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Abstract

Background Sepsis occurs in 12-27% of patients with haematological malignancy within a year of diagnosis.
Sepsis mortality has improved in non-cancer patients in the last two decades, but longitudinal trends in patients
with haematological malignancy are not well characterised. We aimed to compare outcomes, including temporal
changes, in patients with and without a haematological malignancy admitted to ICU with a primary diagnosis

of sepsis in Australia and New Zealand over the past two decades.

Methods We performed a retrospective cohort study of 282,627 patients with a primary intensive care unit (ICU)
admission diagnosis of sepsis including 17,313 patients with haematological malignancy, admitted to 216 intensive
care units (ICUs) in Australia or New Zealand between January 2000 and December 2022. Annual crude and adjusted
in-hospital mortality were reported. Risk factors for in-hospital mortality were determined using a mixed methods
logistic regression model and were used to calculate annual changes in mortality.

Results In-hospital sepsis mortality decreased in patients with haematological malignancy, from 55.6% (95% Cl
46.5-64.6%) in 2000 to 23.1% (95% Cl 20.8-25.5%) in 2021. In patients without haematological malignancy mortality
decreased from 33.1% (95% Cl 31.3-35.1%) to 14.4% (95% Cl 13.8-14.8%). This decrease remained significant

after adjusting for mortality predictors including age, SOFA score and comorbidities, as estimated by adjusted annual
odds of in-hospital death. The reduction in odds of death was of greater magnitude in patients with haematological
malignancy than those without (OR 0.954, 95% CI 0.947-0.961 vs. OR 0.968, 95% Cl 0.966-0.971, p <0.001).

However, absolute risk of in-hospital mortality remained higher in patients with haematological malignancy. Older
age, higher SOFA score, presence of comorbidities, and mechanical ventilation were associated with increased
mortality. Leukopenia (white cell count < 1.0x 107 cells/L) was not associated with increased mortality in patients
with haematological malignancy (p=0.60).

Conclusions Sepsis mortality has improved in patients with haematological malignancy admitted to ICU. However,
mortality remains higher in patients with haematological malignancy than those without.
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Among patients with haematological malignancy and sepsis admitted to intensive care, mortality has fallen

by over 50% in the last two decades.

Improvements are independent of organ failure, neutropenia, and age; however, mortality remains higher

than for patients with no malignancy.

Graphical abstract

Sepsis mortality among patients with haematological malignancy

admitted to Intensive Care 2000 to 2022: a binational cohort study

A retrospective cohort study of 17, 313 patients with sepsis and haematological malignancy using
binational intensive care registry data from Australia and New Zealand

Crude mortality fell by 50%

Adjusted odds of death fell by 50%
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Sepsis is a life-threatening complication of infection,
characterised by dysregulated host response and organ
dysfunction. Sepsis has a profound impact on the care of
patients with haematological malignancy. Both haemato-
logical malignancies and their treatments predispose to
infection, and sepsis is reported in 12-27% of patients
with haematological malignancy within the first year of
treatment [1]. Admission to an Intensive Care Unit (ICU)
is required in up to 15% [2], and short term mortality is
reported at 30-60% [3, 4]. Among those who recover,
consequences extend well beyond the initial episode, due
to delays to life-saving cancer therapy, prolonged antimi-
crobial exposure, and colonisation with multi-resistant

pled and healthcare costs are increased [1]. A 2021 Cana-
dian study estimated excess healthcare costs of $CAD
46,154 in the first 12 months of sepsis for patients with
haematological malignancy [6]. In the United States, sep-
sis accounts for 15% of all cancer-related hospitalisation
costs, or $3.4 billion in 2004 [1].

Sepsis outcomes have improved over the past two
decades. For example, between 2000 and 2012 in
Australia and New Zealand, mortality in patients with
sepsis admitted to ICU fell from 35 to 17%, a relative
risk reduction of 47.5% [7]. Similar findings have been
reported in the United States and Europe [8, 9]. Changes
in sepsis outcomes among those with haematological



MacPhail et al. Critical Care (2024) 28:148

malignancies have not been well-defined during
this time period, which has seen new treatments for
haematological malignancies resulting in improved
disease-specific survival [10], and a shift in demographics
of those treated for haematological malignancies,
with a growing cohort of older patients and those with
comorbidities [10, 11].

As recently as the late 1990s and early 2000s admission
of patients with haematological malignancy to the ICU
was considered controversial [12] based on very poor
survival, particularly for those requiring mechanical ven-
tilation [13]. Relevant ICU outcome data are critical to
inform rational decision-making about treatment esca-
lation or de-escalation, and to counsel patients and rela-
tives. Single centre studies from the mid 2000s onward
suggest survival in septic patients with cancer admitted
to ICU [14, 15] may have improved. However, contempo-
rary data describing outcomes of patients with sepsis and
haematological malignancy remain limited. We investi-
gated a large, binational registry of ICU admissions and
outcomes in from 2000 to 2022, and reported sepsis out-
comes and longitudinal trends among patients with and
without an underlying haematological malignancy.

Objectives

To compare outcomes, including temporal changes, in
patients with and without a haematological malignancy
admitted to ICU with a primary diagnosis of sepsis in
Australia and New Zealand over the past two decades.

Methods

Study design

Retrospective cohort study of all patients admitted to
ICU in Australia or New Zealand between January 2000
and December 2022, with a primary ICU admission diag-
nosis of sepsis.

Ethical approval

The study was approved by the Alfred Hospital human
research ethics committee, Melbourne, Australia, with a
waiver of informed consent (Project Number 292/20).

Setting

Data were extracted from the Australian and New
Zealand Intensive Care Society Adult Patient Database
(ANZICS-APD). The ANZICS-APD is an electronic
database that collects episodes of care from ICUs
in Australia and New Zealand, including patient
demographics, primary diagnoses, comorbidities,
physiological data from the first 24 h of admission,
mortality and length of stay. The ANZICS-APD presently
receives data on approximately 190,000 ICU admissions
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each year from 216 centres, representing 98% of all adult
ICU admissions in Australia and 67% in New Zealand
[16].

Inclusion criteria

All patients aged 16 years or older, admitted to ICUs in
Australia or New Zealand between January 2000 and
December 2022, with a primary ICU admission diagnosis
consistent with sepsis were included.

Only first admissions to ICU were included, readmis-
sion episodes were excluded. Patients discharged to
another ICU were excluded to avoid duplication. Patients
were excluded if they were admitted to ICU for palliative
care or organ donation, and if no hospital mortality data
were recorded.

Definitions

Sepsis was defined as either (1) documented primary
admission diagnosis of sepsis or (2) primary admission
diagnosis of infection and organ dysfunction measured
by Sequential Organ Failure Assessment (SOFA) score
of >2, as defined by the Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3) [17].
Primary ICU admission diagnoses were coded according
to the ANZICS modification of the Acute Physiological
and Chronic Health Evaluation (APACHE) diagnostic
coding system [16]. Only one admission diagnosis was
recorded.

Comorbid diagnoses of leukaemia or myeloma
(grouped together) or lymphoma were recorded for cal-
culation of the APACHE scores. Haematological malig-
nancy was defined as comorbid diagnosis of leukaemia/
myeloma and/or lymphoma. Leukopenia was defined as
white cell count (WCC) <1.0x 10° cells/L.

Illness severity scores reported were the APACHE II/
III/IV score, Australian New Zealand Risk of Death
(ANZROD), and SOFA score, and were calculated as pre-
viously described [18—-20]. ANZROD is a locally derived
and highly discriminatory mortality prediction model
used for benchmarking ICU outcomes and is valid for
ICU admissions from 2012 onwards. Hospital mortal-
ity was defined as death prior to discharge or transfer to
another facility.

Hospital classification was defined as tertiary (a large
teaching hospital), metropolitan (non-tertiary hospital in
a large town), rural/regional (small non-teaching hospi-
tal located outside large cities/towns) or private. Hospital
remoteness classifications were based on the Australian
Department of Health Modified Monash Model. [21].
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Statistical analysis

Descriptive analysis of patient demographics, clinical
characteristics and outcomes was performed. Results
were reported as n (%), mean (standard deviation)
and median (interquartile range) as appropriate. For
dichotomous variables, means with 95% confidence
intervals (CI) calculated using binomial proportion
were reported. Group comparisons were made using
Chi-square tests for equal proportion, students t-test
or ANOVA for normally distributed outcomes, and
Wilcoxon-Mann—Whitney or Kruskal-Wallis tests
otherwise.

A logistic regression model was fitted to identify inde-
pendent predictors of hospital mortality for patients
with sepsis. Variables included in the model were chosen
based on association with mortality previously described
in the literature [22, 23] and include age; sex; presence of
comorbid cardiovascular, respiratory, liver or renal dis-
ease; presence of leukopenia; SOFA score; presence of a
treatment limitation order; planned admission to ICU;
post-operative status; hospital classification type (ter-
tiary, metropolitan, rural or private); hospital and ICU
admission source; mechanical ventilation; year of admis-
sion and interactions between the above. In the final
model, only variables that were consistently collected
across the study period were included. To avoid collin-
earity with variables of interest (i.e. diagnosis of haema-
tological malignancy, leukopenia, sepsis diagnosis), the
final model used SOFA score as the chosen indicator of
illness severity, fitted as a categorical variable in quartiles.
A mixed effects model was used with patients nested
within sites and site treated as a random effect.

Variables independently associated with hospital mor-
tality were used to calculate adjusted odds of death over
time. Adjusted odds of death over time were compared
between patients with and without haematological malig-
nancy. To compare the change in outcome over time
between patients with haematological malignancy and
those without, an interaction term between haemato-
logical malignancy and year of admission was also fitted
with year of admission treated as a continuous variable.
Year was fitted firstly as a categorical variable to establish
linearity, and then secondly as a continuous variable to
facilitate a measure of annual decline. Sensitivity analysis
was performed using sites that contributed data across
the entire study period, and for the period 2010-2019.
Subgroup analysis of patients requiring mechanical ven-
tilation and those with more than two organ failures was
performed.

All logistic regression results have been reported as
odds ratios (ORs) and 95% ClIs. Linearity between each
continuous variable and the dependent variable was
demonstrated. In case of nonlinearity, the variable was
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stratified based on inflection points and clinical signifi-
cance. For categorical variables with multiple levels, the
reference level was attributed to the one with the lowest
probability of the dependent variable. Analyses were per-
formed using Stata version 18.0 (Stata Corporation, Col-
lege Station, TX, USA).

Results

Clinical characteristics

We identified 317,422 ICU admissions for patients
aged >16 years in Australia or New Zealand with a pri-
mary diagnosis of sepsis during the study period. Of
these patients, 34,795 were excluded (21,895 readmis-
sions, 10,279 transfers to another ICU, 887 admitted for
palliative care and 1,734 with missing mortality data)
leaving 282,627 patients included in the final analysis
(Additional file 1: Supplementary material, Fig. S1). Of
these, 17,313 (6.1%) had a haematological malignancy.

Data completeness was>99% for sex, age, SOFA,
APACHE and ANZROD scores; mechanical ventilation
and ICU LOS,>98% for hospital length of stay (LOS),
and 92% for white cell count. Treatment limitation data
was consistently collected from 2008 onward (>85%
completeness over this period).

Clinical characteristics of sepsis admissions with
and without haematological malignancy are reported
in Table 1. Among those with WCC data collected,
leukopenia was present in 30.0% of patients with hae-
matological malignancy, compared to 1.6% in patients
without haematological malignancy. Patients with hae-
matological malignancy were more likely to be male,
less likely to have one or more chronic comorbidities,
more likely to have a limitation of treatment order in
place, more likely to be admitted to a tertiary hospital
and less likely to have a planned admission or a post-
operative infection than those without haematological
malignancy. Patients with sepsis and haematological
malignancy were more likely to be admitted from the
ward than patients without haematological malignancy,
were more likely to have high illness severity scores,
including APACHE-II and SOFA, but less likely to
receive mechanical ventilation (Table 1).

SOFA quartiles were in patients with sepsis and hae-
matological malignancy were as follows: Q1 =SOFA < 4;
Q2=SOFA 4-5; Q3=SOFA 6-7; Q4=SOFA 8-21.

Outcomes

Mortality over the study period was higher in patients
with haematological malignancy than patients without
haematological malignancy (hospital mortality 31.2%
vs. 17.0%; ICU mortality 20.5% vs. 11.3%; p <0.0001).
This difference remained significant after adjusting for
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Table 1 Clinical characteristics in sepsis in patients with and
without haematological malignancy

No haematological Haematological

malignancy malignancy

(n=265,314) (n=17,313)

n (%) n (%)
Male sex 147,615 (55.7%) 10,987 (63.5%)
Age median (IQR) 66.7 (53.2,76.8) 66.1 (56.3,74.3)
Comorbidities
Cardiovascular disease 25800  (9.7%) 911 (5.3%)
Respiratory disease 27,296 (10.3%) 796 (4.6%)
Liver disease 7467 (2.8%) 174 (1.0%)
Renal disease 16,137  (6.1%) 597 (3.4%)
>/=1 of the above 61918 (23.3%) 2044 (11.8%)
Treatment limitation*? 29,710  (13.3%) 2401 (16.4%)
Leukopenic? 3834 (1.6%) 4783 (30.1%)
Mechanical ventilation 79,480  (30.0%) 3957  (22. 9%)
Risk stratification
SOFA score, median (IQR)? 4 (3,7 6 4,8)
APACHE Il score, median 18 (13, 24) 22 (18, 28)
(IQR)?
ANZROD predicted risk 0.08 (0.03,0.24) 0.22 (0.09, 0.50)
of death, median (IQR)*
ANZROD score, mean (SD) 0.18 0.22) 032 (0.28)
Planned admission to ICU 10,157 (9.3%) 362 (4.9%)
Post-operative infection 26418  (10.0%) 391 (2.3%)
Infection source
Urinary 37,664 (14.20) 1003 (5.79)
Skin and soft tissue 37664 (3.49) 151 0.87)
Respiratory 37664 (24.15) 3239 (18.71)
Abdominal/Gl 19,610  (7.39) 280 (1.62)
Other 6815 (2.57) 152 (0.88)
Not recorded 127,892 (48.20) 12,488 (72.13)
Hospital classification
Rural 51938  (19.6%) 1860  (10.7%)
Metropolitan 69,637  (26.2%) 2919  (16.9%)
Tertiary 115473 (43.5%) 10,154 (58.6%)
Private 28,266  (10.7%) 2380  (13.7%)
ICU admission source
OT/recovery 27,868  (10.5%) 482 (2.8%)
ED 126,940 (47.9%) 6222 (36.0%)
Ward 75,608  (28.5%) 9297  (53.7%)
Other** 34,688 (13.1%) 1302 (7.5%)

All comparisons were statistically significant (p <0.001)

IQR interquartile range, SOFA sequential organ failure assessment, APACHE acute
physiology and chronic health score, ANZROD Australia New Zealand risk of
death ICU intensive care unit, LOS length of stay

“Treatment limitation: data routinely collected from 2008

* Other includes direct admission to ICU e.g. from Hospital in the Home; transfer
from external ICU or external hospital; transfer from internal ICU

# Unknown data excluded from analysis
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age, illness severity, presence of comorbidities, post-
operative status, and year of admission (OR 2.29; 95%
CI 2.02-2.60, p<0.001). Patients with haematological
malignancy had lower likelihood of discharge home,
and survivors with haematological malignancy had sig-
nificantly longer hospital length of stay (Table 2).

Risk factors for mortality in patients with and without
haematological malignancy

Independent risk factors for mortality identified in
multivariable analysis for patients with sepsis, with
and without haematological malignancy, are shown
in Table 3. Older age, higher SOFA score, presence of
comorbidities, and mechanical ventilation were all
associated with increased mortality.

Leukopenia was independently associated with
increased mortality in patients without haematological
malignancy (p <0.001), but not in patients with haema-
tological malignancy (p =0.60).

Change in outcomes from 2000 to 2022

Crude in-hospital sepsis mortality decreased
significantly in patients admitted to ICU with and
without haematological malignancy over the study
period (Fig. 1). In patients with haematological
malignancy, mortality fell from 55.6% (95% CI 46.5—
64.6%) in 2000 to 23.1% (95% CI 20.8-25.5%) in 2021.
In patients without haematological malignancy,
mortality fell from 33.1% (95% CI 31.3-35.1%) to 14.4%
(95% CI 13.8-14.8%). Both groups were more likely to
be discharged home, and more likely to be discharged
to rehabilitation or care (Fig. 1).

The decrease in mortality over the study period was
greatest in young patients<45 years (Additional file 1:
Supplementary material, Fig. S2), and was observed
across all SOFA score quartiles (Additional file 1: Supple-
mentary material, Fig. $3).

There was a slight but statistically significant increase
in mortality in patients without haematological malig-
nancy in 2021, and in both groups in 2022, coinciding
with the Omicron surge in COVID-19 cases in Australia.

After adjustment for predictors of mortality including
age, SOFA score, ventilation status, and leukopenia, the
reduction in observed mortality remained significant.
Adjusted sepsis mortality declined over the study
period in patients with and without haematological
malignancy (Fig. 2). The odds of death for patients
with haematological malignancy declined by 4.6% per
year over the 23 year period (OR 0.954 95% CI 0.947-
0.961). For patients without haematological malignancy
odds of death declined by 3.2% per year (OR 0.968,
95% CI 0.966-0.970). The interaction term between
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Table 2 Outcomes in sepsis in patients with and without haematological malignancy

No haematological malignancy Haematological malignancy (n=17,313) p
(n=265,314)

n (%) n (%)
Outcome
Death in hospital 45218 (17.0%) 5405 (31.2%) <0.001
Death in ICU? 29,846 (11.3%) 3537 (20.5%)
Discharged home 167,348 (63.1%) 9643 (55.7%)
Discharged to rehabilitation or long-term care 20,563 (7.8%) 885 (5.1%)
facility
LOS in survivors
LOS hospital days, median (IQR)? 109 6.2,20.7) 149 (7.7,29.0) <0.001
LOS ICU days, median (IQR)* 28 (1.6,54) 28 (1.6,5.1) <0.02

IQR interquartile range, ICU intensive care unit, LOS length of stay
2 Unknown data excluded from analysis

Table 3 Independent risk factors for hospital mortality in patients with sepsis with and without haematological malignancy

Univariable Multivariable

OR (95% CI) p OR (95% CI) p
Male sex 0.87 (0.86-0.89) <0.001 1.02 (1.00-1.05) 0.06
Age 1.03 (1.03-1.03) <0.001 1.03 (1.03-1.03) <0.001
>/=1 chronic comorbidity* 1.70 (1.66-1.73) <0.001 1.63 (1.59-1.67) <0.001
SOFA score quartile 0.001 <0.001
Q1 (reference) - - - -
Q2 1.71 (1.66-1.77) 1.51 (1.45-1.56)
Q3 2.80 (2.71-2.90) 227 (2.19-2.36)
Q4 7.31 (7.10-1.53) 559 (5.39-5.79)
Post-operative status 0.32 (0.30-0.33) 0.34 (0.32-0.36)
Hospital classification
Rural (reference)
Metropolitan 1.16 (1.12-1.19) <0.001 1.00 (0.90-1.12) 0.90
Tertiary 137 (1.34-141) <0.001 1.16 (1.04-1.29) 0.01
Private 1.04 (1.00-1.08) 003 098 (0.88-1 09) 0.71
Mechanical ventilation 261 (2.55-2.66) <0.001 1.94 (1.89-2.00) <0.001
Haematological malignancy 226 (2.17-2.36) <0.001 2.29 (2.02-2.60) <0.001
Leukopenia
Leukopenia*no HM 3.92 (3.67-4.18) <0.001 3.04 (2.83-1.27) <0.001
Leukopenia*HM 237 (223-2.52) <0.001 0.98 (0.90-1.06) 0.60
Year of admission
Year of admission*HM 0.997 (0.994-1.00) 0.02 0.954 (0.947-0.961) <0.001
Year of admission*no HM 0.950 (0.949-0.952) <0.001 0.968 (0.966-0.971) <0.001

SOFA sequential organ failure assessment, HM haematological malignancy, OR odds ratio, Cl confidence interval
" Chronic comorbidities = chronic cardiovascular, respiratory, renal, or liver disease

Comparisons between haematological malignancy and no haematological malignancy were assessed using interaction terms between haematological malignancy
and each variable of interest. Model AUROC=0.78

haematological malignancy and year of admission was  without haematological malignancy (p<0.001). The
significant, indicating this reduction was greater in reduction in adjusted odds of mortality was associated
patients with haematological malignancy than those
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Fig. 2 Adjusted risk of mortality by year in patients with and without
haematological malignancy. Results displayed as odds ratio +95%
confidence interval relative to the year 2000. Adjustments made
for age, sex, presence of >/=1 chronic comorbidity, SOFA score
(quartile), post-operative status, mechanical ventilation, leukopenia
and hospital site as a random effect

with an increase in the adjusted odds of discharge home
(Additional file 1: Supplementary Fig. S4).

Mechanically ventilated patients

Within the subset of ICU sepsis admissions with
haematological malignancy who were mechanically
ventilated (n=3,957; 22.8% of all haematological
malignancy sepsis admissions), mortality trends were
similar to unventilated patients. Crude mortality
declined from 73% in 2000 (95% CI 59-84%) to 53%
in 2021 (95% CI 45-61%); p=0.01 (Additional file 1:
Supplementary material, Fig. S5.) After adjustment for
predictors of mortality including older age, SOFA score,
and leukopenia, this reduction in mortality remained
significant (OR death for year of admission=0.963,
95% CI 0.951-0.976, p<0.001, Additional file 1:
Supplementary material, Fig. S6).

Organ failures

Number of organ failures is reported in Additional file 1:
Fig. S7. Among patients with haematological malignancy
and sepsis, 119/17,313 (0.69%) had more than two organ
failures. This group had very high mortality (87% over the
study period). Likelihood of more than two organ failures
decreased over the study period (OR per year 0.95, 95%
CI 0.92-0.7, p<0.001). Annual mortality reduced mod-
estly over the study period 94.9% (95% CI 82.7%—99.4%)
in 2000-2009 versus 83.8% (95% CI 73.8-91.1%) in
2010-2022 (pooled due to low numbers).

Sensitivity analysis

To exclude the possibility that the observed temporal
changes were due to changes in the ICUs contributing
cases to the ANZICS-APD, we conducted a sensitivity
analysis incorporating only sites that contributed
data throughout the full study period. This included
58/216 sites (26%) and 129,508/153,118 patients (54%).
The reduction in odds of death by year for patients
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with haematological malignancy and sepsis remained
significant in sensitivity analysis (OR 0.958, 95% CI
0.950-0.966, p<0.001).

A second sensitivity analysis including the period
2010-2019 was performed, based on the observation
that mortality improvements were most marked in the
first decade of the study period and increased during
COVID-19 pandemic conditions. Reductions in mortal-
ity remained statistically significant during this period for
patients with haematological malignancy and sepsis (OR
death per year compared to 2010 0.96, 95% CI 0.939—
0.984, p=0.001), but not for those with haematological
malignancy and sepsis who were mechanically ventilated
(OR 0.97, 95% CI 0.93-1.02, p=0.21, Additional file 1:
Supplementary Fig. S8).

Discussion

We analysed 23 years of binational data describing
patients with sepsis admitted to ICUs in Australia and
New Zealand. Over the study period, sepsis mortality
declined for all patients, with a greater reduction among
those with an underlying haematological malignancy
compared to those without. Sepsis mortality in haema-
tological malignancy patients fell substantially, including
among those with higher illness severity and those who
were mechanically ventilated.

Despite this, in hospital mortality among patients with
sepsis admitted to ICU remains worse in patients with
a haematological malignancy compared to those with-
out (mortality of approximately 23% vs. 14% in 2021). In
addition, improvements in mortality have plateaued in
the last decade, and we observed an increase in mortality
across all patient groups in 2022, corresponding with the
peak of SARS-CoV-2 admissions in Australia. Finally, the
subgroup of patients with more than two organ failures,
while representing < 1% of all admissions, had very poor
prognosis with mortality over 80%.

Our findings extend the existing literature describ-
ing improved sepsis outcomes in other patient groups.
Kaukonen and colleagues reported an overall improve-
ment in sepsis outcomes in Australia and New Zealand
between 2000 and 2012 [7], although did not specifi-
cally report outcomes for patients with haematological
malignancy. Lemiale and colleagues described outcomes
among 2062 patients in seven European ICUs from 1994
to 2015 with a mix of solid tumour and haematological
malignancies, and found year of admission to be an inde-
pendent predictor of 30 days survival [24]. Zampieri and
colleagues performed a longitudinal analysis in Brazil of
patients with cancer, including solid tumours, and with
infective or non-infective critical illness; they reported
a reduction in overall mortality between 2011 and 2019.
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However, very poor prognosis in the subset of patients
with haematological malignancy and more than two
organ failures has also been recently reported in a Dutch
retrospective cohort study [25]. To our knowledge, our
study is the largest and most current study specifically
describing sepsis in patients with haematological malig-
nancy admitted to intensive care.

The impact of the SARS-CoV-2 pandemic on non-
SARS-CoV-2 mortality has also been previously
described and may relate to increased strain on hospital
and ICU systems [26]. A large population based study in
the United States described increased non-SARS-CoV-2
mortality in 2020-2021, with the greatest impact in
hospitals with highest prevalence of SARS-CoV-2 [27]. In
Australia and New Zealand, SARS-CoV-2 cases were at
their highest point in late 2021 to 2022, having remained
low until the point in the setting of prolonged stay-at-
home orders [28].

Higher SOFA score, older age, and requirement for
mechanical ventilation were all associated with increased
risk of mortality among patients admitted to ICU for
sepsis. Leukopenia (leukocytes<1.00x10° cells/L) was
independently associated with mortality for patients
without haematological malignancy, but was not a risk
factor among patients with haematological malignancy.
Previous studies describing the impact of neutropenia on
sepsis mortality have yielded conflicting results, possibly
related to heterogeneity of included patients [29] How-
ever, a population based cohort study of 43,466 patients
with cancer and septic shock in Korea reported lower
mortality in those with neutropenia [30]. We used leu-
kopenia of <1.00x 10” cells/L as a surrogate for neutro-
penia, and observed a significant interaction between the
effect of leukopenia and the presence of haematological
malignancy. In those with haematological malignancy,
neutropenia was not independently associated with mor-
tality. Our findings add to a body of literature suggest-
ing neutropenia is not a major predictor of outcome for
patients with haematological malignancy and sepsis.

Improvements in mortality reported in this study
may be related to improvements in treatment of infec-
tion, supportive care, or cancer therapy, among other
mechanisms. It is possible that changing patterns of
patient selection for admission to ICU also contributed
to improved outcomes. However, reductions in mortal-
ity were stable after adjustment for mortality predictors
including illness severity, and were consistent across
SOFA quartiles, suggesting that these findings are not
explained by admission practices alone. Moreover, atti-
tudes toward ICU admission of patients with haemato-
logical malignancy was historically more restrictive than
they are today [12].
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Our findings highlight the importance of using contem-
poraneous outcome data to guide treatment escalation
decisions, and when counselling patients and relatives
of those admitted to ICU with sepsis. Improved sep-
sis outcomes, including the subset of patients requiring
mechanical ventilation and those with neutropenia, sug-
gest that critically ill haematology malignancy patients
are increasingly likely to benefit from ICU care. Our find-
ings support early referral to ICU in patients with hae-
matological malignancies and suspected or confirmed
sepsis, particularly as rapid escalation of care has been
associated with reduced mortality [31]. Among those
with haematological malignancies, leukopenia is not a
predictor of worse outcome. Conversely, our findings
emphasise the clinical importance of non-neutropenic
sepsis, which accounted for a majority of sepsis cases
and was associated with similar outcomes. Although
outcomes have improved over time, mortality remains
higher for patients with haematological malignancy.
Given the evolving landscape of therapies for haematol-
ogy patients, resultant immunosuppression and patient
characteristics (who are increasingly older and more
comorbid), further research into sepsis prevention, treat-
ment, and post-sepsis care are required. Finally, the spe-
cific impacts of the SARS-CoV-2 pandemic on patients
with malignancy and critical illness including sepsis war-
rants further investigation.

Our study has several limitations. We included all
patients with a primary diagnosis of sepsis based on
Sepsis-3 criteria and/or ANZICS-APD primary clinical
diagnosis of sepsis. The approach may under-represent
clinical sepsis, particularly in patients admitted with
multiple medical complications, and does not capture
those who develop sepsis after being admitted to ICU for
another reason. The grouping of all patients with haema-
tological malignancy is also a limitation. Patients with
haematological malignancy are clinically diverse, and
we did not have access to details of primary diagnosis,
disease status at admission, treatment history, or stem
cell transplant recipient status. Strengths of the study
include the cohort size, study duration and use of a bina-
tional registry with high levels of data completeness, and
including 216 ICUs, which increases the generalisability
of our findings. To our knowledge, this is the largest lon-
gitudinal cohort study of sepsis outcomes in patients with
haematological malignancies.

The impact of specific haematological malignancy
diagnoses and treatments, the absence of neutropenia,
and the presence of SARS-CoV-2 on sepsis outcomes are
areas for future research. Studies that extend critical care
registry data with other clinical and microbiological data
will be important in expanding these findings.
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Conclusion

Over the past two decades, there have been substantial
improvements in mortality in haematological malignancy
patients with sepsis, including across all levels of illness
severity and in patients requiring mechanical ventilation.
However, mortality and post-ICU length of stay remain
higher than other patients with sepsis, and further
research into prevention and treatment in patients with
haematological malignancies is warranted.
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