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Objective: To describe trends in outcomes of cancer patients with 
an unplanned admission to the ICU between 1997 and 2013 and 
to identify risk factors for mortality of those admitted between 
2009 and 2013.
Design: Retrospective analysis.
Setting: Intensive Care National Audit & Research Centre Case 
Mix Programme Database including data of ICUs in England, 
Wales, and Northern Ireland.
Patients: Patients (99,590) with a solid tumor and 13,538 
patients with a hematological malignancy with an unplanned ICU 
admission between 1997 and 2013; 39,734 solid tumor patients 
and 6,652 patients with a hematological malignancy who were 
admitted between 2009 and 2013 were analyzed in depth.
Interventions: None.
Measurements and Main Results: In solid tumor patients admit-
ted between 2009 and 2013, hospital mortality was 26.4%. 
Independent risk factors for hospital mortality were metastatic 
disease (odds ratio, 1.99), cardiopulmonary resuscitation before 
ICU admission (odds ratio, 1.63), Intensive Care National Audit 
& Research Centre Physiology score (odds ratio, 1.14), admis-
sion for gastrointestinal (odds ratio, 1.12), respiratory (odds ratio, 

1.48) or neurological (odds ratio, 1.65) reasons, and previous 
ICU admission (odds ratio, 1.18). In patients with a hematologi-
cal malignancy admitted between 2009 and 2013, hospital mor-
tality was 53.6%. Independent risk factors for hospital mortality 
were age (odds ratio, 1.02), cardiopulmonary resuscitation before 
ICU admission (odds ratio, 1.90), Intensive Care National Audit 
& Research Centre Physiology Score (odds ratio, 1.12), admis-
sion for hematological (odds ratio, 1.48) or respiratory (odds ratio, 
1.56) reasons, bone marrow transplant (odds ratio, 1.53), previ-
ous ICU admission (odds ratio, 1.43), and mechanical ventilation 
within 24 hours of admission (odds ratio, 1.33). Trend analysis 
showed a significant decrease in ICU and hospital mortality and 
length of stay between 1997 and 2013 despite little change in 
severity of illness during this time.
Conclusions: Between 1997 and 2013, the outcome of cancer 
patients with an unplanned admission to ICU improved signifi-
cantly. Among those admitted between 2009 and 2013, indepen-
dent risk factors for hospital mortality were age, severity of illness, 
previous cardiopulmonary resuscitation, previous ICU admission, 
metastatic disease, and admission for respiratory reasons. (Crit 
Care Med 2017; XX:00–00)
Key Words: cancer; critical care; hematological malignancy; 
outcome; risk factors; solid tumor

The number of patients with cancer has steadily increased 
due to an aging population, better diagnostic tools, and 
advances in therapies. As a result, more patients require 

admission to the ICU. The main reasons are complications 
of the underlying malignancy, side effects of treatment, and 
medical problems not directly related to cancer (1). Data from 
a large international observational study showed that one in 
seven patients admitted to general ICUs in Europe had can-
cer (2). Analysis of registry data from Scotland confirmed that 
between 2000 and 2009, one in 20 patients with a non-hema-
tological malignancy required ICU admission within 2 years of 
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cancer diagnosis (3). ICU mortality was highest among those 
admitted as an emergency for medical reasons (41.7%) and 
lowest following elective surgery, especially if organ support 
was not necessary (0.6%).

Historically, the presence of cancer has been a common rea-
son for refusal of admission to ICU (4). However, assessing the 
severity of illness and predicting the outcome of acutely unwell 
cancer patients can be challenging especially since traditional 
physiological scores do not perform well in this patient cohort 
(5–10). Thiéry et al (11) showed that 20% of patients who were 
referred to ICU but not admitted because they were considered 
to be “too well for ICU” died in hospital. Importantly, of the 
patients considered to be “too sick” to benefit from ICU care, 
26% were still alive 30 days later.

In order to offer life-sustaining therapies to cancer patients with 
an acceptable prognosis and to avoid unnecessary suffering in those 
who are approaching the end of their life, it is essential to under-
stand the epidemiology better and to identify prognostic factors 
specific to this patient population. A systematic literature review of 
adult patients with a solid cancer admitted to ICU between 2000 
and 2014 revealed that hospital mortality rates ranged from 4.6% 
to 76.8% (12). In an analysis of the Intensive Care National Audit 
& Research Centre (ICNARC) Case Mix Programme Database 
(CMPD), we previously showed that hospital mortality of adult 
patients with a hematological malignancy admitted to an ICU in 
the United Kingdom between 1995 and 2007 was 59% (13).

Our aim was to produce up-to-date data reflecting the cur-
rent clinical practice. Using the CMPD, the objectives were 1) 
to describe the characteristics and outcome of cancer patients 
with an unplanned admission to ICU between 2009 and 2013; 
2) to identify risk factors present at admission to ICU that were 
independently associated with hospital mortality, and 3) to 
analyze the trends in patient characteristics and epidemiology 
between 1997 and 2013.

MATERIALS AND METHODS

Clinical Database
The Case Mix Programme (CMP) is the national comparative 
audit of adult, general critical care units in England, Wales, and 
Northern Ireland, coordinated by ICNARC. The CMPD contains 
pooled case mix and outcome data on consecutive admissions to 
ICUs participating in the CMP. Participation in the CMPD has 
increased over time. There are currently 216 adult, general criti-
cal care units contributing to the CMPD, equating to coverage of 
100% of all such units in England, Wales, and Northern Ireland. 
Some units are ICUs providing level 3 care only, and others are 
combined intensive care and high-dependency units caring for 
level 2 and level 3 patients. Data quality is ensured by the use of 
precise rules and definitions, and both local and central validation 
checks. The CMPD was independently assessed and scored highly 
by the Directory of Clinical Databases against their 10 domains.

Patient Population
Using the CMPD, we extracted data on consecutive admis-
sions of adult cancer patients between January 1997 and 

December 2013. We included adult patients who had a cancer 
diagnosis reported as reason for unplanned ICU admission or 
an unplanned admission which was for nononcological reasons 
but related to having cancer. “Unplanned admission” relates 
to patients who underwent surgery and for whom a bed in 
the ICU had not been booked before the start of surgery but 
admission to ICU later became necessary due to unforeseen 
complications. We differentiated between patients with hema-
tological malignancies and solid tumors. Patients transferred 
from another ICU were excluded to avoid double analysis. In 
patients with multiple ICU admissions, we only analyzed the 
last admission.

Data Collection
To describe the current practice, we extracted the follow-
ing data of patients with an unplanned admission to an ICU 
between 2009 and 2013: demographics, type of cancer, source 
of ICU admission, location prior to ICU admission, surgi-
cal status and urgency (non-surgery, emergency surgery, or 
elective surgery), reason for admission to ICU, and need for 
cardiopulmonary resuscitation (CPR) prior to admission. 
Hematological and biochemical parameters at admission to 
ICU were extracted to calculate the ICNARC Physiology Score 
(14) and the Acute Physiology and Chronic Health Evalua-
tion (APACHE) II score (15) based on the most abnormal 
physiological variables within the first 24 hours in ICU. Sep-
sis was defined based on the previous consensus criteria (16). 
We collected data on pre-existing “severe respiratory disease,” 
“end-stage renal failure,” “severe cardiovascular disease,” and 
“severe liver disease” as defined by the APACHE II criteria (15). 
( Supplementary Table 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/C713).

We also recorded the type of organ support required during 
stay in ICU, i.e., mechanical ventilation, inotropic/vasopres-
sor support, and renal replacement therapy (RRT) as defined 
in the Department of Health Critical Care Minimum Dataset 
(Supplementary Table 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/C713). The primary outcome was 
hospital mortality. Other outcomes of interest were ICU mor-
tality, length of stay in ICU and hospital, and proportion of 
patients who were discharged to a hospice. For the longitu-
dinal trend analysis, we included patients with an unplanned 
ICU admission between 1997 and 2013 and extracted patient 
demographics, ICNARC Physiology Score and APACHE II 
score, length of stay, and ICU and hospital outcome.

Statistical Analysis
To determine independent predictors of hospital mortality, 
variables selected in the univariable analysis (p <0.25) and 
those previously identified in the published literature were 
included in a multivariable logistic regression analysis adjust-
ing for age, severity of illness, CPR status, and reason for ICU 
admission. We incorporated spline terms for age (four knots 
restricted cubic splines) when departures from linearity were 
significant. The following potential determinants were con-
sidered: presence of metastases, neutropenia (neutrophils  
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< 0.5 × 109/L), previous ICU admission during the same hos-
pital stay, severe sepsis, mechanically ventilated in first 24 
hours, and admission type (unplanned medical admission/
unplanned admission following elective surgery/unplanned 
admission following emergency surgery). Separate models 
were developed for patients with solid tumors and hematologi-
cal malignancies. The predictive performance of the model was 
estimated by the area under the receiver operating character-
istic curve (AUC), adjusted for optimism using bootstrapping, 
and Brier’s score. Calibration was assessed graphically using 
calibration plots with 20 equal-sized risk groups.

To evaluate changes in characteristics and outcomes 
between 1997 and 2013, we used logistic regression for cat-
egorical variables and linear regression for continuous vari-
ables, using the year of admission as the predictor variable. For 
non-normally distributed data, the Jonckheere-Terpstra trend 
test was performed.

Ethics
Support for the collection and use of patient identifiable 
data without consent was obtained under Section 251 of the 
National Health Service Act 2006 (approval number PIAG 
2–10(f)/2005) from the Confidentiality Advisory Group of the 
Health Research Authority.

RESULTS
Between 2009 and 2013, 48,640 unplanned ICU admissions 
related to cancer were registered. Following exclusion of 603 
patients with incomplete data and 1,656 repeated admissions, 
we analyzed the data of 46,381 patients. Patients (39,734; 85.7%) 
had a solid tumor and 6,652 (14.3%) had a hematological malig-
nancy, including 292 patients with a bone marrow transplant. 
The median age of solid tumor patients was 68 years (inter-
quartile range [IQR], 59–77) compared with 63 (IQR, 52–70) in 
patients with a hematological malignancy (Table 1). At admis-
sion to ICU, the median APACHE II and ICNARC Physiology 
Scores were 15 (IQR, 10–22) and 22 (IQR, 16–29), respectively.

Patients With Solid Tumors
In solid tumor patients, the most common malignancies 
were bowel cancer (33.8%), followed by genitourinary cancer 
(7.5%) and lung cancer (5.9%) (Table 1). In 18.6% of patients, 
the primary cancer was not known. Patients (22.1%) were 
known to have metastases. In the majority of cases (45.3%), 
the reason for admission to ICU was recorded as an emergency 
directly related to the primary tumor; pneumonia was the sec-
ond most commonly reported reason (12.1%) for admission 
to ICU (Supplementary Table 2, Supplemental Digital Con-
tent 2, http://links.lww.com/CCM/C714).

During their stay in ICU, 43% of patients required mechan-
ical ventilation, 22% needed inotropic/vasopressor support, 
and 9% received RRT (Supplementary Table 3, Supplemental 
Digital Content 3, http://links.lww.com/CCM/C715). Patients 
(60.1%) needed two types of organ support, and 11.8% had 
three types. Hospital mortality was 26.4%.

The following factors were independently associated with 
hospital mortality: presence of metastases (odds ratio [OR], 
1.99], CPR prior to ICU admission (OR, 1.63), higher ICNARC 
Physiology Score (OR, 1.14 per point), admission for gastroin-
testinal reasons (OR, 1.12), respiratory (OR, 1.48) or neurolog-
ical (OR, 1.65) reasons compared with cardiovascular causes, 
and previous ICU admission (OR, 1.18) (Table 2).

Having rejected the hypothesis of linearity, age was modeled 
by restricted cubic splines with four knots (39, 63, 73, and 85) 
at percentiles 20%, 40%, 60%, and 80% in the logistic regres-
sion model. Due to the difficulty in interpreting the regression 
coefficient of the expanded terms, we tabulated the OR asso-
ciated to this nonlinear relationship for several values of the 
original age to facilitate the presentation, interpretation and 
comparison (Table 3). Age less than 60 years, admission after 
elective (OR, 0.27) or emergency (OR, 0.55) surgery compared 
with nonsurgical admissions, and admission for genitourinary 
reasons (OR, 0.70) or endocrine/metabolic reasons (OR, 0.72) 
were independently associated with reduced hospital mortal-
ity. The model showed good performance in 200 repeated vali-
dation samples (AUC, 0.84; Brier’s score, 0.133), and internally, 
calibration of the model was excellent.

Patients With Hematological Malignancies
Among patients with a hematological malignancy, lymphoma, 
and leukemia were the most common types of cancer (Table 1). 
Pneumonia was the most commonly reported reason for admis-
sion to ICU (30.3%), followed by an emergency related to the 
primary hematological malignancy (Supplementary Table 2, Sup-
plemental Digital Content 2, http://links.lww.com/CCM/C714).

Patients (46%) required mechanical ventilation, 32% 
needed inotropic/vasopressor support, and 22% received 
RRT while in the ICU (Supplementary Table 3, Supplemental 
Digital Content 3, http://links.lww.com/CCM/C715). Patients 
(60.6%) had two types of organ support, and 21.8% needed 
three types. Hospital mortality was 53.6%.

The following factors were independently associated with 
hospital mortality: age (OR, 1.02 per year), CPR prior to ICU 
admission (OR, 1.90), higher ICNARC Physiology Score (OR, 
1.12 per point), admission for hematological reasons (OR, 
1.48), or respiratory reasons (OR, 1.56) compared with car-
diovascular reasons, need for mechanical ventilation within 
24 hours of ICU admission (OR, 1.33), previous admission to 
ICU (OR, 1.43), and previous bone marrow transplant (OR, 
1.53) (Table 3). No departures from linearity were found for 
age. Admission after elective (OR, 0.31) or emergency surgery 
(OR, 0.35) and neutropenia at admission to ICU (OR, 0.55) 
were independently associated with reduced hospital mortal-
ity. The model had an AUC and Brier’s score of 0.77 and 0.191, 
respectively, and good calibration.

Trend Analysis
Between 1997 and 2013, 99,590 patients with a solid tumor 
and 13,538 patients with a hematological malignancy had an 
unplanned admission to ICU. There was a significant improve-
ment in ICU and hospital mortality in both cohorts during this 
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TABLE 1. Demographics, Baseline Data, and Outcomes

Characteristics
Patients With Hematological 

Malignancy (n = 6,652)
Patients With Solid Tumors  

(n = 39,734)

Age (yr), median (IQR) 63 (52–70) 68 (59–77)

Male gender (%) 61.4 55.8

Ethnicity (%)   

 White 88.3 93.1

 Asian 4.4 2.1

 Black 3.2 1.6

 Mixed 0.3 0.3

 Other 1.4 0.7

 Missing data 1.9 2.2

Type of cancer (%) Lymphoma: 44.3 Bowel: 33.8

 Leukemia: 43.5 Genitourinary: 7.5

 Myeloma: 10.4 Lung: 5.9

 Combinations: 0.6 Head + neck: 5.5

 Not reporteda: 1.2 Gynecological: 5.4

  Brain: 5.2

  Hepatobiliary: 2.9

  Esophageal: 2.9

  Stomach: 2.2

  Pancreas: 2.2

  Prostate: 2.1

  Breast: 1.9

  Other: 3.8

  Not reporteda: 18.6

Bone marrow transplant (%) 4.0 —

Presence of metastases (%) — 22.1

Past medical history b (%)   

 Severe respiratory disease 1.3 1.9

 End-stage renal failure 1.5 0.8

 Severe cardiovascular disease 0.6 1.0

 Severe liver disease 0.6 1.1

Location prior to ICU admission (%)   

 Outside hospital 64.3 18.6

 Ward 33.5 78.4

 High-dependency unit 2.1 2.9

Type of unplanned admission, n (%)   

 Medical 6,240 (93.8) 18,464 (46.5)

 After elective surgery 80 (1.2) 8,722 (21.5)

 After emergency surgery 332 (5.0) 12,548 (32.0)

(Continued)
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period despite little change in severity of illness scores (Figs. 1 
and 2; Supplementary Table 4, Supplemental Digital Content 
4, http://links.lww.com/CCM/C716; and Supplementary Table 
5, Supplemental Digital Content 5, http://links.lww.com/CCM/
C717). Among patients with solid tumors, median length of stay 
in ICU increased from 1.9 (IQR, 0.8–3.6) to 2.2 (IQR, 1.0–4.7) 
days (p < 0.001) (Supplementary Fig. 1, Supplemental Digital 
Content 6, http://links.lww.com/CCM/C718—legend, Supple-
mental Digital Content 8, http://links.lww.com/CCM/C720). In 
patients with hematological malignancies, median ICU length 
of stay increased from 2.2 days (IQR, 0.8–5.6 d) to 3.2 days (IQR, 
1.5–6.9 d) (p < 0.001) (Supplementary Fig. 2, Supplemental 
Digital Content 7, http://links.lww.com/CCM/C719—legend, 
Supplemental Digital Content 8, http://links.lww.com/CCM/
C720). However, length of stay in hospital fell significantly in 
both cohorts during this period (Supplementary Table 4, Sup-
plemental Digital Content 4, http://links.lww.com/CCM/C716; 
Supplementary Table 5, Supplemental Digital Content 5, http://
links.lww.com/CCM/C717).

DISCUSSION
This is one of the largest studies in the literature confirming 
a significant improvement in ICU and hospital mortality and 

length of stay between 1997 and 2013 in cancer patients with 
an unplanned admission to ICU. More detailed analysis of 
more than 46,000 patients admitted to ICU between 2009 and 
2013 demonstrated that hospital mortality of patients with 
solid tumors was 26%, which is lower than that of other patient 
cohorts with nonmalignant diseases who are routinely admit-
ted to the ICU. Hospital mortality of patients with hematologi-
cal malignancies was 56%, which was slightly better than that 
observed in 1995–2007 (13). The main risk factors for hospital 
mortality were age, admission for respiratory reasons, higher 
severity of illness, need for CPR prior to ICU admission, previ-
ous ICU admission, and metastatic disease (for patients with 
solid tumors).

Clinicians caring for cancer patients face the challenge to 
identify those who are likely to benefit from escalation of ther-
apy, including admission to ICU, and to avoid futile treatments 
and unrealistic expectations in patients who are approaching 
the end of their life. Among cancer patients admitted to the ICU, 
favorable outcomes are commonly observed in those admit-
ted for postoperative care, administration of chemotherapy, or 
management of tumor lysis syndrome (17). Previous studies 
have also demonstrated better outcomes in patients with lower 
severity of acute illness (18, 19), lower number of failed organ 
systems (20–26), and lower need for organ support, including 

Review by outreach team prior to ICU (%) 36.8 16.8

Severity of illness at admission to ICU   

 Intensive Care National Audit & Research Centre Physiology 
Score, median (IQR)

22 (16–29) 15 (10–22)

 Acute Physiology and Chronic Health Evaluation II score, median 
(IQR)

24 (20–28) 17 (13–22)

Parameters at admission to ICU   

 Severe sepsis (%) 54.7 22.8

 Hemoglobin (g/dL), mean (sd) 8 (1.8) 10 (1.9)

 Maximum lactate (mmol/L), mean (sd) 4 (3.7) 3 (2.7)

 Platelet count (×109/L), mean (sd) 105 (121) 234 (131)

 WBC (×109/L), mean (sd) 14 (42.8) 11 (8.1)

Level 3 care received in first 24 hr in ICU (%) 47.2 45.2

Outcome   

 Length of stay in ICU in days, mean (sd) 6 (8.3) 4 (7.1)

 ICU mortality (%) 41.3 17.1

 Hospital mortality (%) 53.6 26.4

 Transfer to hospice, n 40 358

IQR = interquartile range.
a For patients with hematological malignancy, ICU admission due to malignancy related emergency but specific type of hematological disease was not reported; 
for patients with solid tumors, ICU admission related to a cancer related emergency but type of underlying solid tumor was not reported

b As defined by Acute Physiology and Chronic Health Evaluation II classification (13) and outlined in Supplementary Table 1, Supplemental Digital Content 1, 
http://links.lww.com/CCM/C713.

TABLE 1. (Continued). Demographics, Baseline Data, and Outcomes

Characteristics
Patients With Hematological 

Malignancy (n = 6,652)
Patients With Solid Tumors  

(n = 39,734)
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mechanical ventilation (27–30), vasopressors (25, 28, 30, 31), 
and RRT (32). Our data show that the probability of dying in 
hospital was greater in older cancer patients, those who had 
been in ICU before or had CPR prior to admission to ICU, 
and those who were sicker at admission to ICU. Interestingly, 
neutropenia at admission to ICU was independently associated 
with reduced hospital mortality. The exact reasons are not clear 
from our analysis but may be related to the fact that neutrope-
nia is often a temporary adverse event of chemotherapy and 
also often amenable to treatment with granulocyte-stimulating 
factor. Earlier recognition of high-risk patients with neutrope-
nia and earlier escalation of care may have also played a role.

The association between stage of malignant disease and 
prognosis in ICU is not fully established. In our study, 22% 
patients with a solid tumor were known to have metastases at 

the time of ICU admission. This was associated with an almost 
doubling of hospital mortality. Toffart et al (33) evaluated 
the outcomes of lung cancer patients admitted to ICU and 
also showed that 90-day mortality was significantly higher in 
patients with metastatic disease (OR, 1.9; 95% CI, 1.08–3.33). 
However, others reported no association between stage of can-
cer and outcome (34–37).

The improvement in outcome between 1997 and 2013 is 
encouraging, especially because there was little change in sever-
ity of illness at admission during this time. Although others have 
reported similar observations (38, 39), the precise reasons are 
not clear but may be related to advances in critical care in general 
(40, 41). It is important to acknowledge that improved outcomes 
have not been seen for all types of cancer (42). Clearly, more 
study is necessary to explore this observation in more depth.

TABLE 2. Adjusted Model of Hospital Mortality for Solid Tumor Patients Admitted to ICU

Parameter OR 95% CI p

Age (yr) (restricted cubic splines 39, 63, 73, 85)*   < 0.001

 20 0.80 0.65–0.97  

 40 0.87 0.80–0.95  

 70 1.20 1.14–1.26  

 80 1.73 1.62–1.86  

 90 2.81 2.51–3.13  

Presence of metastases 1.99 1.87–2.12 < 0.001

Cardiopulmonary resuscitation prior to admission 1.63 1.40–1.89 < 0.001

Intensive Care National Audit & Research Centre Physiology Score 1.14 1.14–1.15 < 0.001

Admission following elective surgerya 0.27 0.24–0.30 < 0.001

Admission following emergency surgeryb 0.55 0.51–0.59 < 0.001

Reason for admissionc    

 Genitourinary 0.70 0.61–0.79 < 0.001

 Endocrine/metabolic 0.72 0.58–0.89 0.02

 Dermatological 0.98 0.70–1.38 0.92

 Gastrointestinal 1.12 1.01–1.24 0.04

 Hematological 1.13 0.89–1.42 0.32

 Musculoskeletal 1.16 0.89–1.51 0.27

 Respiratory 1.48 1.34–1.64 < 0.001

 Neurological 1.65 1.45–1.89 < 0.001

Severe sepsis 1.01 0.94–1.07 0.86

Need for mechanical ventilation within 24 hr of ICU admission 0.96 0.90–1.03 0.24

Neutropenia at admission to ICU 0.97 0.79–1.17 0.75

Previous ICU admission 1.18 1.03–1.36 0.02

OR = odds ratio.
a Restricted cubic splines (knot positions in parentheses). The significance of spline functions was tested with a joint test of all spline coefficients being 
simultaneously equal to 0; the coefficients for age and the spline terms were 0.00837, 0.00659, and 0.07444, respectively; odds ratios are reported for several 
values of age compared with a reference value of 60 years.

b Reference group: medical admission.
c Reference group: admission for cardiovascular reasons.

iAnnotate User
Highlight

iAnnotate User
Underline

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Highlight

iAnnotate User
Underline



Copyright © 2017 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Clinical Investigation

Critical Care Medicine www.ccmjournal.org 7

Bedside evaluation by clinicians has been deemed a poor tool 
for prognostication of outcome in cancer patients considered 
for admission to ICU (11). In an effort to identify better those 

patients likely to benefit from ICU admission and those for 
whom prolonged ICU care would not be appropriate, it has been 
suggested to consider a “trial period in ICU” with clear goals and 

TABLE 3. Adjusted Model of Hospital Mortality for Patients With a Hematological 
Malignancy Admitted to ICU

Parameter OR 95% CI p

Age (yr)a 1.02 1.01–1.02 < 0.001

Cardiopulmonary resuscitation prior to admission 1.90 1.26–2.90 0.003

Intensive Care National Audit & Research Centre Physiology Score 1.12 1.11–1.13 < 0.001

Admission following elective surgeryb 0.31 0.17–0.59 < 0.001

Admission following emergency surgeryb 0.35 0.25–0.48 < 0.001

Reason for admissionc    

 Dermatological 1.14 0.48–2.71 0.77

Endocrine/metabolic 1.17 0.75–1.84 0.49

Gastrointestinal 1.20 0.90–1.61 0.22

Genitourinary 1.21 0.85–1.47 0.41

Neurological 1.32 0.98–1.78 0.07

Hematological 1.48 1.23–1.78 < 0.001

Respiratory 1.56 1.31–1.86 < 0.001

Musculoskeletal 0.72 0.33–1.60 0.42

Severe sepsis 1.02 0.90–1.16 0.74

Need for mechanical ventilation within 24 hr of admission to ICU 1.33 1.16–1.52 < 0.001

Neutropenia at admission to ICU 0.55 0.47–0.63 < 0.001

Previous ICU admission 1.43 1.11–1.86 0.007

Bone marrow transplant 1.53 1.16–2.02 0.002

OR = odds ratio.
a Age in linear.
b Reference group: medical admission.
c Reference group: admission for cardiovascular reasons.

Figure 1. Trends in mortality of cancer patients following an unplanned ICU admission. Dotted lines represent hospital mortality and continuous lines 
represent ICU mortality.
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stopping criteria. This recommendation is based on the findings 
of the French ICU trial, a prospective study of 188 cancer patients 
who required mechanical ventilation and had at least one other 
organ failure (43). All participants were admitted to an ICU in a 
University Hospital in France for full treatment followed by a re-
appraisal on day 5. Patients who were bedridden or receiving pal-
liative care were excluded. The key findings were that all patients 
who required escalation of organ support after 3 days in the ICU 
subsequently died, and second, organ failure scores on day 6 were 
more predictive than scores performed at admission.

With data of 46,381 patients admitted to 100% ICUs in the 
United Kingdom between 2009 and 2013, and longitudinal data 
covering a 17-year period, our study is one of the largest in this 
area. We included only unplanned admissions and analyzed risk 
factors that were present at admission to ICU, i.e., the time when 
decisions about appropriateness of escalation of care are usually 
made. Despite these strengths, it is important to acknowledge 
some limitations. First, data collection was limited to data that 
are routinely collected by ICNARC. Therefore, we were not able 
to evaluate the impact of performance status prehospitalization 
and acknowledge that previous studies reported an associa-
tion between performance status and outcome (17, 34, 35, 44). 
Likewise, we do not have data on all potential comorbidities, 
including response to chemotherapy prior to ICU admission, 
and were only able to report the proportions of patients with 
severe chronic diseases as defined by the APACHE II classifica-
tion. Second, we have no data on the outcome of patients who 
were referred for ICU admission but declined, either on the basis 
of being too well or having such a poor prognosis that ICU care 
was deemed to be futile. Similarly, we have no outcome data 
for cancer patients who were critically ill but not referred for 
ICU admission. We also do not have outcome data beyond hos-
pital discharge and acknowledge that a proportion of patients 
may have been discharged from hospital to receive end-of-life 
care at home or in a hospice. Third, our study was conducted 
in the United Kingdom. We acknowledge that clinical practice 

of accepting cancer patients to the ICU is variable, and there is 
no agreed official ICU admission policy in place. Therefore, our 
findings may not be relevant to other countries with different 
healthcare systems. Fourth, the data were collected before the 
publication of the new criteria for sepsis, and sepsis was defined 
according to the previous consensus classification. Finally, we 
were unable to collect causes of death, including death after 
withholding or withdrawal of care, and have no data on long-
term outcome, functional status, and quality of life of survivors.

CONCLUSIONS
The outcome of cancer patients with an unplanned admission to 
ICU improved significantly in the United Kingdom. Between 2009 
and 2013, hospital mortality of solid tumor patients was accept-
able at 26% and hospital mortality of patients with hematological 
malignancies was lower than 10 years earlier (13). The most impor-
tant risk factors for mortality in both cohorts were metastatic dis-
ease, CPR prior to ICU admission, and admission for respiratory 
problems. In our opinion, the presence of cancer per se should not 
be a reason for refusal of ICU admission. Instead, the decision to 
admit critically ill cancer patients to the ICU should be based on 
the probability of surviving the acute illness.
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