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Abstract 

Purpose:  The number of averted deaths due to therapeutic advances in oncology and hematology is substantial and 
increasing. Survival of critically ill cancer patients has also improved during the last 2 decades. However, these data 
stem predominantly from unadjusted analyses. The aim of this study was to assess the impact of ICU admission year 
on short-term survival of critically ill cancer patients, with special attention on those with neutropenia.

Methods:  Systematic review and meta-analysis of individual data according to the guidelines of meta-analysis of 
observational studies in epidemiology.

Datasource:  Pubmed and Cochrane databases.

Eligibility criteria:  Adult studies published in English between May 2005 and May 2015.

Results:  Overall, 7354 patients were included among whom 1666 presented with neutropenia at ICU admission. 
Median ICU admission year was 2007 (IQR 2004–2010; range 1994–2012) and median number of admissions per year 
was 693 (IQR 450–1007). Overall mortality was 47.7%. ICU admission year was associated with a progressive decrease 
in hospital mortality (OR per year 0.94; 95% CI 0.93–0.95). After adjustment for confounders, year of ICU admission 
was independently associated with hospital mortality (OR for hospital mortality per year: 0.96; 95% CI 0.95–0.97). The 
association was also seen in patients with neutropenia but not in allogeneic stem cell transplant recipients.

Conclusion:  After adjustment for patient characteristics, severity of illness and clustering, hospital mortality 
decreased steadily over time in critically ill oncology and hematology patients except for allogeneic stem cell trans‑
plant recipients.
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Introduction

Cancer is the second most common cause of death in 
North America and Europe [1, 2]. Cancer patients are at 
high risk of life-threatening complications. Indeed, ICU 
admission is often required as a result of infection, treat-
ment toxicity and organ infiltration by the underlying 
malignancy [3–5]. Advances in oncology and hematol-
ogy have led to improved survival in patients with cancer 
[6–8].

It is crucial to determine whether survival has actu-
ally improved over time for cancer patients admitted to 
the ICU with a life-threatening complication. Indeed, 
besides enabling hematologists and oncologists to inform 
patients and relatives correctly, it also helps to manage 
expectations from critical care management. Reports 
suggest a significant decline in mortality of critically 
ill cancer patients admitted to the ICU during the last 
2  decades. However, the data are limited to unadjusted 
comparisons and before/after studies without control for 
changes in case mix and severity over time and across 
centres, and without attention to admission policies [9–
14]. In addition, most studies published to date focussed 
on specific patient populations, such as patients with 
myeloma, those requiring mechanical ventilation, or allo-
geneic stem cell (HSCT) recipients [9, 10, 14, 15]. Trends 
in survival of unselected patients, including those with 
neutropenia for whom ICU management was deemed 
futile until recently, have not been explored.

The aim of this systematic review and meta-analy-
sis was to investigate changes in the survival of criti-
cally ill cancer patients over time, after adjustment for 
confounders.

Methods
This systematic review and meta-analysis of individ-
ual data was performed according to the guidelines of 
meta-analysis of observational studies in epidemiol-
ogy [16] and registered on the PROSPERO database 
(CRD42015026347). It was a pre-planned follow-up 
study of a meta-analysis on aggregated data and a previ-
ously published analysis of individual data [17, 18].

Study outcome and definitions
The aim of this meta-analysis of individual data was to 
determine the impact of the year of ICU admission on 
the survival of critically ill cancer patients. Our hypoth-
esis was that advances in oncology and hematology still 
translated into improved survival when patients become 
critically ill.

Neutropenia was defined as a neutrophil count (or in 
case of missing data as a white blood cell count) less than 
1 × 109/L.

Outcome was defined as hospital mortality or 28-day 
mortality if the former was unavailable [19]. 28-day 
mortality was used instead of hospital mortality in 1121 
patients (15.2%) [18].

Predefined patient populations of interest were patients 
with neutropenia (presence or absence), patients with 
solid tumors (as opposed to those with hematological 
malignancies), and allogeneic HSCT recipients (presence 
or absence).

Search strategy and eligibility assessment
First, public databases including PubMed and the 
Cochrane database were searched using Exploded Medi-
cal Subject Headings and the appropriate corresponding 
keywords: “Neoplasm” OR “Malignancy” OR “Cancer” 
AND “Intensive Care Unit” OR “ICU”. The search was 
restricted to publications in English and human stud-
ies and the time period was May 2005 to May 2015. 
Abstracts were carefully checked. We excluded case 
reports and studies focusing on patients younger than 
18 years or non-critically ill patients.

Full text of all remaining citations was downloaded 
for consolidation, elimination of duplicates, and further 
analysis. Four investigators (Marie Bouteloup, Sophie 
Perinel, DM, MD) independently assessed the eligibility 
of all studies identified in the initial search. Disagree-
ments were resolved by discussion among investiga-
tors. Last, studies with explicit redundancies were only 
included once (after agreement by QG and MD).

We checked that approval from a local or national eth-
ics committee in accordance with local regulation was in 
place for all studies. We also made sure that for prospec-
tive studies, patients or their next of kin had consented 
to participate or had been informed of the study and had 
not opposed to data collection and analysis.

Data and quality assessment
Corresponding authors of the publications of interest 
were contacted and invited to collaborate in this study. 
Authors who agreed to participate were asked to send a 
file containing individual data including:

Age, gender, year of admission, underlying malignancy 
(solid tumor vs. hematological malignancy), history of 

Take‑home message 

After adjustment for confounding factors and clustering effect, 
mortality of critically ill cancer patients has dramatically decreased 
over the last two decades.
This effect is reported in the general population of critically ill cancer 
patients, including neutropenic patients, but not seen in allogeneic 
stem cell transplant recipients, patients without mechanical ventila‑
tion, and patients requiring renal replacement therapy.
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allogeneic SCT, severity of illness score, need for organ 
support (invasive mechanical ventilation, vasopressor 
use, renal replacement therapy), neutropenia during ICU 
stay, neutropenia duration, use of granulocyte Colony-
stimulating factors (G-CSF), follow-up and outcome. 
Authors who did not respond were contacted a second 
time before being deemed unresponsive.

To enable study comparison, we transformed the 
severity of illness scores (APACHE II and APACHE III) 
into the equivalent SAPS II score, using a previously 
described methodology [18, 20]. When neither APACHE 
II score nor APACHE III score was available, the exist-
ing severity score was transformed into SAPS II score 
according to the estimated odds of dying during hospital 
stay. As regard to uncertain reliability of this variable, this 
later was not used in the current analysis.

Risk of bias of included studies was assessed using 
the “risk bias in cohort study” tool developed by the 
Cochrane group: (http://metho​ds.cochr​ane.org/sites​/
metho​ds.cochr​ane.org.bias/files​/publi​c/uploa​ds/Tool%20
to%20Ass​ess%20Ris​k%20of%20Bia​s%20in%20Coh​ort%20
Stu​dies.pdf; last accessed Feb 02 2017). Results of the 
search strategy, characteristics of the included studies 
and risk of bias have been reported in a previous manu-
script [18].

Data consistency and completeness were assessed 
before analysing the rate of missing data, extreme values 
and data distribution across studies. No imputation was 
made for missing data. No inconsistency was found.

Statistical analysis
All quantitative variables were described using medians 
(quartiles) while qualitative variables were described by 
frequencies (percentage).

Hospital mortality was the variable of primary interest.
Raw change in mortality according to ICU admission 

year was assessed using Wilcoxon test. Change in mor-
tality over time, weighted for number of observations per 
year, was plotted for the whole population and for prede-
fined subgroups using mean mortality for each admission 
year and change over time by linear regression with 95% 
confidence interval (95% CI).

Independent predictors of mortality were assessed 
using logistic regression and mixed logistic models. A 
logistic regression model was built. Variables of interest 
were selected according to their relevance and statistical 
significance in univariate analysis. We used conditional 
stepwise regression with 0.2 as the critical P value for 
entry into the model, and 0.1 as the P value for removal. 
The year of ICU admission was planned to be forced in 
the model in cases where the P value was greater than 
0.2. Interactions and correlations between the explana-
tory variables were carefully checked. Continuous 

variables for which log-linearity was not confirmed were 
transformed into categorical variables according to 
median or IQR. The final models were assessed by cali-
bration, discrimination and relevance. Residuals were 
plotted, and the distributions inspected. For model build-
ing, SAPS II score being correlated with organ supports, 
underlying tumour, age and neutropenia, these variables 
were preferred to the SAPS II score and this later was not 
included in the model.

Then, mixed model was performed using variables pre-
viously selected as fixed effect. To investigate both study 
heterogeneity in the mortality rate and heterogeneity in 
the effect of the ICU admission year within studies, two 
random effects were introduced: respectively, a random 
effect of study on the mean mortality rate (random inter-
cept) and a random effect on the effect of the ICU admis-
sion year on within study mortality (random slope) [21]. 
This model adjusting for clustering effect was planned a 
priori to be main result of the analysis. Same validation 
methods were used as previously and calibration was 
reported as calibration belt [22, 23].

Pre-planned adjusted analyses were performed for the 
main study population and neutropenic patients.

Last, a post hoc analysis according to use of organ sup-
port therapy was performed.

All tests were two-sided, and P values less than 0.05 
were considered statistically significant. Analyses were 
done using R software version 3.4.4 (https​://www.r-proje​
ct.org), including lme4, lmerTest, givitiR packages.

Results
The results of the search are reported in the supplemen-
tary appendix. Among the 114 eligible studies, authors of 
30 studies (26.3% of selected studies) agreed to partici-
pate in this study, resulting in a dataset of 7515 patients, 
including 1702 neutropenic patients (22.6%) (Figure S1) 
[24–53]. ICU admission year was missing from two stud-
ies which were subsequently excluded from the final 
analysis [36, 44]. Characteristics of the included studies 
are reported in the supplementary appendix.

Patient characteristics
Among 7356 included patients, mortality data was miss-
ing in two patients; both were excluded from the analy-
sis. Of the remaining final cohort (n = 7354), 4889 were 
included in single center studies (66.5%) and 6029 (82.0%) 
in 17 prospective studies. Median age was 60 years (IQR 
49–69) (Table  1). Overall, 3255 patients (44.3%) had a 
solid tumour and 438 (5.9%) were allogeneic HSCT recip-
ients. Organ support in the form of invasive mechanical 
ventilation, vasopressors or renal replacement therapy 
was required by 3726 patients (50.7%), 3024 patients 
(41.1%) and 1174 patients (16.0%), respectively. Although 

http://methods.cochrane.org/sites/methods.cochrane.org.bias/files/public/uploads/Tool%20to%20Assess%20Risk%20of%20Bias%20in%20Cohort%20Studies.pdf
http://methods.cochrane.org/sites/methods.cochrane.org.bias/files/public/uploads/Tool%20to%20Assess%20Risk%20of%20Bias%20in%20Cohort%20Studies.pdf
http://methods.cochrane.org/sites/methods.cochrane.org.bias/files/public/uploads/Tool%20to%20Assess%20Risk%20of%20Bias%20in%20Cohort%20Studies.pdf
http://methods.cochrane.org/sites/methods.cochrane.org.bias/files/public/uploads/Tool%20to%20Assess%20Risk%20of%20Bias%20in%20Cohort%20Studies.pdf
https://www.r-project.org
https://www.r-project.org
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studies were published between 2005 and 2015, they 
reported patients with median ICU admission year of 
2007 (IQR 2004–2010; range 1994–2012). Median num-
ber of admissions per year was 693 (IQR 450–1007). 
Unadjusted mortality was 47.4% (n = 3483).

Influence of ICU admission year on mortality
Before adjustment, there was a progressive decrease in 
hospital mortality throughout the time period (OR per 

year 0.94; 95% CI 0.93–0.95) (Fig. 1). After adjustment for 
confounders and adjustment for clustering effect, year of 
ICU admission remained independently associated with 
hospital mortality (OR for hospital mortality per year: 
0.96; 95% CI 0.95–0.97) (Fig. 2). C-statistic of the mixed 
model was 0.71 (95% CI 0.70–0.72) and its calibration as 
assessed by calibration belt is reported in the supplemen-
tary appendix shows acceptable curve despite poor good-
ness of fit (P < 0.001) (Fig. S2).

Table 1  Patient characteristics

SAPS II score Simplified Acute Physiology Score II, ICU Intensive Care Unit, HSCT hematopoietic stem cell transplantation

Hospital survivors Hospital non-survivors P Value
n = 3871 n = 3483

Age (years) 60 (49–69) 60 (49–70) 0.073

Year of ICU admission 2008 (2005–2010) 2007 (2003–2010) < 0.001

Solid tumour (vs. hematological malignancy) 1969 (50.9%) 1286 (36.9%) < 0.001

Allogeneic HSCT 184 (4.8%) 254 (7.3%) < 0.001

Neutropenia 662 (17.1%) 1004 (28.8%) < 0.001

Mechanical ventilation 1315 (34.0%) 2411 (69.2%) < 0.001

Vasopressor support 1019 (26.3%) 2005 (57.6%) < 0.001

Renal replacement therapy 435 (11.3%) 739 (21.5%) < 0.001

Fig. 1  Change in mortality over time (P < 0.001). Blue line represents linear regression (95% CI) and points represent mean mortality each year
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Predefined subgroups and neutropenic patients
The progressive decline in mortality in the general popu-
lation was also observed in the subgroups, except in allo-
geneic HSCT recipients (P < 0.001 for every subgroup 
except HSTC recipients P = 0.21—Fig. 3).

Among the 7354 included patients, 1666 were neutro-
penic and had full data regarding ICU admission year 
and outcome available. Their main characteristics are 
reported in Table S1.

In the neutropenic sub-group, the median age was 
55  years (41–64). Two-hundred and eighteen patients 
(13.1%) had a solid tumour and 186 patients were alloge-
neic HSCT recipients (11.2%). Invasive mechanical ven-
tilation, vasopressors or renal replacement therapy was 
required by 939 patients (56.3%), 933 patients (56.0%) 
and 374 patients (22.9%), respectively. The median 
ICU admission year was 2008 (IQR 2004–2010; range 
1994–2012).

Unadjusted mortality in the studied population 
was 60.3% (n = 1004). Before adjustment, year of ICU 

admission was associated with a progressive decrease in 
hospital mortality (OR per year 0.985; 95% CI 0.98–0.99). 
Year of ICU admission remained independently associ-
ated with hospital mortality after adjustment for cluster-
ing effect (OR for hospital mortality per year 0.93; 95% CI 
0.91–0.95) (Fig. S3). C-statistic of the mixed model was 
0.72 (95% CI 0.70–0.74) and its calibration as assessed by 
calibration belt is reported in the supplementary appen-
dix shows acceptable curve and goodness of fit (P = 0.26) 
(Fig. S4).

Post‑hoc analysis of patients requiring organ support
Among patients requiring organ support, we explored 
the influence of ICU admission year on outcome (Fig. 4). 
Over the 2  decades analyzed, mortality decreased pro-
gressively from 100 to 63% in patients requiring mechani-
cal ventilation (P < 0.001) and from 100 to 64% in patients 
who needed vasopressors (P < 0.0001) but was unchanged 
over time in patients treated with renal replacement ther-
apy (from 60 to 78%; P = 0.96) (Fig. 4). Similar trend was 

Fig. 2  Mixed regression model assessing factors independently associated with hospital mortality and including study as random effect on the 
intercept and on the ICU admission year. Figure report results of the fixed effect and results are reported as OR (95% CI)
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observed in patients requiring RRT with concomitant 
need for vasopressors (Fig. S5). Change in organ sup-
port being reported in Fig. S6. Influence of ICU admis-
sion year remained significantly associated with mortality 
after adjustment for confounders in all subgroups, except 
for patients who did not require mechanical ventilation, 
those who received RRT and allogeneic HSCT recipients 
(Fig. S7).

Discussion
To the best of our knowledge, this is the first study 
that confirmed that the outcome of critically ill cancer 
patients actually improved over the last two decades. 
After adjusting for main confounding variables and 
clustering effect, our model suggests that outcomes of 
patients treated with mechanical ventilation and vaso-
active drugs have improved over time. A more recent 

admission to the ICU was associated with a lower mor-
tality risk in critically ill cancer patients overall, as well 
as in pre-defined subgroups such as patients with solid 
tumours, hematological malignancies or neutropenia.

An improvement of the outcome of critically ill can-
cer patients has been suggested previously by infor-
mal comparison across studies [12, 13], in before/after 
studies [9, 10, 14], and cohort studies including gen-
eral cancer patients [13], patients requiring mechani-
cal ventilation [12, 13], patients with myeloma [9, 10] 
or sepsis and HSCT recipients [12, 14, 15]. Apart from 
a few single-center studies [9, 10], most reports had no 
or limited adjustment for confounders [12–15, 54–56]. 
Last, clustering effect, accounting for change in out-
come related to unit organization and ICU admission 
policy were scarcely adjusted for [57, 58].

Fig. 3  Change in mortality over time in various predefined subgroup (P < 0.001 for every subgroup except hematopoietic stem cell transplant 
recipients P = 0.21). Blue line represents linear regression (95% CI) and points represent mean mortality each year and are weighted for number of 
observation each year
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Our study suggests that survival has improved over 
time, linearly, after adjustment for confounders. Inter-
estingly, this was observed in the overall population 
and in various predefined subgroups namely patients 
with and without neutropenia, patients without HSCT 
and patients with solid tumours and hematological 
malignancies.

This study identified a similar pattern of improved 
outcomes over time in the pre-defined subgroup of neu-
tropenic patients. Despite the relatively high ICU and 
hospital mortality, patients with neutropenia have pro-
gressively benefited from changes in general clinical 
management when adjusting for usual confounders and 
center/organizational characteristics [59].

The improvement of survival may be attributed to 
advances in oncology [6, 7] and improved manage-
ment of sepsis and related organ failure [60–62]. Thus, 
the prognosis of both patients with solid tumours and 

hematological malignancy has improved over time due 
to progress in management and new therapeutic options 
[6, 7]. In ICU, change in practices, prevention of del-
eterious consequences of mechanical ventilation, quick 
identification and management of sepsis have translated 
into improved in various groups of patients with acute 
kidney injury, sepsis or mechanical ventilation [60–62]. 
In addition, reports of poor outcomes of critically ill can-
cer patients in the literature might have led clinicians to 
forgo life-sustaining therapy early [63]. In a recent study, 
the authors were unable to confirm or exclude self-fulfill-
ing prophecy effects and noted a tremendous difference 
across centers, driven by centers’ ethical climates [64]. It 
is important that clinicians are up to date with the litera-
ture to both improve clinical skills and willingness to care 
for critically ill cancer patients. Changes in clinicians’ 
perception of the prognosis of critically ill cancer patients 
may have contributed to changes in admission policy and 

Fig. 4  Change in mortality over time according to use of organ support (P < 0.001 for every subgroup except renal replacement therapy—P = 0.99). 
Blue line represents linear regression (95% CI) and points represent mean mortality each year and are weighted for number of observation each 
year
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management strategies and prevented inappropriate or 
premature decisions to withhold or withdraw life-sus-
taining therapies.

Only three of the tested subgroups did not experience 
a decrease in mortality over time. First, we were unable 
to demonstrate the improvement of survival in allogeneic 
HSCT recipients. We note that two recent large cohort 
studies suggested improved outcomes for this subgroup 
but in both cases, the results were unadjusted for poten-
tial confounders [14, 15]. The second subgroup where no 
change in mortality was detected were patients treated 
with renal replacement therapy. In critically ill non-can-
cer patients with acute kidney injury or requiring renal 
replacement therapy, a trend towards better outcomes 
has been reported [60, 65, 66] but there are no previous 
data from cancer patients admitted to the ICU. Changes 
in practice, including timing or indication of renal 
replacement therapy may have contributed to this find-
ing but cannot be explored in our dataset. Our results 
suggest that more work is necessary. Last, we did not 
find any change in the outcome of patients who did not 
require mechanical ventilation. However, this subgroup 
is complex to delineate, being strongly influenced by ICU 
admission policy, bed availability and study inclusion cri-
teria. Additional studies are needed to further explore 
these findings.

Our analysis has several important limitations. First, 
despite the biological plausibility, at best, we demon-
strated a statistical association between survival and 
time. Factors explaining the association between ICU 
admission year and outcome were not addressed and 
need to be studied in more detail. Second, the observed 
associations are based on data from observational stud-
ies which may have been affected by allocation bias that 
was controlled for in our analysis. Accordingly, external 
validity of the included patients as well as hospital vol-
ume of cancer patients over time could not be approxi-
mated nor included in the analysis. However, to account 
for clustering effect and unrecorded confounders related 
to this later, a hierarchical model was used [67]. Such a 
bias along with changes in ICU admission policy would 
have, therefore, at least partly, been adjusted for. Simi-
larly, patients’ severity of illness as assessed by severity 
scores and rate of organ support including vasopressors 
and mechanical ventilation, are similar to those of criti-
cally ill patients in general which suggests that selection 
bias and early ICU admission did not affect our find-
ings [60–62]. Third, several variables, namely the use of 
granulocyte colony-stimulating factor (G-CSF) and neu-
tropenia duration, were planned to be collected but were 
not consistently recorded in all studies. These variables 
were therefore dropped from the final analysis. Further-
more, the limited data on long-term outcome precluded 

analysis after short-term and namely hospital mortality. 
Thus, post-ICU mortality, after hospital mortality was 
not assessed and changed of these later may deserve to 
be tested in future studies. Last, in some subgroups, in 
particular in allogeneic HSCT recipients, the sample size 
was limited which decreased the statistical power of the 
analysis and should be kept in mind when interpreting 
the negative findings related to these subgroups.

In conclusion, this large cohort of individual data 
resulting from a systematic review, suggests progres-
sive improvement of survival over time. The results 
were consistent across predefined subgroups except for 
allogeneic HSCT recipients, patients treated with renal 
replacement therapy, and patients who did not require 
mechanical ventilation. Our results support ICU admis-
sion of selected critically ill onco-hematological patients. 
When ICU admission is required, goals of care should 
be reviewed regularly to ensure the optimal delivery of 
therapy while avoiding inappropriate or futile care. Last, 
despite improved outcomes, additional studies are war-
ranted to assess the impact of ICU admission policy, 
organizational factors and specific management strate-
gies that may have contributed to these improvements.
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