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A B S T R A C T

Purpose
Patients with hematologic malignancies are increasingly admitted to the intensive care unit (ICU)
when life-threatening events occur. We sought to report outcomes and prognostic factors in
these patients.

Patients and Methods
Ours was a prospective, multicenter cohort study of critically ill patients with hematologic
malignancies. Health-related quality of life (HRQOL) and disease status were collected after 3 to
6 months.

Results
Of the 1,011 patients, 38.2% had newly diagnosed malignancies, 23.1% were in remission, and
24.9% had received hematopoietic stem-cell transplantations (HSCT, including 145 allogeneic).
ICU admission was mostly required for acute respiratory failure (62.5%) and/or shock (42.3%). On
day1, 733 patients (72.5%) received life-supporting interventions. Hospital, day-90, and 1-year
survival rates were 60.7%, 52.5%, and 43.3%, respectively. By multivariate analysis, cancer
remission and time to ICU admission less than 24 hours were associated with better hospital
survival. Poor performance status, Charlson comorbidity index, allogeneic HSCT, organ dysfunc-
tion score, cardiac arrest, acute respiratory failure, malignant organ infiltration, and invasive
aspergillosis were associated with higher hospital mortality. Mechanical ventilation (47.9% of
patients), vasoactive drugs (51.2%), and dialysis (25.9%) were associated with mortality rates of
60.5%, 57.5%, and 59.2%, respectively. On day 90, 80% of survivors had no HRQOL alterations
(physical and mental health similar to that of the overall cancer population). After 6 months, 80%
of survivors had no change in treatment intensity compared with similar patients not admitted to
the ICU, and 80% were in remission.

Conclusion
Critically ill patients with hematologic malignancies have good survival, disease control, and
post-ICU HRQOL. Earlier ICU admission is associated with better survival.

J Clin Oncol 31:2810-2818. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Cancer is a leading cause of death in North America
and Europe.1,2 Hematologic malignancies account
for 20% of cancer diagnoses, with about 900,000
patients diagnosed in 2008 worldwide, a number
similar to that of patients with prostate cancer.1,2

Over the last two decades, patients with hema-
tologic malignancies have benefitted considerably
from therapeutic advances.3-7 As a result, a growing
number of people are living with active hematologic

malignancies.1,7,8 These patients are at risk for life-
threatening acute illness as a result of infection,9

toxicity of intensive treatments10,11 and targeted
therapies,3,12 and decompensation of comorbid
conditions.13 Reluctance to admit patients with
hematologic malignancies and life-threatening
acute events is eroding14,15 as evidence accumu-
lates that outcomes are not influenced by a need
for intensive care unit (ICU) admission16 and that
ICU mortality rates have declined significantly
over the last two decades.17-19
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Outcomes in critically ill hematology patients have been assessed
in several studies. However, most of these studies were either
retrospective,17,19-21 mixed patients with hematologic malignancies
and solid tumors, or focused on specific complications such as acute
respiratory failure, kidney injury, or septic shock.21-23 Furthermore,
most of these studies included patients admitted to the ICU up to 15
years ago24 and therefore did not reflect recent improvements in the
management of acute respiratory failure,25,26 kidney injury,23 tumor
lysis syndrome,27,28 sepsis,29 and septic shock.19,21 Also, the recent
broadening of ICU admission policies for hematology patients, which
helps explain the increased number of admitted patients14,15,30,31 and
would result in earlier ICU admissions,32 may have translated into
changes in outcomes that need to be clarified. Mortality according to
time in the ICU at initiation of life-supporting interventions22 and
mortality according to the number of days spent with a given life-
supporting intervention need to be assessed in a large cohort of pa-
tients managed in different ICUs. Finally, most studies reported ICU
or hospital mortality rates20,22,33,34 but obtained no information on
outcomes several months after ICU discharge, particularly regarding
maintenance of cancer chemotherapy, disease control, and quality
of life.

To address these issues with the goal of obtaining data for guiding
therapeutic decisions, we performed a prospective, observational co-
hort study in 17 centers in France and Belgium. Only patients with
hematologic malignancies managed in 2010 to 2011 were studied. In
all 17 centers, patients were managed jointly by hematologists and
intensivists. ICU patients received follow-up for 1 year after ICU

discharge, with a telephone interview to assess health-related quality of
life (HRQOL) and disease status.

PATIENTS AND METHODS

The study was approved by the appropriate ethics committees in France and
Belgium. All patients or relatives were informed and consented to participate
in the study. The study was carried out in 17 university or university-affiliated
centers in France and Belgium that belonged to a research network instituted
in 2005.25 In all 17 centers, a senior intensivist and a senior hematologist are
available around the clock and make ICU-admission decisions together.

From January, 1, 2010, to May, 1, 2011, consecutive patients having
hematologic malignancies who were admitted to the participating ICUs for
any reason were included. Exclusion criteria were complete cure of the malig-
nancy for more than 5 years, ICU admission only to maximize safety of a
procedure, and age younger than 18 years. In each center, an investigator used
a standardized electronic case-report form to collect the study data. Data were
also collected on patients with hematologic malignancies who were refused
ICU admission (Fig 1). In each center, we reported the ICU refusal rate
(number of patients considered for ICU admission but not admitted/number
of patients admitted to the ICU throughout the study period).

Ninety days after ICU discharge, HRQOL was assessed by asking the
patients to complete the short-form 36 questionnaire (SF-36)35,36 during a
telephone interview by a trained social worker. Results were compared with
cancer patients who were not admitted to the ICU.37 Six months after ICU
discharge, the hematologists in charge of the patients were asked whether the
ICU admission changed the patient’s therapeutic intensity (compared with the
standard optimal chemotherapy treatment protocol for the relevant disease,
stage, and comorbidity profile) and disease status.

Assessment of health-related quality of life
(n = 288; 63.6%)

Considered for ICU admission
(N = 1,376)

Included in the study
(n = 1,011)

Hospital survival
(n = 397; 61.7%)

D-90 survival
(453 of 953; 52.5%)

One-year survival
(518 of 914; 43.3%)

ICU deaths (n = 279; 27.6%)
Post-ICU deaths (n = 118)

Lost to follow-up (n = 58)
Deaths (n = 56)

Lost to follow-up (n = 39)
Deaths (n = 65)

Declined study
participation

(n = 21)

They were too
well to benefit

(n = 44)

Hospital survival
(n = 39; 88.6%)

Admitted to the ICU
(n = 1,032)

Not admitted to the ICU
(n = 344; 25%)

They were too
sick to benefit

(n = 300)

Hospital survival
(n = 78; 26%)

Fig 1. Patient flow diagram. D-90, day
90; ICU, intensive care unit.
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The data in the tables and figures were collected prospectively. Newly
diagnosed malignancies were defined as diagnosed within the past 4 weeks.
The Sepsis-Related Organ Failure Assessment (SOFA) score was computed at
admission then daily throughout the patient’s stay in the ICU38; this score
provides an estimate of the risk of death based on organ dysfunction. The
performance status23 and Charlson comorbidity index were determined at
ICU admission.39 Both leukemia and lymphoma are already part of the Charl-
son index. Reasons for ICU admission were recorded based on the main
symptoms at ICU admission. Acute respiratory failure was defined as oxygen
saturation less than 90% or PaO2 less than 60 mmHg on room air combined
with severe dyspnea at rest with an inability to speak in sentences or a respira-
tory rate greater than 30 breaths per minute or clinical signs of respiratory
distress.25 Shock was defined as previously reported.21 Life-supporting inter-
ventions, anti-infectious agents, prophylactic treatments, urate oxidase use,
and diagnostic procedures were administered at the discretion of the attending
intensivists, who followed best clinical practice and guidelines. Chemotherapy,
corticosteroids, hematopoietic growth factors, immunosuppressive drugs,
and other cancer-related treatments were prescribed by the hematologist in
charge of each patient in accordance with institutional guidelines. Neutrope-
nia was defined as a neutrophil count of less than 500/mm3.

Etiologic diagnoses were made by consensus by the intensivists, hema-
tologists, and consultants, according to recent definitions.16,23,25 In particular,
etiologies of pulmonary involvement were diagnosed based on predefined
criteria25; for possible or probable invasive pulmonary aspergillosis, the most
recent definitions were used.40

The primary outcome was vital status at hospital discharge. Results are
described as medians and interquartile ranges (IQR) for quantitative variables
and numbers and percentages for qualitative variables. Univariable prognostic
analyses were based on the Wilcoxon rank-sum test or the Fisher’s exact test.
To identify independent predictors of hospital mortality, characteristics avail-
able at ICU admission associated with P values less than .1 by univariate
analysis or deemed clinically relevant were included in a multivariable logistic
regression model with backward selection. Non-log-linear continuous vari-
ables were dichotomized. Missing data were completed by multiple imputa-
tion with chained equations.41 Results are reported with and without
imputation. Goodness-of-fit of the model was assessed using the Le Cessie-van
Houwelingen test on all imputed datasets.42

A secondary objective was to assess whether starting life-supporting
interventions late during the ICU stay or using life-supporting interventions
for prolonged periods was beneficial. The conditional survival probability
associated with organ failure was estimated among patients requiring mechan-
ical ventilation, vasoactive drugs, and/or renal replacement therapy (RRT)
within 24 hours after ICU admission. It was computed for day X, as the
percentage of patients alive at ICU discharge among patients alive after X days
of organ failure. We also modeled the center effect using a logistic regression
model with a random center effect on the intercept. Estimates were obtained
using a maximum likelihood estimator (glmmML_0.82-1 R-package), and
center effect has been tested using a permutation test as recommended by Lee
and Braun.

All tests were two-sided, and P values less than .05 were considered
significant. Analyses were done using R software version 2.14.2 (R Project for
Statistical Computing, Wien, Austria).

RESULTS

As shown in Figure 1, 1,376 patients with hematologic malignancies
were considered for ICU admission, of whom 1,032 patients (75%)
were admitted to the ICU; 21 patients declined to participate, leaving
1,011 patients enrolled onto the study. ICU refusal rate was 0.25 (IQR,
0.22 to 0.27), ranging from 0.11 to 0.30.

ICU admission occurred 4 days (IQR, 1 to 6) after hospital
admission; 451 patients (44.6%) were admitted within 1 day, includ-
ing 267 patients (26%) admitted directly to the ICU. The main reasons
for ICU admission were acute respiratory failure and shock (62.5%

and 42.3% patients, respectively). ICU refusal rate was not different in
patients admitted from the hematologic wards compared with pa-
tients admitted from the emergency department.

As listed in Table 1, non-Hodgkin’s lymphoma, acute myeloid
leukemia, and myeloma accounted for 71.3% of the total cohort.
Median time since diagnosis of malignancy was 5.4 months (IQR, 0 to
33.5); 386 patients (38.2%) had newly diagnosed malignancies and
234 patients (23.1%) were in complete or partial remission. Only 27%

Table 1. Patient Characteristics at Intensive Care Unit Admission

Variable No. of Patients %

Age, years�

Median 60
IQR 49-70

Sex, male 614 61
Underlying malignancy

Non-Hodgkin’s lymphoma 320 31.6
Hodgkin’s disease 25 2.5
Acute myeloid leukemia 275 27.2
Acute lymphocytic leukemia 76 7.5
Myeloma 126 12.5
Chronic myeloid leukemia 19 1.9
Chronic lymphocytic leukemia 76 7.5
Myelodysplastic syndrome 46 4.5
Other 51 5

Days since diagnosis
Median 166
IQR 7-1,020

Disease status at admission�

Newly diagnosed 386 38.2
Complete or partial remission 234 23.1
Other 338 33.4
Unknown 53 5.2

BMT/HSCT recipient� 252 24.9
Autologous 107 10.6
Allogeneic 145 14.3

Poor performance status (bedridden/
completely disabled) 195 19.3

Charlson comorbidity index�

Median 4
IQR 2-5

Circumstances of ICU admission 451 44.6
Time between hospital and ICU

admission � 24 hours�

Median, days 4
IQR, days 0-16

Direct admission to the ICU 267 26
Neutropenia� 289 28.6
More than one request from the

hematologist before admission 105 10.4
Reason for ICU admission

Acute respiratory failure 632 62.5
Shock 428 42.3
Acute kidney injury 308 30.5
Coma 226 22.3
Chemotherapy in high-risk patients† 71 7.1

Abbreviations: BMT, bone marrow transplantation; HSCT, hematopoietic
stem-cell transplantation; ICU, intensive care unit; IQR, interquartile range.

�These variables are associated with hospital mortality by univariate analysis
(see Results).

†High risk for tumor lysis syndrome (bulky tumor, hyperleukocytic leukemia),
arrhythmia, and bleeding.
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of patients had participated in studies of chemotherapy. Bone marrow
or hematopoietic stem-cell transplantation (BMT/HSCT) was per-
formed in 252 patients (24.9%); the transplantations were autologous
in 107 patients and allogeneic in 145 patients. Neutropenia was pres-
ent at ICU admission in 289 patients (28.6%) and developed in the
ICU in 91 additional patients (9%).

Hospital mortality was 39.3%. Day-90 and 1-year mortality rates
were 47.5% and 56.7%, respectively. By univariate analysis, variables
associated with hospital mortality were age (18 to 50 years, 34%; 51 to
60 years, 35.3%; 61 to 70 years, 42.6%; and � 70 years, 45.8%;
P � .02), poor performance status (57.4% v 34.9%; P � .001), Charl-
son comorbidity index (median, 5; IQR, 3 to 6; v median, 3; IQR, 1 to
4; P � .0001), remission of the malignancy (32.5% v 40.3%; P � .02),
allogeneic BMT/HSCT (52.4% v 38.3%; P � .0002), and time from
hospital to ICU admission less than 24 hours (33.9% v 43.7%;
P � .002). There was no significant association between the rate of
ICU refusal and hospital mortality.

Table 2 lists outcomes associated with the use of life-supporting
interventions. The use of mechanical ventilation, vasoactive drugs, or
RRT was associated with increased hospital mortality. Trends toward
lower mortality rates were found in patients younger than 60 years,
having a good performance status, or not having received allogeneic
BMT/HSCT. However, mortality was significantly lower in patients
who received no more than one life-supporting intervention. Figure 2
shows that hospital mortality increased with the number of days spent
receiving both invasive mechanical ventilation and vasoactive drugs.
Appendix Figure A1 (online-only) lists daily SOFA scores throughout
the ICU stay indicating that the number of organ dysfunctions was
significantly associated with mortality from day 1 onward. Impor-
tantly, neither time spent with any single life-supporting intervention
nor time from ICU admission to initiation of a life-supporting inter-
vention was associated with hospital mortality (Fig 3 and Appendix
Figure A2). Table 3 lists the definite diagnoses and corresponding
hospital mortality rates.

Patients admitted to the ICU within 1 day after hospital admis-
sion had SOFA scores on day 1 similar to those in patients admitted
later but they also had lower incidences of life-supporting interven-
tions (67.7% v 74.2%; P � .04). Patients admitted within 24 hours had
shorter times since malignancy diagnosis (median, 153 days; IQR, 0 to
1,230 days; v median, 173.5 days; IQR, 20 to 812 days; P � .04) and
were more likely to have good performance status (86.6% v 75.5%;
P � .001). They were less likely to have their primary hematologists in
the same hospital as the ICU (57.6% v 96.7%; P � .001), a history of
allogeneic HSCT/BMT (11% v 17%; P � .006), neutropenia (19.6% v
35.8%; P � .001), and treatment with antifungal agents (27% v 47%;
P � .001) or antiviral agents (36% v 48%; P � .0002) during the first 3

Table 2. Hospital Mortality Associated With the Use of Life-Supporting Intervention Therapies in Five Predefined Subgroups

Life-Supporting Intervention

Overall Cohort
(N �1,011)

Patients Age
� 60 Years

(n �483)

Good
Performance

Status
(n �816)�

Partial or
Complete
Remission
(n �234)†

No Allogeneic
BMT (n �866)

Dysfunction of
Zero or One

Organ
(n �575)‡

No. % No. % No. % No. % No. % No. %

Total patients who died 397 39.3 169 34.9 284 34.8 78 33.3 319 36.8 115 20.0
Chemotherapy in the ICU 244 133 208 NA 244 141

Patients who died 93 38.1 40 30.1 73 35.1 93 38.1 27 19.1
Noninvasive mechanical ventilation 318 148 244 71 260 142

Patients who died 147 46.2 62 41.0 104 42.6 27 38.0 116 44.6 38 26.8
Invasive mechanical ventilation 484 228 378 106 415 73

Patients who died§ 293 60.5 126 55.0 214 56.6 57 53.8 244 58.8 23 31.5
Vasoactive drugs 518 233 394 126 438 101

Patients who died§ 298 57.5 122 52.4 213 54.1 57 45.2 247 45.9 22 21.8
Renal replacement therapy 262 126 206 20 231 64

Patients who died§ 155 59.2 73 58.0 111 53.9 11 55.0 131 56.7 12 18.8

Abbreviations: BMT, bone marrow transplantation; ICU, intensive care unit.
�Good performance status was defined as neither bedridden nor completely disabled.
†BMT patients were all considered in partial or complete remission.
‡Requiring invasive mechanical ventilation, vasoactive drugs, or renal replacement therapy.
§These patients received only one of the three following life-supporting interventions: invasive mechanical ventilation, vasoactive drugs, and renal

replacement therapy.
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Fig 2. Daily assessment of the probability of hospital mortality according to the
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of patients who survived (gold) and the number of patients who died (blue).
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days in the ICU. Obtaining ICU admission required more than one
call to the ICU physician in only 5.9% of patients admitted within 24
hours compared with 18% of patients admitted later (P � .001).

By multivariate analyses (Fig 4; Table 4), 10 variables were inde-
pendently associated with hospital mortality. Mortality was lower in

patients with complete or partial remission of the malignancy and in
those patients admitted to the ICU within 24 hours after hospital
admission. Other factors were associated with higher mortality: poor
performance status (bedridden or completely disabled), higher Charl-
son comorbidity index, allogeneic BMT/HSCT, SOFA score on ICU
admission, ICU admission after cardiac arrest or for acute respiratory
failure, organ infiltration by the malignancy, and invasive aspergillosis.
No significant center effect on mortality was found.

On day 90, 69.2% of the survivors who were eligible for telephone
interviews(AppendixFigA3)completedtheshort form36questionnaire.
Among survivors, no differences could be found between patients re-
sponding to telephone interviews and those who could not be reached.
Twenty per cent of patients perceived their physical and mental health as
altered, with no significant differences compared to age- and gender-
matched cancer patients who were not admitted to the ICU. After 6
months, the hematologists reported that all but seven ICU survivors were
continuing their cancer treatment, that ICU admission did not influence
therapeutic intensity in 80% of ICU survivors, and that 80% of ICU
survivors were in complete or partial remission.

DISCUSSION

This work is the first large, prospective multicenter study of ICU and
post-ICU outcomes in patients with hematologic malignancies only.
In addition to mortality data, quality-of-life data were obtained after 3
months, and treatment intensity and disease status were assessed after
6 months. The 39.3% hospital mortality rate is encouraging, particu-
larly as most patients had at least two organ dysfunctions, and up to
75% required mechanical ventilation, vasoactive drugs, or RRT. Other
encouraging findings are the continued use of intensive cancer treat-
ments after ICU discharge, the good quality of life in ICU survivors
after 3 months, and the 80% disease-control rate after 6 months. Thus,
ICU admission prolonged survival with good quality of life. ICU
admission within 24 hours of hospital admission was identified as a
variable significantly associated with better survival and possibly ame-
nable to modification.

Previous studies included far fewer patients,20,33,34 mixed pa-
tients with solid cancers and hematologic malignancies,20,33,34 focused
on specific complications,21,23,25 and studied only ICU or hospital
mortality without obtaining quality-of-life data. Consequently, their
results are difficult to compare with ours. The 1,011 hematology
patients in our study were consecutive patients who probably reflect
the overall population of patients with hematologic malignancies and
a need for ICU admission. Our hospital mortality rate is lower than in
previous recent studies.20,33,34 Older age is a known risk factor in
hematology patients,13 particularly those with critical illnesses,43 and
the comorbidity burden and performance status are also well-
established prognostic factors.13 Also in agreement with previous
publications is our finding of higher mortality in bedridden pa-
tients20,22,33,43 and in allogeneic BMT or HSCT recipients.24,44-46

However, substantial survival rates can be achieved in select allogeneic
BMT/HSCT recipients without uncontrolled graft-versus-host
disease,47 in whom mechanical ventilation is no longer futile.24,44,48

Worse organ dysfunction scores, cardiac arrest, and invasive pulmo-
nary aspergillosis were associated with hospital mortality in our cohort
and in previous studies.20,23,33,43,49,50 The independent impact of acute
respiratory failure on mortality indicates a need for developing better
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Fig 3. Daily assessment of the probability of hospital mortality according to the
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management strategies.25 Recent advances in the understanding of
organ infiltration by leukemia and lymphoma cells may help to im-
prove survival.27,51 Recent studies that report improved outcomes in
critically ill hematology patients18,19,21,34 have led to broader ICU

admission policies, the main selection criteria being good perfor-
mance status and availability of potentially life-prolonging treat-
ments.14,15,30 Consent should be obtained from the patient, after a
discussion of the disease status and range of treatment options.52

Table 3. Univariable Analysis of Impact of Each Diagnosis on Hospital Mortality

Diagnosis

Patient Cases Mortality

Odds Ratio 95% CI PNo. % No. %

Sepsis � .001
Septic shock 259 25.6 120 46.5 1
Multiple organ failure 26 2.6 22 84.6 6.32 2.12 to 18.87
No sepsis 377 37.3 133 35.4 0.63 0.46 to 0.87
Severe sepsis 349 34.5 120 34.5 0.61 0.44 to 0.84

Gram-positive infections 85 8.6 28 32.9 0.74 0.46 to 1.19 .24
Gram-negative infections 192 19.1 79 41.1 1.11 0.8 to 1.52 .56
Pneumonia 367 36.3 171 46.7 1.64 1.26 to 2.13 .00002
Invasive pulmonary aspergillosis 69 6.8 42 60.9 2.48 1.56 to 4.26 .0001
Urinary tract infection 46 4.5 18 39.1 1 0.54 to 1.83 1
Colitis and typhlitis 106 10.5 36 34.3 0.79 0.52 to 1.21 .29
Catheter-related infections 29 2.9 7 24.1 0.48 0.21 to 1.15 .12
Acute respiratory failure 632 62.5 273 43.2 1.46 1.13 to 1.49 .004
Acute kidney injury 204 20.2 83 40.7 1.08 0.79 to 1.48 .63
Cardiac events 138 13.6 57 41.3 1.11 0.77 to 1.60 .63

Cardiac pulmonary edema 56 5.5 15 26.8 0.55 0.3 to 1.01 .06
Admission after cardiac arrest 30 3.0 23 76.7 5.35 2.27 to 13.6 .0005

Organ infiltration by the malignancy 132 13.1 61 46.2 1.39 1.00 to 2.02 .05
Leukemic pulmonary infiltrates 38 3.8 20 52.6 1.48 1.04 to 3.10 .02
Hemophagocytic lymphohistiocytosis 21 2.1 14 66.7 3.18 1.27 to 7.96 .01

Tumor lysis syndrome 97 9.6 40 41.2 1.10 0.72 to 1.68 .66
Severe bleeding 50 4.9 18 36.0 0.87 0.48 to 1.57 .66
Severe metabolic disturbances 40 4.0 5 12.5 0.21 0.08 to 0.55 .0002
Coma 27 2.7 9 33.3 0.77 0.34 to 1.73 .69
Acute liver dysfunction 17 1.7 14 82.4 7.47 2.13 to 26.17 .0005
Admission to the ICU for safer

chemotherapy initiation� 71 7.1 16 22.5 0.43 0.24 to 0.76 .002
Severe chemotherapy-related toxicity 37 3.7 12 32.4 0.74 0.37 to 1.48 .49

Abbreviation: ICU, intensive care unit.
�ICU admission for safer chemotherapy initiation was restricted to patients with high tumoral burden (hyperleukocytic leukemia or bulky lymphoma) who were at

high risk for leukostasis, tumor lysis syndrome, or compression from bulk tumors.

Hazard Ratio

Risk Factor

Poor performance status
(bedridden/completely disabled)

Charlson comorbidity index

Recipients of allogeneic BMT/HSCT

Complete or partial remission

Time from hospital to ICU 
admission < 24 hours

SOFA score at admission

Admission after cardiac arrest

Admission for acute respiratory failure

Organ infiltration by the malignancy

Invasive pulmonary aspergillosis

0.89 1.00 1.12 1.26 1.41

Fig 4. Multivariable analysis: effects on
hospital mortality of covariates identified
by multivariate logistic regression. Results
are presented with and without imputation on
the missing data from the Sepsis-Related Or-
gan Failure Assessment (SOFA) score.
Goodness-of-fit (Le Cessie-van Houwelingen
test) is more than 0.28 for both models. BMT/
HSCT, bone marrow transplantation/hemato-
poietic stem-cell transplantation; ICU,
intensive care unit.
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In our cohort, we collected daily information on organ dys-
functions. Severity of organ dysfunctions is known to be a major
prognostic factor.19,20,30,33,53 However, our study contributes three
new findings. First, use of a single life-supporting intervention was
associated with good survival. For instance, among patients receiv-
ing mechanical ventilation but no vasoactive drugs or RRT, 67.6%
were alive at hospital discharge (Table 2); this proportion was
77.5% for vasoactive drugs only and 81.3% for RRT only. Second,
the time from ICU admission to initiation of life-supporting inter-
ventions did not influence survival. Third, longer time on life-
supporting interventions was not associated with worse survival.
These last two findings indicate that current practices regarding
patient selection for starting and continuing life-supporting inter-
ventions are appropriate.

Our finding that a shorter time from hospital to ICU admission
was independently associated with better survival offers some hope
that prompt ICU admission might improve survival. It suggests that
immediate ICU admission of hematology patients with incipient or-
gan dysfunction may be appropriate. In previous studies, early ICU
management of acute respiratory failure decreased the rates of intuba-
tion25 and septic shock21 as well as improved outcomes of patients at
high risk for tumor lysis syndrome and acute respiratory failure.51,54

However, the effect of early ICU admission on mortality is difficult to
interpret. Patients admitted early had similar SOFA scores to those
admitted later on; consequently, their earlier admission might reflect a
more acute disease process compared with patients admitted later. It is
striking however that a smaller proportion of early-admitted patients
required more than one call to the intensivist (5.9% v 18% in patients
admitted later), suggesting that late ICU admission may be due in
some cases to reluctance to admit hematology patients, with later-
admitted patients being initially considered too sick to benefit from
intensive care. Studies conducted jointly by intensivists and hematol-
ogists are needed to evaluate criteria for early ICU admission in terms
of their ability to improve survival. Until they become available, our
finding of better outcomes after earlier ICU admission supports a
broad ICU admission policy with a trial of full-code therapy.
Intermediate-care units located contiguous to the ICU could also be
used for those patients at high risk for rapid deterioration. Rapid

response teams should also be evaluated in this very specific pa-
tient population.55

This study has several limitations. First, all the study centers had
hematologists and intensivists available around the clock, a situation
not encountered in all hospitals. Second, the study was performed in
France and Belgium and may not be relevant to other countries.
However, in this study and a previous study by our group,25 the results
were within the ranges reported in other European countries,16 North
America,17,24,45 and Brazil.23,33 Third, 9.6% of the patients were lost to
follow-up during the 1-year study period, and the day-90 telephone
interview was conducted in 69% of eligible patients. Finally, in this
multicenter study, no rigid criteria have been used to make the deci-
sion to send patients to ICUs across the different participating centers.
However, ICU refusal rate was not significantly different across cen-
ters and was not associated with mortality. Moreover, there was no
center effect on hospital mortality.

In summary, the 39.3% hospital mortality rate in our study
supports the usefulness of ICU admission of select critically ill
patients with hematologic malignancies. The good cancer control
and good-to-excellent HRQOL in ICU survivors constitute further
evidence that ICU resources are being used to good effect in this
population. The better survival in patients admitted more rapidly
to the ICU invites studies evaluating the effects on outcomes of
earlier ICU admission.
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Table 4. Multivariate Logistic Regression: Variables Independently Associated With Hospital Mortality

Model Without Imputation Model With Imputation

Covariate Odds Ratio 95% CI P Odds Ratio 95% CI P

Poor performance status
(bedridden/completely disabled) 1.58 1.06 to 2.34 .02 1.13 1.06 to 1.21 .0005

Charlson comorbidity index 1.13/point 1.06 to 1.21 .0004 1.02 1.01 to 1.03 .0006
Recipients of allogeneic BMT/HSCT 2.18 1.33 to 3.57 .002 1.20 1.10 to 1.31 � .001
Complete or partial remission 0.63 0.42 to 0.95 .02 0.890 0.84 to 0.96 .002
Time from hospital to ICU admission � 24 hours 0.7 0.51 to 0.96 .02 0.94 0.89 to 0.99 .02
SOFA score at admission 1.21/point 1.16 to 1.27 � .001 1.04 1.03 to 1.05 � .001
Admission after cardiac arrest 2.63 1.00 to 6.97 .05 1.25 1.06 to 1.47 .008
Admission for acute respiratory failure 1.34 0.94 to 1.90 .09 1.08 1.01 to 1.15 .01
Organ infiltration by the malignancy 1.894 1.23 to 3.07 .004 1.14 1.05 to 1.24 .002
Invasive pulmonary aspergillosis 1.97 1.03 to 3.76 .03 1.14 1.01 to 1.28 .02

NOTE. Results are presented with and without imputation on the missing data from the SOFA score. Goodness-of-fit test results (Le Cessie-van Houwelingen
test) � 0.28 for both models.

Abbreviations: BMT, bone marrow transplantation; HSCT, hematopoietic stem-cell transplantation; ICU, intensive care unit; SOFA, Sepsis-Related Organ Failure
Assessment.
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Appendix

The following institutions participated in this study: Medical Intensive Care Unit (ICU), Saint-Louis Teaching Hospital, Paris,
France; Medical ICU, Paoli Calmette Institute, Marseille, France; Medical ICU, Cochin Teaching Hospital, Paris, France; Medical ICU,
Angers Teaching Hospital, Angers, France; Medical ICU, Pitié-Salpêtrière Teaching Hospital, Paris, France; Medical ICU, Avicenne
Teaching Hospital, Bobigny, France; Medical ICU, Roubaix Hospital, Roubaix, France; Medical ICU, Mignot Hospital, Versailles, France;
Medical ICU, Hôtel-Dieu Teaching Hospital, Paris, France; Medical ICU, La Roche sur Yon Hospital, La Roche sur Yon, France; Medical
ICU, Nancy Teaching Hospital, Nancy, France; Medical ICU, Brest Teaching Hospital, Brest, France; Medical ICU, Jules Bordet Institute,
Brussels, Belgium; Medical ICU, Ghent University Hospital, Ghent, Belgium; Medical ICU, Grenoble Teaching Hospital, Centre
Hospitalier Universitaire de Grenoble, Grenoble, France; Medical ICU, Lille Teaching Hospital, Lille, France; Medical ICU, Saint-Etienne
Teaching Hospital, Saint-Etienne, France.

Total  838 537 433 306 172 87 36 11
Alive  503 316 254 166 83 28 15 5
Died  335 221 179 140 89 49 21 6
P  < .001 < .001 < .001 < .001 < .001 .001 .04 .46
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Fig A1. Sepsis-Related Organ Failure Assessment (SOFA) score throughout the intensive care unit (ICU) stay in hospital survivors and nonsurvivors. P � .001 for all
tests except on day 28 (P � .26).
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Fig A2. Daily assessment of the probability of hospital mortality according to time from intensive care unit admission to initiation of (A) invasive mechanical ventilation,
(B) vasoactive drugs, or (C) renal replacement therapy. The y-axis on the left indicates hospital mortality rates with the corresponding curve (mean � standard deviation)
and the y-axis on the right indicates the number of patients with corresponding bars showing the number of patients who survived (gold) and the number of patients
who died (blue).
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Included in the study
(N = 1,011)

On day 90
  Lost to follow-up (n = 58; 5.7%)
  Deaths (453 of 953; 47.5%)

)359 = n( 09 yad litnu dewolloF
)%5.25 ;359 fo 005( 09 yad no evilA

Hospitalized between day 90  (n = 65; 13%)
  and day 120

Not hospitalized on day 90 and eligible for the telephone
interview to complete the SF-36 questionnaire

(435 of 500; 87%)

Did not answer (n = 96; 19.2%)
Declined telephone interviews (n = 38; 7.6%)

)%2.96 ;534 fo 103( deweivretnI
Completed the SF-36 questionnaire (288 of 435; 66.2%)

Fig A3. Day-90 follow-up and reasons for not assessing health-related quality of life. SF36, short-form 36 questionnaire.
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