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ABSTRACT

Background: Sepsis is the leading cause of admission to the intensive care unit (ICU) for cancer
patients and survival rates have historically been low. The aims of this nationwide cohort study were
to describe the characteristics and outcomes of cancer patients admitted to the ICU with sepsis com-
pared with other sepsis patients requiring ICU admission.

Material and methods: This was a retrospective, observational study. All adult admissions to Icelandic
ICUs during years 2006, 2008, 2010, 2012, 2014 and 2016 were screened for severe sepsis or septic
shock by ACCP/SCCM criteria. Clinical characteristics and outcomes of sepsis patients with cancer were
compared to those without cancer.

Results: In the study period, 235 of 971 (24%) patients admitted to Icelandic ICUs because of sepsis
had cancer, most often a solid tumour (100), followed by metastatic tumours (69) and haematological
malignancies (66). Infections were more often hospital-acquired in cancer patients (52%) than other
sepsis patients (18%, p < 0.001) and sites of infections differed, with abdominal infections being most
common in patients with solid and metastatic tumours but lungs and bloodstream infections in haem-
atological malignancies. The length of stay in the ICU was shorter for sepsis patients with metastatic
disease than other sepsis patients (2 vs. 4 days, p < 0.001) and they were more likely to have treatment
limitations (52 vs. 19%, p < 0.05). Median survival of patients with metastatic disease was 19 days from
ICU admission. The 28-day mortality (25%) of solid tumour patients was comparable to that of sepsis
patients without cancer (20%, p < 0.001).

Conclusions: Cancer is a common comorbidity in patients admitted to the ICU with sepsis. The clinical
presentation and outcome differs between cancer types. Individuals with metastatic cancer were
unlikely to receive prolonged invasive ICU care treatment. Comparable short-term outcome was found
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for patients with solid tumours and no cancer.

Background

Cancer is a leading cause of death worldwide [1], but mortal-
ity rates have been consistently falling in recent decades due
to advances in treatment [2]. There has even been a decline
in the incidence of some tumours in the last decades, such
as stomach and lung cancer in men [3]. The overall incidence
rate of all cancers between 2000 and 2017 was stable or
declining slightly in males (-2.2% per year) but stable to
increasing slightly in females (0.2% per year) [4]. Due to
improved survival and a change in demographics (age distri-
bution) and risk factors (e.g. rising rates of obesity [5]), the
community prevalence of cancer is increasing, suggesting
that more and more patients with cancer are likely to
develop an indication for an ICU admission. In a recent study
about 5% of all cancer patients were admitted to an inten-
sive care unit (ICU) within two years of diagnosis [6].

Historically, very high hospital mortality ratios have been
reported for subgroups of cancer patients admitted to inten-
sive care, such as 74% for haematological malignancy in
1988 [7], 75% for multiple myeloma in 1990-1995 [8] and
77% for solid tumours patients needing mechanical ventila-
tion with an additional organ failure in 2007 [9]. With a
steady improvement in survival from cancer in the last deca-
des [10,11], it is likely that more individuals with cancer are
considered to potentially benefit from admission to the ICU
for management of critical illness. Studies on cancer patients
in the ICU have, however, been very heterogenous, with hos-
pital mortality ratios ranging from 4.6 to 76.8% according to
a recent literature review [12]. In-hospital deaths are fre-
quently preceded by decisions to forgo life-sustaining ther-
apy, in situations where a meaningful recovery is highly
unlikely, but practises vary between regions and hospi-
tals [13,14].
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Sepsis is a leading cause of acute admission of cancer
patients to the ICU [15,16] and several studies have shown a
trend towards decreasing mortality of cancer patients with
sepsis [17-20]. Many of the studies on sepsis in cancer
patients have been conducted in ICUs in large cancer centres
[17,19,21,22] and are often lacking a comparison group of
sepsis patients without cancer [19-21]. Additionally, some
studies have been based on diagnostic codes [18,23] with an
inherent risk of bias [24].

The objectives of this study were to describe the charac-
teristics and outcomes of cancer patients admitted to the
ICU with sepsis and compare them with other sepsis patients
from a clinically defined nationwide cohort.

Material and Methods
Study design and setting

The present study was a retrospective observational study of
patients admitted to Icelandic ICUs because of sepsis. The
only providers of intensive care in Iceland are Landspitali —
The National University Hospital of Iceland in Reykjavik,
which has 14 beds in two separate units, and Akureyri
Hospital in Akureyri, which has three beds. The ICUs are
‘closed’ units and decisions regarding cancer patient admis-
sions and limitations of treatment are made collectively
between ICU physicians and haematologists/oncologists. All
the ICUs are multi-disciplinary and there is a specialist in
anaesthesia and intensive care in house 24-hours a day. The
study protocol was approved by the National Bioethics
Committee of Iceland (Case number: 16-088) and due to the
observational nature of the study the need of informed con-
sent was waived. The reporting of the study adhered to the
STROBE guidelines for observational studies [25].

Patient selection and data collection

Data on trends in the population incidence and outcome of
sepsis requiring intensive care [26] and data on the incidence
and outcome of sepsis after elective surgery [27] have been
published from this patient cohort previously. All patients over
18years of age admitted to Icelandic intensive care units in
the calendar years 2006, 2008, 2010, 2012, 2014, and 2016
were screened for the presence of severe sepsis or septic
shock on admission to the units. Patients were included
every other year to reduce data collection resources.
Modified 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis
Definitions [28] (Sepsis-2 criteria (Figure S1)) were used for
patient inclusion but the more recent Sepsis-3 definitions [29]
were used post-hoc for classification of patients into sepsis and
septic shock groups. Patients developing sepsis while staying
in the intensive care unit for another reason were not included
and re-admissions to the ICU during the same hospital stay for
the same source of sepsis were not included again.

The following patient information was collected into a
Microsoft Excel Database: Demographics and physiological
data, laboratory and microbiology results and treatment
administered. The APACHE II, [30] SOFA, [31] KDIGO [32] and
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Charlson Comorbidity Index [33] scoring systems were used
to assess severity of illness and burden of underlying disease.
Patients with active cancer diagnoses were divided into three
groups:

1.  Solid tumour without metastases, other than non-melan-
oma malignant neoplasm of skin. Patients were excluded
if more than 5 years had passed from diagnosis.

2. Metastatic solid tumour.

3. Haematological malignancies, including acute and
chronic myelogenous leukaemia, acute and chronic
lymphocytic leukaemia, Hodgkin lymphoma, other lym-
phomas, lymphosarcoma, myeloma and Waldenstrom's
macroglobulinemia.

Six patients had two or more concurrent malignant diseases
and were grouped according to what study authors jointly con-
sidered to be the clinically more important disease at the time
of ICU admission. Neutropenia was defined as a neutrophil
count <0.5cellsymm3. Data on the prevalence of cancer in
Iceland was acquired from Nordcan [3]. Treatment limitation
was defined as all decisions to forgo life sustaining therapy
that were documented in patients’ charts before or during ICU
admission and include: No cardiopulmonary resuscitation, no
mechanical ventilation, no dialysis, no vasoactive therapy, no
return to the ICU after discharge and transition to comfort care.

Microbiology

Only cultures taken within the first 48h of ICU care, or in
emergency departments and wards shortly before ICU admis-
sion were analysed in the study. Infections were considered
hospital-acquired if they manifested more than 48h after hos-
pital admission. The initial empirical antimicrobial therapy was
defined as insufficient if the cultured pathogens, which were
considered clinically relevant, were resistant to the agents used
by standard in vitro susceptibility tests. Cultures of commensal
skin bacteria (e.g. coagulase-negative staphylococci) in blood
were not considered pathogens unless cultured from repeated
sets. Isolated findings of Candida spp. in respiratory or urine
cultures were regarded as colonising organisms. Multi-resistant
pathogens were defined as pathogens resistant to three or
more classes of antibiotics. Microbiology findings were
reviewed by a specialist in infectious diseases (MG).

Outcome variables

Information on demographics, aetiology of sepsis and out-
come of cancer patients admitted to the ICU because of
severe sepsis or septic shock were collected and analysed.
Comparisons were made with data from patients admitted
to the ICU with sepsis, but no malignancy, to evaluate differ-
ences between these groups.

Statistical analysis

Data are presented as medians with interquartile range [IQR]
for continuous variables and as proportions for categorical
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Figure 1. A flow chart over patients admitted to Icelandic ICUs with sepsis and the four groups compared in the present study.

variables. Incidence rates are reported with 95% confidence
intervals. To analyse differences between two groups of
patients (sepsis patients with or without cancer), Pearson’s
Chi-squared test was used for categorical variables and
Kruskal-Wallis test for continuous variables. When the four
groups of sepsis patients (no cancer, solid tumour, metastatic
tumour, haematological malignancy) were analysed, a
Pearson’s Chi-squared test (categorical variables) or a
Kruskal-Wallis test (continuous variables) between the four
groups of patients was used. If these tests revealed a signifi-
cant difference, a post hoc pairwise comparison with the
Bonferroni correction for multiple tests was applied (alpha
level 0.0083 (0.05/6)). Bonferroni corrected p-values are
marked with p,q. Survival is presented with Kaplan-Meier
curves and median survival is presented with 95% confi-
dence intervals. A comparison between the four groups of
patients was performed with the log-rank (Mantel-Cox) test.

A propensity score matching was performed where
patients with each of the three categories of cancer (solid
tumour, metastasis, haematological) where matched at a 1:1
ratio with sepsis patients without cancer. The following
parameters were matched: Age, gender, APACHE Il score,
SOFA score, modified Charlson comorbidity index and admis-
sion category. Group matching was assessed with standar-
dised difference of matched parameters. A Cox proportional
hazards model was constructed to analyse predictors of mor-
tality in sepsis with age, sex, admission category, severity of
illness (APACHE Il and SOFA score), modified Charlson
comorbidity index, body mass index, time period, insufficient
empirical therapy, neutropenia and cancer included as co-
variates. All p-values are two-tailed and a value of <0.05 was
considered significant.

Missing data

When calculating the severity of illness scoring systems, if
variables were missing they were assumed to have been
within the normal range. In other analysis, patients with
missing variables (or variable not applicable, for example,
due to a pre-existing organ failure) were excluded from

analysis of that variable and data from the remaining
patients used. Missing values were frequent for body mass
index (39%) and serum-lactate (13%). For other parameters
reported in this study, missing values were less than 3%. For
the Cox proportional hazards model, missing values were
replaced with multiple imputation (100 iterations). Variables
included in the imputation model were those included as
predictors in the Cox model. Statistical analysis was per-
formed using SPSS (IBM, version 26).

Results
The incidence of cancer in sepsis patients

In the study period (calendar years 2006, 2008, 2010, 2012,
2014, and 2016), a total of 971 patients were admitted to
Icelandic ICUs because of severe sepsis or septic shock. Of
these, 235 patients (24.2%, Cl 21.5-27.0) had a concurrent
active malignancy, most often a solid tumour (100), followed
by metastatic solid tumour (69) and haematologic malignan-
cies (66) (Figure 1 and Table S1 for details of cancer diagno-
sis). The proportion of sepsis patients with underlying
malignancy was larger in the latter half of the study period
(2012-2016), 27.1%, (Cl 23.3-31.2) compared with 20.8% (Cl
17.3-24.9) in the first half (2006-2010) (p < 0.023). The 5-year
prevalence of all cancers but non-melanoma skin cancers in
Icelandic adults (>20years) increased during the study
period from 179 to 185/1000 for women and from
16.9-18.3/1000 for men [3]. The proportion of all adult can-
cer patients in Iceland admitted to intensive care with sepsis
each year was 0.79% (Cl 0.64-0.96) in 2006-2010 but 1.04%
(C1 0.88-1.23) in 2012-2016 (p =0.031).

Clinical characteristics and infections

Patient characteristics are shown in Table 1. For all sepsis
patient with cancer combined, the median age was
69years [60-75], APACHE 1l score 22 [17-28] and SOFA
score 9 [6-11]. Patients with solid tumours were older
(70years) than those with metastatic disease (65years,
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Table 1. The characteristics, severity of illness and microbiology results from cancer patients admitted to the ICU with sepsis, compared with data from sepsis

patients without cancer.

Patient characteristics

Comparison group w/o cancer Solid tumour Metastases Haematological malignancies  p-Value
n=1736 n=100 n=69 n=66
Age (years) 67 [54-77] 70 [63-78] 65 [55-74] 69 [61-75] 0.014
BMI (kg/mz) 27 [23-33] 26 [22-31] 26 [23-32] 26 [23-28] 0.12
Males 55% (403/736) 64% (64/100) 51% (35/69) 70% (46/66) 0.032
Admission category:
Emergency dep (ED) 55% (405/736) 25% (25/100) 39% (27/69) 30% (20/66) <0.001
Medical ward 30% (219/736) 17% (17/100)  38% (26/69) 64% (42/66) <0.001
Surgical ward 15% (112/736) 58% (58/100) 23% (16/69) 6% (4/66) <0.001
Hospital ward LOS (days)* 3 [1-10] 5 [2-11.25] 6 [1-22.5] 9 [1-18.5] 0.008
ED LOS (hours) 3.5 [2.1-6.4] 3.9 [2.1-5.4] 3.8 [1.7-6.2] 3.6 [2.6-6.6] 0.99
Modified Charlson CI* 3 [2-5] 3 [2-5] 2 [1-3] 3 [2-5] 0.001
APACHE I score 21 [15-26] 20 [15-25] 21 [17-27] 26 [23-32] <0.001
SOFA score 8 [6-10] 8 [6-9] 7 [6-10] 10 [8-12] <0.001
Recent surgery 15% (109/736) 56% (56/100) 20% (14/69) 6% (4/66) <0.001
Elective 38 44 5 1
Emergency 71 12 9 3
Organ failure (OF):
Circulatory 93% (683/735) 95% (95/100) 94% (65/69) 97% (64/66) 0.55
Respiratory 91% (644/708) 88% (79/90) 91% (63/69) 93% (60/64) 0.64
Renal 54% (387/713) 58% (57/99) 51% (35/69) 53% (34/64) 0.85
Central nervous system 42% (310/732) 43% (43/100) 38% (26/69) 27% (18/66) 0.10
Hepatic 16% (112/711) 14% (13/96) 15% (9/61) 17% (11/64) 0.92
Coagulation* 23% (166/714) 21% (21/99) 39% (24/62) 58% (15/26) <0.001
Metabolic acidosis 54% (391/729) 58% (57/99) 69% (47/68) 56% (37/66) 0.10
Nr. of new-onset OFs 4 [3-5] 3 [3-5] 4 [3-5] 3 [3-5] 0.75
Neutropenia 0.6% (4/725) 0.2% (2/99) 10% (7/67) 48% (32/66) <0.001
Septic shock (Sepsis-3)° 38% (270/685) 43% (40/93) 48% (30/63) 48% (29/60) 0.19
Infection site:
Pulmonary 47% (348/736) 34% (34/100)  33% (23/69) 47% (31/66) 0.02
Abdomen 20% (149/736) 46% (46/100) 36% (25/69) 15% (10/66) <0.001
Urinary 10% (76/736) 10% (10/100) 12% (8/69) 5% (3/66) 0.48
Blood/endovascular 6% (47/736) 2% (2/100) 6% (4/69) 21% (14/66) <0.001
Skin 7% (49/736) 4% (4/100) 5% (3/69) 5% (3/66) 0.62
Others 9% (67/736) 4% (4/100) 9% (6/69) 8% (5/66)
Microbiology:
Pathogens identified 68% (499/736) 74% (74/100) 67% (46/69) 77% (51/66) 0.27
Positive blood cultures 31% (230/736) 33% (33/100)  33% (23/69) 45% (30/66) 0.13
Pathogens:
Gram-positive 40% (201/499) 24% (18/74) 35% (16/46) 33% (15/51) 0.05
Gram-negative 32% (158/499) 31% (23/74) 30% (14/46) 37% (19/51) 0.86
Polymicrobial 19% (158/499) 41% (30/74) 28% (13/46) 16% (8/51) <0.001
Viral 6% (28/499) 1% (1/74) 0% (0/46) 6% (3/51) 0.16
Fungal 2% (11/499) 3% (2/74) 7% (3/46) 8% (4/51) 0.07
Others 1% (7/499) 0% (0/74) 0% (0/46) 0% (0/51)
Hospital-acquired infections 18% (131/736) 61% (61/100) 42% (29/69) 48% (32/66) <0.001
Insufficient empirical antimicrobial therapy 16% (74/465) 33% (23/69) 27% (12/44) 20% (9/45) 0.003

Values are presented as medians with interquartile range or percentages and p-values refer to Kruskal-Wallis or Chi-squared tests between the four groups

of patients.

*LOS (length of stay) in hospital wards before ICU admission for sepsis.
TCharlson comorbidity index without points for the malignant disease.
*Excluding patients with coagulopathy before the onset of sepsis.

SSepsis-3 definition of septic shock: Acute change >2 points in total SOFA score consequent to infection and a vasopressor requirement and a serum lactate

level greater than 2 mmol/I.

Pagj=0.03)) and no malignancy (67 years, p,q;=0.03)). On a
modified Charlson Cl (points for the malignant disease
itself removed) patients with metastatic disease had a
lower severity of comorbid illness (2 (1-3)) than patients
without cancer (3 (2-5), pagj=0.001) or only solid tumour (3
(2-5), Pagj=0.001).

The severity of acute illness was highest in haematological
patients with APACHE Il score 26 vs. 20-21 in the other three
groups (p,q;<0.001)) and SOFA score 10 vs. 7-8 in the other

three groups (p,q;<0.001)). Admission categories differed
between the groups of patients, with haematological
patients most likely to be admitted from medical wards (64
vs. 17-38% in other groups, p,q;<0.05), patients with solid
tumours most likely to be admitted from surgical wards
(58% vs. 6-23% in other groups, p,q;<0.05) while sepsis
patients without cancer were most likely to be admitted
from emergency departments (55 vs. 25-39% in other
groups, pPaq;j<0.05).
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Data on sites of infections and pathogens are shown in
Table 1. All cancer patients combined were more likely to
have hospital-acquired infections than other sepsis patients,
52% (122/235) vs. 18% (131/736) (p < 0.001). Blood/endovas-
cular infections were more common in haematological
patients (21%) than solid tumour patients (2%, p,qj<0.05)
and other sepsis patients (6%, p.qj<0.05). The incidence of
insufficient empirical antimicrobial therapy was higher in
patients with solid tumours (33%) than sepsis patients with-
out cancer (16%, pagj<0.05). The proportion of multi-resistant
pathogens in the overall cohort was low, 2% (13/670)).

Treatment in the intensive care units

The duration of mechanical ventilation was shorter for
patients with metastatic disease (2days) than for sepsis
patients without cancer (5days, p,g=0.014) and haemato-
logical patients (6.5 days, paqj=0.049) (Table 2). The length of
stay in the ICU was also shorter for patients with metastatic
disease, 2days, versus 4days for other sepsis patients
(Pagj<0.001). Decisions regarding limitations of treatment
had been made before ICU admission in 6% (14/235) of can-
cer patients and 2% (17/736) in other sepsis patients
(p=0.006). For patients admitted without registered limita-
tions, decisions to forgo one or more life sustaining therapy
were made for 30% (70/235) of cancer patients and 17%
(125/736) of other sepsis patients (p < 0.001) during the ICU
stay. The first decision was made at a median of ICU day 1
(IQR 1-3) in cancer patients but at a median of ICU day 2
(IQR 1-6) in other sepsis patients (p=0.14). A flow-chart of
treatment limitations is presented in Figure 2.

Outcome

Mortality ratios are shown in Table 2 and Figure 3 respect-
ively. The ICU, hospital and one-year mortality ratios for all
cancer patients with sepsis were 24% (57/234), 46% (107/
233) and 67% (157/235), respectively. The median survival
from ICU admission was 353 days (Cl 74-632) for patients
with solid tumours, 19days (Cl 4-34) for metastatic disease,
64days (Cl 0-194) for haematological malignancies but
4.7 years (Cl 3.7-5.7) for other sepsis patients (p < 0.001). For
hospital survivors, the median survival from hospital dis-
charge was 39years (Cl 1.7-6.2) for patients with solid
tumours, 91 days (Cl 60-122) for metastatic disease, 2.5 years
(CI 0-6.9) for haematological malignancies and 9.0years (Cl
7.2-10.7) for sepsis patients without cancer (p <0.001). Of
the cancer patients where a treatment limitation decision
had been made 88% (74/84) died in hospital.

In propensity score matched cohorts, there was no signifi-
cant difference in the use of mechanical ventilation, length
of stay, limitations of treatment or mortality between solid
tumour patients and other sepsis patients (Table S2). Sepsis
patients with metastatic disease remained less likely to
receive mechanical ventilation, had a shorter length of stay,
were more likely to receive limitations of treatment and had
higher mortality ratios (hospital, 28-day and one-year) than
the matched cohort of sepsis patients without cancer (Table

S3). Sepsis patients with haematological disease were less
likely to receive invasive mechanical ventilation and had a
higher mortality (ICU, 28-day and one-year) than the
matched cohort without cancer but there was no difference
in the length of stay or the frequency of treatment limita-
tions (Table S4). Survival of the three propensity score
matched cohorts is presented in Figures S2-S4. Finally, a
multivariable Cox proportional hazards model including age,
comorbidity and severity of illness was constructed.
Metastatic disease remained a strong predictor of mortality
(HR 5.94 (95% Cl 4.47-7.89)). Other factors associated with
increased risk of mortality were age, medical admissions,
APACHE 1l score, SOFA score, modified Charlson Cl, inad-
equate empirical therapy, solid tumours and haematological
malignancies (Table 3). Adjusted survival curves are pre-
sented in Figure S5.

Discussion

In the present study, we found that a large proportion of
patients admitted to intensive care units because of sepsis
have an underlying malignant disease. Cancer patients with
sepsis are a heterogenous group with variable sites of infec-
tions. In general, patients with metastatic disease had a short
duration of stay and decisions to forgo further life-sustaining
therapy were frequent. All groups of cancer patients with
sepsis had reduced long-term survival compared with sepsis
patients without cancer, but short-term survival ratios were
comparable for patients with solid tumours.

In line with rising prevalence of cancer [3], we found a
slight increase in the proportion of sepsis patients with can-
cer from the first half (21%) to the latter half (27%) of the
11-year study period. These proportions are in the higher
range of previous epidemiological studies on sepsis where
11% to 23% of patient cohorts have had underlying malig-
nancy. Metastatic disease was present in 7% of our cohort of
sepsis patients, which is also in the higher range of other
reports (3-7%) [34-36].

Although we did not include predetermined ICU admis-
sions for postoperative observation following elective proce-
dures, a large proportion (56%) of patients with solid
tumours had recently undergone surgery and had postopera-
tive sepsis. Major oncological procedures such as oesopha-
gectomy, pancreatectomy, gastrectomy, cystectomy and
colectomy are the elective operations associated with the
highest rates of sepsis [27,37,38]. Patients undergoing these
procedures are frequently malnourished and may have
received neo-adjuvant chemotherapy or radiotherapy, which
are risk factors for postoperative sepsis [37]. These patients
had high rates of polymicrobial, abdominal infections with
associated high risk of insufficient empirical antimicro-
bial therapy.

We found that the number and pattern of organ dysfunction
was similar between the groups of cancer patients, apart from a
higher incidence of coagulopathy in haematological patients.
The frequent thrombocytopenia and immunosuppression in
those patients likely explains the higher severity of illness
scores (APACHE Il and SOFA) compared with other sepsis
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Table 2. The intensive care treatments administered to the four groups of sepsis patients and outcome.

Treatment in the intensive care units and outcome

Comparison group w/o cancer Solid tumour Metastases Haematological malignancies

n=736 n=100 n=69 n==66 p-value:
Vasopressors 76% (557/735) 85% (84/99) 75% (52/69) 85% (56/66) 0.09
Invasive mechanical ventilation (IMV) 51% (373/736) 58% (58/100) 36% (25/69) 39% (26/66) 0.01
Duration of IMV (days) 5[2-12] 4 [2-12.5] 2 [1-7.5] 6.5 [2-14.25] 0.02
Non-invasive ventilation (NIV) 44% (321/730) 28% (28/100) 30% (21/69) 35% (23/66) 0.003
NIV failure* 58% (176/303) 50% (13/26) 32% (6/19) 43% (10/23) 0.08
New-onset RRT" 6% (47/725) 6% (7/100) 1% (1/69) 12% (8/65) 0.09
Blood transfusion 15% (107/736) 22% (22/100) 23% (16/69) 36% (24/66) <0.001
Plasma tranfusion 12% (91/736) 14% (14/100) 17% (12/69) 26% (17/66) 0.02
ICU LOS (days) 4 [2-9] 5 [2-10.75] 2 [1-4] 3 [1-9] <0.001
Hospital LOS (days) 15 [8-31] 18 [10.25-33.75] 12 [4.5-25] 13.5 [5-25.25] 0.004
Limitations of treatment? 19% (143/736) 23% (23/100) 52% (36/69) 39% (26/66) <0.001
Discharged home® 48% (348/730) 37% (37/100) 29% (20/69) 41% (27/66) 0.006
ICU mortality 13% (91/727) 21% (21/99) 26% (18/69) 27% (18/66) <0.001
Hospital mortality 25% (178/723) 35% (34/98) 59% (41/69) 48% (32/66) <0.001
28-day mortality 20% (146/722) 25% (25/100) 55% (38/69) 41% (27/66) <0.001
One-year mortality 32% (231/720) 50% (50/100) 88% (61/69) 70% (46/66) <0.001

Values are presented as medians with interquartile range or percentages and p-values refer to Kruskal-Wallis or Chi-squared tests between the four groups

of patients.

*Patients who subsequently needed invasive mechanical ventilation (IMV) after receiving non-invasive ventilation(NIV). Patients receiving NIV after extubation

from IMV excluded.
RRT: Renal replacement therapy
*Decisions on limitations of treatment made before or during the ICU stay.

Spatients discharged to their previous residence from the hospital ward. Patients not discharged home either died in-hospital or were transferred to care-homes

or inpatient rehabilitation.
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1day(IQR 1- 3)

v L

151 (64%) with intended 84 patients (36%) with
full therapy treatment limitations

v

13 (9%) died in ICU | 44(52%) diedinIcU

736 sepsis patients without cancer

125 (17%) had
treatment limitations
registered in the ICU

17 (2%) had treatment
limitation registered
before ICU admission

P
Mediartimetodecision
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Figure 2. A flow chart depicting the number and timing of documented decisions to limit treatment in the group of patients admitted to Icelandic ICUs with sepsis

along with patient mortality.

patients. We did not see more frequent use of non-invasive
ventilation (NIV) in haematological patients compared with
other sepsis patients. Early initiation of NIV has been
linked to reduced mortality in immunosuppressed patients
[39], but not confirmed in a later study [40]. Our study was
conducted before the use of high-flow nasal oxygen
became widespread.

We found that patients with metastatic disease were
younger than patients with solid tumours and had a lower
severity of comorbid illness than other groups of sepsis

patients. This illustrates the preceding selection of patients
for admission into the ICU, although our high rates of
metastatic disease in the whole sepsis cohort indicate that
ICU admission policies are liberal in Iceland. The duration
of mechanical ventilation was short for patients with meta-
static diseases, 2 days, versus 5days in sepsis patients with-
out cancer. Decisions to forego invasive life sustaining
therapy were common (52% of patients) and the hospital
mortality ratios of patients with treatment limitations
was high.



952 (%) E.VESTEINSDOTTIR ET AL.

One-year Survival after Admission to the ICU with Sepsis

Patient Group
10
—ITNo cancer
—1Solid tumour
—IIMetastatic tumour
—ITHaematological
08 —+— Mo cancer censored
—+— Solid tumour cenc.
= —— Metastatic tumour cenc.
> Haematological cenc.
e 06
3
w
£
3
(8]
04
02
00
0 2 4 6 8 10 12
Months
Long Term Survival of Hospital Survivors
Patient Group
1,0 — I TNo cancer
—I1Salid tumour
—ITMetastatic tumour
—THaematological
- —+— Mo cancer censored
L —+— Solid tumour cens.
—— Metastatic tumour cens.
*““‘\ Haematological cens.
S -
S 06 =
§ \M H__M
= BTN
[&] b
04 —
+
—T_L B
02
00
0 1 2 3 4 5 6 7 8 9 10
Years

Figure 3. Kaplan—-Meier curves for one-year survival of the four groups of sepsis patients (graph A) and long-term survival after hospital discharge (graph B).

For all cancer patients with sepsis combined, we found an
ICU-mortality ratio of 24%, which is lower than reported in
recent studies on similar cohorts (41-53%) [21,22,41,42].
Icelandic hospitals do not have high-dependency units and
all patients needing vasoactive support are admitted to an
ICU, which might lead to inclusion of less severely ill patients
into our study. The median APACHE Il (22) and SOFA (9)
were however comparable to those reported in similar studies
[22,41]. Additionally, policies might differ between institutions

regarding discharge from the ICU to wards for end-of-life care.
Our hospital mortality ratio for all cancer patients with sepsis
(46%) is in the lower range of previous reports (41-65%)
[19,21,22,41-43] and the one-year ratio (67%) similar to others
(62%) [43].

It has been proposed that critically ill cancer patients with
uncertain prognosis receive a time-limited trial in the ICU
with full-code status before decisions to limit treatment are
made [9]. One argument for this being that mortality has



Table 3. A multivariable Cox regression analysis of risk factors for mortality in
patients admitted to ICUs with sepsis.

Association of possible risk factors with mortality (n=971)

HR (95% Cl) p-value

Age 1.03 (1.02-1.04) <0.001
Male sex 0.96 (0.82-1.13) 0.61
Admission category:

Emergency department Reference -

Medical ward 1.40 (1.17-1.68) <0.001

Surgical ward 1.00 (0.79-1.27) 1.00
APACHE 1l score 1.03 (1.01-1.05) <0.001
SOFA score 1.05 (1.02-1.09) 0.002
Modifed Charlson Cl 1.11 (1.06-1.17) <0.001
Former/latter time period* 0.87 (0.74-1.02) 0.08
Insufficient empirical antimicrobial therapy 1.60 (1.24-2.06) <0.001
Body mass index 0.98 (0.97-1.00) 0.019
Neutropenia 0.76 (0.51-1.15) 0.19
Cancer diagnosis:

None Reference -

Solid tumor 1.59 (1.23-2.05) <0.001

Metastatic disease 5.94 (4.47-7.89) <0.001

Haematological 1.84 (1.31-2.58) <0.001

*Former time period: 2006-2010, latter time period: 2012-2016

been better predicted by the severity of organ failure, rather
than the cancer characteristics in some studies [16,44]. A trial
of five days has been proposed, although all patients who
needed additional interventions (intubation, vasopressors or
dialysis) after day three died in the study testing out this
hypothesis [9]. In a later study, a shorter one to four day trial
is suggested for poor prognosis solid tumours [45]. In our
study, the median length of ICU stay for cancer patients of
only 2-5days suggests that if time limited trials were
employed, they were generally short.

Only 6% of cancer patients had treatment decisions regis-
tered before ICU admission but an additional 30% received
limitations during the ICU stay. Interestingly, the median
time to first decision was only one day after ICU admission
This indicates that the acute illness caused by sepsis acts as
a trigger for treatment goal discussions. It could even sug-
gest that some patients may have been inappropriately
admitted to the ICU, where invasive therapy was considered
futile very soon after admission. The time to treatment deci-
sions in our study did not differ significantly between cancer
patients and other sepsis patients but is shorter than the
2-4days previously reported from observational stud-
ies [14,46].

The benefit of ICU admissions for patients no longer eli-
gible to cancer treatment or with a very short life expectancy
was recently described as limited in a recent consensus con-
ference of the European Lung Cancer Working Party and the
Groupe de Recherche Respiratoire en Réanimation Onco-
Hématologique [47]. Despite a short median survival of
patients with metastatic cancer and sepsis (19days) and a
high one-year mortality, 29% of these patients were dis-
charged back home after the ICU stay, and those discharged
had a median survival of 91days from hospital discharge.
This argues that on a case-by case basis, a meaningful out-
come can be reached with an ICU admission for patients
with an otherwise incurable disease.

The strength of our study is the large, nationwide cohort
of sepsis patients admitted to the ICU and data collection by
detailed chart review instead of using administrative

ACTA ONCOLOGICA 953

databases. Limitations include the small number of patients
with cancers and since this study was limited to ICU patients,
we lack information on the demographics and outcome of
cancer patients with sepsis that were not considered eligible
for ICU admission.

Conclusions

In this nationwide, clinically defined sepsis cohort, a quarter
of the patients had underlying active cancer diagnosis, but
the characteristics of sepsis and outcomes differed by groups
of malignancies. Patients with solid tumours frequently had
postoperative sepsis with similar short-term outcome as sep-
sis patients without cancer. The severity of illness on admis-
sion was highest in haematological patients, which along
with patients with metastatic disease had reduced short- and
long-term survival. The use of extended invasive ICU resour-
ces was limited in patients with metastatic cancer.
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