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ABSTRACT

We investigated how the initial ventilation/oxygenation management may 
influence the need for intubation on the coming day in a cohort of immunocompromised 
patients with acute hypoxemic respiratory failure (ARF).

Data from 847 immunocompromised patients with ARF were used to estimate the 
probability of intubation at day+1 within the first 3 days of ICU admission, according 
to oxygenation management. First, noninvasive ventilation (NIV) was compared 
to oxygen therapy whatever the administration device; then standard oxygen was 
compared to High Flow Nasal Cannula therapy alone (HFNC), NIV alone or NIV+HFNC. 
To take into account the oxygenation regimens over time and to handle confounders, 
propensity score weighting models were used.
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In the original sample, the probability of intubation at day+1 was higher in the 
NIV group vs oxygenation therapy (OR = 1.64, 95CI, 1.09–2.48) or vs the standard 
oxygen group (OR = 2.05, 95CI: 1.29–3.29); it was also increased in the HFNC group 
compared to standard oxygen (OR = 2.85, 95CI: 1.37–5.67). However, all these 
differences disappeared by handling confounding-by-indication in the weighted 
samples, as well as in the pooled model. Note that adjusted OR for day-28 mortality 
increased with the day of intubation.

In this large cohort of immunocompromised patients, ventilation/oxygenation 
management had no impact on the probability of intubation on the coming day.

INTRODUCTION

The number of patients living with immune 
deficiency is increasing steadily [1, 2]. Despite major 
therapeutic advances [3, 4], these patients may experience 
several life-threatening complications, mostly acute 
respiratory failure (ARF), that require admission to the 
intensive care unit (ICU) [5].

ARF is associated with high mortality rates  
[6, 7]. When intubation is needed, case fatality is even 
significantly higher [5, 8, 9]. Hence, avoiding intubation 
and conventional mechanical ventilation (MV) has 
become a priority [10]. In that setting, use of noninvasive 
ventilation (NIV) or High Flow Nasal cannula therapy 
(HFNC) has been reported to be associated with decreased 
mortality [11, 12]. However, conflicting data have been 
reported [13, 14]. Noteworthy, the increasing popularity 
of these techniques has to be balanced with the risk of 
delayed intubation, which has been associated with 
increased mortality [15, 16].

As the literature remains not conclusive, guiding 
initial oxygenation and ventilation management in 
immunocompromised patients with ARF requires 
additional data. To address this clinical question and assist 
decision-making, we applied a propensity score based 
approach that allows handling potential time-dependent 
confounders, on a large cohort of immunocompromised 
patients with ARF. This study seeks to guide daily clinical 
decisions about oxygenation and ventilation management 
in patients who are not intubated on the first ICU day. This 
applies to up to 80% of immunocompromised patients 
with hypoxemic ARF. In other words, we sought to 
address the clinical question of whether prolonging NIV 
or high-flow oxygen beyond day-1 can actually decrease 
the proportion of patients further intubated [13, 19].

RESULTS

Patients

As shown in Supplementary Figure 1, a total of 
1,121 immunocompromised patients were admitted in the 
participating ICUs for ARF. Among them, 847 patients 
who met the inclusion criteria, were analyzed in the 
present study. Table 1 reports their main characteristics at 

ICU admission. The main cause of immunosuppression 
was hematologic malignancy (n = 700, 83%) followed 
by solid cancer (n = 97, 11%), immunosuppressive drugs  
(n = 50, 6%), and solid organ transplant in 18 cases (2%). 
One hundred and thirty-seven patients (16%) underwent 
allogeneic stem cell transplantation. Acute leukemia  
(n = 262, 37.4%) and lymphoma (n = 211, 30.1%) were 
the most frequent underlying diseases. Malignancy was 
active (recent chemotherapy or ongoing) in 566 patients 
(71%). One hundred and seventeen patients (14%) had 
a poor Performance Status in the month before ICU 
admission. One third of patients had neutropenia. Median 
time from hospital admission to ICU requirement was 2 
[IQR, 0–12] days and 324 (38.3%) were admitted directly 
from emergency department. At ICU admission, the 
respiratory symptoms evolved since 1 day [0–3]. The most 
common ARF etiology was infection (426 patients, 50%).

Overall, MV rate was 32% (n = 268 patients) 
with a median time between admissions to mechanical 
ventilation of 2 [1–4] days. Supplementary Figure 2  
provides the cumulative incidence of mechanical 
ventilation requirement until day-14 according to each 
study. As shown, 78.6% (n = 187) of MV occurred during 
the first three ICU days. As reported in Table 1, the median 
ICU length of stay was 5 [3–11] days. The crude Day-
28 mortality rate was 21.0% (181 deaths). In patients 
undergoing MV, it reached 58.5% (151 deaths). No 
significant difference in the cumulative incidence of MV 
between the different studies was observed (p = 0.44, see 
Supplementary Figure 2). Similarly, there was no evidence 
across the three studies of any difference in mortality rate 
in mechanically ventilated patients (p = 0.14).

Oxygenation strategy and outcome

Model 1: Noninvasive ventilation vs. oxygen

Oxygenation strategy

Over the first three ICU days, 429 patients in the 
combined cohort, were treated by at least one NIV trial 
and 543 received at least one-day of oxygen. The marginal 
distribution of oxygenation strategies and the different 
sequences of oxygenation strategies that applied to patients 
consecutively during the first week of ICU, illustrated 
that patients may undergo different strategies through 
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Table 1: Patients characteristics admitted with acute respiratory failure in ICU

Variables Patients
N = 847 (%)

No.
Missing

Age, median (IQR), years 62 [52–70.5]
Female sex 385 (45)
Underlying disease

Hematologic malignancies 700 (83)
Solid tumors 97 (11)
Immunosuppressive drugs 50 (6)

Allogeneic stem cell transplantation 137 (16)
Chronic hematologic malignancy 307 (36)
Remission of the malignancy 231 (27)
Major comorbidities

Respiratory comorbiditya 246 (29)
Chronic kidney insufficiency 89 (11)
Cardiovascular diseases 351(41)
Diabetes 117 (14) 89
HIV infection (with another immunosuppressive condition) 10 (1.2)

Performans status >2 117 (14) 30
Body mass index at admission, median (IQR), Kg/m2 24.4 [21.8–27.3] 85
Neutropenia at ICU admission 230 (27)
Direct ICU admission 324 (38.3)
Time from hospital admission to ICU, median (IQR), days 2 [0–12]
Time from first respiratory symptoms to ICU, median (IQR), days 1 [0–3]
ARF etiology

Infection 426 (50)
Bacterial or viral pneumonia 276 (33)
Opportunistic germs infectionb 120 (14)

Neutropenia recovery 83 (10)
Malignant infiltration 84 (10)
Othersc 155 (18)
No identified etiology 147 (17)

SOFA score at admission, median (IQR) 5 [3–7] 60
Shock at admission 113 (13)
Acute kidney injury at admission 328 (39) 7
Oxygen flow at ICU admission, median (IQR), L/min 8 [4–15]
Maximum respiratory rate on Day 0, median (IQR) 32 [27–38] 48
Arterial blood gas at admission 

pH 7.44 [7.4–7.48]
PaCO2, median (IQR), mmHg 34 [30–40]
PaO2 median (IQR), mmHg 78 [64–100]
PaO2: FiO2 ratio 127.8 [78.89–205]

No. of lung quadrants with radiographic infiltrates 2 [1–4]
ICU length of stay, median (IQR), days 5 [3–11]
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the ICU course (see Supplementary Figure 3A and 3B).  
The main parameters of oxygenation devices during the 
three first ICU days, are summarized in Table 2.

Probabilities of mechanical ventilation 
requirement

Covariate balances before and after weighting, are 
reported in the Supplementary Materials. As shown in 
Table 3, using standard logistic regression on the original 
sample, the NIV use at day 0 was significantly associated 
with mechanical ventilation (crude OR 1.64, 95CI:  
1.09–2.48; p = 0.02). On the weighted samples, no 
significant difference between NIV and oxygen group on 
the occurrence of mechanical ventilation on the coming 
day was observed, whatever the day of exposure. Based 
on the pooled model, the overall OR for mechanical 
ventilation requirement did not differ significantly 
between the two groups (p = 0.56, Table 3). Note that 
prevalence of mechanical ventilation differed over time.

We further showed no evidence of any interaction 
between day of exposure and NIV effect (p = 0.97). These 
results are illustrated in the Figure 1A that provides the 
estimated conditional probability of intubation on the 
coming day according to the oxygenation strategy choice, 
in the original sample and in those obtained with the 
pooled model. The crude estimated probability of MV at 
day +1 was 15.2% (95 CI: 11.7–19.2) in the NIV group, 
and 9.8% (95 CI: 0.07–12.9) in the oxygen group. After 
weighting, these probabilities were close, with a MV 
probability estimate of 14% (95 CI: 18–10) in the oxygen 
group and 15% (95 CI: 12–18) in the NIV group.

Model 2: Standard oxygen alone vs. NIV alone, 
NIV+HFNC or HFNC alone

Oxygenation strategy

During the first three days of ICU, 488 patients 
received standard oxygen therapy, 378 patients received 
NIV alone, 60 patients both NIV and HFNC, and 89 patients 
received HFNC alone. Supplementary Figure 4A and 4B 
display the different distributions of oxygenation states and 

trajectories during the first six days in ICU, respectively. 
Table 2 provides the main features of the three different 
oxygenation strategy groups during the first three days in 
ICU. At admission, patients treated with standard oxygen 
alone, received oxygen at a median flow of 6 [4–15]  
L/min. In the NIV group, median NIV duration was 4.5  
[2–7] hours within the first 24 hours, 5 [3–8] hours on day 2, 
and 4 [3–7.5] hours on day 3. In HFNC group, the gas flow 
was 40 [27.5–50] L/min the day of admission with a fraction 
of inspired oxygen (FiO2) at 80% [52.5–95].

Probabilities of mechanical ventilation 
requirement

Covariates balances before and after weighting are 
reported in the Supplementary Data. Figure 1B displays 
the prevalence of intubation on the coming day from 
admission to day 2, in the original and weighted samples, 
and Table 3 reports the estimated effect of oxygenation 
strategy at each of these days in both datasets. Using 
standard logistic estimation on the original sample, OR 
for intubation at day 1 was significantly higher in the NIV 
group (OR: 2.05, 95 CI: 1.29–3.29) and HFNC group (OR: 
2.85, 95 CI: 1.37–5.67) than those in the standard oxygen 
group. These differences were no longer significant in the 
weighted samples. Using pooled model, we observed no 
effect of the oxygenation strategy on intubation, regardless 
of the oxygenation devices (Table 3). As above, time 
was associated with a reduced occurrence of mechanical 
ventilation (day 1: OR: 0.58, 95 CI 0.58–1.9; day 2: OR: 
0.51, 95 CI: 0.50–0.82), as compared to day 0.

Sensitivity analyses

We did not find any heterogeneity in the ventilation 
effect according to oxygenation strategy, between patients 
with and without determined ARF etiology (model 1:  
p = 0.86, model 2: p = 0.66).

Mortality within 28 days

Figure 2 illustrates the relationship between the day 
of invasive mechanical ventilation initiation and day-28 

Invasive mechanical ventilation
Time from admission to intubation, median (IQR), days
Length of mechanical ventilation, median (IQR), days

268 (32)
. [1–4]
. [3–15]

28-day mortality 
90-day mortality

181 (21)
29. (35)

IQR: interquartile range, ARF: acute respiratory failure, SOFA: Sequential Organ Failure Assessment, ICU: intensive care 
unit, PaO2: partial pressure of arterial oxygen, PaCO2: partial pressure of arterial carbon dioxide, FiO2: fraction of inspired 
oxygen (measured or estimated in patients with standard oxygen therapy: oxygen flow (L/min) *0.03 + 0.21.
aIncluding COPD in 52 (6%) patients. 
bincluding: pneumocystis jirovecii pneumonia (n = 68), fungi (n = 51).
cincluding: extra pulmonary ARDS (n = 58), toxic pneumonia (n = 20), intra–alveolar hemorrhage (n = 7).
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Table 2: Main characteristics of oxygenation support during the first three days of ICU (Model 1 and 2)

Variables Day 0 Day 1 Day 2

Model 1

Noninvasive ventilation group

Number 381 284 223

Number of trial/day, median (IQR) 6 [3–6] 5 [3–6] 4 [2–6]

Length of NIV (h), median (IQR) 4.5 [2–7] 5 [3–8] 4 [3–7.5]

PEEP (cm H2O), median (IQR) 5 [5–6] 5 [5–6] 5 [4–6]

Pressure support (cm H2O), median (IQR) 8 [7–10] 8 [7–12] 8 [7–10]

FiO2 (%), median (IQR) 80 [50–95] 50 [32–90] 60 [36–95]

Gas flow between NIV sessions (L/min), median (IQR) 9.5 [4.8–15] 8 [5–15] 9 [4–15]

Oxygen group

Number 466 379 279

Gas flow (L/min), median (IQR) 6 [3–12] 5 [2–9] 4 [2–8]

Model 2

Noninvasive ventilation group 

Number 329 242 191

Number of trial/day, median (IQR) 6 [2–6] 5 [3–6] 4 [2–6]

Length of NIV (h), median (IQR) 5 [2–7] 5.5 [3–8] 4.25 [3–8]

PEEP (cm H2O), median (IQR) 5 [5–6] 5 [5–6] 5 [4–6]

Pressure support (cm H2O), median (IQR) 8 [6–10] 9 [7–12] 8 [7–10.5]

FiO2 (%), median (IQR) 80 [40–95] 80 [40–95] 55 [36–95]

Gas flow (L/min), median (IQR) 9 [4–15] 7 [4–11.5] 6 [4–12]

High flow nasal cannula group

Number 64 58 39

FiO2 (%), median (IQR) 80[52.5–95] 70 [50–95] 67.5 [50–95]

Gas flow (L/min), median (IQR) 40 [27.5–50] 40 [30–50] 75 [50–95]

Noninvasive ventilation with high flow nasal cannula group

Number 52 42 32

Number of trial/day, median (IQR) 6 [6–6] 6 [4–6] 6 [5–6]

Length of NIV (h), median (IQR) 4 [1.25–6] 4 [3–6] 4 [3–6]

Pressure support (cm H2O), median (IQR) 8 [7–10] 9 [8–12] 9 [8–11]

PEEP (cm H2O), median (IQR) 5 [4–6] 5 [4–6] 5 [4–6]

Gas flow (L/min), median (IQR) 40 [30–50] 40 [30–50] 40 [30–50]

FiO2 (%), median (IQR) 70 [50–95] 60 [45–90] 40 [30–50]

Standard oxygen group 

Number 402 321 240

Gas flow (L/min), median (IQR) 6 [4–15] 5 [4–11] 6 [3–9]

IQR: interquartile range, NIV: Noninvasive ventilation, HFNC: high flow nasal cannula, FiO2: fraction of inspired oxygen.
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Table 3: Estimated effect of ventilation/oxygenation strategy on mechanical ventilation requirement in the coming day 
according to stratified approach on landmark time and Structural Marginal Model (Model 1 and 2)

      Original sample Weighted sample

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Landmark time-estimated effect 

Model 1

Day 1*

    Noninvasive ventilation at day 0 1.64 (1.09–2.48) 0.019 1.01 (0.96–1.07) 0.657

Day 2

    Noninvasive ventilation at day 1 1.31 (0.75–2.31) 0.341 1.01 (0.96–1.06) 0.827

Day 3

    Noninvasive ventilation at day 2 1.46 (0.70–3.10) 0.125 1.01 (0.95–1.06) 0.812

Model 2

Day 1*

    Noninvasive ventilation at day 0 2.05 (1.29–3.29) 0.002 1.02 (0.98–1.07) 0.307

    High Flow-nasal cannula at day 0 2.85 (1.37–5.67) 0.004 1.10 (0.95–1.28) 0.211

    NIV with HFNC at day 0 1.74 (0.67–3.96) 0.214 1.00 (0.92–1.10) 0.933

Day 2 

    Noninvasive ventilation at day 1 1.50 (0.82–2.75) 0.191 0.99 (0.96–1.03) 0.734

    High Flow-nasal cannula at day 1 1.28 (0.42–3.29) 0.631 0.98 (0.91– 1.06) 0.670 

    NIV with HFNC at day 1 0.68 (0.11–2.43) 0.610 0.96 (0.92– 1.01) 0.127

Day 3

   Noninvasive ventilation at day 2 1.65 (0.73–3.80) 0.230 1.00 (0.96–1.05) 0.822

   High Flow-nasal cannula at day 2 1.73 (0.38–5.88) 0.415 0.97 (0.94–0.99) 0.008

   NIV with HFNC at day 2 1.39 (0.21–5.50) 0.679 1.04 (0.90–1.20) 0.594

Marginal structural model–estimated effect

Model 1

Noninvasive ventilation _
_
_

1.10 (0.78–1.54) 0.562

Onset of oxygenation strategy at day 0 0.57 (0.39–0.84) 0.004

Onset of oxygenation strategy at day 1 0.43 (0.27–0.69) 0.004

Model 2

Noninvasive ventilation _ 1.07 (0.81–1.62) 0.455

High flow nasal cannula _ 1.14 (0.65–3.41) 0.345

NIV with HFNC – 1.00 (0.41–2.44) 0.992

Onset of oxygenation strategy at day 0 _ 0.58 (0.58–1.90) 0.011

Onset of oxygenation strategy at day 1 _ 0.51 (0.50–0.82) 0.049

NIV: Noninvasive ventilation, HFNC: high flow nasal cannula.
*Day since admission (Day 0).
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Figure 1: Estimated probability of Mechanical ventilation on the coming day according to the current oxygenation strategy - Model 1 
(A), Model 2 (B). 
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mortality regardless the oxygenation/ventilation strategy. 
After adjustment on SOFA at admission, Performans 
Status and age, mechanical ventilation was significantly 
associated with mortality whatever the day of initiation 
with OR ranging from 1.48 [1.01–2.16] at Day 0 to 16.44 
[8.37–32.3] for those ventilated after day 3. As shown, the 
risk for mortality increased along time. This suggests that 
delayed intubation could worsen prognosis.

DISCUSSION

In an era of controversy regarding initial 
oxygenation and ventilation support strategy to avoid MV 
in immunocompromised patients with hypoxemic ARF, 
this large study failed to show any significant association 
between initial management and need for intubation on the 
next day. This result is of prime interest as it suggests that 
restoring oxygenation only represents a single symptomatic 
treatment.

In the setting of immunocompromised patients with 
hypoxemic ARF, every study result has an alternate study 
that reports opposite findings. For instance, although 
Hilbert et al. [18] have found that NIV could reduce 
intubation rate and mortality, 15 years later this evidence 
has been challenged by Lemiale et al. [13]. Regarding 
HFNC, a post-hoc analysis from Frat et al. [12] suggested 
that HFNC might be a suitable alternative to standard 
oxygen or NIV which might even increase MV and 
mortality rates. On the contrary, the post-hoc analysis 

from the Lemiale’s trial [17] did not find any difference in 
intubation rate or mortality between HFNC and standard 
oxygen treatment. Lastly, Mokart et al. [14] suggested a 
significantly improved day-28 survival with the use of 
combined HFNC–NIV therapy.

Indeed, NIV could be perceived as a harmful 
noninvasive ventilatory support strategy in hypoxemic 
ARF. First, as a non-continuous treatment, in-between 
sessions are exposed to lung derecruitment, oxygenation 
loss as well as physiological deterioration [19]. Secondly, 
in patients with high respiratory drive, generous 
tidal volume exposes patient’s lungs to exceeding 
transpulmonary pressure and the possibility of patient self-
inflicted lung injury [20]. This hypothesis is in line with 
the results from the Frat trial [12], or the LUNGSAFE 
study [16] that have both reported adverse outcomes 
from NIV in patients with acute ARF and a Pa02/Fi02 
ratio < 150. It is then likely that at least a proportion of 
patients with hypoxemic ARF cannot be safely managed 
by NIV. Moreover, any attempt to delay conventional and 
protective MV in these patients may translate into harm. 
HFNC has demonstrated its ability to decrease respiratory 
rate and alleviate respiratory distress [21]. It may then be 
a protective device in patients with hypoxemic ARF, in 
line with its reported benefit in the Frat trial [22]. Whether 
HFNC is as protective as sedation and conventional 
mechanical ventilation on reducing expiratory tidal 
volumes and subsequent lung injury is debatable. Trials 
dedicated to compare HFNC to standard oxygen in 

Figure 2: Adjusted odds ratio for relationship between the day of invasive mechanical ventilation initiation and Day-
28 mortality. Results were adjusted on SOFA, Age and Performans status at admission.
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immunocompromised patients with ARF, are warranted. 
Also, studies to compare HFNC or NIV to conventional 
ventilation in patients with criteria for MV would be 
timely [23].

The present study has several limitations. First, 
it was based on three empirical samples and some 
confounding in the comparison of noninvasive ventilatory 
support strategies is likely; thus, we used causal inference 
approaches that are expected to control imbalances in 
potential confounders between treated groups [24, 25] 
though we cannot rule out that some residual imbalances 
have persisted. Second, we retrospectively combined data 
from two RCTs and one cohort, mostly to increase the 
external validity of our findings; however, this may have 
influenced the results by introducing some heterogeneity 
in patient populations, procedures including applied 
oxygenation strategies, other patient management and data 
quality. To check for any trial effect due to case-mix, we 
compared the cumulative incidences of MV and ICU death 
between studies, without any evidence of differences. We 
did not find any significant interactions between included 
studies and results. Third, the sample sizes of the HFNC 
groups were somewhat low. However, with 89 patients 
treated with HNFC alone and 60 with both HFNC and NIV, 
this study remains the largest in immunocompromised 
patients. Last, we only describe mortality data according 
to initial oxygenation/ventilation strategy, without properly 
assess the effect of oxygenation groups on mortality; such 
an analysis that would need to handle time-dependent 
confounders, is certainly of interest for further studies.

Therefore, with the objective to improve outcomes 
in this high-risk population, trials are needed to better 
define initial ventilation. A proper evaluation of HFNC 
versus standard oxygen is required, as noninvasive 
ventilation has become a potentially harmful strategy in 
hypoxemic ARF. In addition, patients need to be stratified 
according to their respiratory drive before choosing the 
device to keep them under the chopper of noninvasive 
ventilation strategy.

MATERIALS AND METHODS

Data source

This study is a post hoc joint analysis of three 
previously published studies conducted in critically ill 
immunocompromised patients. Details of each study have 
been described previously [5, 13, 26]. Supplementary 
Table 1 summarizes their main characteristics. Data 
reported in Tables 1–3 were prospectively collected.

In all studies, hypoxemic ARF was defined by 
tachypnea (respiratory frequency > 30/min), respiratory 
distress, labored breathing, oxygen saturation less 
than 90% or PaO2 less than 60 mmHg on room air 
and need for > 6l min of standard oxygen without 
hypercapnia (paCO2 > 50 mmHg). The decision to 
perform endotracheal intubation was left to clinicians in 

charge at each ICU. The appropriate ethics committees 
approved each individual study. Immunosuppression 
was defined by a hematological malignancy, a solid 
tumor requiring treatment since less than 5 years, 
long term (>3 months) or high dose (>1 mg/kg)  
steroids, any other immunosuppressive drug, solid organ 
transplant or primary immune deficiency.

Selection of the study population

Because NIV is a medically recommended practice 
in acute pulmonary edema and COPD exacerbation (i.e., 
acute hypercapnic respiratory failure), we excluded patients 
with these conditions at ICU admission. Also, only patients 
with ARF developing within 48 hours of ICU admission 
were included in this study. All patients were admitted 
without treatment-limitation decisions at ICU admission, 
including do-not-intubate order. Last, patients intubated 
the same day than ICU admission were not included given 
we focused on predicting the need for intubation on the 
coming day, and not discriminate among ICU patients of 
those who will be intubated or not. This last criterion could 
be seen as hampering external validity to this study given 
one cannot exclude that those excluded patients may have 
been administered NIV or HFNC in the same day before 
intubation. However, NIV and HFNC failure are a source of 
concern when they are used for more than 3 days [27, 28].

The flow chart of the study is displayed in 
Supplementary Figure 1.

Study outcomes and exposures

The main study end-point was the need for MV on 
the coming day, that is, on day d+1, among patients at 
risk (alive, free of MV and still in the ICU), at day d. We 
restricted ourselves to the first three ICU days (d = 0, 1, 2,  
where d = 0 defines the day of ICU admission, day 1, 2, 
etc. were subsequent 24 hours periods) because the vast 
majority of MV were expected to occur in these first days 
[13, 17]. Secondary outcome was death within 28 days of 
ICU admission.

Two daily oxygenation and ventilation strategies 
were considered successively. First, we only distinguished 
NIV versus oxygen therapy regardless of the oxygenation 
device (standard oxygen or HFNC), where NIV defined 
the exposure of interest, using logistic regression to predict 
treatment assignment. Secondly, we considered four groups 
of oxygenation and ventilation strategies, distinguishing 
first among NIV patients those administered NIV alone 
and those receiving NIV associated with HFNC, patients 
receiving HFNC alone and those with standard oxygen 
therapy alone.

Statistical analysis

All data are presented as median [interquartile 
range, IQR] for quantitative variables and frequencies 
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(percentages) for qualitative variables. A nonparametric 
estimator of the sub distribution function estimated the 
cumulative incidence of MV requirement in the first  
7 days of ICU, taking into account the competing deaths 
or ICU discharges, all free of MV. The crude conditional 
probability of MV at day d+1 for the first three days of ICU 
stay, overall and according to the noninvasive oxygenation 
strategy, was computed.

We first addressed the question of how MV 
requirement would differ if all the subjects actually treated 
by NIV were administered the oxygen therapy, when all 
observed confounders were equally distributed among 
those two groups. Propensity score (PS) weighted analysis 
was thus used as detailed in the Supplementary Data. 
Resulted weighted datasets defined so-called “pseudo-
population” at each day, were analyzed using a weighted 
logistic regression that allowed taking into account the 
effect of time-varying exposure on the outcome (MV on 
the coming day or not) based on the weighted dataset. 
Then, after pooling individual patient data for the three 
days, marginal model applied with further adjustment on 
the day of exposure. Effects were summarized as odds 
ratio (ORs) with respective 95% confidence intervals  
(95 CIs).

Analyses were rerun to assess the effect of exposure, 
when considering the 4 strategies separately.

Sensitivity analyses also investigated evidence that 
treatment effect varies substantially among different subsets 
of patients, defined by the study and the main diagnosis of 
ARF, based on the Gail and Simon statistics [29].

To illustrate Day-28 mortality according to the delay 
since ICU admission and MV initiation, we used logistic 
regression at each day to provide OR for mortality (adjusted 
on age, Performans Status and SOFA at admission).

All tests were two-sided at the 0.05 significance 
level. Data management and statistical analyses were 
performed using R statistical packages (online at https://
www.R-project.org).

CONCLUSIONS

Based on causal inference, this study failed to show 
any evidence of difference between several noninvasive 
ventilatory support strategies on mechanical ventilation 
probability during the first three ICU days in a large cohort 
of immunocompromised patients with hypoxemic ARF. 
Randomized trials are warranted in order to clarify initial 
management of hypoxemic ARF in this population.

Abbreviations

ARF: Acute respiratory failure; ICU: Intensive care 
unit; IQR: Interquartile range; IMV: Invasive ventilation; 
HFNC: High Flow Nasal Cannula therapy alone; NIV: 
Noninvasive ventilation; OR: Odds ratio; PS: Propensity 

score; SOFA: Sequential Organ Failure Assessment; 
95CIs: 95% confidence intervals.

Author contributions

G. Dumas, MD and E. Azoulay MD, PhD are 
guarantors of the content of the manuscript, including the 
data and analysis. GD., SC., EA designed and performed 
research; G.D., SC. analyzed the data; G.D., SC. and EA. 
wrote the manuscript; VL., FP., JM., AK., MN., PP., LA., 
FB., FV., FB., KK., LK., ASM., JR., LP., YC., DM. and 
EA. collected the data.

CONFLICTS OF INTEREST

Authors have no conflict of interest to declare with 
any financial organization regarding the material discussed 
in the manuscript.

FUNDING

Paris Diderot University.

REFERENCES

1. Thiéry G, Azoulay E, Darmon M, Ciroldi M, De Miranda 
S, Lévy V, Fieux F, Moreau D, Le Gall JR, Schlemmer 
B. Outcome of cancer patients considered for intensive 
care unit admission: a hospital-wide prospective study. J 
Clin Oncol. 2005; 23:4406–13. https://doi.org/10.1200/
JCO.2005.01.487.

2. Coleman MP, Quaresma M, Berrino F, Lutz JM, De Angelis 
R, Capocaccia R, Baili P, Rachet B, Gatta G, Hakulinen 
T, Micheli A, Sant M, Weir HK, et al, and CONCORD 
Working Group. Cancer survival in five continents: 
a worldwide population-based study (CONCORD). 
Lancet Oncol. 2008; 9:730–56. https://doi.org/10.1016/
S1470-2045(08)70179-7.

3. Verdecchia A, Francisci S, Brenner H, Gatta G, Micheli A, 
Mangone L, Kunkler I, and EUROCARE-4 Working Group. 
Recent cancer survival in Europe: a 2000-02 period analysis 
of EUROCARE-4 data. Lancet Oncol. 2007; 8:784–96. 
https://doi.org/10.1016/S1470-2045(07)70246-2.

4. Vogelzang NJ, Benowitz SI, Adams S, Aghajanian C, Chang 
SM, Dreyer ZE, Janne PA, Ko AH, Masters GA, Odenike 
O, Patel JD, Roth BJ, Samlowski WE, et al. Clinical 
cancer advances 2011: Annual Report on Progress Against 
Cancer from the American Society of Clinical Oncology. 
J Clin Oncol. 2012; 30:88–109. https://doi.org/10.1200/
JCO.2011.40.1919.

5. Azoulay E, Mokart D, Pène F, Lambert J, Kouatchet A, 
Mayaux J, Vincent F, Nyunga M, Bruneel F, Laisne LM, 
Rabbat A, Lebert C, Perez P, et al. Outcomes of critically 
ill patients with hematologic malignancies: prospective 
multicenter data from France and Belgium—a groupe de 

https://www.R-project.org
https://www.R-project.org
https://doi.org/10.1200/JCO.2005.01.487
https://doi.org/10.1200/JCO.2005.01.487
https://doi.org/10.1016/S1470-2045(08)70179-7
https://doi.org/10.1016/S1470-2045(08)70179-7
https://doi.org/10.1016/S1470-2045(07)70246-2
https://doi.org/10.1200/JCO.2011.40.1919
https://doi.org/10.1200/JCO.2011.40.1919


Oncotarget33692www.oncotarget.com

recherche respiratoire en réanimation onco-hématologique 
study. J Clin Oncol. 2013; 31:2810–18. https://doi.
org/10.1200/JCO.2012.47.2365.

 6. Groeger JS, White P Jr, Nierman DM, Glassman J, Shi W, 
Horak D, Price K. Outcome for cancer patients requiring 
mechanical ventilation. J Clin Oncol. 1999; 17:991–97. 
https://doi.org/10.1200/JCO.1999.17.3.991.

 7. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach 
H, Opal SM, Sevransky JE, Sprung CL, Douglas IS, 
Jaeschke R, Osborn TM, Nunnally ME, Townsend SR, et 
al, and Surviving Sepsis Campaign Guidelines Committee 
including The Pediatric Subgroup. Surviving Sepsis 
Campaign: international guidelines for management 
of severe sepsis and septic shock, 2012. Intensive 
Care Med. 2013; 39:165–228. https://doi.org/10.1007/
s00134-012-2769-8.

 8. Azoulay E, Thiéry G, Chevret S, Moreau D, Darmon 
M, Bergeron A, Yang K, Meignin V, Ciroldi M, Le 
Gall JR, Tazi A, Schlemmer B. The prognosis of acute 
respiratory failure in critically ill cancer patients. Medicine 
(Baltimore). 2004; 83:360–70. https://doi.org/10.1097/01.
md.0000145370.63676.fb.

 9. Chaoui D, Legrand O, Roche N, Cornet M, Lefebvre A, 
Peffault de Latour R, Sanhes L, Huchon G, Marie JP, 
Rabbat A. Incidence and prognostic value of respiratory 
events in acute leukemia. Leukemia. 2004; 18:670–75. 
https://doi.org/10.1038/sj.leu.2403270.

10. Goligher EC, Ferguson ND, Brochard LJ. Clinical 
challenges in mechanical ventilation. Lancet. 
2016; 387:1856–66. https://doi.org/10.1016/
S0140-6736(16)30176-3.

11. Rochwerg B, Brochard L, Elliott MW, Hess D, Hill NS, 
Nava S, Navalesi P, Antonelli M, Brozek J, Conti G, Ferrer 
M, Guntupalli K, Jaber S, et al. Official ERS/ATS clinical 
practice guidelines: noninvasive ventilation for acute 
respiratory failure. Eur Respir J. 2017; 50:1602426. https://
doi.org/10.1183/13993003.02426-2016.

12. Frat JP, Ragot S, Girault C, Perbet S, Prat G, Boulain T, 
Demoule A, Ricard JD, Coudroy R, Robert R, Mercat A, 
Brochard L, Thille AW, and REVA network. Effect of non-
invasive oxygenation strategies in immunocompromised 
patients with severe acute respiratory failure: a post-hoc 
analysis of a randomised trial. Lancet Respir Med. 2016; 
4:646–52. https://doi.org/10.1016/S2213-2600(16)30093-5.

13. Lemiale V, Mokart D, Resche-Rigon M, Pène F, Mayaux 
J, Faucher E, Nyunga M, Girault C, Perez P, Guitton C, 
Ekpe K, Kouatchet A, Théodose I, et al, and Groupe 
de Recherche en Réanimation Respiratoire du patient 
d’Onco-Hématologie (GRRR-OH). Effect of Noninvasive 
Ventilation vs Oxygen Therapy on Mortality Among 
Immunocompromised Patients With Acute Respiratory 
Failure: A Randomized Clinical Trial. JAMA. 2015; 
314:1711–19. https://doi.org/10.1001/jama.2015.12402.

14. Mokart D, Geay C, Chow-Chine L, Brun JP, Faucher M, 
Blache JL, Bisbal M, Sannini A. High-flow oxygen therapy 
in cancer patients with acute respiratory failure. Intensive 

Care Med. 2015; 41:2008–10. https://doi.org/10.1007/
s00134-015-3994-8.

15. Demoule A, Girou E, Richard JC, Taille S, Brochard L. 
Benefits and risks of success or failure of noninvasive 
ventilation. Intensive Care Med. 2006; 32:1756–65. https://
doi.org/10.1007/s00134-006-0324-1.

16. Bellani G, Laffey JG, Pham T, Madotto F, Fan E, Brochard 
L, Esteban A, Gattinoni L, Bumbasirevic V, Piquilloud L, 
van Haren F, Larsson A, McAuley DF, et al, and LUNG 
SAFE Investigators, and ESICM Trials Group. Noninvasive 
Ventilation of Patients with Acute Respiratory Distress 
Syndrome. Insights from the LUNG SAFE Study. Am 
J Respir Crit Care Med. 2017; 195:67–77. https://doi.
org/10.1164/rccm.201606-1306OC.

17. Lemiale V, Resche-Rigon M, Mokart D, Pène F, Argaud 
L, Mayaux J, Guitton C, Rabbat A, Girault C, Kouatchet 
A, Vincent F, Bruneel F, Nyunga M, et al. High-Flow 
Nasal Cannula Oxygenation in Immunocompromised 
Patients With Acute Hypoxemic Respiratory Failure: A 
Groupe de Recherche Respiratoire en Réanimation Onco-
Hématologique Study. Crit Care Med. 2017; 45:e274–80. 
https://doi.org/10.1097/CCM.0000000000002085.

18. Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-
Benissan G, Dupon M, Reiffers J, Cardinaud JP. 
Noninvasive ventilation in immunosuppressed patients with 
pulmonary infiltrates, fever, and acute respiratory failure. 
N Engl J Med. 2001; 344:481–87. https://doi.org/10.1056/
NEJM200102153440703.

19. Delclaux C, L’Her E, Alberti C, Mancebo J, Abroug F, Conti 
G, Guérin C, Schortgen F, Lefort Y, Antonelli M, Lepage 
E, Lemaire F, Brochard L. Treatment of acute hypoxemic 
nonhypercapnic respiratory insufficiency with continuous 
positive airway pressure delivered by a face mask: A 
randomized controlled trial. JAMA. 2000; 284:2352–60. 
https://doi.org/10.1001/jama.284.18.2352.

20. Carteaux G, Millán-Guilarte T, De Prost N, Razazi K, Abid 
S, Thille AW, Schortgen F, Brochard L, Brun-Buisson C, 
Mekontso Dessap A. Failure of Noninvasive Ventilation for 
De Novo Acute Hypoxemic Respiratory Failure: Role of 
Tidal Volume. Crit Care Med. 2016; 44:282–90. https://doi.
org/10.1097/CCM.0000000000001379.

21. Papazian L, Corley A, Hess D, Fraser JF, Frat JP, Guitton C, 
Jaber S, Maggiore SM, Nava S, Rello J, Ricard JD, Stephan 
F, Trisolini R, Azoulay E. Use of high-flow nasal cannula 
oxygenation in ICU adults: a narrative review. Intensive 
Care Med. 2016; 42:1336–49. https://doi.org/10.1007/
s00134-016-4277-8.

22. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, 
Prat G, Boulain T, Morawiec E, Cottereau A, Devaquet J, 
Nseir S, Razazi K, et al, and FLORALI Study Group, and 
REVA Network. High-flow oxygen through nasal cannula 
in acute hypoxemic respiratory failure. N Engl J Med. 2015; 
372:2185–96. https://doi.org/10.1056/NEJMoa1503326.

23. Antonelli M, Conti G, Rocco M, Bufi M, De Blasi RA, 
Vivino G, Gasparetto A, Meduri GU. A comparison of 
noninvasive positive-pressure ventilation and conventional 

https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1200/JCO.2012.47.2365
https://doi.org/10.1200/JCO.1999.17.3.991
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1007/s00134-012-2769-8
https://doi.org/10.1097/01.md.0000145370.63676.fb
https://doi.org/10.1097/01.md.0000145370.63676.fb
https://doi.org/10.1038/sj.leu.2403270
https://doi.org/10.1016/S0140-6736(16)30176-3
https://doi.org/10.1016/S0140-6736(16)30176-3
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1183/13993003.02426-2016
https://doi.org/10.1016/S2213-2600(16)30093-5
https://doi.org/10.1001/jama.2015.12402
https://doi.org/10.1007/s00134-015-3994-8
https://doi.org/10.1007/s00134-015-3994-8
https://doi.org/10.1007/s00134-006-0324-1
https://doi.org/10.1007/s00134-006-0324-1
https://doi.org/10.1164/rccm.201606-1306OC
https://doi.org/10.1164/rccm.201606-1306OC
https://doi.org/10.1097/CCM.0000000000002085
https://doi.org/10.1056/NEJM200102153440703
https://doi.org/10.1056/NEJM200102153440703
https://doi.org/10.1001/jama.284.18.2352
https://doi.org/10.1097/CCM.0000000000001379
https://doi.org/10.1097/CCM.0000000000001379
https://doi.org/10.1007/s00134-016-4277-8
https://doi.org/10.1007/s00134-016-4277-8
https://doi.org/10.1056/NEJMoa1503326


Oncotarget33693www.oncotarget.com

mechanical ventilation in patients with acute respiratory 
failure. N Engl J Med. 1998; 339:429–35. https://doi.
org/10.1056/NEJM199808133390703.

24. Paul R. Rosenbaum DBR. Reducing Bias in Observational 
Studies Using Sub-Classification on the Propensity Score. J 
Am Stat Assoc. 1984; 79. https://doi.org/10.2307/2288398.

25. D’Agostino RB Jr. Propensity score methods for bias reduction 
in the comparison of a treatment to a non-randomized control 
group. Stat Med. 1998; 17:2265–81. https://doi.org/10.1002/
(SICI)1097-0258(19981015)17:193.0.CO;2-B.

26. Azoulay E, Mokart D, Lambert J, Lemiale V, Rabbat A, 
Kouatchet A, Vincent F, Gruson D, Bruneel F, Epinette-
Branche G, Lafabrie A, Hamidfar-Roy R, Cracco C, et al. 
Diagnostic strategy for hematology and oncology patients 
with acute respiratory failure: randomized controlled trial. 
Am J Respir Crit Care Med. 2010; 182:1038–46. https://doi.
org/10.1164/rccm.201001-0018OC.

27. Adda M, Coquet I, Darmon M, Thiery G, Schlemmer B, 
Azoulay E. Predictors of noninvasive ventilation failure in 
patients with hematologic malignancy and acute respiratory 
failure. Crit Care Med. 2008; 36:2766–72. https://doi.
org/10.1097/CCM.0b013e31818699f6.

28. Gristina GR, Antonelli M, Conti G, Ciarlone A, Rogante 
S, Rossi C, Bertolini G, and GiViTI (Italian Group 
for the Evaluation of Interventions in Intensive Care 
Medicine). Noninvasive versus invasive ventilation for 
acute respiratory failure in patients with hematologic 
malignancies: a 5-year multicenter observational survey. 
Crit Care Med. 2011; 39:2232–39. https://doi.org/10.1097/
CCM.0b013e3182227a27.

29. Gail M, Simon R. Testing for qualitative interactions 
between treatment effects and patient subsets. Biometrics. 
1985; 41:361–72. https://doi.org/10.2307/2530862.

https://doi.org/10.1056/NEJM199808133390703
https://doi.org/10.1056/NEJM199808133390703
https://doi.org/10.2307/2288398
https://doi.org/10.1002/(SICI)1097-0258(19981015)17:193.0.CO;2-B
https://doi.org/10.1002/(SICI)1097-0258(19981015)17:193.0.CO;2-B
https://doi.org/10.1164/rccm.201001-0018OC
https://doi.org/10.1164/rccm.201001-0018OC
https://doi.org/10.1097/CCM.0b013e31818699f6
https://doi.org/10.1097/CCM.0b013e31818699f6
https://doi.org/10.1097/CCM.0b013e3182227a27
https://doi.org/10.1097/CCM.0b013e3182227a27
https://doi.org/10.2307/2530862

