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ABSTRACT

Acute leukemia (AL) is the most common hematological malignancy requiring intensive care unit
(ICU) management. Data on long-term survival are limited. This is a post hoc analysis of the pro-
spective multicenter data from France and Belgium: A Groupe de Recherche Respiratoire en
Réanimation Onco-Hématologique [A Research Group on Acute Respiratory Failure in Onco-
Hematological Patients (French)] Study, to identify determinants of 1-year survival in critically ill
AL patients. A total of 278 patients were admitted in the 17 participating ICUs. Median age was
58 years and 70% had newly diagnosed leukemia. ICU mortality rate was 28.6 and 39.6% of the
patients alive at 1 year. Admission for intensive monitoring was independently associated with
better 1-year survival by multivariate analysis. Conversely, relapsed/refractory disease, secondary
leukemia, mechanical ventilation and renal replacement therapy were independently associated
with 1-year mortality. This study confirms the impact of organ dysfunction on long-term survival
in ICU patients with AL. Follow-up studies to assess respiratory and renal recovery are warranted.
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Introduction

The short-term outcome of patients with acute leuke-
mia (AL) has been extensively studied. Lower fibrino-
gen levels, comorbidity index and sepsis are known
risk factors for clinical deterioration leading to inten-
sive care unit (ICU) admission in patients with AL [1,2].
More than 60% of the patients with acute myeloid leu-
kemia who require intensive care survive to ICU or
hospital discharge [3-5]. Several predictive factors
have been suggested: mechanical ventilation, poor
performance status, comorbidity index, allogeneic
hematopoietic stem cell transplant (HSCT), organ dys-
function score, cardiac arrest, acute respiratory failure,
malignant organ infiltration and invasive aspergillosis
were associated with higher mortality [3,6-8].
However, data concerning the long-term survival of
critically ill AL patients after ICU discharge is still scarce
[4,5,8] and larger population and multicenter studies
are needed to evaluate outcomes and predictors.

Firstly, there is an urgent need of multicenter outcome
studies on patients with AL who require ICU admis-
sion. The main data are limited to small, retrospective,
single-center studies with a mixed cohort of critically
ill patients with all forms of hematological malignan-
cies. Secondly, the impact of the characteristics of the
underlying malignancy versus acute illness factors on
the long-term survival needs to be clarified. Even
though earlier studies showed that long-term survival
was mainly predicted by hematologic prognostic fac-
tors [5,9], more recent studies suggest that factors
related to the acute illness may be the strongest pre-
dictors [6,7]. Thirdly, the impact of early ICU admission
on the long-term outcome remains unclear. Even
though earlier studies on hematological patients did
not show an impact on ICU mortality [10,11], a better
survival for patients admitted more rapidly to the ICU
was shown more recently [3]. The identification of
prognostic factors of long-term survival can provide
useful information for hematologists and intensivists
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that can facilitate discussions of prognosis with
patients and families.

The aims of this study were to describe the long-
term outcome of patients with AL admitted to critical
care and investigate predictive factors of outcome
using a secondary analysis based on a prospective
multicenter cohort study of patients with hemato-
logical malignancies admitted to the ICU.

Methods
Patients and study design

The Prospective Multicenter Data from France and
Belgium: A Groupe de Recherche Respiratoire en
Réanimation Onco-Hématologique (A Research Group
on Acute Respiratory Failure in Onco-Hematological
Patients) Study was a prospective, multicenter study
that recruited 1011 patients with hematological malig-
nancies admitted to critical care in France and
Belgium at 17 tertiary centers from January 2010 to
May 2011 in a period of 16 months. The details of the
study have been previously reported [3]. This study
was primarily designed to evaluate prognostic factors
of hospital discharge as well as maintenance of cancer
chemotherapy, disease control and quality of life after
ICU discharge. For the present study, only those 351
patients with AL were considered eligible. Inclusion cri-
teria were a diagnosis of either AML (acute myeloid
leukemia) or ALL (acute lymphoblastic leukemia) as
defined by the World Health Organization. This
included: 1) patients who were newly diagnosed hav-
ing not yet received chemotherapy; 2) patients under-
going or having just received either remission
induction or post-remission therapy; 3) patients with
refractory or relapsing AL undergoing salvage treat-
ment. HSCT recipients were excluded. A total sample
of 278 patients, corresponding to 27.5% of the original
cohort, was analyzed (Figure 1).

Data collection and definitions

The database included data collected prospectively
and daily by study investigators from admission to day
28: age, gender, comorbidities according to the
Charlson score, performance status, type of malig-
nancy, disease status, bone marrow transplant status,
neutropenia, reason for admission, severity of illness
[according to (Sequential Organ Failure Assessment)
SOFA score], type of organ support (mechanical venti-
lation, noninvasive ventilation, renal replacement ther-
apy and vasopressors) and microbiology. Vital status at
one year was examined using both medical records

1011 patients included in the original study

351 with acute leucemia (34,7%)
275 acute myeloid leukemia
76 acute lymphoblastic leukemia

278 (27,5%) non-alloHSTC 73 alloHSCT

223 AML
55 ALL

—
\

I 79 (28,4%) ICU deaths |

199 (71,6%) discharged
alive from the ICU

1 (0,4%) lostt o follou-up
24 (8,6%) hospital deaths

174 (62,6%) discharged alive
from the hospital

25 (9%) lostt o follou-up
40 (14,4%) deaths during the first year

| 109 (39,2%) alive at 1-year |

Figure 1. Patients included in the original Groupe de
Recherche Respiratoire Réanimation Onco-Hematologique [A
Research Group on Acute Respiratory Failure in Onco-
Hematological Patients (French)] Study and subpopulation
included in the present secondary analysis. alloHSCT: allogen-
eic hematopoietic stem cell transplant; ICU: intensive care unit.

and telephone interviews by a trained social worker.
Newly diagnosed malignancies were defined as diag-
nosed within the past four weeks. Secondary leukemia
included patients with prior exposure to cytotoxic
therapy and/or radiotherapy for a malignant or non-
malignant disease and patients that developed AL
after a myelodysplastic syndrome or myeloproliferative
neoplasm. Cytogenetic and molecular genetic risk
were classified according to European LeukemiaNet
(ELN) guidelines 2010 [12]. Admission for intensive
monitoring was considered for patients with either
high-risk lysis syndrome (hyperleukocytosis leukemia),
bleeding or arrhythmia or rapid deterioration based on
detected abnormalities in vital signs. Neutropenia and
hyperleukocytosis were defined as leukocyte cell count
<0.5x10%/L and >50x10°/L, respectively.

Statistical analysis

Frequencies and measures of central tendency
(median and interquartile range (IQR)) were used to
describe categorical and continuous variables, respect-
ively. Univariate logistic regression analyses were per-
formed to identify hematologic and ICU-related factors
that might predict ICU and 1-year mortality. Factors
that were considered significant in the univariate anal-
yses were selected for a multivariate binary logistic
regression  with  stepwise  backward selection.
Cumulative survival estimates, Kaplan-Meier curves
and hazard ratio point estimates for those patients



who survived ICU stay were performed. A two-tailed
p value <.05 was considered statistically significant.
All statistical analyses were performed using statistical
software SPSS® 24.0 for Windows.

results
patient characteristics

Our final cohort included 278 adult patients diagnosed
with AL that were admitted to critical care. Their
median age was 58 years (IQR 44-66.2 years) and
there were 160 (57.6%) male patients. Most patients
had a good performance status (<2). Eighty percent
had a diagnosis of AML and the remaining 20% had a
diagnosis of ALL with the majority presenting with
newly diagnosed leukemia. Fifty-seven patients had a
secondary leukemia. Data on cytogenetic abnormalities
were available in a subset of 117 patients with AML,
of which 53, 32 and 32 were stratified, respectively, as
an intermediate, low and high-risk leukemia. Details of
demographic and clinical features of the 278 patients
are shown in Table 1. Fifty-two patients (18.4%) were
admitted to the ICU directly from the emergency
department. The remaining 226 patients were admit-
ted from the hospital ward with a median time inter-
val between hospital and ICU admission of 12 days
(2-24). The primary indication for ICU admission was
severe sepsis/septic shock (37.8%) followed by inten-
sive monitoring (23.4%). Half of the patients had dys-
function in multiple organ systems at the time of
admission and only 34 patients (12.2%) did not pre-
sent any organ dysfunction. Neutropenia was docu-
mented in 115 patients. During the ICU stay, 46.8, 45.7
and 26.6%, respectively, of the patients required,
mechanical ventilation, vasoactive drugs and renal
replacement therapy. No life-supporting intervention
was required in 74 patients (26.7%). The median ICU
length of stay (LOS) was five days (3-11) and the
median hospital LOS was 20 days (9.5-34.5).

Outcomes

A total of 103 patients died during hospitalization, of
which 79 (28.4%) died in the ICU and the remaining
24 (8.6%) died in the ward (Figure 1). Among the 174
patients discharged alive from the hospital, 109 were
alive at 1-year corresponding to 39.2% of the cohort.
The ICU-mortality of AML and ALL patients was 31.8
and 14.5%, respectively. The 1-year mortality of AML
and ALL patients was 54.7 (12 missing) and 38.1% (14
missing), respectively. After excluding the 65 patients
admitted for intensive monitoring, ICU mortality rate
was 31% and 1-year survival rate was 34.7%.
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Table 1. Patient demographics and clinical characteristics.
Number of patients (% or IQR)

Age, years
Median, IQR 58 (44-66.2)
>60 years 123 (44.2)
Male gender 160 (57.6)
Leukemia type
Acute myeloid leukemia 223 (80.2)
M3 and M3v 24 (8.6)
M4 and M5 83 (29.8)
ELN 2010 risk classification 32 (11.5)
Favorable 53 (29)
Intermediate 32 (11.5)
Adverse 106 (37.8)
Unknown 55 (19.8)
Acute lymphoblastic leukemia 7 (2.5)
Philadelphia (+) 57 (20.5)
Secondary leukemia
Disease status
Newly diagnosed 197 (70.9)
Relapsed/Refractory 49 (17.6)
Remission 32 (11.5)
Comorbidities
Hypertension 81 (29.1)
Diabetes 29 (10.4)
Ischemic heart disease 27 (9.7)
Hepatic 24 (8.6)
Renal 18 (6.5)
COPD 9(3.2)
HIV/AIDS 4(1.4)
Reasons for admission
Severe sepsis/septic shock 105 (37.8)
Monitoring 65 (23.4)
Acute respiratory failure 57 (20.5)
Digestive 10 (3.6)
Coma 10 (3.6)
Cardiac arrest 10 (3.6)
Non-septic shock 6 (2.2)
Acute renal injury 5(1.8)
Bleeding 4(1.4)
Miscellaneous 6(2.2)
Conditions of admission
Time between hospital and ICU admission
Median, days 6 (1-21.5)
<24h 61 (21.9)
Direct admission to the ICU 52 (18.7)
Neutropenia 68 (24.5)
Hyperleukocytosis 18 (16.5)
SOFA score, median 5 (3.8-8)
Charlson comorbidity index, median 4 (2-5)
Performance status <2 243 (83.8)
Organ failure
Respiratory 166 (59.7)
Hemodynamic 106 (38.1)
Coagulation 75 (27)
Renal 72 (25.9)
Hepatic 20 (7.2)
Multiorgan 150 (54)
Outcomes
ICU survival 199 (71.6)
Hospital survival 174 (62.6)
90-day survival 156 (56.1)
360-day survival 109 (39.2)
Treatments in the ICU
Antibiotics 256 (92.1)
Ventilation
Mechanical 130 (46.8)
Non-invasive 86 (30.9)
Renal replacement therapy 74 (26.6)
Amines 127 (45.7)
Infections identified in the ICU
Bacterial 67 (24.1)
Gram positive 18 (6.5)
Gram negative 49 (17.6)

Fungal 25 (9)

COPD: chronic obstructive pulmonary disease; ELN: European Leukemia
Net; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency
syndrome; ICU: intensive care unit; IQR: interquartile range; SOFA:
Sequential Organ Failure Assessment.
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Comparing outcomes according to the status of the
AL at admission, patients in remission showed a sig-
nificantly better short and long-term survival (Table 2).

Prognostic factors

Mechanical ventilation and increasing SOFA were sig-
nificantly associated with higher ICU mortality (Table
3). The most important predictive factors of 1-year
mortality were disease status and secondary leukemia
(Table 4). Patients with relapsed/refractory disease
were almost four times more likely to have died 1-year
after ICU admission than the other patients. Patients
with secondary leukemia were 2.41 times more likely
to have died 1-year after ICU admission. Age and the
type of AL showed no association with the risk of

Table 2. Survival rates according to disease status at ICU
admission.

Newly diagnosed, R/R, Remission,

n=197 n=49 n=32°

ICU mortality 56 (28.4) 19 (38.8) 4 (12.5)b
1-Year mortality 99 (54.4)¢ 35 (83.3)¢ 9 (32.1)¢

ICU: intensive care unit; R/R: relapsed/refractory.
dComplete remission (n=29) and partial remission (n=3).
PRemission vs. R/R, p=.01.

“Remission vs. Newly diagnosed, p =.04.

9R/R vs. Newly diagnosed, p < .01.

®Remission vs. R/R, p <.01.

Table 4. Univariate
mortality.

and multivariate predictors of 1-year

1-year mortality

Univariate analysis Multivariate analysis

OR  95% Cl p OR  95%Cl p
Demographics
Age 1.03 1.01-1.05 .000 1.01 0.99-1.04 .159
Leukemia factors
Disease status
Relapsed/refractory ~ 4.22 2.01-11.11 .000 3.95 1.48-10.58 .01
Remission 032 0.14-0.74 .007 040 0.15-1.05 .63
Secondary leukemia 4.09 2.00-837 .000 241 1.09-532 .03
ALL versus AML 131 0.67-255 436 - - -
Conditions of admission
Multiorgan failure 1.61 0.97-266 .065 - - -
Charlson Index 132 1.15-152 .000 1.19 0.97-145 .90
Direct admission to ICU 1.25 0.66-2.38 489 - - -
SOFA 1.16 1.08-1.25 .000 1.04 0.95-1.49 .38
Sepsis 1.04 0.76-2.18 317 - - -
Neutropenia 1.04 0.63-1.72 887 - - -
Intensive monitoring 045 0.25-0.81 .008 0.46 0.21-1.00 .05
Treatments in the ICU
Mechanical ventilation 3.43 2.03-5.80 .000 237 1.12-5.04 .03
Vasoactive drugs 3.05 1.81-5.15 .000 1.33 0.60-2.96 .48
RRT 244 1.34-447 004 295 135-641 .01
Nosocomial infection 1.58 0.78-3.18 .201 - - -
Aspergillus 3.08 0.99-9.55 .052 - - -
Bacterial 095 037-245 916 - - -
Candida 0.32 0.04-292 314 - - -
ICU LOS 1.00 0.94-1.02 .830 - - -

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; ICU:
intensive care unit; LOS: length of stay; RRT: renal replacement therapy;
SOFA: Sequential Organ Failure Assessment; OR: odds ratio; 95% Cl: 95%
class interval.

Table 3. Univariate and multivariate predictors of ICU mortality.

ICU mortality
Univariate analysis Multivariate analysis
OR 95% Cl p OR 95% Cl p
Demographics
Age 1.02 1-1.03 .074 -
Leukemia factors
Secondary leukemia 4.09 2-8.37 .000 2.26 0.95-5.34 .06
ALL versus AML 2.74 1.23-6.11 013 218 0.80-5.97 13
Disease status
Relapsed/Refractory 1.78 0.94-3.40 079 0.42 0.12-1.54 .19
Remission 0.33 0.11-0.96 .042 - -
Leukocytosis 0.97 0.53-1.78 920 - -
Conditions of admission
Multiorgan dysfunction 2.14 1.24-3.7 .006 0.87 0.40-1.86 71
SOFA 1.28 1.18-1.38 .000 1.15 1.04-1.27 .01
Neutropenia 1.27 0.75-2.15 370 - - -
Charlson Index 1.12 0.99-1.26 .072 - - -
Sepsis 0.81 0.47-1.39 437 - - -
Direct admission to ICU 0.62 0.30-1.29 .201 - - -
Intensive monitoring 0.56 0.28-1.09 .088 - - -
Treatments in the ICU
Mechanical ventilation 25.01 10.86-57.58 .000 12.63 4.77-33.42 <.01
Vasoactive drugs 9.21 9.87-17.41 .000 2.01 0.81-4.98 13
RRT 3.46 1.96-6.12 .000 2.09 0.96-4.55 .06
Infection acquired in ICU 2.52 1.313-4.84 .005 0.62 0.27-1.44 27
Bacterial 0.62 0.15-1.22 .166 - - -
Candida 2.58 0.51-13.06 252 - - -
Aspergillus 243 0.95-6.23 .065 - - -
ICU LOS 1 1.00-1.02 796 - - -

ALL: acute lymphoblastic leukemia; AML: acute myeloid leukemia; ICU: intensive care unit; LOS: length of stay; RRT:
renal replacement therapy; SOFA: Sequential Organ Failure Assessment; OR: odds ratio; 95% Cl: 95% class interval.
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1-year mortality. Patients admitted strictly for intensive
monitoring were twice as likely to be alive at 1-year.
Among ICU factors, mechanical ventilation and renal
replacement therapy (RRT) were also associated with
an increased risk of 1-year mortality.

Figure 2 displays 1-year cumulative survival among
those patients who survived ICU stay according to
independent predictive factors. Disease status and
type of leukemia were major determinants of 1-year
survival. Additionally, patients who were admitted for
intensive monitoring also showed a lasting survival
benefit. Mechanical ventilation did not show a statis-
tically significant impact on the outcome. Post-ICU sur-
vival at 1-year in patients that received and not
received RRT was nearly equivalent.

Discussion

In the past 20 years, there has been a shift in our
thinking about ICU support in patients with AL. Early
studies discouraged ICU admission based on the poor
outcomes presented by those patients after ICU dis-
charge. Following advances in life-sustaining therapies
and close collaboration between hematologists and
intensivists, recent studies have presented a more
optimistic view of the impact of ICU admission and
nowadays, unrestricted ICU support can be recom-
mended for a large proportion of patients with all
types of hematological malignancies. However,
patients with AL admitted to ICU still exhibit signifi-
cantly higher mortality rates when compared with
patients who do not require intensive care [1,2,13].
Published studies have focused on short-term out-
comes and multicentric studies describing the long-
term survival of patients with AL are scarce. For this
reason, we performed a post hoc analysis of patients
with AL admitted to critical care. The main strengths
of the present study are: (1) patients were treated
over a time-span of 16 months in which the standard
treatment was not substantially modified; (2) the
study population was treated in 17 international
centers; (3) data were collected prospectively in the
original study and (4) robust statistical analyses were
used to identify relevant variables related to the
long-term outcome.

In our multicenter cohort of patients with AL
admitted over a 16-month period to intensive care,
62.6% of the patients were discharged alive from the
hospital and approximately two in three of them
remained alive at 1-year. Our hospital mortality rate
approximates that of the original cohort of 1011
patients with hematological malignancies (60.8%).
Additionally, no significant impact on mortality rate

of AML compared to ALL was observed. These results
are in line with an increasing number of studies
showing that the nature of the hematological malig-
nancy does not influence the outcome [14-16]. Our
ICU mortality and 1-year survival rates are similar to
those reported form other western countries. An ICU
mortality rate of 33.7% and a 1-year survival rate of
41.3% were reported from Australia, in a retrospective
study that assessed the outcome of 505 patients
with newly diagnosed AML admitted to two teaching
hospitals during a 12-year period [8]. Retrospective
single-center studies that included HSCT recipients
(representing 12-13% of those cohorts) have revealed
similar ICU mortality rates but lower 1-year survival
rates, ranging from 25-33.7% [4,5]. Even though allo-
geneic HSCT patients may remain a subpopulation
with a lower long-term survival, the outcome of
those patients who require ICU level has improved
considerably. In opposition to the overall western
standard, ICU mortality rates remain very high in
Asian countries, with the highest mortality rate
shown in Korea (84.1%) [17].

Not surprisingly, our ICU mortality was mainly pre-
dicted by severity scores and the need for mechanical
ventilation and RRT. Indeed, mechanical ventilation
was the main determinant of ICU survival with an
odds ratio (OR) for mortality of 12.63 (95% Cl(95%
class interval) 4.77-33.42). Among those patients sur-
viving ICU, subjects who needed mechanical ventila-
tion or received RRT no longer manifested an
increased risk of death. The observed decrease in sur-
vival may attenuate after ICU discharge, but this find-
ing needs further investigation. The SOFA scoring
system was identified as a useful measure of the
patient severity of acute illness corroborating data
suggesting that it is the most adequate in patients
with hematological malignancies [18]. Of most import-
ance, admission of patients for intensive monitoring
was associated with a significantly better long-term
survival. Disease, patient, organizational and technical-
related factors may have contributed to this effect.
There is growing evidence that early intervention is
particularly important for short-term outcomes of
hematological patients. Identification of deteriorating
patients in the ward and rapid response by an expert
team leads to a decrease in the number of organ fail-
ures at ICU admission [10,11]. The median SOFA score
of our cohort was inferior to other groups [4,8]. Our
group showed previously that onco-hematological
patients admitted earlier to the ICU benefit from a sig-
nificantly decreased ICU mortality [3]. The results of
our study suggest that the favorable impact of early
intervention is perpetuated into the first year after ICU



admission, corroborating growing evidence of the last-
ing impact of ICU or hospital factors on the survival of
onco-hematological patients admitted to intensive
care [6,7,19].

Disease status is a classical AL prognostic factor and
was the main determinant of 1-year mortality. Other
studies have reported similar findings [4-7], even
though the proportion of patients with relapsed/refrac-
tory disease in our study (17.4%) was lower compared
to most of them. Both the short and the long-term
mortality are lower for patients in remission and are
higher for those with refractory/relapsed disease.
Although the prognosis of adult patients with AL who
relapse is poor, approximately 10% of patients with
ALL [20] and 20-30% of patients with AML [21,22]
may become long-term survivals. Additionally, it has
been shown that AML patients who achieve complete
remission only after a second cycle of induction have
the same long-term outcome as patients with com-
plete blast clearance after the first cycle of induction
[23]. Thus, patients should not be denied admission to
the ICU based exclusively on the presence of relapsed/
refractory disease because carefully selected patients
(patients undergoing reinduction for nonresponse and
patients with a related/unrelated matched donor avail-
able) may benefit from intensive care. This requires an
interdisciplinary approach that includes hematologists,
intensivists, the patient and his/her relatives. Among
the 49 patients with relapsed/refractory disease, 30
(61.2%) were discharged alive from the ICU and 23.3%
of them (seven patients) were still alive at 1-year.
Secondary leukemia is a broad term that includes
patients with prior exposure to cytotoxic therapy and/
or radiotherapy for a malignant or nonmalignant dis-
ease and patients that develop AL after a myelodys-
plastic syndrome or myeloproliferative neoplasm [24].
It is more extensively characterized in AML represent-
ing up to 25% of newly diagnosed cases compared to
approximately 2% of newly diagnosed ALL [25].
Patients with secondary leukemia did significantly
worse compared to de novo AL. Even though second-
ary leukemia is associated with factors that confer a
poor prognosis such as older age, high-risk cytogenet-
ics and poor response to standard chemotherapy
[24-26], our study suggests that, in patients admitted
to the ICU, it has a striking and independent effect on
survival.

Age was not an independent predictor of long-term
mortality suggesting that patients with AL may benefit
from critical care independent of their age. A recent
retrospective study focusing on the outcomes of older
(>60 years old) AML patients following an ICU admis-
sion showed that a substantial proportional of these
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patients are admitted to the ICU and benefit from crit-
ical care, in particular those who lack multi-organ dys-
function [27]. Cytogenetics is an important factor
whose prognostic impact remains unclear to the crit-
ical care provider. The karyotype of the leukemia cells
is the strongest predictor factor across the landscape
of AML treatment. Cytogenetics affects response to
induction, relapse rates, success after transplant and
overall survival [28-31]. Even though earlier studies on
patients with AML admitted to intensive care identified
AML cytogenetic risk groups as an independent pre-
dictor of survival after ICU discharge [8,32], recent
studies, following recent risk stratification models,
found no significant association between survival and
cytogenetics [1,6,19]. Prospective studies are needed
to clarify the association of molecular genetics and
long-term survival in hematological patients admitted
to the ICU.

Our study has several limitations. Firstly, a mixed
population of patients with AML or ALL was
included. The prognosis and treatment for those two
malignancies were different and there were no
details on the type of chemotherapy. However, we
included mostly patients with newly diagnosed leu-
kemia before treatment. Secondly, we could not
evaluate well-known prognostic factors such as
molecular genetics which could be of importance for
prognostication of AML according to recently pub-
lished ELN 2017 guidelines [33]. Furthermore, our
collection of data was limited to information avail-
able in the database and though efforts were made
to obtain complete information, data were missing
for some patients. Finally, the generalizability of our
results may be limited by a possible bias concerning
hospital and ICU organizational factors which influ-
ence significantly the outcome of critically ill hema-
tological patients [34,35]. The tertiary nature of the
participating centers, the presence of a full-time
intensivist and hematologist, a nurse-to-bed ratio of
1:2.5 and case-volume may have skewed the results
towards a more positive outcome.

In summary, this post hoc analysis of patients with
AL admitted to intensive care showed an ICU mortality
rate of 28.4% and a 1-year survival rate of 39.6%. The
long-term outcome was mainly determined by the sta-
tus of the AL. Even though the severity of acute illness
and ICU or hospital variables mainly predicted the
short-term outcome, these associations seem to last
up to 1-year. Our results primarily confirm previous
publications and reinforce the importance of formal
and informal exchanges between hematologists and
intensivists to delineate the optimal treatment strategy
of critically ill AL patients.



8 M. TAVARES ET AL.

Acknowledgments

M. T. acknowledges support from the Portuguese Society of
Hematology.

Potential conflict of interest: Disclosure forms provided
by the authors are available with the full text of this article
online at https://doi.org/10.1080/10428194.2017.1375106.

Funding

This study was supported by [grant number PHRC AOM
08235] from the French Ministry of Health and French
Society for Critical Care.

References

[

(2]

3]

(4]

(5]

(6]

[7]

(8l

)

[10]

(11l

Schellongowski P, Staudinger T, Kundi M, et al.
Prognostic factors for intensive care unit admission,
intensive care outcome, and post-intensive care sur-
vival in patients with de novo acute myeloid leuke-
mia: a single center experience. Haematologica.
2011;96:231-237.

Halpern AB, Culakova E, Walter RB, et al. Association
of risk factors, mortality, and care costs of adults with
acute myeloid leukemia with admission to the inten-
sive care unit. JAMA Oncol. 2017;3:374-381.

Azoulay E, Mokart D, Pene F, et al. Outcomes of critic-
ally ill patients with hematologic malignancies: pro-
spective multicenter data from France and Belgium-a
groupe de recherche respiratoire en reanimation
onco-hematologique study (a respiratory research
group in oncology-hematological resuscitation study).
J Clin Oncol. 2013;31:2810-2818. French.

Kraguljac AP, Croucher D, Christian M, et al. Outcomes
and predictors of mortality for patients with acute
leukemia admitted to the intensive care unit. Can
Respir J. 2016;2016:3027656.

Rabbat A, Chaoui D, Montani D, et al. Prognosis of
patients with acute myeloid leukaemia admitted to
intensive care. Br J Haematol. 2005;129:350-357.
Pohlen M, Thoennissen NH, Braess J, et al. Patients
with acute myeloid leukemia admitted to intensive
care units: outcome analysis and risk prediction. PLoS
One. 2016;11:e0160871.

Faucher E, Cour M, Jahandiez V, et al. Short- and
long-term outcomes in onco-hematological patients
admitted to the intensive care unit with classic factors
of poor prognosis. Oncotarget. 2016;7:22427-22438.
Jackson K, Mollee P, Morris K, et al. Outcomes and
prognostic factors for patients with acute myeloid leu-
kemia admitted to the intensive care unit. Leuk
Lymphoma. 2014;55:97-104.

Lowenberg B, Downing JR, Burnett A. Acute myeloid
leukemia. N Engl J Med. 1999;341:1051-1062.

Hayani O, Al-Beihany A, Zarychanski R, et al. Impact of
critical care outreach on hematopoietic stem cell
transplant recipients: a cohort study. Bone Marrow
Transplant. 2011;46:1138-1144.

Bokhari SW, Munir T, Memon S, et al. Impact of critical
care reconfiguration and track-and-trigger outreach

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

team intervention on outcomes of haematology
patients requiring intensive care admission. Ann
Hematol. 2010;89:505-512.

Dohner H, Estey EH, Amadori S, et al. Diagnosis and
management of acute myeloid leukemia in adults:
recommendations from an international expert panel,
on behalf of the European LeukemiaNet. Blood.
2010;115:453-474.

Keenan T, LeBlanc TW, Traeger L, et al. Outcomes for
older patients with acute myeloid leukemia admitted
to the intensive care unit. Blood. 2015;126:531.

Lamia B, Hellot MF, Girault C, et al. Changes in sever-
ity and organ failure scores as prognostic factors in
onco-hematological malignancy patients admitted to
the ICU. Intensive Care Med. 2006;32:1560-1568.

Merz TM, Schar P, Buhlmann M, et al. Resource use
and outcome in critically ill patients with hemato-
logical malignancy: a retrospective cohort study. Crit
Care. 2008;12:R75.

Bernal T, Pardavila EV, Bonastre J, et al. Survival of
hematological patients after discharge from the inten-
sive care unit: a prospective observational study. Crit
Care. 2013;17:R302.

Yeo CD, Kim JW, Kim SC, et al. Prognostic factors in
critically ill patients with hematologic malignancies
admitted to the intensive care unit. J Crit Care.
2012;27:739.e1-736.€6.

Geerse DA, Span LF, Pinto-Sietsma SJ, et al. Prognosis
of patients with haematological malignancies admit-
ted to the intensive care unit: Sequential Organ
Failure Assessment (SOFA) trend is a powerful pre-
dictor of mortality. Eur J Case Rep Intern Med.
2011;22:57-61.

Sippel C, Kim Y, Wallau A, et al. AML versus ICU: out-
come of septic AML patients in an intensive care set-
ting. J Cancer Res Clin Oncol. 2015;141:1645-1651.
Oriol A, Vives S, Hernandez-Rivas JM, et al. Outcome
after relapse of acute lymphoblastic leukemia in adult
patients included in four consecutive risk-adapted tri-
als by the PETHEMA Study Group. Haematologica.
2010;95:589-596.

Schlenk RF, Dohner K, Mack S, et al. Prospective
evaluation of allogeneic hematopoietic stem-cell
transplantation from matched related and matched
unrelated donors in younger adults with high-risk
acute myeloid leukemia: German-Austrian trial
AMLHD98A. J Clin Oncol. 2010;28:4642-4648.

Duval M, Klein JP, He W, et al. Hematopoietic stem-
cell transplantation for acute leukemia in relapse or
primary induction failure. J Clin Oncol. 2010;28:
3730-3738.

Rowe JM, Kim HT, Cassileth PA, et al. Adult patients
with acute myeloid leukemia who achieve complete
remission after 1 or 2 cycles of induction have a
similar prognosis: a report on 1980 patients regis-
tered to 6 studies conducted by the Eastern
Cooperative Oncology Group. Cancer. 2010;116:
5012-5021.

Ostgard LS, Kjeldsen E, Holm MS, et al. Reasons for
treating secondary AML as de novo AML. Eur J
Haematol. 2010;85:217-226.


https://doi.org/10.1080/10428194.2017.1375106

[25]

[26]

[27]

[28]

[29]

[30]

Giri S, Chi M, Johnson B, et al. Secondary acute
lymphoblastic leukemia is an independent predictor
of poor prognosis. Leuk Res. 2015;39:1342-1346.
Hulegardh E, Nilsson C, Lazarevic V, et al
Characterization and prognostic features of secondary
acute myeloid leukemia in a population-based setting:
a report from the Swedish Acute Leukemia Registry.
Am J Hematol. 2015;90:208-214.

Amrein PC, Stone RM, Ballen KK, et al. Outcomes for
older patients with acute myeloid leukemia admitted
to the intensive care unit. Blood. 2015;126:2104.
Grimwade D, Walker H, Oliver F, et al. The importance
of diagnostic cytogenetics on outcome in AML: ana-
lysis of 1,612 patients entered into the MRC AML 10
trial. The Medical Research Council Adult and
Children’s Leukaemia Working Parties. Blood. 1998;92:
2322-2333.

Cornelissen JJ, Breems D, van Putten WL, et al.
Comparative analysis of the value of allogeneic hem-
atopoietic stem-cell transplantation in acute myeloid
leukemia with monosomal karyotype versus other
cytogenetic risk categories. J Clin Oncol. 2012;30:
2140-2146.

Byrd JC, Mrozek K, Dodge RK, et al. Pretreatment cyto-
genetic abnormalities are predictive of induction

[31]

[32]

[33]

[34]

[35]

CRITICALLY ILL ACUTE LEUKEMIA PATIENTS 9

success, cumulative incidence of relapse, and overall
survival in adult patients with de novo acute myeloid
leukemia: results from Cancer and Leukemia Group B
(CALGB 8461). Blood. 2002;100:4325-4336.

van Gelder M, de Wreede LC, Schetelig J, et al.
Monosomal  karyotype predicts poor  survival
after allogeneic stem cell transplantation in chromo-
some 7 abnormal myelodysplastic syndrome and sec-
ondary acute myeloid leukemia. Leukemia. 2013;27:
879-888.

Thakkar SG, Fu AZ, Sweetenham JW, et al. Survival
and predictors of outcome in patients with acute leu-
kemia admitted to the intensive care unit. Cancer.
2008;112:2233-2240.

Dohner H, Estey E, Grimwade D, et al. Diagnosis and
management of AML in adults: 2017 ELN recommen-
dations from an international expert panel. Blood.
2017;129:424-447.

Azoulay E, Metnitz B, Sprung CL, et al. End-of-life
practices in 282 intensive care units: data from the
SAPS 3 database. Intensive Care Med. 2009;35:
623-630.

Nguyen YL, Wallace DJ, Yordanov Y, et al. The vol-
ume-outcome relationship in critical care: a systematic
review and meta-analysis. Chest. 2015;148:79-92.



	Determinants of 1-year survival in critically ill acute leukemia patients: aGRRR-OH study
	Introduction
	Methods
	Patients and study design
	Data collection and definitions
	Statistical analysis


	Results
	Patient characteristics
	Outcomes
	Prognostic factors


	Discussion
	Acknowledgments
	Potential conflict of interest
	References


