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Abstract Purpose: The prognosis
of critically ill cancer patients has
improved recently. Controversies
remain as regard to the specific
prognosis impact of neutropenia in
critically ill cancer patients. The pri-
mary objective of this study was to
assess hospital outcome of critically
ill neutropenic cancer patients
admitted into the ICU. The secondary
objective was to assess risk factors for
unfavorable outcome in this popula-
tion of patients and specific impact of
neutropenia. Methods: We per-
formed a post hoc analysis of a
prospectively collected database. The
study was carried out in 17 university
or university-affiliated centers in
France and Belgium. Neutropenia
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was defined as a neutrophil count
lower than 500/mm?. Results:
Among the 1,011 patients admitted
into the ICU during the study period
289 were neutropenic at the time of
admission. Overall, 131 patients died
during their hospital stay (hospital
mortality 45.3 %). Four variables
were associated with a poor outcome,
namely allogeneic transplantation
(OR 3.83; 95 % CI 1.75-8.35), need
for mechanical ventilation (MV) (OR
6.57; 95 % CI 3.51-12.32), microbi-
ological documentation (OR 2.33; CI

1.27-4.26), and need for renal
replacement therapy (OR 2.77; 95 %
CI 1.34-5.74). Two variables were
associated with hospital survival,
namely age younger than 70 (OR
0.22; 95 % CI 0.1-0.52) and neutro-
penic enterocolitis (OR 0.37; 95 % CI
0.15-0.9). A case—control analysis
was also performed with patients of
the initial database; after adjustment,
neutropenia was not associated with
hospital mortality (OR 1.27; 95 % CI
0.86-1.89). Conclusion:
survival was closely associated with

younger age and neutropenic entero-
colitis. Conversely, need for
conventional MV, for renal replace-
ment therapy, and allogeneic
hematopoietic stem cell transplanta-
tion (HSCT) were associated with
poor outcome.
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Introduction

Therapeutic advances regarding hematological malignan-
cies during the last two decades translated into overall
improvement of both short-term and long-term prognosis of
hematological patients [1, 2]. Concomitantly, the prognosis
of critically ill cancer patients has improved in the overall
population but also in specific subgroups of patients such as
those presenting with septic shock [3], acute respiratory
failure [4], or pulmonary infiltration during acute myeloid
leukemia [5]. However, doubt remains as regard to the spe-
cific prognosis of neutropenic patients and as regard to the
prognostic impact of neutropenia in critically ill cancer
patients [6, 7]. Hence, although in previous study, we found
meaningful survival associated with acute respiratory failure
(ARF) in neutropenic patients, hospital mortality was par-
ticularly high raising questions as regard to the benefit of ICU
admission in this specific population [8].

Despite the availability of new molecules with lower
side effects [9], neutropenia remains an accepted side
effect of most of treatments of hematological patients [10,
11]. Neutropenia is a transient and expected immune
dysfunction. Beyond cancer chemotherapy, several addi-
tional factors including sepsis, lung injury, response to
chemotherapy, and underlying malignancy and its stage
are usual factors associated with neutropenia duration
[12]. ICU admission is frequently required in these
patients as consequences of sepsis [6] and acute respira-
tory failure [7] and less frequently in specific conditions
such as neutropenic enterocolitis [13]. Only little recently
published information is, however, available as regard to
these patients’ prognosis and to factors associated with
outcome in this specific population of patients.

The primary objective of this study was to assess
hospital outcome of critically ill neutropenic cancer
patients admitted into the ICU. The secondary objective
was to assess risk factors for unfavorable outcome in this
population of patients and to delineate the specific prog-
nostic impact of neutropenia in these patients’ prognosis.

Methods
Study population

We performed a post hoc analysis of a prospectively
collected database specifically designed to assess outcome
of critically ill hematologic patients [14]. Patients were
prospectively included from 2010 to 2012. The study was
carried out in 17 university or university-affiliated centers
in France and Belgium that belonged to a research net-
work instituted in 2005. In all 17 centers, a senior
intensivist and a senior hematologist are available around
the clock and make ICU admission decisions together.
Adult patients were included in this secondary analysis if
they were admitted to the ICU with a neutropenia (defined
as a neutrophil count lower than 500/mm~). The appro-
priate ethics committees approved this study [14].

Definitions

The data in the tables and figure were collected pro-
spectively. 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
ICU; this score provides an estimate of the risk of death
based on organ dysfunction [15]. The performance status
[16] and Charlson comorbidity index were determined at
ICU admission [17]. Both leukemia and lymphoma are
already part of the Charlson index.

Reasons for ICU admission were recorded on the basis
of the main symptoms at ICU admission. An admission in
the context of neutropenia recovery was defined as an
ICU admission on the day of neutropenia recovery or in
the 3 days preceding or following this. Acute respiratory
failure was defined as oxygen saturation less than 90 % or
PaO, less than 60 mmHg on room air combined with
severe dyspnea at rest with an inability to speak in sen-
tences or a respiratory rate greater than 30 breaths per
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minute or clinical signs of respiratory distress [18]. Shock
was defined as previously reported [19, 20]. Life-sup-
porting interventions, anti-infectious agents, prophylactic
treatments, urate oxidase use, and diagnostic procedures
were administered at the discretion of the attending in-
tensivists, who followed best clinical practice and
guidelines. Chemotherapy, corticosteroids, hematopoietic
growth factors, immunosuppressive drugs, and other
cancer-related treatments were prescribed by the hema-
tologist in charge of each patient in accordance with
institutional guidelines.

Etiologic diagnoses were made by consensus by the
intensivists, hematologists, and consultants, according to
recent definitions [14]. In particular, etiologies of pul-
monary involvement were diagnosed on the basis of
predefined criteria [18]; for possible or probable invasive
pulmonary aspergillosis, the most recent definitions were
used [21].

Statistical analysis

The primary outcome was vital status at hospital discharge.
Quantitative variables are described as median (interquar-
tile range, IQR), qualitative variables as number
(percentage). Predictors of hospital death were identified in
univariate analyses either by Fisher tests or Wilcoxon tests
according to the variable. Covariates that were associated
with mortality at a significance level less than 0.1 were
selected as candidates for multivariate logistic regression
analysis. The final multivariate model was selected by a
backward procedure based on p value. Log-linearity was
checked for continuous variables. Non-log-linear variables
were dichotomized. Hosmer—Lemeshow goodness-of-fit
tests were performed on multivariate regression models.
In order to more clearly assess the influence of neu-
tropenia on outcome, a case—control analysis was
performed with patients of the initial database [14]. In this
analysis, cases (neutropenic patients) were matched with
controls (non-neutropenic patients). The matching pro-
cedure was performed using the Match function in the
Matching (version 4.8-3.4) package of R. We used a
Mahalanobis distance including the following variables:
SOFA score above 7, age below 70 years, underlying
malignancy (coded as lymphoid, myeloid, other), need for
invasive MV, and need for vasopressors to evaluate dis-
tance between patients. Matching was performed without
replacement and groups of ties were randomly broken.
The seed of the process was kept to reproduce results.
Among the 289 patients with neutropenia, 255 were
matched. Conditional logistic regression was used to
identify factors associated with hospital mortality. The
cumulative survival rate in hospital according to neutro-
penia was presented as a Kaplan—Meier curve, and
differences among groups were tested by the log-rank
test. To account for the competing risk of discharge alive,

survival in hospital was presented by plotting one minus
the cumulative incidence of death in hospital for both
groups, and the cumulative incidence of death in hospital
was compared between neutropenic patients non-neutro-
penic patients using Gray’s test [22]. All tests were two-
sided and p values less than 0.05 were considered as
indicating significant association.

In order to assess the impact of prolonged life-supporting
interventions, the conditional survival probability was plot-
ted according to duration of mechanical ventilation,
vasoactive drugs, and/or renal replacement therapy (RRT).

Finally, the influence of the length of stay in ICU on
outcome was assessed by the transition probability of
being discharged alive from ICU when estimated via
multistate modeling, i.e., for each time ¢, the probability
that a patient still in ICU at ¢ will eventually be dis-
charged alive.

Analyses were performed using the R statistical soft-
ware version 2.15.0 (available online at http://www.
R-project.org).

Results
Study population

Among the 1,011 patients admitted into the ICU during the
study period 289 were neutropenic at the time of admission.
The characteristics of these patients are reported in
Tables 1 and 2. The main underlying malignancies were
acute leukemia (n = 144; 50 %) and lymphoma (n = 75;
26 %). Ninety-seven patients were bone marrow or hema-
topoietic stem cell transplant (BMT/HSCT) recipients
(34 %). Among reasons for ICU admission (some patients
may have more than one) the more common were sepsis
(230; 80 %), acute respiratory failure (186; 64 %), and
shock (167; 58 %). At the time of ICU admission 228
(79 %) patients had already received an antimicrobial
therapy and the vast majority of these patients received an
antimicrobial therapy during their first ICU day (262;
91 %). During ICU stay, 35 patients (12 %) received can-
cer chemotherapy, 101 (35 %) noninvasive mechanical
ventilation, 146 (50.5 %) conventional mechanical venti-
lation, 176 (61 %) vasopressors, and 66 (23.5 %) renal
replacement therapy. The ICU mortality was 33.6 % (97
patients). Regarding treatment limitations, 70 (24.2 %)
patients with neutropenia had an end-of-life decision.
Among them 63 (90 %) died in ICU.

Hospital outcome

Overall, 131 patients died during their hospital stay (hospital
mortality 45.3 %). The main factors associated with poor
hospital outcome are reported in Table 2. After adjustment
for confounders, six factors were independently associated
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Table 1 Characteristics of patients at ICU admission

Survivors (n = 158) Decedents (n = 131) p value
Age < 70 years 143 (90.51 %) 96 (73.28 %) 0.001
SOFA score at ICU admission 6 (4-9) 9 (6-12.5) <0.0001
Gender (male) 59 (37.34 %) 54 (41.22 %) 0.55
Underlying malignancy 0.34
Hodgkin’s disease 6 (3.8 %) 3(2.29 %)
Acute lymphocytic leukemia 13 (8.23 %) 15 (11.45 %)
Acute myeloid leukemia 66 (41.77 %) 50 (38.17 %)
Chronic lymphocytic leukemia 5 (3.16 %) 10 (7.63 %)
Chronic myeloid leukemia 2 (1.27 %) 1 (0.76 %)
Non-Hodgkin’s lymphoma 42 (26.58 %) 24 (18.32 %)
Myelodysplastic syndrome 5(3.16 %) 5 (3.82 %)
Myeloma 13 (8.23 %) 11 (8.4 %)
Other 6 (4 %) 12 (9 %)
Days since diagnosis 171 (27-556) 249 (32-1,058) 0.050
Disease status at ICU admission 0.008
Newly diagnosed 55 (34.81 %) 34 (26.15 %)
Complete or partial remission 49 (31.01 %) 26 (20 %)
No remission 51 (32.28 %) 66 (50.77 %)
Unknown 3.9 %) 5 (3.81 %)
Allogeneic BMT/HSCT recipients 20 (12.66 %) 33 (25.19 %) 0.009
Poor performance status (bedridden, completely disabled) 25 (15.82 %) 35 (26.72 %) 0.029
Charlson comorbidity index 3 (2-4.75) 4 (2-5) 0.027
Circumstances of ICU admission
Time between hospital and ICU admission (days) 13.5 (1-21.25) 14 (1-25) 0.92
Direct admission to the ICU 32 (20.25 %) 25 (19.08 %) 0.88
ICU admission in a context of neutropenia recovery 53 (33.54 %) 31 (23.66 %) 0.070
More than one request from the hematologist before ICU admission 18 (12.95 %) 16 (15.53 %) 0.58
Admission to the ICU for chemotherapy in high-risk patients 6 (3.8 %) 1 (0.76 %) 0.13

ICU admission for safer chemotherapy initiation was restricted to patients with high tumoral burden (hyperleukocytic leukemia or bulky
lymphoma) who were at high risk of leukostasis, tumor lysis syndrome, or compression from bulk tumors

with outcome (Fig. 1). Four variables were associated with a
unfavorable outcome, namely allogeneic BMT/HSCT (OR
3.83; 95 % CI 1.75-8.35), need for conventional MV (OR
6.57; 95 % CI 3.51-12.32), microbiological documentation
of a suspected sepsis (OR 2.33; CI 1.27-4.26), and need for
RRT (OR 2.77; 95 % CI 1.34-5.74) while two variables
were associated with hospital survival, namely younger age
(<70 years; OR 0.22; 95 % CI 0.1-0.52) and neutropenic
enterocolitis (OR 0.37; 95 % CI 0.15-0.9).

The probability of being discharged alive according to
ICU stay is reported in Electronic Supplementary Mate-
rial Fig. 1. This figure reports the proportion of patients
still hospitalized in ICU for each of the reported days and
finally being discharged alive. During the first 21 days,
transition probabilities were similar suggesting a similar
risk of favorable outcome despite ICU length of stay.
Similarly, the duration of life-supporting intervention was
not associated with increased hospital mortality (Elec-
tronic Supplementary Material Fig. 2).

Influence of neutropenia on outcome

Finally, in order to more clearly assess the influence of
neutropenia on outcome, a case—control analysis was

performed after adjustment for the main confounders. A
total of 251 cases and controls were included in this
analysis. After adjustment, neutropenia was not associ-
ated with hospital mortality (OR 1.27; 95 % CI
0.86-1.89) (Fig. 2 and Electronic Supplementary Material
Fig. 3).

Discussion

We report the results of a large multicenter cohort
assessing the prognosis of neutropenic cancer patients
admitted to the ICU. Overall, this study provides three
important pieces of information. First, hospital survival
was meaningful in this specific population of critically ill
cancer patients. Hence, hospital mortality was 55 %. In
addition, neutropenia was not associated with outcome
after adjustment for age, initial severity, underlying
malignancy, and organ support therapies. These findings
suggest that neutropenia may not be a relevant risk factor
for unfavorable outcome when compared to organ failure
or initial severity. Finally, this study reports factors
associated with unfavorable outcome in this population of
patients.
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Table 2 Impact of diagnosis and organ support on hospital mortality

Survivors (n = 158) Decedents (n = 131) P value
Sepsis 0.25
Septic shock 60 (37.97 %) 61 (46.56 %)
Sepsis and severe sepsis 66 (41.77 %) 43 (32.82 %)
No infection 32 (20.25 %) 27 (20.61 %)
Type of infection
Gram-positive infections 21 (13.29 %) 9 (6.87 %) 0.084
Gram-negative infections 43 (27.22 %) 43 (32.82 %) 0.30
Pneumonia 50 (31.65 %) 66 (50.38 %) 0.002
Urinary tract infection 3 (1.9 %) 4 (3.05 %) 0.71
Invasive pulmonary aspergillosis 10 (6.33 %) 20 (15.27 %) 0.019
Pneumocystis jiroveci infection 3 (1.9 %) 0 0.25
Catheter-related infection 11 (6.96 %) 4 (3.05 %) 0.18
Microbiological documentation in ICU 63 (40 %) 75 (57.25 %) 0.004
Antibiotic treatment
Antibiotic treatment just before ICU admission 129 (83.3 %) 99 (77.4 %) 0.23
Anti-pseudomonal beta-lactam at ICU admission 69 (43.7 %) 66 (50.4 %) 0.29
Combination therapy® at ICU admission 126 (79.8 %) 109 (83.2 %) 0.54
Glycopeptides or linezolid at ICU admission 79 (50 %) 53 (40.5 %) 0.12
Organ failure
Acute respiratory failure 82 (51.9 %) 104 (79.39 %) <0.0001
Acute kidney injury 27 (17.09 %) 26 (19.85 %) 0.55
Neutropenic enterocolitis 37 (23.42 %) 12 (9.16 %) 0.001
Severe bleeding 5 (3.16 %) 9 (6.87 %) 0.17
Shock 98 (62.03 %) 69 (52.67 %) 0.12
Cardiac events 16 (10.13 %) 16 (12.21 %) 0.58
Cardiac pulmonary edema 5 (3.16 %) 4 (3.05 %) 1.00
Admission after cardiac arrest 3 (1.9 %) 6 (4.58 %) 0.31
Acute liver dysfunction 2 (1.27 %) 3(2.29 %) 0.66
Coma 3(1.9 %) 1 (0.76 %) 0.63
Severe metabolic disturbances 4 (2.53 %) 2 (1.53 %) 0.69
Complications related to malignancy
Organ infiltration by the malignancy 11 (6.96 %) 11 (8.4 %) 0.66
Leukemic pulmonary infiltration 3 (1.9 %) 5 (3.82 %) 0.47
Hemophagocytic lymphohistiocytosis 1 (0.63 %) 0 1.00
Tumor lysis syndrome 4 (2.53 %) 3(2.29 %) 1.00
Severe chemotherapy-related toxicity 22 (14.01 %) 13 (9.92 %) 0.37
Life-supporting intervention
Chemotherapy in ICU 22 (14.01 %) 13 (9.92 %) 0.37
Invasive mechanical ventilation 48 (30.38 %) 98 (74.81 %) <0.0001
Noninvasive mechanical ventilation 45 (28.48 %) 56 (42.75 %) 0.013
Vasoactive drugs 75 (47.47 %) 101 (77.1 %) <0.0001
Renal replacement therapy 20 (12.82 %) 46 (36.8 %) <0.0001
? A combination therapy was defined as aminoglycosides or fluoroquinolones given in addition to beta-lactams
Fig. 1 Independent factors <70 years
associated with hospital m HSCT
mortality by multivariate X . R .
analysis Microbiological documentation ——
Neutropenic enterocolitis
Invasive mechanical ventilation ——
Renal replacement therapy _
I T T Ll | | 1
0.1 a2 os 10 20 5o 00
Odds ratio

This multicenter study provides an accurate snapshot little influence on outcome. In keeping with previous
of characteristics and outcome of neutropenic critically ill studies, underlying hematological malignancy type or
patients. Our results suggest a meaningful hospital sur- status was not associated with in-hospital prognosis [6, 8].
vival of these patients and suggests that neutropenia has Conversely, the main independent prognosis factors were
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Fig. 2 Cumulative incidence of death in hospital according to the
presence of neutropenia in the case—control analysis (251 neutro-
penic patients vs 251 controls); Gray’s test, p = 0.18

initial severity as assessed by required organ support
therapy, pre-existing allogeneic HSCT, and older age [6,
8, 23, 24]. Older age is a well-known risk factor in crit-
ically ill cancer patients [6, 8, 23, 24] but also outside
ICU [25-28]. Finally, despite the fact that neutropenia
may reflect the engraftment period for most of the allo-
geneic SCT included in this study, the prognosis was poor
in this subset of patients [24]. Our results suggest that in
the specific subgroup of neutropenic patients, allogeneic
BMT/HSCT recipients represent a high-risk population in
whom two kinds of immunosuppression are concomitant.
Neutropenia represents the reversal part of this immuno-
suppression in which engraftment period and neutropenia
recovery represent two crucial steps associated with high-
risk situations such as neutropenia-related sepsis, pre-
engraftment and engraftment syndromes [12]. These sit-
uations could contribute to the mortality. Although graft
versus host disease and treatment toxicity may contribute
to the poor prognosis of these patients, all of the included
patients undergoing allogeneic BMT in our study were
admitted during the engraftment period. As a conse-
quence, these specific complications were unlikely to
have occurred at this stage of transplantation. Addition-
ally, neutropenia recovery may be associated with
worsening of respiratory status in up to 50 % of critically
ill cancer patients [29]. Granulocyte colony-stimulating
factor (G-CSF) has been associated with this event [30].
Furthermore, therapeutic use of G-CSF (i.e., to treat
established fever rather than to prevent infectious com-
plications) remains of debated interest [31].

Two of the independent prognosis factors are, how-
ever, unusual. First, there was an association in this study

between neutropenic enterocolitis and survival. Abdomi-
nal syndrome is usually considered as an uncommon but
relevant life-threatening complication [32]. Neutropenic
enterocolitis, also known as typhlitis, is a classical com-
plication of intensive chemotherapy [32]. Neutropenic
enterocolitis usually presents with fever and abdominal
pain in association with severe mucositis and is seen
primarily in severely immunosuppressed, neutropenic
patients with cytosine arabinoside-based chemotherapy
regimens. Usual management includes antibiotics and
supportive care along with careful search for signs sug-
gesting perforation or peritonitis. Surgery is usually
required in the latter or in patients experiencing abrupt
organ dysfunction along with usual presentation [33].
Interestingly, in this cohort of critically ill patients, neu-
tropenic enterocolitis was diagnosed in 17 % of the
neutropenic critically ill cancer patients. In this study,
diagnoses were made by consensus between the intensi-
vists, hematologists, and consultants. Although we cannot
rule out that this diagnosis was overestimated, our results
suggest that this complication is of heterogeneous sever-
ity, might translate into severe sepsis/septic shock and
require ICU admission, but that evolution is in general
favorable. However, despite the favorable outcome in the
majority of these patients, some patients nevertheless
experience secondary complications such as perforation
or necrosis [33]. This heterogeneous presentation with a
majority of patients experiencing favorable outcome and
a minority experiencing life-threatening complications
requiring surgery further underlines the need for a close
collaboration between intensivist, radiologist, surgeon,
and hematologist in assessing these patients’ care [14, 32—
34]. The existing uncertainty regarding optimal manage-
ment of this complication along with its high incidence is
a plea for an urgent assessment of optimal therapy in
patients developing this complication.

Additionally, patients with microbiologically docu-
mented infection had a poor outcome. In our study, 80 %
of patients presented with sepsis, severe sepsis, or septic
shock. Septic shock was, however, not independently
associated with hospital mortality. This might partly
reflect recent advances in supportive care in these patients
along with improvements regarding management of sep-
sis in both neutropenic [3, 6] and non-neutropenic patients
[35, 36]. As recommended [37], 81 % of septic patients
were treated with a combination therapy at ICU admis-
sion. However, only 47 % of them were treated with an
anti-pseudomonal beta-lactam at ICU admission; in this
situation compliance with guidelines [37] was inadequate.
Accordingly, positive microbiological documentation in
ICU was associated with poor prognostic and might
suggest an inadequacy between the initial antibiotherapy
and documented infection.

Our study has several limitations that need to be taken
into account. First, 25 % of patients considered for ICU
admission were finally refused, suggesting that this
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population was selected upon ICU admission. Similarly,
an unrecorded number of hematological patients with
organ failure are likely not to have been considered for
ICU admission because of progressive and intractable
disease or expected quality of life. Nevertheless, the
multicenter design of this study is likely to have limited
the influence of local admission policy that may have
biased the final results. Additionally, patients were
included in centers with close cooperation with a hema-
tologist and where both senior intensivists and
hematologists were available at any time. Our results may
therefore not translate to ICUs or hospitals with lower
physician availability. In the same way, two potential
interesting variables were not taken into account in our
analysis. First, our study was not designed to assess the
influence of ICU admission or organ failures on cancer
treatment options for ICU survivors. Previous studies
suggested that AKI at the initial stage of hematological
malignancies was associated with lower remission rate
[38, 39]. Hematologist willingness to aggressively treat
patients who experienced severe complication during
neutropenia remains unknown. Information in this field
might be required in order to more clearly understand the
influence of ICU admission of these patients on long-term
prognosis. Moreover, neutropenia duration before ICU
admission and therefore whole neutropenia duration were
not evaluated by this study. Despite the methodological
limit that may arise in evaluating this time-dependent

variable [23], we believe that studies assessing the influ-
ence of neutropenia duration on outcome may be required
in order to assess the prognostic influence of this variable.
Finally, the absence of prognosis impact of neutropenia
after matching in our study cannot be viewed as a lack of
prognostic impact of this complication. First, the overall
survival of neutropenic patients was non-significantly
lower than survival of non-neutropenic patients after
matching (Fig. 2). This may reflect a lack of statistical
power to detect a prognostic impact of neutropenia. Our
findings nevertheless suggest that the prognosis impact of
this complication, if any, may be viewed as limited when
compared to the one of initial severity or organ dys-
functions. Therefore, despite the uncertainty mentioned
above, neutropenia should probably no longer be viewed
as a relevant factor for triage purposes.

Overall, our results confirm the meaningful hospital
survival of critically ill cancer patients with neutropenia.
Additionally, our study suggests that the prognostic
impact of neutropenia among critically ill cancer patients
is limited when the main confounders are taken into
account. Conversely, patients’ characteristics (namely age
older than 70 years and allogeneic HSCT) or initial
severity were associated with poor outcome whereas
neutropenic enterocolitis as the main reason for ICU
admission was associated with hospital survival.

Conflicts of interest None.
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