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ABSTRACT

Background

Acute myeloid leukemia is a life-threatening disease associated with high mortality rates. A
substantial number of patients require intensive care. This investigation analyzes risk factors
predicting admission to the intensive care unit in patients with acute myeloid leukemia eligible
for induction chemotherapy, the outcome of these patients, and prognostic factors predicting
their survival.

Design and Methods

A total of 406 consecutive patients with de novo acute myeloid leukemia (15-89 years) were ana-
lyzed retrospectively. Markers recorded at the time of diagnosis included karyotype, fibrino-
gen, C-reactive protein, and Charlson comorbidity index. In patients requiring critical care, the
value of the Simplified Acute Physiology Score II, the need for mechanical ventilation, and
vasopressor support were recorded at the time of intensive care unit admission. The independ-
ent prognostic relevance of the parameters was tested by multivariate analysis.

Results

Sixty-two patients (15.3%) required intensive care, primarily due to respiratory failure (50.0%)
or life-threatening bleeding (22.6%). Independent risk factors predicting intensive care unit
admission were lower fibrinogen concentration, the presence of an infection, and comorbidity.
The survival rate was 45%, with the Simplified Acute Physiology Score II being the only inde-
pendent prognostic parameter (P<0.05). Survival was inferior in intensive care patients com-
pared to patients not admitted to an intensive care unit. However, no difference between inten-
sive care and non-intensive care patients was found concerning continuous complete remission
at 6 years or survival at 6 years in patients who survived the first 30 days after diagnosis (non-
intensive care patients: 28%; intensive care patients: 20%, P>0.05).

Conclusions

Ongoing infections, low fibrinogen and comorbidity are predictive for intensive care unit
admission in acute myeloid leukemia. Although admission was a risk factor for survival, con-
tinuous complete remission and survival of patients alive at day 30 were similar in patients who
were admitted or not admitted to an intensive care unit.
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Introduction

Acute myeloid leukemia (AML) is a life-threatening
stem cell disorder characterized by rapid and uncontrolled
proliferation and accumulation of myeloblasts.”” The
prognosis and clinical course of AML differs among
patients depending on specific molecular and cytogenetic
properties of the clone.”” Moreover, apart from disease-
associated features, patient-related factors including age
and pre- or co-existing diseases (comorbidity) are of prog-
nostic importance.”*” Although the rate of complete
remission in AML patients is relatively high (ranging
between 60 and 75%), only a small percentage of patients
are permanently cured.”"

Patients with AML usually present with severely com-
promised bone marrow function.! Some patients receive
intensive chemotherapy resulting in further suppression of
their immune system. As a result, infectious complications
are frequent and may lead to serious organ dysfunction or
even (multi)organ failure requiring admission to an inten-
sive care unit ICU)." High mortality rates (80-90%) have
been reported in patients with AML admitted to an ICU,
especially for those who need invasive mechanical venti-
lation."*® Thus, therapy in the ICU was described to be
largely unsuccessful in AML.”' However, a recent study
reported more encouraging results in AML patients admit-
ted to the ICU.” The current analysis was, therefore, con-
ducted to determine the percentage of patients with de
novo AML requiring ICU treatment prior to or during
induction chemotherapy. Furthermore, we attempted to
identify parameters predicting admission to the ICU as
well as prognostic factors associated with the outcome in
ICU patients.

Design and Methods

Patients’ characteristics

Between October 1994 and November 2006, a total of
406 consecutive patients with de novo AML eligible for
induction chemotherapy (median age, 59 years; range, 15-
89 years) were seen at the Vienna University Hospital.
Diagnoses were established according to the French-
American-British (FAB) cooperative study group criteria.”
White blood cell count, platelet count, age, hemoglobin,
lactate dehydrogenase, C-reactive protein, and fibrinogen
concentrations, the karyotype according to Southwest
Oncology Group criteria,” the presence of any infectious
disease, FAB subtype, and comorbidity assessed by the
Charlson comorbidity index” at diagnosis, were recorded
for all patients. During follow-up, ICU admission, date of
relapse, death (if applicable), and last visit were recorded.
The median follow-up was 1.1 years. Data were analyzed
in a retrospective manner. In ICU patients, the Simplified
Acute Physiology Score II (SAPS II)** at the time of
admission to the ICU, time from diagnosis of AML to ICU
admission, reason for ICU admission, need for invasive
mechanical ventilation and vasopressors, as well as labo-
ratory findings at ICU admission (fibrinogen, C-reactive
protein, and white blood cell count) were recorded retro-
spectively. The study was approved by the ethical review
board of the Medical University of Vienna.

Treatment of acute myeloid leukemia
Induction chemotherapy was performed according to

the DAV protocol™ in all patients except those with AML
FAB M83. In the case of persistence of blast cells after the
first induction cycle, patients received a second cycle of
induction chemotherapy (in patients aged <60 years:
MIDACY; in patients aged >60 years another cycle of
DAV). In 37 patients, a third induction cycle (primarily
FLAG?®) was administered. Patients with AML M3 were
treated according to the AIDA protocol.”

Supportive therapy

Routine supportive therapy was administered according
to institutional guidelines: red cell concentrates and
platelet concentrates were given to maintain the hemoglo-
bin level above 8.0 g/dL and the platelet count greater than
10x10°/L. Patients received prophylactic gastrointestinal
decontamination (ciprofloxacin and fluconazole during
induction chemotherapy). Granulocyte colony-stimulat-
ing factor was not administered routinely. In the case of
neutropenic fever associated with a severe infection or a
known history of a severe infection during a preceding
cycle of chemotherapy, granulocyte colony-stimulating
factor (30x10° U/day s.c. until neutrophil recovery) was
given together with antibiotic and antifungal therapy.
Admission to the ICU was granted to all patients with de
novo AML prior to or during induction chemotherapy.
There were no specific ICU admission criteria. The deci-
sion to admit a patient to the ICU was taken by the senior
hematologist and the senior intensivist.

Statistical analysis

The prognostic value of parameters at diagnosis, such as
white blood cell count, age, lactate dehydrogenase, C-
reactive protein and fibrinogen concentrations, karyotype,
infections, FAB subtype, and Charlson comorbidity index
as well as critical parameters at ICU admission including
white blood cell count, fibrinogen and C-reactive protein
concentrations, SAPS II, invasive mechanical ventilation,
time from diagnosis to ICU admission, and the cause of
admission, were analyzed by Cox regression for survival
and logistic regression for ICU admission and ICU out-
come. All parameters were first tested in univariate analy-
ses and factors significant at the P=0.05 level were then
tested simultaneously in a multivariate analysis. Survival
was defined as the time from admission to death from any
cause. Patients still at risk or lost from follow-up were cen-
sored. Continuous complete remission was defined as the
time from achievement of complete hematologic remis-
sion to a relapse. Patients who died from non-leukemia
associated disorders, those lost from follow-up, or still at
risk were censored. Survival of patients alive at day 30 was
defined as the survival of patients from day 30 after diag-
nosis until death. Day 30 was chosen because the majority
of patients who undergo induction chemotherapy show
hematologic reconstitution within this period. Patients
still at risk or lost from follow-up were censored. The
product limit method of Kaplan and Meier was used to
analyze the probability of overall survival, continuous
complete remission, and survival of patients alive at day
30. Differences were considered to be statistically signifi-
cant when the P value was less than 0.05.

As a screening procedure patients’ characteristics and
baseline measurements of clinical parameters were com-
pared with respect to ICU admission by univariate meth-
ods. Metric variables were tested by the Mann-Whitney
test, dichotomous variables by Fisher’s exact probability
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test, and categorical variables with more than two cate-
gories by ¢’ tests.

Results

Intensive care unit admission rate

Of a total of 406 consecutive patients with de novo AML,
62 (15.3%) required admission to the ICU. The patients’
characteristics are shown in Table 1. Twenty-five patients
were admitted to the ICU prior to the initiation of induc-
tion chemotherapy, and 37 were admitted during induc-
tion chemotherapy. Patients were admitted to the ICU at
amedian of 13 days (range, 0-97 days) after diagnosis. The
median SAPS Il at admission to the ICU was 64 (range, 30-
107). The primary reasons for ICU admission were respi-
ratory failure (n=31; 50%) and life-threatening bleeding
(n=14; 23%) (Table 2).

Factors predicting admission to the intensive care unit
A number of parameters recorded at the time of diagno-

Table 1. Patients’ characteristics at diagnosis.
All patients

Non-ICU patients  ICU patients P value

(n=406) (n=344) (n=62)
Age (years) 59 (15-98) 58 (16-89) 63 (19-86)  0.146
Sex (f/m; n) 199207 169/175 30/32 0.914
WBC (x10%L) 12.5 (0.03-450) 115 (0.03-312.4) 224 (0.12-450)  0.027
Platelets (x107L) 52 (2-1110) 50 (2-1110) 57 (10-320)  0.455
Hemoglobin (g/dL) 9.4 (4.8-14.8) 9.4 (4.8-14.8) 94 (5.8-14.1)  0.805
LDH (U/L) 389 (116-6820) 380 (116-6820) 478 (155-4000) 0.102
CRP (mg/dL) 3.9 (0.1-42.4) 3.0 (0.1-42.2) 7.0 (0.5-36.7)  <0.001
Fibrinogen (mg/dL) 413 (59-1020) 414 (59-1020) 399 (76-671)  0.067
CCl risk groups % % %
0 7.5 79,6 65.6 0.001
1-2 19.3 18.7 23.0
3-4 2.7 1.5 9.8
=5 0.5 0.3 1.6
FAB-subtypes n [%] n [%] n [%]
M0 21[5.2] 16 [4.7] 5(81] 0.277
Ml 82 [20.2] 69 [20.1] 13 [21.0] 0.883
M2 73 [18.0] 65 [18.9] 8 [12.9] 0.306
M3 25 [6.2] 18 [5.2] 7[113] 0.077
M4 69 [17.1] 62 [18.0] 7[113] 0.237
M4eo 20 [4.9] 16 [4.7] 416.5] 0.557
M5 63 [15.5] 50 [14.5] 13 [21.0] 0.237
M6 19 [4.7] 18 [5.2] 1[1.6] 0.225
M7 8 [2.0] 8 [2.3] 0[0] 0.230
AML with expression 6 [1.4] 5[1.5] 1[1.6] 0.924
of lymphatic markers
Not classifiable 20 [4.9] 17 [5.0] 3[4.8] 0.973

ICU: intensive care unit; f/m: female/male, n: number; WBC: white blood count; LDH: lactate dehy-
drogenase; CRP: C-reactive protein; CCI: Charlson comorbidity index; FAB: French-American-British
classification; AML: acute myeloid leukemia.Variables are expressed as median (range) or number
[percentage]; P values from Mann-Whitney test, Fisher’s exact probability test,y’ test, and for FAB
subtypes ’ components.
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sis were analyzed with respect to their predictive value
regarding the need for an admission to an ICU. In univari-
ate analysis, white blood cell count, C-reactive protein,
the presence of an infectious disease, fibrinogen, and
Charlson comorbidity index were found to be predictive
parameters indicating a high probability of an ICU admis-
sion. In contrast, age, karyotype, FAB subtype, and lactate
dehydrogenase levels were not of predictive value.
Parameters that were independently predictive for an ICU
admission were fibrinogen, presence of an infection, and
Charlson comorbidity index (Figure 1). We found that the
risk of an ICU admission increased continuously as the
levels of fibrinogen decreased. No significant differences
were detected when analyzing our data excluding patients
with AML M3. Table 3 shows a summary of the univari-
ate and multivariate analyses. When analyzing specific
comorbidities, marked differences were found between
ICU and non-ICU patients, i.e. congestive heart failure,
peripheral artery disease, diabetes mellitus, hemiplegia,
and chronic renal failure (Table 4).

Table 2. Reason for ICU admission.

AllIcU ICU IcU
patients survivors  non-survivors
(n=28) (n=34)

P value

(n=62)
frequency (%) frequency (%) frequency (%)

Respiratory failure 31 (50.0) 15 (53.6) 16 (47.1) 0.799
Severe bleeding 14 (22.6) 6 (21.4) 8 (23.5) 1.000
Sepsis 5(8.1) 1(3.6) 4(11.8) 0.366
CPR 5(8.1) 1(3.6) 4 (11.8) 0.366
Postoperative

admission 3(48) 3(10.7) 0 (0.0) 0.087
Acute renal failure 2 (3.2) 1 (3.6) 129 1.000
Acute myocardial

infarction 1 (1.6) 0(0.0) 129 1.000
Leukapheresis 1(1.6) 1 (3.6) 0 (0.0) 0.452

ICU; intensive care unit; CPR, cardiopulmonary resuscitation; P values from Fisher’s
exact probability test.
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Figure 1. Admission to the intensive care unit (ICU). Percentages of
ICU patients and non-ICU patients according to Charlson comorbidi-
ty index (CCI) risk group.




4 Intensive care unit survival and prognostic factors

The ICU survival rate was 45%. Fifteen of the 25
patients (60%) admitted to the ICU died before induction
chemotherapy could be initiated, mostly within the first
24 h after admission to the ICU. Factors significantly asso-
ciated with ICU outcome were the SAPS II as well as the
need for vasopressor support. In contrast, mechanical ven-
tilation, cause of ICU admission, time from diagnosis to
ICU admission, fibrinogen level, C-reactive protein con-
centration, and white blood cell count at the time of ICU
admission were not of predictive value. In multivariate
analysis, only the SAPS II was independently associated
with ICU survival (Table 3). ICU survivors presented with
a median SAPS 1I of 49 (range, 30-77), which was signifi-
cantly lower than that of non-survivors who had a median
SAPS II of 73 (range, 31-107; P<0.05). To analyze whether
the improvement of supportive care could have influenced
the outcome of our patients, we compared the survival of
patients admitted between 1994 and 2000 (n=34) with
those who were admitted between 2000 and 2006 (n=28).
As assessed by the log rank test, no difference could be
detected between these two groups of patients (P=0.6).

Table 3. Possible predictive factors for ICU admission, ICU outcome, and long-
term survival in ICU patients.

Factors predicting ICU Univariate Multivariate
admission (n=406) analysis analysis
0Odds Ratio [95% CI]  Odds Ratio [95% CI]

White blood cell count 1.50 [1.04-2.17] 0.96 [0.55-1.69]

Fibrinogen 0.16 [0.05-0.57] 0.07 [0.02-0.24]

Lactate dehydrogenase 2.10 [0.90-4.87]

C-reactive protein 2.98 [1.75-5.06] 1.57 [0.73-3.38]

FAB-subtype not significant

Karyotype not significant

Infection 411 [2.31-7.32] 3.80 [1.59-9.10]

Age 1.12 [0.95-1.31]

Comorbidity (CCI) 2.07 [1.34-3.20] 2.17 [1.32-3.56]
Factors predicting ICU Odds Ratio [95% CI]  0dds Ratio [95% CI]
outcome (n=62)

White blood cell count 0.96 [0.51-1.81]

Fibrinogen 1.04 [0.12-8.87]

C-reactive protein 2.50 [0.94-6.65]

Invasive mechanical ventilation 0.25 [0.03-2.58]

Vasopressor support 6.69 [2.01-22.33] 1.70 [0.34-8.35]

SAPS 11 1.95 [1.30-2.91] 1.82 [1.17-2.83]

Time from diagnosis to admission ~ 0.91 [0.73-1.13]

Cause of admission not significant

Factors predicting long
term survival in ICU

Hazard Ratio [95%-CI] Hazard Ratio [95%-Cl]

patients (n=62)

Fibrinogen 0.57 [0.17-1.90]
SAPS 11 1.35 [1.15-1.59] 1.34 [1.13-1.58]
CCI 1.52 [1.06-2.16] 1.20 [0.80-1.80]
Karyotype not significant

ICU: intensive care unit; FAB: French-American-British classification; CCI: Charlson comorbidity
index; SAPS II: Simplified Acute Physiology Score II; CI: confidence interval; multivariate analysis
done only for factors significant (P<0.05) in univariate analysis; odds ratios and hazard ratios for
10-fold increase (except for dichotomous and categorical variables).
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Long-term survival of intensive care unit patients
Univariate analysis of prognostic factors indicative of
long-term survival revealed that high SAPS II at ICU
admission, as well as a higher Charlson comorbidity index
were associated with an adverse survival outcome (Table
3). In contrast, the karyotype was not of prognostic signif-
icance. In multivariate analysis only SAPS II remained an
independent prognostic variable predicting survival.

Comparison of patients admitted or not to the
intensive care unit

Patients not admitted to the ICU (n=344) had a better
survival than those admitted to the ICU (n=62) (non-ICU
patients: median survival, 19.6 months; survival rate at 8
years: 21%; ICU patients: median survival, 1.3 months;
survival rate at 8 years: 9%; P<0.05) (Figure 2). ICU admis-
sion was an independent adverse prognostic factor with
respect to survival. Additional factors prognostic of sur-
vival were karyotype, age, Charlson comorbidity index
(Figure 3), as well as white blood cell count and lactate
dehydrogenase concentration at diagnosis, whereas FAB
subtype, C-reactive protein level, and the presence of an
infectious disease at diagnosis showed no predictive
value. In contrast to survival, no significant differences
were found between ICU patients and non-ICU patients
when comparing the continuous complete remission and
early-phase survival (Figure 2). At 6 years, the continuous
complete remission rate was 38% among non-ICU-
patients and 33% among ICU patients (P=0.05). Similarly,
the 6-year survival rate of those patients who had survived
the first 30 days was 28% among non-ICU patients and
20% among ICU patients (P>0.05). ICU admission was
not of prognostic significance with regard to continuous
complete remission or survival of patients alive at day 30.
Eight non-ICU patients and 18 ICU patients died within
the first 30 days after diagnosis.

Table 4. Comorbidities in ICU and non-ICU patients.

Comorbidity Non-ICU patients ICU patients P value
(n=344) (n=62)
frequency (%) frequency (%)

Myocardial infarction 10 (2.9) 2(32) 0.570
Congestive heart failure 7(2.0) 5(8.1) 0.024
Peripheral artery disease 3(0.9) 1(1.6) 0.486
Cerebral artery disease 5 (1.5) 4 (6.5) 0.034
Dementia 1(0.3) 0 (0.0) 1.000
Chronic obstructive lung disease 13 (3.8) 2(32) 1.000
Collagenosis 1(0.3) 0 (0.0) 1.000
Gastric ulcer 11 (3.2) 2(32) 1.000
Liver cirrhosis 0 (0.0) 1(1.6) 0.153
Diabetes mellitus

without organ damage 14 (4.1) 6 (9.1 0.101

with organ damage 6 (1.7) 1 (1.6) 1.000
Hemiplegia 3(0.9) 3 (4.8) 0.048
Chronic renal failure 1(0.3) 5(8.1) <0.001
Solid tumor 8 (2.3) 2(32) 0.654

ICU: intensive care unit; P values from Fisher’s exact probability test.
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Discussion

In the present investigation, every seventh patient eligi-
ble for induction chemotherapy had to be admitted to the
ICU prior to or during induction chemotherapy. A recently
published paper by Attalah et al”’ revealed that 28% of
patients with AML undergoing induction chemotherapy
were admitted to the ICU (range, 12% to 44%, depending
on the induction chemotherapy regimen). This difference
between studies might be explained by the different treat-
ment protocols used. Attalah er al. employed several differ-
ent induction regimens with different intensities and thus
different toxicities. In our cohort, all patients, except those
with FAB M3 (who received the AIDA protocol) were
treated with the DAV protocol. However, both studies
show that a considerable number of patients with AML
develop serious complications leading to admission to the
ICU.

Identifying risk factors for clinical deterioration leading
to ICU admission is of particular interest when treating
patients with AML. Multivariate analysis revealed that
infection, lower fibrinogen levels and comorbidity at diag-
nosis were independent prognostic factors for ICU admis-
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Figure 2. Kaplan-Meier estimates of survival (A), survival from day
30 after diagnosis (B), and continuous complete remission (C) in
non-intensive care unit patients (non-ICU patients) and intensive
care unit patients (ICU patients) with AML.
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sion. Indeed, more than half of our patients were admitted
to the ICU due to infectious complications, such as sep-
ticemia, and respiratory failure known to be mostly of
infectious origin®*”®" Interestingly, other disease- and
patient-related factors including age, FAB subtype, and the
karyotype, all known to be correlated with long-term sur-
vival, were not associated with ICU admission. Our find-
ings underline the importance of tight adherence to guide-
lines concerning the prevention and treatment of infec-
tious complications in patients with hematologic malig-
nancies.”* To reduce the risk of ICU admission high-risk
patients should, therefore, receive early prophylaxis with
antibiotics and antifungal agents. In patients with AML,
decreased fibrinogen levels are frequently associated with
disseminated intravascular coagulation, which is known
to be associated with an increased risk of severe bleed-
ing.*** Life-threatening bleeding was the second major
reason for ICU admission in our cohort of AML patients,
and was found to be associated with a poor outcome. Our
observations are in line with previously published data
showing that bleeding is one of the primary causes of an
ICU admission in critically ill patients with hematologic
malignancies,”* and particularly in patients with AML."”*
With this in mind, it is tempting to speculate whether a
strategy of early replacement with fresh-frozen plasma or
fibrinogen concentrates with the aim of preserving high
normal values would reduce the risk of life-threatening
bleedings. The third independent prognostic factor for
ICU admission was the presence of comorbid conditions,
despite the exclusion of ‘unfit’ patients not eligible for
induction chemotherapy. To the best of our knowledge,
this is the first study demonstrating that comorbidity in
AML is associated with a high risk of ICU admission,
which may have clinical implications. It seems important,
especially in older patients, to screen for comorbid condi-
tions in order to define the patients’ overall risk in AML,
including the risk of being admitted to the ICU which is
per se an adverse prognostic factor.

The ICU survival rate in our cohort of patients was 45 %,
which is higher than that reported previously for AML
patients admitted to an ICU."" However, more recently
published data show that a considerably higher percentage
of AML patients admitted to an ICU can survive. In partic-
ular, Rabbat et al."” reported an ICU survival rate of 66%.
Compared to these data the survival rate in our patients

Probability of survival

Figure 3. Kaplan-Maier estimates of survival according to Charlson
comorbidity index (CCI) risk group.
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seems to be inferior. However, patients in our cohort were
more severely ill at the time of ICU admission, as reflected
by a higher mean SAPS II (64 in our patients versus 55 in the
report by Rabbat et al). Moreover, invasive mechanical
ventilation, the strongest predictor of ICU mortality in
patients with hematologic malignancies,”*** had to be
used in a higher percentage of our patients (68%) than in
those of the study by Rabbat et al."” (47 %). The comparison
between the two cohorts is further complicated by the fact
that in our cohort only patients with de novo AML before,
during or after induction therapy were analyzed, whereas
Rabbat er al” also described the ICU course of AML
patients during consolidation chemotherapy, after stem cell
transplantation, and in relapse.

In our analysis the only independent prognostic factor
for ICU survival was the SAPS I, as assessed by multivari-
ate analysis. This is in line with several reports showing
that the ICU survival of patients with hematologic malig-
nancies might not depend on disease-related parameters,
but rather on the severity of the acute illness.”*#*#44
Long-term survival of patients with hematologic malig-
nancies has been described to be independent of the sever-
ity of disease at ICU admission but rather associated with
disease-related parameters."**¥*

Our analysis, albeit retrospective in nature, is one of the
first to investigate a consecutive homogeneous cohort of
patients with a distinct hematologic disease (AML) in
detail, starting from the day of diagnosis and focusing on
a possible independent effect of an ICU admission on out-
come. So far, the survival of ICU patients has not been
compared with that of non-ICU patients in AML. With
regards to the survival of the whole cohort of AML
patients eligible for induction chemotherapy, ICU admis-
sion was an independent adverse prognostic factor.
However, no significant differences were found between
ICU patients and non-ICU patients when comparing con-
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