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contributed to the prognostic improvement of critically ill cancer patients. The primary objective of this study
was to assess the association between early ICU admission and hospital mortality in CICP.
Design: Retrospective analysis of a prospective multicenter dataset. Early admission was defined as admission in
Objectives: Early intensive care unit (ICU) admission, in Critically Ill Cancer Patients (CICP), is believed to have

the ICU<24h of hospital admission.We assessed the association between early ICU admission andhospitalmor-
tality in CICP via survival analysis and propensity score matching.
Results: Of the 1011patients in our cohort, 1005 had data available regarding ICU admission timing and were in-
cluded. Overall, early ICU admission occurred in 455 patients (45.3%). Crude hospital mortality in patients with
early and delayed ICU admission was 33.6% (n=153) vs. 43.1% (n=237), respectively (P=0.02). After adjust-
ment for confounders, early compared to late ICU admissionwas not associatedwith hospitalmortality (HR 0.92;
95%CI 0.76–1.11). After propensity score matching, hospital mortality did not differ between patients with early
(35.2%) and late (40.6%) ICU admission (P=0.13). In thematched cohort, early ICU admissionwasnot associated
with mortality after adjustment on SOFA score (HR 0.89; 95%CI 0.71–1.12). Similar results were obtained after
adjustment for center effect.
Conclusion: In this cohort, early ICU admissionwas not associatedwith a better outcome after adjustment for con-
founder and center effect. The uncertainty with regard to the beneficial effect of early ICU on hospital mortality
suggests the need for an interventional study.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Cancer is amajor public health problemworldwide, and is one of the
most common cause of death in the general population and is the first
cause in patients over 40 years old [1,2]. Many cancer patients require
admission in intensive care unit (ICU) for life-threatening events.
These patients may experience complications directly or indirectly
).
related to the underlying malignancy and its management. Increasing
incidence of cancer, introduction of new treatments with specific toxic-
ity [3], alongwith increasing patients survival is likely to increase the in-
cidence of cancer patients requiring ICU admission [4]. Currently,
approximatively 15% of ICU admissions occur in cancer patients [5].

During the last two decades, survival of cancer patients has pro-
gressively increased [6-8]. Among factors that may have improved
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outcome, changes in therapeutic options, including intensive chemo-
therapy [9], biotherapy, targeted therapy [10,11] and cellular therapies
with CAR-T cells [12] have considerably improved chances to obtain
event free survival [13,14]. When ICU admission is required, mortality
remains high despite progressive improvement over the last decades
[7]. Optimizing organization and management strategies may further
improve critically ill cancer patients' outcome [15,16].

Early ICU admission has been associated with cancer patients sur-
vival with organ failure [15,17]. In this line, triage decision for ICU ad-
mission is highly dependent from physician appreciation which was
found to be poorly reliable in evaluating risks of clinical deterioration
[18]. Conversely, delay to admit patients with new organ dysfunction
was found to be associated with a progressive, time-dependent, wors-
ening of the outcome [19]. Despite statistical association, consistent re-
sults, and steadily increase inmortalitywith increase delay in admitting
patients, these results are based upon low level evidences studies, influ-
enced by clustering effect that may have affected association between
timing of ICU admission and outcome [20].

The primary objective of this study was to investigate whether early
ICU admission is associated with lower hospital mortality in critically ill
cancer patient.
2. Patients and methods

2.1. Study population

We performed a retrospective analysis of prospectively collected
dataset [21]. Briefly, adult patients with underlying hematological ma-
lignancy and admitted to the ICU were prospectively included from
2010 to 2012 in 17 university or university-affiliated centres in France
and Belgium belonging to the GRRROH research network. In every cen-
tre, a senior intensivist and a senior hematologist were available around
the clock and made triage decisions together. Participating ICUs re
closed ICUs with high intensivist staffing, and with a high critically ill
cancer patients' volume. The appropriate ethics committees approved
this study [21].
2.2. Definitions

Data were collected prospectively.
Fig. 1. Flow chart of i
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Newly diagnosed hematological malignancieswere defined as di-
agnosed within the past 4 weeks.

The Sepsis-Related Organ Failure Assessment (SOFA) score was
computed at admission and daily throughout the patient's stay in the
ICU; this score provides an estimate of the risk of death based on
organ dysfunction [22].

The Performans Status [23] and Charlson comorbidity index [24]
were determined at ICU admission. Both leukemia and lymphoma are
already part of the Charlson comorbidity index [24].

Reasons for ICU admissionwere recorded based on themain symp-
toms at ICU admission. Acute respiratory failure was defined as oxygen
saturation less than 90% or PaO2 less than 60 mmHg on room air com-
binedwith severe dyspnea at restwith an inability to speak in sentences
or a respiratory rate greater than 30 breaths per minute or clinical signs
of respiratory distress [25]. Shock was defined as previously reported
[17]. Life-sustaining therapies, renal replacement therapy (RRT), anti-
infectious agents, prophylactic treatments, urate oxidase use, and diag-
nostic procedures were administered at the discretion of the attending
intensivists, who followed best clinical practice and guidelines. Chemo-
therapy, corticosteroids, hematopoietic growth factors, immunosup-
pressive drugs, and other cancer-related treatments were prescribed
by the hematologist in charge of each patient in accordance with insti-
tutional guidelines. Tumor lysis syndrome was defined according to
the recent guidelines [26].

Etiologic diagnoses were made by consensus by the intensivists,
hematologists, and consultants, according to recent definitions [21]. In
particular, etiologies of pulmonary involvement were diagnosed based
on predefined criteria [25]; for possible or probable invasive pulmonary
aspergillosis, the most recent definitions were used [27].

Direct admission was defined by an ICU admission directly from
emergency department. Early ICU admission was defined as ICU ad-
mission occurring within 24 h of hospitalization, late ICU admission by
ICU admission occurringmore than 1 day following hospital admission.

Senior physician was defined by experience of physician in charge
of triage (senior physician, fellow or resident).
2.3. Statistical analysis

Results are described as medians and interquartile ranges (IQR) for
quantitative variables and numbers and percentages for qualitative
ncluded patients.



Table 1
Patient's characteristics according to Early ICU admission or Delayed ICU admission.

Early ICU
admission
n (%)

Delayed ICU
admission
n (%)

P-value

455 (45.3%) 550 (54.7%)
Age (years) 60 [47–70] 60 [50–69] 0.88
Male gender 290 (63.7%) 321 (58.4%) 0.09
Hospital to ICU admission (days) 0[0–0] 9 [3–20] <0.001
n call to the ICU before admission>1 24 (5.3%) 80 (14.5%) <0.001
Physician involved in ICU transfer
Senior physician
Fellow
Resident

318 (71.1%)
79 (17.7%)
50 (11.2%)

332 (62.3%)
90 (16.9%)
111 (20.8%)

<0.001

Direct admission* 232 (51%) 35 (6.4%) <0.001
Surgical Patient 34 (7.5%) 57 (10.4%) 0.14

Underlying malignancy 0.06
Non hodgkin's lymphoma 147 171
Acute leukemia 137 208
Myeloma 66 60
Chronic lymphocytic leukemia 40 36
Other 65 75

BMT/stem cell transplantation
Autologous 53 (11.7%) 90 (16.5%) 0.04
Allogeneic 50 (11%) 94 (17.2%) 0.007

Malignancy status at ICU admission < 0.001
Newly diagnosed malignancy 132 (29.0%) 101 (18.3%)
No remission 158 (34.7%) 241 (43.8%)
Partial or complete remission 100 (22.0%) 132 (24.0%)
Unknown/not evaluable 65 (14.3%) 76 (13.8%)

Neutropenia at ICU admission
Neutropenia 50 (11.1%) 42 (7.8%) 0.08
Within 48 h of Neutropenia recovery 19 (4.2%) 66 (12.1%) < 0.001

Experience of ICU physisician involved in ICU triage < 0.001
Resident 50 (11.2%) 111 (20.8%)
Fellow 79 (17.7%) 90 (16.9%)
Senior 318 (71.1%) 332 (62.3%)

Performans status (PS)
Poor performans status * 65 (13.4%) 135 (24.5%) < 0.001
SOFA score* 6 [3–9] 6[3–9] 0.77
Full Code at ICU admission 437 (96.0%) 531 (96.5%) 0.80

Life-sustaining therapies at ICU admission
Vasoactive drugs 153 (33.7%) 170 (30.9%) 0.38
Invasive mechanical ventilation 133 (29.2%) 155 (28.2%) 0.73
NIMV* 54 (11.9%) 111 (20.2%) <0.001
RRT* 64 (14.1%) 49 (8.9%) 0.009

Outcome
ICU mortality 118 (25.9%) 160 (29.1%) 0.30
Hospital mortality 153 (33.6%) 237 (43.1%) 0.02

*Direct ICU admission:Direct admission or admission fromEmergency Department (delay
1 days [0–4] since hospital admission); Poor performance Status: bedridden or completely
disabled; NIMV: noninvasive mechanical ventilation; RRT: renal replacement therapy.
SOFA score was assessed at ICU admission.
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variables. We used a non-parametric Wilcoxon tests and Fisher exact
tests for baseline univariate comparisons between two groups.

Cox models were performed to identify factors associated with hos-
pital mortality and early ICU admission. Logistic models were backward
condition model according to P value considering entry P value of 0.2
and critical removal P value of 0.1. It was a priori decided to force should
early ICU admission be not selected to force this variable in the final
model. Proportional hazard assumption, linearity of continuous vari-
ables and role of outliers were checked in every of the performed
models.

Last, in way to take into account factors associatedwith early admis-
sion and potentially confounding for mortality, a sensitivity analysis
was performed, including a propensity score matching according to
nearest neighbour method. Propensity score was derived from logistic
regression including variables independently associated with early ICU
admission and associated with hospital mortality with a P value of 0.2
or less. Adequacy of matching was evaluated using pre and post
matching population characteristics, propensity score in overall and
matched population, and standardized mean difference across charac-
teristics used to match patients. Impact of early ICU admission was
then assessed in the matched population before adjustment and after
adjustment for variables remaining unbalanced using Cox model.

Two sensitivity analyses were performed:
First, impact of early ICU admission was assessed in specific sub-

groups, namely patients admittedwith an acute respiratory failure. Sim-
ilar to themain analysis, raw impact of early admission, adjusted impact
and influence in a matched cohort were assessed.

Last, Centre effectwas assessed using penalized Coxmodel, variables
previously selected being entered themodel with centre as frailty term,
then in a matched cohort, where centre effect was included as a
matching variable.

Survival curves were constructed according to the Kaplan–Meier
method. Comparison according to timing of admission was performed
using the log-rank test.

All testswere two-sided, and P values less than 0.05were considered
significant. Analyseswere doneusingR software version 4.3.4 (R Project
for Statistical Computing, Wien, Austria) and with ‘Survival’ and
‘MatchIt’ packages.

3. Results

3.1. Patients' characteristics

Of the 1011 patients included in the initial cohort, data related to ICU
admission were available in 1005 patients ultimately included in this
sub-study (Fig. 1, Table 1, Table S1).

Main characteristics of the patients are reported in Table 1. Overall,
611 patients (60.8%) were of male gender and median age was of 60
(49–70) years. Median SOFA score at ICU admission was 6 (3–9). Me-
dian Charlson's comorbidity index was 4 (2–5) and 196 patients
(19.5%) had a poor Performans Status (bedridden/ completely dis-
abled). Underlying malignancy was an acute leukemia in 345 patients
(34.3%), a Non-Hodkin's lymphoma in 318 patients (31.6%), and aMye-
loma in 126 (12.5%). Two hundred and thirty-two patients (23.1%) had
partial or complete remission and 144 were allogeneic stem cell trans-
plant recipients (14.3%).

Main reasons for ICU admissionwere acute respiratory failure in 371
patients (36.9%), shock in 172 (17.12%), sepsis in 104 (10.4%), acute kid-
ney injury in 68 (6.8%), coma in 225 (22.3%) and specific organ infiltra-
tion and need for cancer chemotherapy along with organ support in 70
(6.9%).

3.2. Timing of ICU admission

Overall, 267 patients (26.6%) were directly admitted to the ICU and
ICU admission occurred inmedian 4 days [1-6] after hospital admission.
8

According to our definition, 455 patients (45.3%) were classified as ad-
mitted early in the ICU and 550 patients (54,7%) were consider as hav-
ing a delayed ICU admission (Fig. 1). Half (51%, n=232) of the patients
with early ICU admission were directly admitted in the ICU. Patients
were admitted after a median of 0 days [0–0] in the early ICU admission
group and after a median of 9 days [3-20] in the delayed ICU admission
group.

As listed in Table 1, patientswith early ICU admissionweremore fre-
quently male gender, less frequently allogeneic stem cell transplant re-
cipients or in complete remission and had a higher rate of newly
diagnosedmalignancy. Patients with delayed ICU admission had poorer
performance status. Beside patients' characteristics, senior involvement
in ICU transfer was associated with early ICU admission. At ICU admis-
sion SOFA score was similar across groups.



Fig. 2. Cumulative survival according to timing of ICU admission in the whole study population. Early ICU admission (red) is compared to delayed ICU admission (blue) and survival is
compared using log-rank test. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Factors independently associated with early ICU admission are re-
ported table S2. Overall, poor Performans Status (OR 0.47; 95%CI
0.32–0.68), previous allogeneic stem cell transplantation (OR 0.65;
95%CI 0.42–1.01), resident asmain interlocutor during triage procedure
(OR 0.46 vs. senior physician; 95%CI 0.3–0.7) and neutropenia recovery
at ICU admission (OR 0.29; 95%CI 0.16–0.52) were associated with de-
layed ICU admission.
Fig. 3. Cumulative survival according to timing of ICU admission in the matched cohort and afte
sion (blue) and survival is compared using log-rank test. (For interpretation of the references
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3.3. Prognostic impact of early ICU admission in entire study population

Hospital mortality was 38.8% (n = 390) including 153 and 237 pa-
tients with early and late ICU admission respectively (33.1% vs. 42.1%,
P = 0.02) (Fig. 2, Table S1).

After adjustment for confounders, age (HR 1.01 per year; 95%CI
1.01–1.02), allogeneic stem cell transplantation (HR 1.54; 95%CI
r adjustment for SOFA score. Early ICU admission (red) is compared to delayed ICU admis-
to colour in this figure legend, the reader is referred to the web version of this article.)
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1.20–1.98), hepatic comorbidity (HR 1.42; 95%CI 1.08–1.87), poor
Performans Status (HR 1.38; 95%CI 1.12–1.72) and a higher severity as
assessed by SOFA score (HR per point 1.14; 95%CI 1.12–1.17)were asso-
ciated with poor outcome. However, Early ICU admission was not se-
lected in the final model, and when forced in this later was neither
significant nor not statistically significantly associated with changes in
observed association with hospital mortality (HR 0.92; 95%CI
0.76–1.11).

3.4. Prognostic impact of early ICU admission after matching

In order to further assess impact of early admissionwhile taking into
account factors associated with early ICU admission, a propensity score
matchingwas performed. Underlying hematological malignancy status,
Performans Status and allogeneic stem cell transplantation were in-
cluded in the propensity score. Patients' characteristics before and
after matching, along with standardized mean difference are reported
in table S3 (supplementary appendix). Propensity scores distribution
before and after matching are reported in figs. S1 and S2 (supplemen-
tary appendix).

After matching 389 patients with early ICU admission and 389 pa-
tients delayed ICU admission were compared (Table S3). Hospital mor-
tality was similar across patients' group (35.2% and 40.6% respectively
for patients with early and delayed admission, P = 0.13). After adjust-
ment for patients' severity according to SOFA score, early admission
was not associated with hospital mortality (HR 0.89; 95%CI
0.71–1.12). Overall survival according to early admission group is re-
ported in Fig. 3.

3.5. Sensitivity analysis

First, in the subset of patients with acute respiratory failure (n =
628), early ICU admission failed to be associated with outcome
(Table S4, Fig. S3 and S4).

When center effectwas taken into account, in thewhole cohort or in
the matched cohort, early ICU admission failed to be associated with
outcome (Table S5).

4. Discussion

This study is, to the best of our knowledge, the largest to assess the
impact of early ICU admission on critically ill cancer patients' outcome.
After careful matching on risk factors of early ICU admission and on var-
iables associated with outcome, early ICU admission failed to be associ-
ated with outcome. Our results may suggest that association between
timing of ICU-admission and outcome were related to confounding
factors.

Overall outcome of critically ill onco-hematological patients has in-
creased during the last decades [6,7] due to progress in cancer therapy,
change in ICU admission policy [15,28], increasing number and perfor-
mance of non-invasive diagnosis strategies available [25] and improve-
ment of critical care [29]. Despite these progresses, an increasing
number of cancer patients requires intensive care admission as conse-
quences of new, efficient, but potentially toxic therapeutic strategies
[3,12].

Several studies suggested a beneficial effect of early ICU admission
strategy [18,30-35]. Early ICU admission however differed across these
studies from a few hours following physiological disturbances to several
days following hospital admission [32,34-36]. Studied population also
differed including multiple myeloma patients [31], cancer patients
with acute respiratory failure [32], overall onco-hematological patients
assessed by an outreach team [35], high grade hematological malig-
nancy [34], or shock patients [36].

These studies were consistent with studies suggesting a mispercep-
tion of patients' severity by physicians. Indeed Thiéry et al. [19] showed
an increased mortality among patients considered too well to benefit
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from ICU admission and subsequently requiring ICU admission due to
clinical deterioration. If most of the studies suggested delayed ICU ad-
mission to be associated with poor outcome, this association may how-
ever partly reflect prognosis impact of clinical worsening or lack of
improvement [20]. In our study, no benefit from early ICU admission
was observed. These results persisted after adjustment for confounders
and matching for factors associated with early ICU admission, suggest-
ing confounders to participate to the previously observed benefit.

Our study has some limits that should temper our finding. First,
every patient was admitted in high volume centers, used to care onco-
hematological patients andwith presence of a hematologist or an oncol-
ogist 24/7. This may reflect a bias in ICU admission policy in favor of
early ICUadmission. Thismay also decrease external validity of ourfind-
ing which may not hold in low volume centers. In this line, patients
were admitted in the ICU nearly a decade ago and practice may have
changed limiting interpretation of our findings. In addition, although
we adjusted on available risk factors of early ICU admission and of
poor outcome, some variables, including variables associated with clus-
tering effect were not available and not adjusted for. Thus, allocation
bias, including unmeasured confounders that may have influence
timing of ICU admission, might have influenced our results. For exam-
ple, a higher rate of patients required ventilatory support (invasive
and/or non-invasive ventilation) in the late ICU admission group
which may reflect either a higher respiratory severity or higher rate of
respiratory failure in this group. Thirdly, definition of early or delayed
ICU admission was defined by a delay between hospital admission and
ICU admission of 24 h. Although this delay is in line with definitions
found in literature, it may be viewed as arbitrary and may differ from
delay between onset of the acute condition and ICU admission. Last,
our studymay either have lacked statistical power to demonstrate ben-
efits from early ICU admission.

In a large prospectively collected cohort, we failed to demonstrate
protective effect of early ICU admission. Our negative results suggest
that a trial comparing usual practices to early ICU admission strategy
in caring for onco-hematological patients with organ failure might be
required. Only such a trial may help in delineating objectively influence
of early ICU admission on outcome, underline resources consumption
associated with such strategy, and determine cost-effectiveness in real
life practice.
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