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Abstract

Background

High-flow nasal cannula (HFNC) is increasingly used in critically ill cancer patients with
acute respiratory failure (ARF) to avoid mechanical ventilation (MV). The objective was to
assess prognostic factors associated with mortality in ICU cancer patients requiring MV
after HFNC failure, and to identify predictive factors of intubation.

Methods

We conducted a retrospective study from 2012—2016 in a cancer referral center. All conse-
cutive onco-hematology adult patients admitted to the ICU treated with HFNC were
included. HFNC failure was defined by intubation requirement.

Results

202 patients were included, 104 successfully treated with HFNC and 98 requiring intubation.
ICU and hospital mortality rates were 26.2% (n = 53) and 42.1% (n = 85) respectively, and
53.1% (n = 52) and 68.4% (n = 67) in patients requiring MV. Multivariate analysis identified
4 prognostic factors of hospital mortality after HFNC failure: complete/partial remission (OR
=0.2, 95%CI = 0.04-0.98, p<0.001) compared to patients with refractory/relapse disease
(OR =3.73, 95%CI = 1.08—12.86), intubation after day 3 (OR =7.78, 95%ClI = 1.44-41.96),
number of pulmonary quadrants involved on chest X-ray (OR = 1.93, 95%CI = 1.14-3.26,

p =0.01) and SAPSII at ICU admission (OR = 1.06, 95%CI = 1-1.12, p = 0.019). Predictive
factors of intubation were the absence of sepsis (SHR =0.32, 95%Cl =0.12-0.74,p =
0.0087), Sp02<95% 15 minutes after HFNC initiation (sHR =2.05, 95%CI = 1.32-3.18, p =
0.0014), number of quadrants on X-ray (sHR = 1.73, 95%CI = 1.46-2.06, p<0.001),
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Fi02>60% at HFNC initiation (SHR = 3.12, 95%CI = 2.06-4.74, p<0.001) and SAPSI| at ICU
admission (sHR = 1.03, 95%CI = 1.02—1.05, p<0.01).

Conclusion

Duration of HFNC may be predictive of an excess mortality in ARF cancer patients. Early
warning scores to predict HFNC failure are needed to identify patients who would benefit
from early intubation.

Introduction

Acute respiratory failure (ARF) is a frequent and life-threatening complication in immuno-
compromised patients, raising major diagnostic and therapeutic challenges. It occurs in up to
half of patients with hematological malignancies and 15% of patients with solid tumors and
represents the first cause for intensive care (ICU) admission in cancer patients. Mortality can
reach 50%, depending on underlying condition, etiology, severity and course of ARF, delayed
ICU admission, need for mechanical ventilation (MV), and associated organ dysfunctions at
ICU admission [1-5]

Initial management of ARF consists of optimizing oxygenation, identifying ARF etiology
guided by a standardized diagnostic approach [3] and supporting associated organ dysfunction
at the same time [6]. The optimal ventilation strategy in cancer patients with ARF remains
controversial [7]. Considering the mortality rates in patients requiring MV, non-invasive ven-
tilation strategies have been recently widely evaluated, priority has been given to avoid intuba-
tion [8]. Non-invasive ventilation (NIV) was first investigated with significant reduction in
intubation and mortality rates [9], but challenged by larger and multicenter data [2, 10].

High-flow nasal cannula (HFNC) oxygen therapy delivers warm and humidified oxygen
through a nasal cannula, allowing for airflows as high as 50 liters/minute to achieve inspired
oxygen fractions (FiO2) as high as 100% [11, 12]. It has been increasingly used recently [13].
In unselected patients with ARF, HFNC was associated with increased ventilator-free days and
decreased day-90 mortality [14]. In two recent meta-analyses, HFNC may decrease the need
for tracheal intubation without impacting mortality [15, 16]. Uncertainty remains about
HENC effects in immunocompromised patients, studies providing conflicting results. Recent
data did not find any significant survival or clinical benefit compared with standard oxygen
[10, 14, 17], whereas other publications demonstrated that HFNC may decrease intubation
requirement and/or mortality [2, 18, 19]. The absence of diagnosis and mechanical ventilation
requirement are the main prognostic factors [2].

For patients who fail to improve with HFNC, intubation should be strongly considered.
HEFNC failure in immunocompromised patients has been rarely investigated. The objective of
our study was to assess prognostic factors of mortality in ICU cancer patients with ARF requir-
ing MV after HENC failure, and to identify predictive factors of intubation.

Material and methods
Patients’ selection

We conducted a retrospective study from 2012-2016 in our institution (Paoli-Calmettes Insti-
tute, Marseille, France), a cancer referral center. All adult patients with solid tumor or hemato-
logical malignancy admitted to the ICU for ARF treated with HFNC requiring oxygen >30 L/
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minute were included. Exclusion criteria’s were acute cardiogenic pulmonary edema, hyper-
capnic ARF, MV weaning, HENC during scheduled surgery, treatment-limitation with do-
not-intubate decision and patients intubated after HFNC weaning at ICU admission. The
study was approved by our local Institutional Review Board.

HFNC device

All patients received high-flow oxygen therapy via HFNC device (Optiflow, Fisher & Paykel
Healthcare, Auckland, New Zealand). Oxygen was applied continuously by large-bore binasal
prongs at a gas flow of 50 L/min with a FiO2 level of 100% initially through a heated humidifier
(MR350, Fisher&Paykel Healthcare). Response to treatment was continuously monitored. The
aim of oxygenation was to produce peripheral capillary oxygen saturation (SpO2) levels of
92% or more. Patients were treated with complementary non-invasive ventilation according to
the intensivist in charge according to local guidelines [19].

Definitions and data collection

Demographical, clinical, biological and outcome data were retrospectively collected from the
patient’s charts using our ICU management software (MetavisionTM, Dusseldorf, Germany).
We recorded the following baseline data at ICU admission and during ICU stay: age, gender,
underlying malignancy, allogenic or autologous hematopoietic stem cell transplantation
(HSCT), disease status, neutropenia, Charlson comorbidities index [20]. Severity of illness was
assessed using Simplified Acute Physiology Score (SAPS 2) [21] and Sepsis-related Organ Fail-
ure Assessment (SOFA) score [22].

ARF was defined as a need for oxygen greater than 6L/min to maintain peripheral capillary
oxygen saturation >95% or symptoms of respiratory distress (tachypnea >30/min, intercostal
recession, labored breathing, and/or dyspnea at rest). Neutropenia was defined by absolute
neutrophil count < 0.5 G/L. We quantified the number of involved pathologic quadrants on
chest X-ray (0-4) at ICU admission [23]. Fever was classified as clinically documented,
microbiologically documented or fever of unknown origin. HENC settings and respiratory
function were collected during ICU stay. HENC failure was defined by intubation and MV
requirement. Criteria for endotracheal intubation included signs of persisting or worsening
respiratory failure (defined as two of the following criteria: respiratory rate above 40 breaths
per min, lack of improvement in signs of high respiratory-muscle workload, development of
copious tracheal secretions, pH <7.35, SpO2 levels <90% for more than 5 min without techni-
cal dysfunction, or intolerance to oxygenation techniques), hemodynamic instability (systolic
blood pressure <90 mm Hg, mean blood pressure <65 mm Hg, or vasopressors) or neurologi-
cal deterioration (Glasgow<12) [14]. Outcome endpoints including intubation rate, length of
HENG, time from HENC initiation to MV initiation (at day 0 (< 24 hours), day 1, day 2-3
and > day 3), ICU, hospital and one-year mortality.

Statistical analysis

All data are presented as rates (percentage) for qualitative variables and medians (25th-75th
percentiles) for quantitative variables. Characteristics of patients subsequently intubated were
compared across the groups of hospital survivors and non-survivors by using Fisher’s exact
test and Wilcoxon rank-sum test. We performed logistic regression analyses to identify vari-
ables independently associated with hospital mortality, as measured by the estimated odds
ratio (OR) with 95% confidence interval (95% CI). Variables yielding p lower than 0.15 in the
bivariable analyses were entered into a multivariable logistic regression model with hospital
mortality as the outcome and a stepwise forward variable selection.
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In the second part, we analyzed all patients treated with HFNC in order to identify predic-
tive factors of intubation. Similarly, we compared characteristics of patients according to
HENC success (no intubation) or failure (intubation) by using bivariable Fine and Gray model
which accounts for the competing risk of discharge form ICU without intubation. All variables
associated with intubation at a p-value lower than 0.15 were then included in a multivariable
Fine and Gray regression model with stepwise forward variable selection. Association between
covariate and risk of intubation should have been reported as subdistribution Hazard Ratio
(sHR). All tests were two-sided, and p values lower than 0.05 were considered statistically sig-
nificant. Statistical tests were conducted using the SPSS 13 software package (IBM, Armonk,
NY, USA) and R software (R Core Team, 2020).

Results

During the study period, 202 cancer patients with ARF treated with HENC were included (Fig
1). 104 patients were successfully treated with HFNC and 98 patients experienced HENC fail-
ure and required subsequent intubation and MV.

In the 202 included patients, ICU and hospital mortality rates were 26.2% (n = 53) and
42.1% (n = 85) respectively. In patients requiring intubation (n = 98), ICU and hospital mor-
tality rates were 53.1% (n = 52) and 68.4% (n = 67) respectively. In patients treated successfully
with HFNC (n = 104), ICU and hospital mortality rates were 1% (n = 1) and 17.3% (n = 18)
respectively.

Characteristics of patients intubated

In the 98 patients who required MV, median age was 62.5 (54-68.7) (Table 1). Underlying malig-
nancies were mainly acute leukemias (33.7%), lymphomas (21.4%), chronic leukemias (5.1%)
and solid tumors (26.5%). Cancer was newly diagnosed in 39.8%, in progression or relapse in
44.9% and in remission in 15.3%. Allogenic HSCT patients represented 23.5% of patients.
Patients were neutropenic at ICU admission in 25.8%. Median SAPS II and SOFA scores at ICU
admission were 43 (37-50) and 5 (2-7) respectively. At HFNC initiation, median respiratory rate
were 28 (21-34) and 3 (2-4) quadrants were involved on chest X-ray. Median Fi02 and oxygen
flow were 70% (50-100) and 50 L/min (40-50) respectively. Saturation of oxygen and respiratory
rate 15 minutes after HFNC initiation were 96% (93-98) and 25 (17-33) respectively. At intuba-
tion, median SOFA score was 8 (6-11), with 3 (2-4) pulmonary quadrants involved. In patients
requiring MV, HENC failure was observed in the first 24 hours (day 0) (16.3%), at day 1 (39.8%),
at day 2 and 3 (20.4%) or after day 3 (23.5%). Fig 2 illustrates hospital mortality and survival
according to HFNC duration (Fig 2). Other organ support consisted of NIV in 42.9%, renal
replacement therapy in 29.6% and vasopressors in 93.9% of patients. Patients had a bacterial doc-
umented sepsis in 36.7%, including multi-drug bacteria in 17.3%, viral documentation in 28.6%
and fungal in 20.4%. Fig 3 represented cumulative incidence of intubation (Fig 3).

Prognostic factors of hospital mortality of intubated patients

Moultivariate analysis identified 4 prognostic factors of hospital mortality after HFNC failure.
Complete or partial remission had a favorable prognostic impact (OR = 0.2, 95% CI = 0.04-0.98,
p<0.001) compared to patients with refractory or relapse disease (OR = 3.73, 95% CI = 1.08-
12.86). Late intubation was predictive of unfavorable outcome, patients intubated after day 3 car-
rying a significantly higher hospital mortality (OR = 7.78, 95% CI = 1.44-41.96) compared to
early intubation (p = 0.017). The number of pulmonary quadrants involved on chest X-ray was
prognostic of increased hospital mortality (OR = 1.93, 95% CI = 1.14-3.26, p = 0.01), as well as
SAPSII at ICU admission (OR = 1.06, 95% CI = 1-1.12, p = 0.019) (Table 2).
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ICU cancer patients with ARF
treated with HFNC

n=301
Excluded patients (n=99)
* MV weaning (n=37)
* Acute pulmonary edema (n=20)
* Do-not-intubate decision (n=19)
* Surgical procedure (n=9)
* Hypercapnic ARF (n=5)
* Patients with 2 ICU admission (n=3)
* Intubation several days after HFNC weaning (n=3)
* Missing data (n=3)
n=202
/\\
HFNC failure, requiring HFNC success
intubation, n=98 n=104
Survivors Non survivors
n=31(31.6%) n=67 (68.4%)

Fig 1. Flow chart of selected patients.

https://doi.org/10.1371/journal.pone.0270138.9001

Predictive factors of intubation in patients treated with HFNC

In the 202 patients treated with HFNC, median age was 63 (53.2-69) and median Charlson
comorbidity index was 4 (3-6) (Table 3). Underlying malignancies were acute leukemias
(32.7%), lymphomas (17.3%), chronic leukemias (4.9%) and solid tumors (33.7%). Cancer was
newly diagnosed in 40.6%, refractory in 43.6% and in remission in 16.8%. Allo-HSCT patients
represented 17.3% of patients. Patients were neutropenic in 23.9% at ICU admission. Median
SOFA score and SAPS IT at ICU admission were 5 (2-7) and 42 (34-49) respectively. At
HENC initiation, median SOFA score was 5 (2-7). The number of involved pulmonary quad-
rants on chest X-ray was 2 (1-4). Median oxygen saturation was 94% (92-97). Fi02 was 60%
(50-80) and median oxygen flow 40 L/min (40-50). Fifteen minutes after HFNC initiation,
respiratory rate and Sp02 were 21 (16-29) and 96% (94-98) respectively. Median duration of
HENC since ICU admission was 0 day (0-1).
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Table 1. Characteristics of patients experiencing HFNC therapy failure.

All patients n = 98 Hospital survivors n = 31 (31.6%) Hospital non survivors n = 67 (68.4%) p
Female gender 63 (64.3%) 23 (74.2%) 40 (59.7%) 0.18
Age (years) 62.5 [54-68.7] 60 [52.5-68] 63 [55.5-69] 0.36
BMI 23.6 [21.4-25.8] 24.9 [21.3-26.3] 23.3 [21.6-25.7] 0.87
Charlson comorbidity index 4[3-6] 4 [3-5] 4 [3-6] 0.36
Main underlying malignancy 0.35
Acute leukemias 3 (33.7%) 8 (25.8%) 25 (37.3%)
Lymphomas 1(21.4%) 8 (25.8%) 13 (19.4%)
CLL/CML 5(5.1%) 2 (6.5%) 3 (4.5%)
Other hematology diseases 13 (13.3%) 2 (6.5%) 11 (16.4%)
Solid tumors 6 (26.5%) 11 (35.5%) 15 (22.4%)
Allo-HSCT 3(23.5%) 5(16.1%) 18 (26.9%) 0.3
Neutropenia at ICU admission 5(25.8%) 7 (22.6%) 18 (27.3%) 0.8
Disease status 0.003
Newly diagnosed 39 (39.8%) 15 (48.4%) 24 (35.8%)
Progression/Relapse 44 (44.9%) 7 (22.6%) 37 (55.2%)
Complete or partial response 5(15.3%) 9 (29%) 6 (9%)
At ICU admission
SAPS1I 43 [37-50] 40.5 [32-45.7] 44 [37-53.5] 0.03
SOFA score 5[2-7] 4[2-7] 5[3-8] 0.007
At HFNC initiation
SOFA score 5[3-8] 5[2-7] 6 [4-8] 0.003
Respiratory SOFA: Pa02/Fi02 0.80
>400 1(1%) 0 1(1.5%)
301-400 8(8.2%) 3(9.7%) 5(7.5%)
<300 89 (90.1%) 28 (90.3%) 61 (91%)
Breath rate at the onset (/min) 28 [21-34] 28 [22-34.5] 26 [20.2-33.7] 0.69
Nb of quadrants on chest-X-rays 3 [2-4] 3 [1.5-3.5] 3 [2-4] 0.04
FiO02 (%) 70 [50-100] 70 [50-90] 70 [60-100] 0.057
Oxygen flow (L/min) 50 [40-50] 50 [40-50] 50 [40-50] 0.35
After HFNC initiation
Breath rate 15 min later 25 [17-33] 22 [18-32] 26 [16-33] 0.72
SpO2 15 min later (%) 96 [93-98] 96 [94.5-98] 95 [93-98] 0.52
At intubation
SOFA score 8 [6-11] 7 [5-9.5] 8 [6-12] 0.1
Breath rate at the onset 35[27-39] 35[27-38] 34[26-40] 0.97
Nb of quadrants on chest-X-rays 3 [2-4] 3 [2-4] 4 [2-4] 0.18
Duration of HFNC prior intubation 0.05
From ICU admission < 24h (D0) 16 (16.3%) 4 (12.9%) 12 (17.9%)
< 48 hours (Day 1) 39 (39.8%) 14 (45.2%) 25 (37.3%)
From Day 2 to Day 3 20 (20.4%) 10 (32.3%) 10 (14.9%)
After Day 3 23 (23.5%) 3(9.7%) 20 (29.9%)
Support during ICU stay
NIV 42(42.9%) 12 (38.7%) 30 (44.8%) 0.573
Renal replacement therapy 29(29.6%) 6 (19.4%) 23 (34.3%) 0.131
Vasopressors 92(93.9%) 27(87.1%) 65(97%) 0.057
Documented sepsis (all sepsis)
Bacterial 36 (36.7%) 12 (38.7%) 24 (35.8%) 0.82
(Continued)
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Table 1. (Continued)

All patients n = 98

Including MDR bacteria 17 (17.3%)
Fungal 20 (20.4%)
Viral 28 (28.6%)

Fever of unknown origin 15 (15.3%)
Absence of sepsis 5(5.1%)

Hospital survivors n = 31 (31.6%)
2 (6.5%)

4(12.9%)

8 (25.8%)

5(16.1%)

2 (6.5%)

Hospital non survivors n = 67 (68.4%) p
15 (22.4%) 0.08

16 (23.9%) 0.28

20 (29.9%) 0.8

10 (14.9%) 1

3 (4.5%) 0.65

AlloHSCT: allogenic hematopoietic stem cell transplantation, BMI: body mass index, CLL: chronic lymphocytic leukemia, CML: chronic myeloid leukemia, Fi02:

fraction of inspired oxygen, HFNC: high flow nasal cannula, ICU: intensive care unit, NIV: non-invasive ventilation, MDR: multi-drug resistant, SAPS II: simplified

acute physiology score II, SOFA: sequential organ failure assessment, Sp02: oxygen saturation.

https://doi.org/10.1371/journal.pone.0270138.t001

Multivariate analysis identified 5 predictive factors of intubation. The absence of sepsis
(sHR =0.32, 95% CI = 0.12-0.74, p = 0.0087) was a protective factor regarding the intubation
risk. Sp02<95% 15 minutes after HFNC initiation (sHR = 2.05, 95% CI = 1.32-3.18,

Hospital death (n=67)

Discharge alive (n=31)
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Fig 2. Hospital mortality and survival according to duration of HFNC (days).

https://doi.org/10.1371/journal.pone.0270138.9002
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Cumulative incidence of HFNC failure
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Fig 3. Cumulative incidence of intubation in days.
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Table 2. Multivariate analysis of prognostic factors associated with hospital mortality in patients with HFNC

failure.
OR 95% CI P
Disease status
Diagnosis 1 0.00075
Refractory or relapse 3.73 [1.08-12.86]
Remission (complete or partial) 0.2 [0.04-0.98]
Number of pulmonary quadrants on chest X-ray 1.93 [1.14-3.26] 0.01
Duration of HFNC before intubation
Day 1 1 0.017
< 24 hours (Day 0) 1.7 [0.3-9.75]
Day 2 and 3 0.65 [0.17-2.42]
> Day 3 7.78 [1.44-41.96]
SAPS II at ICU admission 1.06 [1-1.12] 0.019

CI: confidence interval, HFNC: high flow nasal cannula, ICU: intensive care unit, OR: odds ratio, SAPS II: Simplified

Acute Physiology Score II.

https://doi.org/10.1371/journal.pone.0270138.t002
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Table 3. Characteristics of patients treated with HFNC: Comparison of HFNC success with HFNC failure requiring intubation.

All patients (n =202) | No intubation (n = 104) | Intubation requirement (n = 98) sHR [95% CI] P
Female gender 123 (60.9%) 60 (57.7%) 63 (64.3%) | 1.22[0.81-1.84] 0.35
Age (years) 63 [53.2-69] 63 [53-69] 62.5 [54-68.7] 1[0.9-1.02] 0.97
Charlson comorbidity index 4 [3-6] 4.5 [3-7] 4[3-6] | 0.94[0.86-1.03] 0.19
BMI 23.9 [21.3-26.6] 24.2 [21.2-28.2] 23.6 [21.4-25.8] | 0.98 [0.94-1.02] 0.31
Main underlying malignancy

Others malignancies 23 (11.4%) 10 (9.6%) 13 (13.3%) 1 (reference) 0.367

Acute leukemias 66 (32.7%) 33 (31.7%) 33(33.7%) | 0.91[0.48-1.73]

Lymphomas 35(17.3%) 14 (13.5%) 21(21.4%) | 1.14[0.57-2.28]

CLL/CML 10 (4.9%) 5(4.8%) 5(5.1%) | 0.91[0.32-2.55]

Solid tumors 68 (33.7%) 42 (40.4%) 26 (26.5%) | 0.65[0.33-1.26]
Allo-HSCT 35(17.3%) 12 (11.5%) 23(23.5%) | 1.51[0.95-2.41] 0.09
Disease status

Newly diagnosed 82 (40.6%) 43 (41.3%) 39 (39.8%) 1 (reference) 0.72

Progression/Relapse 86 (42.6%) 42 (40.4%) 44 (44.9%) | 1.01[0.66-1.56]

Complete/partial response 34 (16.8%) 19 (18.3%) 15 (15.3%) | 0.81 [0.44-1.46]
Documented sepsis

Bacterial 80 (39.6%) 44 (42.3%) 36 (36.7%) | 0.83 [0.55-1.25] 0.37

Including MDR bacteria 25(12.4%) 8(7.7%) 17 (17.3%) | 1.65[0.98-2.78] 0.08

Viral 38 (18.8%) 10 (9.64%) 28 (28.6%) 2[1.29-3.1] 0.003

Fungal 30 (14.9%) 10 (9.6%) 20 (20.4%) 1.66 [1.01-2.7] 0.05
Fever of unknown origin 32 (15.8%) 17 (16.3%) 15(15.3%) | 1.03 [0.6-1.79] 0.91
Absence of sepsis 25 (12.4%) 20 (19.2%) 5(5.1%) | 0.31[0.12-0.75] 0.002
Neutropenia at ICU admission 48 (23.9%) 23 (22.1%) 25(25.8) | 1.17 [0.74-1.85] 0.5
Severity at ICU admission

SOFA score 5[2-7] 4[2-6] 5[2.2-7] | 1.07 [1.01-1.14] 0.03

SAPS II 42 [34-49] 40 [31-47.2] 43 [37-50] | 1.03[1.01-1.04] | <0.001
At HFNC initiation

SOFA score 5[2-7] 5 [2-6] 5 [3-8] 1.1 [1.04-1.16] 0.003

Nb of quadrants on X-rays 2 [1-4] 2 [1-3] 3[2-4] | 1.57[1.33-1.85] | <0.001

Sp02 (%) 94 [92-97] 95 [93-98] 94 [91-96] | 0.94 [0.9-0.98] 0.009

Fi02 (%) 60 [50-80] 55 [50-70] 70 [50-100] | 1.02 [1.01-1.03] | <0.001

Fi02 >60% 92 (45.5%) 34 (32.7%) 58 (59.2%) | 2.28 [1.52-3.41] | <0.001

Sp02 < 95% 102 (50.5%) 50 (48.1%) 52 (53.1%) 1.19 [1.1-2.58] 0.39

Oxygen flow (L/min) 40 [40-50] 40 [30-50] 50 [40-50] | 1.04 [1.01-1.06] 0.003

Respiratory Rate (/min) 27 [20-32] 26 [19-30] 28 [21-34] 1.02 [1-1.05] | 0.0475

Heart rate 110 [96-123] 109 [96-121] 111 [96-124] 1.01 [1-1.02] 0.136
Time since ICU admission (days) 0[0-1] 0[0-1] [0-0] | 1.00 [0.89-1.12] 0.98
Respiratory SOFA: Pa02/Fi02

>400 1(0.5%) 0 1 (1%) 1 (reference) 0.24

301-400 21 (10.4%) 13 (12.5%) 8(8.2%) | 0.14 [0.02-1.11]

<300 180 (89.1%) 91 (87.5%) 89 (90.8%) | 0.20 [0.03-1.46]

After HFNC initiation

RR after 15 minutes 1[16-29] 20 [15-26] 25[17-33] | 1.04[1.02-1.06] | <0.001

Sp02 after 15 minutes 96 [94-98] 97 [95-98] 96 [93-98] | 0.97 [0.95-0.99] 0.03

Sp02<95% with FiO2 = 100% after 15 minutes 80 (39.6%) 34 (32.7%) 46 (46.9%) 1.68 [1.1-2.58] 0.02
AlloHSCT: allogenic hematopoietic stem cell transplantation, BMI: body mass index, CLL: chronic lymphocytic leukemia, CML: chronic myeloid leukemia, Fi02:
fraction of inspired oxygen, HFNC: high flow nasal cannula, ICU: intensive care unit, MDR: multi-drug resistant, RR: respiratory rate, SAPS II: simplified acute
physiology score II, SOFA: sequential organ failure assessment, Sp02: oxygen saturation, sHR: subdistribution Hazard Ratio
https://doi.org/10.1371/journal.pone.0270138.t003
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p = 0.0014), the number of pulmonary quadrants involved on chest X-ray (sHR = 1.73, 95%
CI = 1.46-2.06, p<0.001), Fi02>60% at HFNC initiation (sHR = 3.12, 95% CI = 2.06-4.74,
P<0.001) and SAPS IT at ICU admission (sHR = 1.03, 95% CI = 1.02-1.05, p<0.01) were asso-
ciated with a higher risk of HENC failure and subsequent intubation (Table 4).

Discussion

Our study identified HFNC duration before intubation, disease status and severity of illness as
prognostic factors of hospital mortality in ICU cancer patients with ARF requiring intubation.
Risk factors of intubation were severity illness at ICU admission, FiO2 at HFNC initiation,
SpO2 after HENC initiation and sepsis.

HENC offers interesting physiological benefits [8, 24], improves oxygenation [25], gener-
ates low-level positive airway pressure [26], reduces respiration rate [27], attenuates inspira-
tory resistance and supplies a constant FiO2 [28]. Moreover, it is well tolerated [29, 30] and
does not increase risks of pneumonia or barotraumas [31]. The impact of HFNC duration on
outcome has been poorly assessed. In a general population study, HFNC was safe and well tol-
erated for long periods [32]. Another retrospective study in unselected patients provided con-
flicting results, showing that extended use of HFNC before intubation might be harmful [33].
It was conducted on 175 patients unsuccessfully treated with HFNC. Early-intubated (<48
hours) patients had better ICU survival than late-intubated (>48 hours) patients (39.2% vs
66.7%, p = 0.001), extubation success, ventilator weaning and ventilator-free days. Recently,
Dumas et al showed in a large cohort of 7736 immunocompromised patients who were intu-
bated that time between ICU admission and intubation is a strong predictor of mortality, sug-
gesting a detrimental effect of late initial oxygenation failure [34]. Although several studies
have assessed NIV failure in immunocompromised patients [2, 17], our study is, to the best of
our knowledge, the first one exploring HFNC failure in this population. Our findings revealed
that early MV, before day 2, may be associated with a better outcome [35, 36]. There is a need
to develop specific early warning scores to predict HENC failure, in order to identify high-risk
patients who would benefit from early intubation. Priority should move from avoiding intuba-
tion to avoiding delayed intubation. Severity of presentation, assessed by SAPS II and the num-
ber of pulmonary quadrants involved on chest X-ray, were associated with increased hospital
mortality, in line with previous publications [1, 37].

To avoid late intubation, identifying prognostic factors associated with HFNC failure is
important. SAPSII and severity of pulmonary extension were predictive factors of intubation.
The number of involved pulmonary fields was previously identified as an early predictor of the
severity of acute respiratory distress syndrome (ARDS) in hematology patients [23, 38]. Fi02 at
HENC initiation was another significant factor. Similarly, the degree of hypoxemia (PaO2/FiO2
after 1 hour of NIV) was associated with NIV failure [10, 18, 39]. Predictors of NIV failure have

Table 4. Multivariate analysis of prognostic factors associated with intubation.

sHR 95% CI p
Number of pulmonary quadrants on chest X-ray 1.73 [1.46-2.06] <0.001
FiO2 >60% at HENC initiation 3.12 [2.06-4.74] <0.001
SAPS II at ICU admission 1.03 [1.02-1.05] <0.01
Sp02 < 95% with FiO2 = 100% 15 minutes after HFNC initiation 2.05 [1.32-3.18] 0.0014
Absence of sepsis 0.32 [0.12-0.74] 0.0087

Allo-HSCT: allogenic hematopoietic stem cell transplantation, CI: confidence interval, HFNC: high flow nasal
cannula, sHR: subdistribution Hazard ratio, SAPS II: simplified acute physiology score IL.

https://doi.org/10.1371/journal.pone.0270138.t1004
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been summarized in an easy to use mnemonic “HACOR” score (Heart rate, Acidosis, Con-
sciousness, Oxygenation, Respiratory rate) to identify patients at high risk for NIV failure [40].
Similarly, further studies are needed to confirm the determinants of HFNC failure.

Due to its ease of application, non-evidence-based use of HFNC has spread to non-ICU
wards [41]. To consider safely HFNC outside the ICU, the identification of patients at low risk
of intubation is essential. Exploratory studies are needed in this context.

So far, strategies to improve survival in hypoxemic patients with ARF relied on different
oxygenation options [3, 7]. More than ventilation strategy, the stronger prognostic features
were mechanical ventilation and absence of ARF etiology [2]. This is why we focused in
patients requiring intubation in our study, exploring the impact of HFNC in this population.
Future researches should focus on optimal timing of ICU admission, personalizing an appro-
priate oxygenation strategy according to situations [42] and selecting the most relevant diag-
nostic strategy [2, 43]. Collaboration between onco-hematologists and intensivists is crucial
[6]. ARF with undetermined etiology impacts outcome, as previously described [3]. A timely
and accurate diagnostic strategy that takes into account characteristics of the underlying
malignancy, immunosuppression, respiratory symptoms and radiologic pattern [2, 3, 44, 45].
In addition, preventing ICU acquired events from both MV and underlying impairment of
immunological functions will also be challenging [1, 4, 46].

We acknowledge some limitations in our study. First, its retrospective nature is intrinsically
susceptible to have selection bias. However all biological and medical settings were prospec-
tively collected. Secondly, this is a monocentric study in a highly specialized cancer center.
Generalization of our results may therefore be analyzed with caution. Third, we measured
respiratory distress in our study and not dyspnea. Recent data from the GRRROH showed that
dyspnea was frequent and intense in patients receiving NIV for ARF and was associated with a
higher risk of NIV failure and poorer outcome [47]. Another study showed that the magnitude
of inspiratory effort relief as assessed by esophageal pressure variation within the first 2 hours
of NIV was an early and accurate predictor of NIV outcome at 24 hours [48]. Dyspnea would
be of great interest to assess in future studies. Lastly, our study was unfortunately not designed
to explore ROX index, the ratio of oxygen saturation as measured by pulse oximetry/Fi02 to
respiratory rate, recently reported in both immunocompetent and immunocompromised
patients. Recent data showed that in patients with pneumonia with ARF treated with HENC,
ROX index could help to identify patients with low and high risk for intubation in a 2-year
multicenter prospective observational cohort study [49]. Lemiale et al. recently reported the
performance of the ROX index to predict intubation in immunocompromised patients receiv-
ing HENC for ARF. A ROX index greater than 4.88 appeared to have a poor ability to predict
intubation, although it remained highly associated with the risk of intubation and may be use-
ful to stratify such risk in future studies [50].

Conclusions

Duration of HFNC may be predictive of mortality in ARF cancer patients requiring intubation
after unsuccessful HENC. There is a need to develop specific early warning scores to predict
HENC failure in order to identify high-risk patients who might benefit from early intubation.
Whatever the technique of oxygenation used, day-to-day decisions must strive to avoid
delayed intubation and identify ARF etiology.

Author Contributions

Conceptualization: Colombe Saillard, Laurent Chow-Chine, Magali Bisbal, Jean-Manuel de
Guibert, Antoine Sannini, Djamel Mokart.

PLOS ONE | https://doi.org/10.1371/journal.pone.0270138  June 29, 2022 11/14


https://doi.org/10.1371/journal.pone.0270138

PLOS ONE HFNC in critically ill cancer patients

Data curation: Colombe Saillard, Morgane Tramier.
Formal analysis: Jérome Lambert, Djamel Mokart.
Funding acquisition: Jérome Lambert, Djamel Mokart.

Investigation: Colombe Saillard, Frederic Gonzalez, Jean-Manuel de Guibert, Antoine San-
nini, Djamel Mokart.

Methodology: Colombe Saillard, Jérome Lambert, Luca Servan, Djamel Mokart.
Project administration: Djamel Mokart.
Supervision: Djamel Mokart.

Validation: Colombe Saillard, Jérome Lambert, Laurent Chow-Chine, Magali Bisbal, Luca
Servan, Frederic Gonzalez, Marion Faucher, Antoine Sannini, Djamel Mokart.

Writing - original draft: Colombe Saillard.

Writing - review & editing: Colombe Saillard, Jérome Lambert, Morgane Tramier, Laurent
Chow-Chine, Magali Bisbal, Luca Servan, Frederic Gonzalez, Jean-Manuel de Guibert,
Marion Faucher, Antoine Sannini, Djamel Mokart.

References

1. Azoulay E, Mokart D, Pene F, et al. Outcomes of critically ill patients with hematologic malignancies:
prospective multicenter data from France and Belgium—a groupe de recherche respiratoire en reani-
mation onco-hematologique study. J Clin Oncol 2013 Aug 1, 31(22), 2810-2818. https://doi.org/10.
1200/JC0.2012.47.2365 PMID: 23752112

2. Azoulay E, Pickkers P, Soares M, et al. Acute hypoxemic respiratory failure in immunocompromised
patients: the Efraim multinational prospective cohort study. Intensive Care Med 2017 Dec, 43(12),
1808-1819. https://doi.org/10.1007/s00134-017-4947-1 PMID: 28948369

3. Azoulay E, Mokart D, Kouatchet A, Demoule A, Lemiale V. Acute respiratory failure in immunocompro-
mised adults. Lancet Respir Med 2019 Feb, 7(2), 173—-186. https://doi.org/10.1016/S2213-2600(18)
30345-X PMID: 30529232

4. Mokart D, Lambert J, Schnell D, et al. Delayed intensive care unit admission is associated with
increased mortality in patients with cancer with acute respiratory failure. Leuk Lymphoma 2013 Aug, 54
(8), 1724-1729. https://doi.org/10.3109/10428194.2012.753446 PMID: 23185988

5. Saillard C, Mokart D, Lemiale V, Azoulay E. Mechanical ventilation in cancer patients. Minerva Aneste-
siol 2014 Jun, 80(6), 712—725. PMID: 24280820

6. Azoulay E, Pene F, Darmon M, et al. Managing critically Ill hematology patients: Time to think differently.
Blood Rev 2015 Nov, 29(6), 359-367. https://doi.org/10.1016/j.blre.2015.04.002 PMID: 25998991

7. Azoulay E, Schellongowski P, Darmon M, et al. The Intensive Care Medicine research agenda on criti-
cally ill oncology and hematology patients. Intensive Care Med 2017 Sep, 43(9), 1366—1382. https://doi.
0rg/10.1007/s00134-017-4884-z PMID: 28725926

8. DeJA, CalvetL, Lemiale V, et al. The challenge of avoiding intubation in immunocompromised patients
with acute respiratory failure. Expert Rev Respir Med 2018 Oct, 12(10), 867-880. https://doi.org/10.
1080/17476348.2018.1511430 PMID: 30101630

9. Hilbert G, Gruson D, Vargas F, et al. Noninvasive ventilation in immunosuppressed patients with pulmo-
nary infiltrates, fever, and acute respiratory failure. N Engl J Med 2001 Feb 15, 344(7), 481-487. https:/
doi.org/10.1056/NEJM200102153440703 PMID: 11172189

10. Lemiale V, Mokart D, Resche-Rigon M, et al. Effect of Noninvasive Ventilation vs Oxygen Therapy on Mor-
tality Among Immunocompromised Patients With Acute Respiratory Failure: A Randomized Clinical Trial.
JAMA 2015 Oct 27, 314(16), 1711-1719. hitps://doi.org/10.1001/jama.2015.12402 PMID: 26444879

11. Bellani G, Laffey JG, Pham T, et al. Noninvasive Ventilation of Patients with Acute Respiratory Distress
Syndrome. Insights from the LUNG SAFE Study. Am J Respir Crit Care Med 2017 Jan 1, 195(1), 67—
77. https://doi.org/10.1164/rccm.201606-13060C PMID: 27753501

12. Neuschwander A, Lemiale V, Darmon M, et al. Noninvasive ventilation during acute respiratory distress
syndrome in patients with cancer: Trends in use and outcome. J Crit Care 2017 Apr, 38, 295-299.
https://doi.org/10.1016/j.jcrc.2016.11.042 PMID: 28038339

PLOS ONE | https://doi.org/10.1371/journal.pone.0270138  June 29, 2022 12/14


https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1200/JCO.2012.47.2365
http://www.ncbi.nlm.nih.gov/pubmed/23752112
https://doi.org/10.1007/s00134-017-4947-1
http://www.ncbi.nlm.nih.gov/pubmed/28948369
https://doi.org/10.1016/S2213-2600(18)30345-X
https://doi.org/10.1016/S2213-2600(18)30345-X
http://www.ncbi.nlm.nih.gov/pubmed/30529232
https://doi.org/10.3109/10428194.2012.753446
http://www.ncbi.nlm.nih.gov/pubmed/23185988
http://www.ncbi.nlm.nih.gov/pubmed/24280820
https://doi.org/10.1016/j.blre.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/25998991
https://doi.org/10.1007/s00134-017-4884-z
https://doi.org/10.1007/s00134-017-4884-z
http://www.ncbi.nlm.nih.gov/pubmed/28725926
https://doi.org/10.1080/17476348.2018.1511430
https://doi.org/10.1080/17476348.2018.1511430
http://www.ncbi.nlm.nih.gov/pubmed/30101630
https://doi.org/10.1056/NEJM200102153440703
https://doi.org/10.1056/NEJM200102153440703
http://www.ncbi.nlm.nih.gov/pubmed/11172189
https://doi.org/10.1001/jama.2015.12402
http://www.ncbi.nlm.nih.gov/pubmed/26444879
https://doi.org/10.1164/rccm.201606-1306OC
http://www.ncbi.nlm.nih.gov/pubmed/27753501
https://doi.org/10.1016/j.jcrc.2016.11.042
http://www.ncbi.nlm.nih.gov/pubmed/28038339
https://doi.org/10.1371/journal.pone.0270138

PLOS ONE

HFNC in critically ill cancer patients

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Papazian L, Corley A, Hess D, et al. Use of high-flow nasal cannula oxygenation in ICU adults: a narra-
tive review. Intensive Care Med 2016 Sep, 42(9), 1336—1349. hitps://doi.org/10.1007/s00134-016-
4277-8 PMID: 26969671

Frat JP, Thille AW, Mercat A, et al. High-flow oxygen through nasal cannula in acute hypoxemic respira-
tory failure. N Engl J Med 2015 Jun 4, 372(23), 2185-2196. https://doi.org/10.1056/NEJMoa1503326
PMID: 25981908

Ni YN, Luo J, Yu H, et al. Can High-flow Nasal Cannula Reduce the Rate of Endotracheal Intubation in

Adult Patients With Acute Respiratory Failure Compared With Conventional Oxygen Therapy and Non-
invasive Positive Pressure Ventilation?: A Systematic Review and Meta-analysis. Chest 2017 Apr, 151

(4), 764—775. https://doi.org/10.1016/j.chest.2017.01.004 PMID: 28089816

Rochwerg B, Granton D, Wang DX, et al. High flow nasal cannula compared with conventional oxygen
therapy for acute hypoxemic respiratory failure: a systematic review and meta-analysis. Intensive Care
Med 2019 May, 45(5), 563-572. https://doi.org/10.1007/s00134-019-05590-5 PMID: 30888444

Azoulay E, Lemiale V, Mokart D, et al. Effect of High-Flow Nasal Oxygen vs Standard Oxygen on 28-
Day Mortality in Immunocompromised Patients With Acute Respiratory Failure: The HIGH Randomized
Clinical Trial. JAMA 2018 Nov 27, 320(20), 2099-2107. https://doi.org/10.1001/jama.2018.14282
PMID: 30357270

Coudroy R, Jamet A, Petua P, Robert R, Frat JP, Thille AW. High-flow nasal cannula oxygen therapy
versus noninvasive ventilation in immunocompromised patients with acute respiratory failure: an obser-
vational cohort study. Ann Intensive Care 2016 Dec, 6(1), 45. https://doi.org/10.1186/s13613-016-
0151-7 PMID: 27207177

Mokart D, Geay C, Chow-Chine L, et al. High-flow oxygen therapy in cancer patients with acute respira-
tory failure. Intensive Care Med 2015 Aug 4. https://doi.org/10.1007/s00134-015-3994-8 PMID:
26239727

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis 1987, 40(5), 373-383. https://doi.org/
10.1016/0021-9681(87)90171-8 PMID: 3558716

Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score (SAPS Il) based on a
European/North American multicenter study. JAMA 1993 Dec 22, 270(24), 2957—2963. https://doi.org/
10.1001/jama.270.24.2957 PMID: 8254858

Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related Organ Failure Assessment) score to
describe organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the
European Society of Intensive Care Medicine. Intensive Care Med 1996 Jul, 22(7), 707-710. https://
doi.org/10.1007/BF01709751 PMID: 8844239

Lemiale V, Lambert J, Canet E, et al. Identifying cancer subjects with acute respiratory failure at high
risk for intubation and mechanical ventilation. Respir Care 2014 Oct, 59(10), 1517—1523. https://doi.
org/10.4187/respcare.02693 PMID: 25233383

Roca O, Riera J, Torres F, Masclans JR. High-flow oxygen therapy in acute respiratory failure. Respir
Care 2010 Apr, 55(4), 408—413. PMID: 20406507

Dysart K, Miller TL, Wolfson MR, Shaffer TH. Research in high flow therapy: mechanisms of action. Respir
Med 2009 Oct, 103(10), 1400—1405. https://doi.org/10.1016/j.rmed.2009.04.007 PMID: 19467849

Parke R, McGuinness S, Eccleston M. Nasal high-flow therapy delivers low level positive airway pres-
sure. Br J Anaesth 2009 Dec, 103(6), 886—890. https://doi.org/10.1093/bja/aep280 PMID: 19846404

Ricard JD. High flow nasal oxygen in acute respiratory failure. Minerva Anestesiol 2012 Jul, 78(7), 836—
841. PMID: 22531566

O’Driscoll BR, Howard LS, Davison AG. BTS guideline for emergency oxygen use in adult patients.
Thorax 2008 Oct, 63 Suppl 6, vi1—68. https://doi.org/10.1136/thx.2008.102947 PMID: 18838559

Lenglet H, Sztrymf B, Leroy C, Brun P, Dreyfuss D, Ricard JD. Humidified high flow nasal oxygen during
respiratory failure in the emergency department: feasibility and efficacy. Respir Care 2012 Nov, 57(11),
1873-1878. https://doi.org/10.4187/respcare.01575 PMID: 22417844

Tiruvoipati R, Lewis D, Haji K, Botha J. High-flow nasal oxygen vs high-flow face mask: a randomized
crossover trial in extubated patients. J Crit Care 2010 Sep, 25(3), 463—468. hitps://doi.org/10.1016/j.
jcrc.2009.06.050 PMID: 19781896

Rello J, Perez M, Roca O, et al. High-flow nasal therapy in adults with severe acute respiratory infection:
a cohort study in patients with 2009 influenza A/H1N1v. J Crit Care 2012 Oct, 27(5), 434—439. https://
doi.org/10.1016/j.jcrc.2012.04.006 PMID: 22762937

Sztrymf B, Messika J, Mayot T, Lenglet H, Dreyfuss D, Ricard JD. Impact of high-flow nasal cannula
oxygen therapy on intensive care unit patients with acute respiratory failure: a prospective observational
study. J Crit Care 2012 Jun, 27(3), 324—13. https://doi.org/10.1016/j}.jcrc.2011.07.075 PMID: 21958974

PLOS ONE | https://doi.org/10.1371/journal.pone.0270138  June 29, 2022 13/14


https://doi.org/10.1007/s00134-016-4277-8
https://doi.org/10.1007/s00134-016-4277-8
http://www.ncbi.nlm.nih.gov/pubmed/26969671
https://doi.org/10.1056/NEJMoa1503326
http://www.ncbi.nlm.nih.gov/pubmed/25981908
https://doi.org/10.1016/j.chest.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/28089816
https://doi.org/10.1007/s00134-019-05590-5
http://www.ncbi.nlm.nih.gov/pubmed/30888444
https://doi.org/10.1001/jama.2018.14282
http://www.ncbi.nlm.nih.gov/pubmed/30357270
https://doi.org/10.1186/s13613-016-0151-7
https://doi.org/10.1186/s13613-016-0151-7
http://www.ncbi.nlm.nih.gov/pubmed/27207177
https://doi.org/10.1007/s00134-015-3994-8
http://www.ncbi.nlm.nih.gov/pubmed/26239727
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1016/0021-9681(87)90171-8
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1001/jama.270.24.2957
https://doi.org/10.1001/jama.270.24.2957
http://www.ncbi.nlm.nih.gov/pubmed/8254858
https://doi.org/10.1007/BF01709751
https://doi.org/10.1007/BF01709751
http://www.ncbi.nlm.nih.gov/pubmed/8844239
https://doi.org/10.4187/respcare.02693
https://doi.org/10.4187/respcare.02693
http://www.ncbi.nlm.nih.gov/pubmed/25233383
http://www.ncbi.nlm.nih.gov/pubmed/20406507
https://doi.org/10.1016/j.rmed.2009.04.007
http://www.ncbi.nlm.nih.gov/pubmed/19467849
https://doi.org/10.1093/bja/aep280
http://www.ncbi.nlm.nih.gov/pubmed/19846404
http://www.ncbi.nlm.nih.gov/pubmed/22531566
https://doi.org/10.1136/thx.2008.102947
http://www.ncbi.nlm.nih.gov/pubmed/18838559
https://doi.org/10.4187/respcare.01575
http://www.ncbi.nlm.nih.gov/pubmed/22417844
https://doi.org/10.1016/j.jcrc.2009.06.050
https://doi.org/10.1016/j.jcrc.2009.06.050
http://www.ncbi.nlm.nih.gov/pubmed/19781896
https://doi.org/10.1016/j.jcrc.2012.04.006
https://doi.org/10.1016/j.jcrc.2012.04.006
http://www.ncbi.nlm.nih.gov/pubmed/22762937
https://doi.org/10.1016/j.jcrc.2011.07.075
http://www.ncbi.nlm.nih.gov/pubmed/21958974
https://doi.org/10.1371/journal.pone.0270138

PLOS ONE

HFNC in critically ill cancer patients

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

Kang BJ, Koh Y, Lim CM, et al. Failure of high-flow nasal cannula therapy may delay intubation and
increase mortality. Intensive Care Med 2015 Apr, 41(4), 623-632. https://doi.org/10.1007/s00134-015-
3693-5 PMID: 25691263

Dumas G, Lemiale V, Rathi N, Cortegiania A, Pene F et al. Survival in Immunocompromised Patients
Ultimately Requiring Invasive Mechanical Ventilation: A Pooled Individual Patient Data Analysis. Ameri-
can Journal of Respiratory and Critical Care Medicine Mar 22, 2021 1535—-4970 https://doi.org/10.1164/
rccm.202009-35750C PMID: 33751920

Bauer PR, Gajic O, Nanchal R, et al. Association between timing of intubation and outcome in critically
ill patients: A secondary analysis of the ICON audit. J Crit Care 2017 Dec, 42, 1-5. https://doi.org/10.
1016/}.jcrc.2017.06.010 PMID: 28641231

Delbove A, Darreau C, Hamel JF, Asfar P, Lerolle N. Impact of endotracheal intubation on septic shock
outcome: A post hoc analysis of the SEPSISPAM trial. J Crit Care 2015 Dec, 30(6), 1174-1178. https://
doi.org/10.1016/j.jcrc.2015.08.018 PMID: 26410680

Azoulay E, Afessa B. The intensive care support of patients with malignancy: do everything that can be
done. Intensive Care Med 2006 Jan, 32(1), 3-5. https://doi.org/10.1007/s00134-005-2835-6 PMID:
16308682

Lagier D, Platon L, Chow-Chine L, et al. Severity of Acute Respiratory Distress Syndrome in haematol-
ogy patients: long-term impact and early predictive factors. Anaesthesia 2016 Sep, 71(9), 1081-1090.
https://doi.org/10.1111/anae.13542 PMID: 27418297

Carteaux G, Millan-Guilarte T, De PN, et al. Failure of Noninvasive Ventilation for De Novo Acute Hyp-
oxemic Respiratory Failure: Role of Tidal Volume. Crit Care Med 2016 Feb, 44(2), 282—-290. https://doi.
org/10.1097/CCM.0000000000001379 PMID: 26584191

Duan J, Han X, BaiL, Zhou L, Huang S. Assessment of heart rate, acidosis, consciousness, oxygen-
ation, and respiratory rate to predict noninvasive ventilation failure in hypoxemic patients. Intensive
Care Med 2017 Feb, 43(2), 192—-199. https://doi.org/10.1007/s00134-016-4601-3 PMID: 27812731

Zemach S, Helviz Y, Shitrit M, Friedman R, Levin PD. The Use of High-Flow Nasal Cannula Oxygen
Outside the ICU. Respir Care 2019 Nov, 64(11), 1333—1342. https://doi.org/10.4187/respcare.06611
PMID: 31213571

Saillard C, Mallet D, Chow-Chine L, et al. Non-invasive ventilation indication for critically ill cancer
patients admitted to the intensive care unit for acute respiratory failure (ARF) with associated cardiac
dysfunction: Results from an observational study. PLoS One 2020, 15(6), e0234495. https://doi.org/10.
1371/journal.pone.0234495 PMID: 32520960

Contejean A, Lemiale V, Resche-Rigon M, et al. Increased mortality in hematological malignancy
patients with acute respiratory failure from undetermined etiology: a Groupe de Recherche en Reanima-
tion Respiratoire en Onco-Hematologique (Grrr-OH) study. Ann Intensive Care 2016 Dec, 6(1), 102.
https://doi.org/10.1186/s13613-016-0202-0 PMID: 27783381

Azoulay E, Schlemmer B. Diagnostic strategy in cancer patients with acute respiratory failure. Intensive
Care Med 2006 Jun, 32(6), 808—822. https://doi.org/10.1007/s00134-006-0129-2 PMID: 16715324

Wijers SC, Boelens JJ, Raphael MF, Beek FJ, de Jong PA. Does high-resolution CT has diagnostic
value in patients presenting with respiratory symptoms after hematopoietic stem cell transplantation?
Eur J Radiol 2011 Dec, 80(3), e536—e543. https://doi.org/10.1016/j.ejrad.2011.01.037 PMID: 21292416

Azoulay E, Mokart D, Lambert J, et al. Diagnostic strategy for hematology and oncology patients with
acute respiratory failure: randomized controlled trial. Am J Respir Crit Care Med 2010 Oct 15, 182(8),
1038-1046. https://doi.org/10.1164/rccm.201001-00180C PMID: 20581167

Dangers L, Montlahuc C, Kouatchet A, et al. Dyspnoea in patients receiving non-invasive ventilation for
acute respiratory failure: prevalence, risk factors and prognostic impact: A prospective observational
study. Eur Respir J. 2018 Aug 9; 52(2):1702637. https://doi.org/10.1183/13993003.02637-2017 PMID:
29976650

Tonelli R, Fantini R, Tabbi L, et al. Early Inspiratory Effort Assessment by Esophageal Manometry Pre-
dicts Noninvasive Ventilation Outcome in De Novo Respiratory Failure. A Pilot Study. Am J Respir Crit
Care Med. 2020 Aug 15; 202(4):558-567. https://doi.org/10.1164/rccm.201912-25120C PMID:
32325004

Roca O, Caralt B, Messika J, et al. An Index Combining Respiratory Rate and Oxygenation to Predict
Outcome of Nasal High-Flow Therapy. Am J Respir Crit Care Med. 2019 Jun 1; 199(11):1368—-1376.
https://doi.org/10.1164/rccm.201803-05890C PMID: 30576221

Lemiale V, Dumas G, Demoule A, et al. Performance of the ROX index to predict intubation in immuno-
compromised patients receiving high-flow nasal cannula for acute respiratory failure. Ann Intensive
Care. 2021 Jan 27; 11(1):17. https://doi.org/10.1186/s13613-021-00801-z PMID: 33501590

PLOS ONE | https://doi.org/10.1371/journal.pone.0270138  June 29, 2022 14/14


https://doi.org/10.1007/s00134-015-3693-5
https://doi.org/10.1007/s00134-015-3693-5
http://www.ncbi.nlm.nih.gov/pubmed/25691263
https://doi.org/10.1164/rccm.202009-3575OC
https://doi.org/10.1164/rccm.202009-3575OC
http://www.ncbi.nlm.nih.gov/pubmed/33751920
https://doi.org/10.1016/j.jcrc.2017.06.010
https://doi.org/10.1016/j.jcrc.2017.06.010
http://www.ncbi.nlm.nih.gov/pubmed/28641231
https://doi.org/10.1016/j.jcrc.2015.08.018
https://doi.org/10.1016/j.jcrc.2015.08.018
http://www.ncbi.nlm.nih.gov/pubmed/26410680
https://doi.org/10.1007/s00134-005-2835-6
http://www.ncbi.nlm.nih.gov/pubmed/16308682
https://doi.org/10.1111/anae.13542
http://www.ncbi.nlm.nih.gov/pubmed/27418297
https://doi.org/10.1097/CCM.0000000000001379
https://doi.org/10.1097/CCM.0000000000001379
http://www.ncbi.nlm.nih.gov/pubmed/26584191
https://doi.org/10.1007/s00134-016-4601-3
http://www.ncbi.nlm.nih.gov/pubmed/27812731
https://doi.org/10.4187/respcare.06611
http://www.ncbi.nlm.nih.gov/pubmed/31213571
https://doi.org/10.1371/journal.pone.0234495
https://doi.org/10.1371/journal.pone.0234495
http://www.ncbi.nlm.nih.gov/pubmed/32520960
https://doi.org/10.1186/s13613-016-0202-0
http://www.ncbi.nlm.nih.gov/pubmed/27783381
https://doi.org/10.1007/s00134-006-0129-2
http://www.ncbi.nlm.nih.gov/pubmed/16715324
https://doi.org/10.1016/j.ejrad.2011.01.037
http://www.ncbi.nlm.nih.gov/pubmed/21292416
https://doi.org/10.1164/rccm.201001-0018OC
http://www.ncbi.nlm.nih.gov/pubmed/20581167
https://doi.org/10.1183/13993003.02637-2017
http://www.ncbi.nlm.nih.gov/pubmed/29976650
https://doi.org/10.1164/rccm.201912-2512OC
http://www.ncbi.nlm.nih.gov/pubmed/32325004
https://doi.org/10.1164/rccm.201803-0589OC
http://www.ncbi.nlm.nih.gov/pubmed/30576221
https://doi.org/10.1186/s13613-021-00801-z
http://www.ncbi.nlm.nih.gov/pubmed/33501590
https://doi.org/10.1371/journal.pone.0270138

