral among hematologic and solid tumor
oncology specialists. Oncologist 2015;20:1326-32.

Putri WCWS, Muscatello DJ, Stockwell MS, et al. Economic burden
of seasonal influenza in the United States. Vaccine 2018;36:3960-6.
Memoli MJ, Athota R, Reed S, et al. The natural history of

influenza infection in the severely immunocompromised vs
nonimmunocompromised hosts. Clin Infect Dis 2014;58:214-24.
Rabello LSCF, Silva JRL, Azevedo LCP, et al. Clinical outcomes

and microbiological characteristics of severe pneumonia in cancer
patients: a prospective cohort study. PLoS One 2015;10:e0120544.
Wong JL, Evans SE. Bacterial pneumonia in patients with cancer:

novel risk factors and management. Clin Chest Med 2017;38:263-77.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Open access

Peltola VT, Murti KG, McCullers JA. Influenza virus neuraminidase
contributes to secondary bacterial pneumonia. J Infect Dis
2005;192:249-57.

Siegel SJ, Roche AM, Weiser JN. Influenza promotes
pneumococcal growth during coinfection by providing host
sialylated substrates as a nutrient source. Cell Host Microbe
2014;16:55-67.

Higgins P, Runnegar N, Bird RJ, et al. Rates of neutropenia in
adults with influenza A or B: a retrospective analysis of hospitalised
patients in South East Queensland during 2015. Intern Med J
2016;46:1328-32.

Lindblom A, Bhadri V, Séderhall S, et al. Respiratory viruses, a
common microbiological finding in neutropenic children with fever. J
Clin Virol 2010;47:234-7.

Schwartzberg LS. Neutropenia: etiology and pathogenesis. Clin
Cornerstone 2006;8 Suppl 5:S5-11.

Williams MD, Braun LA, Cooper LM, et al. Hospitalized cancer
patients with severe sepsis: analysis of incidence, mortality, and
associated costs of care. Crit Care 2004;8:R291-8.

Florescu DF, Kalil AC. The complex link between influenza and severe
sepsis. Virulence 2014;5:137-42.

Bruera E, Hui D, Dalal S, et al. Parenteral hydration in patients with
advanced cancer: a multicenter, double-blind, placebo-controlled
randomized trial. J Clin Oncol 2013;31:111-8.

Eccles R, Mallefet P. Observational study of the effects of upper
respiratory tract infection on hydration status. Multidiscip Respir Med
2019;14:36.

Rosner MH, Perazella MA. Acute kidney injury in patients with
cancer. N Engl J Med 2017;376:1770-81.

Nin N, Lorente JA, Soto L, et al. Acute kidney injury in critically

ill patients with 2009 influenza A (H1N1) viral pneumonia: an
observational study. Intensive Care Med 2011;37:768-74.
Joannidis M, Forni LG. Severe viral infection and the kidney:
lessons learned from the H1N1 pandemic. Intensive Care Med
2011;37:729-31.

Vollaard A, Schreuder |, Slok-Raijmakers L, et al. Influenza
vaccination in adult patients with solid tumours treated with
chemotherapy. Eur J Cancer 2017;76:134-43.

Blanchette PS, Chung H, Pritchard K, et al. Influenza vaccine
effectiveness among patients with cancer: a population-based study
using health administrative and laboratory testing data from Ontario,
Canada. J Clin Oncol 2019;37:2795-804.

Locher JL, Rucks AC, Spencer SA, et al. Influenza immunization

in older adults with and without cancer. J Am Geriatr Soc
2012;60:2099-103.

Loulergue P, Mir O, Alexandre J, et al. Low influenza vaccination
rate among patients receiving chemotherapy for cancer. Ann Oncol
2008;19:1658.

Lu P-J, Srivastav A, Amaya A, et al. Association of provider
recommendation and offer and influenza vaccination among adults
aged >18 years - United States. Vaccine 2018;36:890-8.

Vinograd |, Baslo R, Eliakim-Raz N, et al. Factors associated with
influenza vaccination among adult cancer patients: a case-control
study. Clin Microbiol Infect 2014;20:899-905.

Poeppl W, Lagler H, Raderer M, et al. Influenza vaccination
perception and coverage among patients with malignant disease.
Vaccine 2015;33:1682-7.

Li J, et al. ESMO Open 2020;5:6000968. doi:10.1136/esmoopen-2020-000968


http://dx.doi.org/10.1016/S1473-3099(09)70175-6
http://dx.doi.org/10.1016/j.jinf.2014.10.008
http://dx.doi.org/10.1002/cncr.21203
http://dx.doi.org/10.1007/BF00368891
http://dx.doi.org/10.1007/BF00368891
http://dx.doi.org/10.1086/513648
http://dx.doi.org/10.3322/caac.21565
http://dx.doi.org/10.1097/00005650-199801000-00004
http://dx.doi.org/10.1097/MLR.0000000000000735
http://dx.doi.org/10.1001/jama.2017.17653
http://dx.doi.org/10.1093/jnci/djw323
http://dx.doi.org/10.1002/cncr.27447
http://dx.doi.org/10.1007/s00432-009-0545-0
http://dx.doi.org/10.1007/s00432-009-0545-0
http://dx.doi.org/10.1093/annonc/mdv028
http://dx.doi.org/10.1200/JOP.2014.001859
http://dx.doi.org/10.1634/theoncologist.2015-0240
http://dx.doi.org/10.1016/j.vaccine.2018.05.057
http://dx.doi.org/10.1093/cid/cit725
http://dx.doi.org/10.1371/journal.pone.0120544
http://dx.doi.org/10.1016/j.ccm.2016.12.005
http://dx.doi.org/10.1086/430954
http://dx.doi.org/10.1016/j.chom.2014.06.005
http://dx.doi.org/10.1111/imj.13239
http://dx.doi.org/10.1016/j.jcv.2009.11.026
http://dx.doi.org/10.1016/j.jcv.2009.11.026
http://dx.doi.org/10.1016/S1098-3597(06)80053-0
http://dx.doi.org/10.1016/S1098-3597(06)80053-0
http://dx.doi.org/10.1186/cc2893
http://dx.doi.org/10.4161/viru.27103
http://dx.doi.org/10.1200/JCO.2012.44.6518
http://dx.doi.org/10.1186/s40248-019-0200-9
http://dx.doi.org/10.1056/NEJMra1613984
http://dx.doi.org/10.1007/s00134-011-2167-7
http://dx.doi.org/10.1007/s00134-011-2196-2
http://dx.doi.org/10.1016/j.ejca.2017.02.012
http://dx.doi.org/10.1200/JCO.19.00354
http://dx.doi.org/10.1111/j.1532-5415.2012.04196.x
http://dx.doi.org/10.1093/annonc/mdn531
http://dx.doi.org/10.1016/j.vaccine.2017.12.016
http://dx.doi.org/10.1111/1469-0691.12625
http://dx.doi.org/10.1016/j.vaccine.2015.02.029

	Influenza in hospitalised patients with malignancy: a propensity score matching analysis
	Abstract
	Introduction﻿﻿
	Methods
	Study design and sample population
	Characteristics and outcomes
	Statistical analysis

	Results
	Baseline characteristics
	In-hospital outcomes

	Discussion
	Conclusion
	References


