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Abstract
Acute hypoxemic respiratory failure (ARF)
is the most common cause of critical illness
in oncologic patients. Despite significant
advancements in survival of oncologic patients
who develop critical illness, mortality rates
in those requiring invasive mechanical

ventilation have improved but remain high.
Avoiding intubation is paramount to the man-
agement of oncologic patients with ARF.
There are important differences between the
oncologic patient with ARF compared to
the general ICU population that likely underlie
the increased mortality once intubated. Nonin-
vasive oxygen modalities have been recog-
nized as an important therapeutic approach to
prevent intubation. Continuous low-flow oxy-
gen therapy, noninvasive ventilation, and high-
flow nasal cannula are the most commonly
used noninvasive oxygen therapies in recent
years. They have unique physiologic
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properties. The data surrounding their efficacy
in the general ICU population and oncologic
population has evolved over time reflecting the
changes in the oncologic population. This
chapter reviews the three different noninvasive
oxygen modalities, their physiologic impact,
and evidence surrounding their effectiveness.

Keywords
High-flow nasal cannula · High-flow oxygen
therapy · Low-flow oxygen therapy ·
Continuous oxygen therapy · Noninvasive
ventilation · Acute respiratory failure · Acute
respiratory distress syndrome · Oncologic
critical care · Immunocompromised

Introduction

Acute hypoxemic respiratory failure (ARF) is
the most common cause of critical illness in onco-
logic patients [1–3]. Avoiding intubation is para-
mount to the management of oncologic patients
with ARF. The risks associated with intubation
are pronounced in the immunocompromised and
oncologic population. These risks include numer-
ous infectious, musculoskeletal, respiratory, and
neurologic complications. Oncologic patients
may present with a greater frequency of frailty
at the time of critical illness, a higher likelihood
of succumbing to aggressive or drug-resistant
pathogens or they may experience a blunted
or dysregulated host response [4–6]. As such,
patients who progress to require invasive mechan-
ical ventilation are subject to increased mortality
compared to the general ICU population [7].

In hypoxemic oncologic patients, noninvasive
oxygen therapy may be delivered via simple
face mask (continuous oxygen therapy (COT)),
noninvasive ventilation (NIV), or high-flow
nasal cannula (HFNC). Earlier studies in immu-
nocompromised patients receiving NIV compared
to COT suggested a reduced need for intubation
[6, 8]. This resulted in adoption of NIV as a
noninvasive strategy to support oncologic patients
in an attempt to prevent intubation. However,
these results have been called into question in
recent years [9]. Furthermore, we have recently

seen the development of HFNC with promising
preliminary results across the general ICU
population. It is unclear whether these promising
results with HFNC translate to the oncologic pop-
ulation. With the goal to reserve intubation in
those failing noninvasive oxygenation strategies,
there remains a need to better understand these
therapies in this unique population.

This chapter will focus on the rationale for
preventing intubation in the oncologic population,
the mechanisms of the various noninvasive oxy-
gen modalities, evidence-to-date of these modali-
ties across the general and oncologic patients, and
future areas of consideration.

Spectrum of ARF in Oncologic Patients

The number of living patients with cancer has
been increasing steadily over the last several
years [10]. The spectrum of ARF in oncologic
patients varies widely and may be induced by
the underlying malignancy or be secondary to
treatment-associated toxicities (Fig. 1).

What Is Unique About ARF in Oncologic
Versus Nononcologic Patients

While mortality across critically ill oncologic
patients has decreased significantly in recent
decades with advancements in oncologic and crit-
ical care, mortality across ARF and acute respira-
tory distress syndrome (ARDS) remains high
[11]. There are a series of factors that are theorized
to be underlying this increased mortality. A thor-
ough understanding of these factors is necessary
when considering which noninvasive oxygen
strategy one may choose.

Cause of ARF
ARF in the oncologic patient can broadly be
categorized into disease-associated ARF and
treatment-associated ARF. Disease associated
causes of respiratory failure include tumor infil-
tration into the airway, pulmonary leukostasis,
leukemic infiltrates, and malignant pleural effu-
sions among others. Treatment-associated
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toxicities may occur early during treatment (tumor
lysis syndrome, cytokine release syndrome,
all-transretinoic acid differentiation syndrome),
at the height of treatment effect (neutropenic-
associated infectious complications), during
recovery (neutrophil reconstitution or engraft-
ment syndrome associated with ARDS), or as a
late toxicity (cardiomyopathy, pulmonary pneu-
monitis). These causes are unique to the oncologic
population. While infectious etiologies remain the
most common culprit, a higher proportion of non-
infectious causes are noted in this population.
Therefore, an accurate understanding of the dif-
ferential is imperative to guide early recognition,
anticipation of deterioration, and institution of
appropriate supportive care and treatment. Recog-
nizing and projecting the reversibility of the
underlying cause is an important factor in decid-
ing on the noninvasive or invasive modality one
may choose as first line.

Diagnostic Challenge
Undiagnosed ARF is associated with a high
mortality [12]. Given this, meticulous attention
over previous decades has been dedicated to the
optimal approach to diagnostic evaluation of

pulmonary infiltrates and ARF in the oncologic
population. Diagnostic workup often includes,
a series of noninvasive serum and sputum micro-
biologic tests (sputum cultures, induced sputum
for pneumoncystic jirovecii pneumonia, cytomeg-
alovirus serum evaluation, serum galactomannan,
nasopharyngeal swab for viral polymerase chain
reaction, etc.), imaging modalities (CT thorax,
echocardiography if hydrostatic pulmonary
edema is considered), and possible fiberoptic
bronchoscopy for further microbiologic evalua-
tion if no diagnosis has been yielded. This inves-
tigative workup is often more invasive and
requires more imaging and transportation for the
oncologic population compared to the general
ICU population.

Frailty
Oncology patients represent a subgroup particu-
larly susceptible to frailty. During intensive
treatments, patients may be exposed to transient
illnesses, hospitalizations, interruption in normal
nutrition regimens, steroids, limited mobility due
to toxic side effects, and recovery from surgery.
All of these factors potentially put them at higher
risk of developing frailty, particularly precritical

LLung Parenchymal Disorders

� Pulmonary Infec�ons (bacterial, fungal, 
viral)

� Cardiogenic Pulmonary Edema
� Non-cardiogenic pulmonary edema
� Treatment related  toxicity 

(chemotherapy, immunotherapy, 
radiotherapy)

Central/Peripheral Nervous System Disorders
� CNS depression (toxic/metabolic 

encephalopathies)
� CNS Involvement (primary/secondary)
� Neuropathies/Myopathies 

(paraneoplas�c, nerve involvement)
� Spinal cord compression

Pleura and Chest Wall Disorders
� Malignant pleural effusion
� Primary/secondary chest wall tumors

Airway Compromise
� Extrinsic upper airway obstruc�on
� Primary/secondary bronchial obstruc�on

Vascular Disorders
� Thromboembolic disease
� Pulmonary venooclusive disease
� Carcinomatous lymphangi�s

Fig. 1 Causes of acute respiratory failure across oncologic patients
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illness. Frailty is increasingly being recognized
as an important determinant of duration of
mechanical ventilation, ICU survival and ICU
functional recovery [13–15]. In this population,
significant loss of muscle mass that may occur
during treatment puts them at higher risk of frailty
or prolonged mechanical ventilation due to the
development of diaphragmatic dysfunction in the
setting of ARF.

Increased Mortality
Over the last decade, there has been consistent
evidence suggesting that oncologic patients
with ARF who undergo invasive mechanical ven-
tilation face a significantly increased risk of
poor survival and functional outcomes [2, 16].
Although this association might be explained par-
tially by indication bias, making it challenging to
confirm a true causal effect, it is widely accepted
that the initial oxygen delivery strategy is a key
factor while approaching the management of ARF
in this vulnerable population. Mortality across
oncologic patients who require invasive mechan-
ical ventilation can range from 40% to 50% and
can reach as high as 80% in a certain subset of
oncologic patients (i.e., allogenenic hematopoi-
etic stem cell transplant patients, invasive fungal
infections) [2, 17]. Risk factors for mortality are
outlined in Table 2.

Long-Term Outcomes Trajectory
Despite evidence of a high mortality in the face
of ARF, there is a paucity of data on the long-term
outcomes of oncologic patients with ARF. What
is unique about this population compared to the
general population of ARDS survivors is that they
have a potentially reversible underlying comorbid
condition, and therefore their functional recovery
and diseased trajectory could follow a different
path. More data is needed to further delineate this
dedicated to this population [11, 18].

Hematologic Malignancy Versus Solid
Tumor
Outcomes of oncologic patients who develop
critical illness have improved over the years with
reports mirroring, in some studies, mortality rates
across the general ICU populations. Critical

illness is often associated with a higher severity
of illness and, as a result, higher mortality [19,
20]. The more profound and prolonged nature of
the immunocompromised state that is achieved, as
a consequence of intensive curative therapies,
render this vulnerable population to a greater
risk of bacterial, viral, and invasive fungal infec-
tions. Noninfectious etiologies unique to the
hematologic malignancy population include pul-
monary leukostasis, pulmonary leukemic infil-
trates, lung alveolar proteinosis in the setting
of tumor lysis syndrome, alveolar hemorrhage,
differentiation syndrome and capillary leak as a
subset of treatment-associated toxicities, cytokine
release syndrome-inducing ARDS, immune
reconstitution-associated ARDS in the setting of
neutrophil recovery, and radiation-associated
pneumonitis [21]. In the allogeneic hematopoietic
stem cell transplant, additional causes include
engraftment syndrome, diffused alveolar hemor-
rhage, idiopathic pneumonia syndrome, and
acute/chronic graft versus host disease [22, 23].

Noninvasive Oxygen Modalities

Noninvasive oxygenation strategies in the onco-
logic patient can be delivered by conventional
face-mask oxygen therapy (COT), noninvasive
ventilation (NIV), and high-flow nasal oxygen can-
nula therapy (HFNC). Each of these techniques
have unique physiological considerations and
important advantages and disadvantages that must
be understood so that a clinician can deliver safe,
effective, and personalized therapy to this high-risk
patient population (Table 1). The following section
will discuss the basic physiologic principles,
advantages, and possible disadvantages of each.

Continuous Oxygen Therapy

Oxygen delivered to spontaneously breathing
patients is most commonly delivered by masks.
Broadly speaking, oxygen can be delivered by
simple, partial rebreathing and non-rebreathing
masks. Flow rates range from 6 L/min (simple)
to 15 L/min (non-rebreather) with a fraction of
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inspired oxygen (FiO2) of approximately 30–90%
[24]. The advantages to COT is its noninvasive
nature and its portability.

One of the major limitations of conventional
face-mask oxygen delivery systems is the limited
inspiratory flow rate it can deliver. In the setting of
respiratory distress, the inspiratory flow rate of
dyspneic patients often greatly exceeds the upper
limit of flow rates delivered by these conventional
systems and a significant entrainment of ambient
air limits the delivery of the targeted FiO2. As a
result, oxygen delivery to the alveoli is the resultant
fractions of high FiO2 at a fixed delivered rate and
ambient air (0.21) at a rate determined by any
excessive inspiratory flow generated by a patient
in respiratory distress. The greater the entrainment
of ambient air, the greater dilution of the alveolar
FiO2. Furthermore, an additional shortcoming of
COT is its lack of ability to provide any alveolar
recruitment in the setting of a consolidated lung.
Alveolar recruitment may result in a decreased
need for excessive FiO2 delivery through

recruitment of additional alveoli to participate in
gas exchange. In the absence of this recruitment, a
patient on COT may be exposed to unnecessarily
high concentrations of inspired oxygen to maintain
a sufficient saturation. The resultant negative effect
of a prolonged exposure to high oxygen delivery is
potentially oxygen toxicity which has been found
to be associated with an increased mortality
[25]. While we conceptualize oxygen toxicity as
having the greatest harm in those with excessive
dissolved oxygen content leading to excessive
reactive oxygen species, the local toxic effect of
the administration of high oxygen concentration of
inspired O2 has also been described leading to
tracheal and bronchial irritation, impaired
mucociliary clearance and surfactant impairment,
alterations in microbial flora in the upper airways
and alveolar nitrogen washout leading to absorp-
tive atelectasis. Therefore, in critically ill patients,
NIV and HFNC may be more attractive options to
temporize or reverse acute respiratory failure given
some mechanisms described below.

Table 1 Benefits and pitfalls of noninvasive oxygen modalities

Benefits Pitfalls

Continuous
low-flow
oxygen therapy

Comfortable
Ease of application
Amenable for transportation
Does not impair cough/secretion
management

In patients with high work of breathing, they may
entrain a high volume of room air dissolving the
delivered alveolar oxygen content
Local toxic effects of high inspired FiO2

Noninvasive
ventilation

Continuous PEEP to facilitate recruitment
Inspiratory positive pressure to support tidal
volumes during poor compliance or fatigue
Recruitment and decrease work of breathing
may facilitate a decreased in FiO2

requirements
Decrease in preload/afterload in the setting
of a cardiogenic pulmonary edema
Amenable for transportation

Decrease in preload or increase in right ventricular
afterload could precipitate or exacerbate shock
Secretion clearance challenging with face mask
interface
Potential for injurious ventilation particularly in
the setting of a high work of breathing
May delay or impair administration of evidence-
based ICU therapies or workup (nutrition,
mobility, imaging, bronchoscopy)
Facemask interface uncomfortable by some

High-flow nasal
cannula

Comfortable
Heated and humidified oxygen enhances
mucociliary clearance
Possible generation of PEEP to facilitate
recruitment
High flows help prevent entrainment of
room air thus minimizing dilution of
administered oxygen
Deadspace washout may contribute to
decreasing work of breathing
Can facilitate fiberoptic bronchoscopy

Cannot transport
Uncertainty surrounding levels of generated PEEP
based upon patient features
Highest flows may be considered uncomfortable
by some

PEEP positive end expiratory pressure
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Noninvasive Ventilation

NIV refers to the delivery of positive pressure
by devices other than an endotracheal tube [26].
In the critical care setting, NIV is most often
delivered by application of a full oro-nasal
facemask, but can be delivered through a nasal
apparatus, or through use of a helmet [27]. When
delivering NIV, clinicians will set an appropriate
FiO2, an inspiratory positive airway pressure
(IPAP) and an expiratory positive airway pressure
(EPAP).

The EPAP is synonymous with positive
end-expiratory pressure, commonly referred to
as PEEP. This is the positive pressure level
(in cmH2O) that is present at the end of expiration
[26]. IPAP refers to the level of inspiratory pres-
sure delivered. The difference between the deliv-
ered IPAP and EPAP will determine the amount
of pressure support and amount of delivered
tidal volume. Nomenclature for NIV settings is
best demonstrated with an example: with an IPAP
of 10 cmH2O and an EPAP of 5 cmH2O, a patient
will receive a total inspiratory pressure of
10 cmH2O with a PEEP of 5 cmH2O. This patient
will receive 5 cmH2O of pressure support above
their baseline pressure of 5 cmH2O.

From a physiological perspective, the delivery
of positive pressure has important implications.
Positive pressure may improve arterial oxygena-
tion through re-expansion of collapsed or atelect-
atic alveoli, redistribution of lung edema, and
reducing areas of ventilation-perfusion mismatch
[28]. Importantly, this oxygenation improvement
is reliant on recruitable lung segments and avoid-
ance of overdistension of normal pulmonary
parenchyma [29]. In addition to changes in oxy-
genation, lung recruitment has important effects
of respiratory mechanics. Lung compliance can
improve when atelectatic alveoli are recruited or
be reduced in situations of overdistension. These
mechanisms may also result in the ability to
decrease the FiO2 delivered to the patient mini-
mizing the potential risks associated with direct
toxicity related to high inspired oxygen.

Heart–lung interactions must be considered
when delivering positive pressure via NIV, and
the clinician should appreciate and anticipate the

potential hemodynamic alterations. Classically,
positive pressure can affect hemodynamic perfor-
mance through a variety of mechanisms. Positive
pressure delivered may result in a decrease in
right ventricular preload, a variable impact on
right ventricular afterload, augment left ventricu-
lar preload through propelling blood volume from
the pulmonary capillaries into the left atrium,
and decrease left-ventricular afterload. It can
both decrease right-ventricular afterload (through
improving oxygenation and reversing hypoxic
vasoconstriction/decreasing pulmonary vascular
resistance) or increase right-ventricular afterload
in the setting of alveolar overdistension if exces-
sive PEEP were applied. This may result in a
compression in pulmonary capillaries and increas-
ing pulmonary vascular resistance [30].

Onemay anticipate the potential hemodynamic
response to NIV by considering the patients
underlying preload status and cardiac function.
With normal cardiac function, the main hemody-
namic response to an increase in intrathoracic
pressure is a reduction in venous return and pre-
load to the heart, which can manifest as a reduc-
tion in cardiac output and blood pressure [28].
This phenomenon underscores the need for
adequate volume repletion in patients not in car-
diogenic pulmonary edema. In contrast, those
patients with reduced ventricular function and
signs of cardiogenic induced hydrostatic pulmo-
nary edema can greatly benefit from NIV. The
physiologic impact of reducing right-ventricular
preload and afterload reducing the left ventricle is
ideal in the setting of congestive heart failure and
an impaired left ventricle. This can result in the
redistribution of extravascular lung water [30].

Finally, NIV has an important role in hyper-
capnic exacerbations of chronic obstructive pul-
monary disease (COPD) by decreasing the work
of breathing, off-loading the respiratory muscles,
counteracting intrinsic PEEP, and preventing
dynamic hyperinflation [31].

Despite the potential benefits of NIV, it
is important to understand its limitations and
relative contraindications. For safe delivery of
NIV, patients must be awake and able to protect
their airway. Therefore, cautionmust be employed
when patients have a fluctuating level of
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consciousness, poor ability to clear secretions,
nausea and vomiting, or have a full stomach at
risk of pulmonary aspiration [26]. Contraindica-
tions may include, but are not limited to, cardio-
pulmonary arrest, head and neck surgery, upper
airway obstruction, fresh esophageal anastomosis,
bowel obstruction, hemoptysis, and untreated
pneumothorax. Another important concern with
NIV is that there is a challenge in measuring the
delivered tidal volumes, which, when greater than
6–8 mL/kg of ideal body weight, may precipitate
ventilator-associated lung injury [32, 33]. NIV is a
modality that has the greatest evidence in rapidly
reversible conditions (congestive heart failure,
acute exacerbations of chronic obstructive pulmo-
nary disease); however, in more protracted condi-
tions (i.e., pneumonia, checkpoint-associated
pulmonary toxicities), NIVmay impair one’s abil-
ity to proceed with other routine care-objectives,
i.e., nutrition, mobility, bronchoscopy, calling into
questions its role in longer term management of
more complex patients. However, increasingly,
evidence have demonstrated the safety of enteral
nutrition, mobilization, and bronchoscopy mech-
anisms with various NIV interfaces [27, 34].

High-Flow Nasal Cannula

HFNC is a novel noninvasive oxygenation device
that has rapidly gained popularity. HFNC is a
heated, humidified oxygen delivery system that
is capable of delivering flows of 40–60 L/min
with an FiO2 of up to a 100% through specialized
nasal prongs [35]. One of the major benefits of this
system is that the high flow rates can match those
of severely dyspneic patients, thereby preventing
entrainment of room air (with an FiO2 of 21%).
This mechanism prevents dilution of delivered
oxygen [10]. Furthermore, the gas is heated and
humidified to avoid mucosal injury and enhance
patient comfort, overcoming the key problems of
past use of high flow rates [36].

In addition to supplemental oxygen, high flow
rates, and humidity, several other mechanisms are
hypothesized to play an important role in the
clinical benefits associated with HFNC. The use
of HFNC is associated with a washout of carbon

dioxide from the upper airways [36, 37]. This
in turn reduces anatomic dead space fraction,
rebreathing of expired, carbon dioxide rich gas,
and ultimately making ventilation more efficient.

High inspiratory flow rates delivered by HFNC
generate low amounts of PEEP [38]. Both human
and benchwork studies have determined that
at 60 L/min of flow, at least 2–4 cmH2O (and
perhaps even more) positive pressure can be gen-
erated. Through its flow-mediated generation
of positive pressure, HFNC can improve oxy-
genation through recruitment of atelectatic lung
regions in a mechanism comparable to NIV
[36]. Given that the amount of PEEP is moderate,
it may follow that the hemodynamic effects (both
positive and negative) may be tempered compared
to NIV.

Consistently, HFNC has been demonstrated
to reduce respiratory rate, inspiratory effort,
and improve oxygenation in patients with acute
hypoxemic respiratory failure [35, 36, 39] and
may play an important role in the mitigation of
ventilation-associated lung and diaphragmatic
injury [36]. The improved breathing pattern can
limit expiratory diaphragm loading [36, 40] and
therefore possibly constrain injurious eccentric
diaphragm contractions. The above described
mechanisms of HFNC ultimately reduce the met-
abolic cost of breathing and therefore reducing
minute ventilation requirements, improve lung
compliance, and ventilation-perfusion matching.
Importantly, these processes may reduce lung
stress and strain and repetitive opening and
closing of alveoli (atelectrauma) [36, 41]. Cumu-
latively, the improved comfort and tolerance,
improved oxygenation, and theoretical reduction
in diaphragm and ventilation-induced lung injury
lead to the improved clinical outcomes observed
with HFNC [36].

HFNC has many promising advantages as a
highly effective noninvasive oxygenation device.
Firstly, it permits patients to be instrumented with
nasal prongs and avoids the tight-fitting masks
of conventional NIV. This allows patients to eat,
sleep, and clear secretions more easily than with
NIV. Especially in those patients who have not
previously used full face mask NIV, the use of
nasal prongs and HFNC may reduce
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claustrophobia and improve uptake, compliance,
and allows for continuous use of the device. Per-
haps as an extension of this, patients with acute
hypoxemia have consistently rated HFNC to be
more comfortable than NIV [35].

Although there are many benefits of HFNC,
pathophysiological states such as cardiogenic pul-
monary edema where increased amounts of PEEP
are needed for redistribution of alveolar lung
water, NIV may be a better option. Furthermore,
more studies are needed to identify those patients
who are at risk of HFNC failure requiring intuba-
tion and invasive mechanical ventilation. This is
of paramount importance because these patients
will have little to no oxygenation reserve and are
at elevated risk of significant hypoxemia during
airway instrumentation.

Evidence of NIV

General Population

The role of NIV for hydrostatic pulmonary edema or
to support a patient with an exacerbation of chronic
obstructive pulmonary disease is compelling which
recent guidelines have made strong recommenda-
tions supporting its use [42]. Its role in ARF remains
controversial [31, 42, 43]. However, as a result of its
effectiveness for these isolated indications, we have
seen a proliferation of use across the general and
oncologic population for indications beyond hydro-
static pulmonary edema and chronic obstructive
pulmonary disease [44, 45].

In one of the largest, multicenter, international,
observational studies evaluating the diagnosis and
management patients with ARDS, the Lung Safe
Study, NIV was used as a first-line therapy in 15%
of patients [46]. There was no major difference
across severity of ARDS with reports of its use
(mild = 14%, mod = 17%, severe = 13%). NIV
failure occurred in a moderate proportion of these
patients with failure rates of 22%, 42%, and 47%
across mild, moderate, and severe ARDS, respec-
tively. NIV failure was associated with a high
mortality (45%) across all cohorts compared to
NIV success (15% mortality). In a propensity
matched analysis, NIV failure was associated
with an increased ICU mortality and was found

to have a greater mortality rate than those who
were managed with invasive mechanical ventila-
tion as first line with moderate-severe ARDS (i.e.,
PaO2/FiO2 < 150).

Immunocompromised and Oncologic
Patients

In the immunocompromised and oncologic popula-
tion, the reported rates of NIVuse for ARF has been
increasing since 2000 [12, 46]. This increase in use
overtime is likely attributable, in part to two seminal
studies that hypothesized prevention of intubation
would be associated with a decreased mortality.

Noninvasive Ventilation in Early ARF
Versus Conventional Oxygen Therapy
to Prevent Intubation
In a randomized controlled trial evaluating NIV
versus COT for immunocompromised patients
with early ARF, there was a significant reduction
in invasive mechanical ventilation and mortality
compared to patients who received COT [6].
Criteria for entry included patients who had
evidence of early respiratory failure including
pulmonary infiltrates, fever, dyspnea, and a
PaO2/FiO2 less than 200 on a venturi mask. The
majority of these patients were immunocompro-
mised secondary to hematologic malignancies.
NIV was applied for a median of 9 h per day in
the first 24 h. Of note, the control arm had a very
high mortality with an increased incidence of
ventilator-associated pneumonia. These results
were intriguing to many and led to an increased
application of NIV for oncologic patients with
ARF [3, 45]. Antonelli and colleagues conducted
a randomized controlled trial evaluating a similar
question in 40 solid organ transplantation and
found a similar reduction in invasive mechanical
ventilation and mortality [8]. However, this study
was noted to have a high proportion of patients
with hydrostatic pulmonary edema as the primary
etiology of ARF – for which there is a strong,
established evidence base. Squadrone and col-
leagues randomized 40 patients with hemato-
logic malignancies with bilateral infiltrations,
tachypnea, and mild hypoxia (saturation <90%
on room air) to CPAP or COT as a means to
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prevent the development of acute lung injury and
need for ICU admission [47]. Their study found a
decreased need for admission to the ICU and need
for invasive mechanical ventilation.

Given advancements oncology and hematologic
malignancies, ventilator-associated pneumonia pre-
vention, critical care management, and the small
sample sizes of these seminal trials,
the generalizability of these trials to current day
management of oncologic patients with ARF was
called into question, prompting a more recent study
evaluating the role of NIV versus COT for early
ARF. In the largest RCT to date of NIV versus COT
for early ARF, Lemiale and colleagues randomized
374 critically ill immunocompromised patients
(85% oncologic patients) to NIV versus COT
[9]. ARF was defined the presence of
PaO2< 60 mmHg on room air, tachypnea, or respi-
ratory distress. After 28 days, noninvasive oxygen
strategy had failed in 38%of theNIVand 45%of the
COT (p= 0.20), and there was no difference in the
28-day mortality (24% in the NIV group vs. 27% in
COT group p = 0.47). Study strengths include the
large sample size included and the large proportion
of oncologic patients allowing its generalizability to
our population of interest with ARF. Limitations
included the unblinded nature of the trial, low sever-
ity of illness across the population, inclusion criteria
(although it does address this question in early
ARF), and the use of HFNC in the COT group.

The data surrounding NIV compared to COT in
the immunocompromised population was recently
summarized [56]. Huang and colleagues found 5
RCTs including almost 600 patients. This group
found that early NIV significantly reduced short-
term mortality (RR 0.62, 95% CI 0.40 – 0.97, p=
0.04) and intubation rate (RR 0.52, 95% CI 0.32 –
0.85, p=0.01) when compared with COT; how-
ever, these results were associated with significant
statistical heterogeneity. The controversy and
inconsistencies in patient response might be
addressed in the evidence summary that follows.

Noninvasive Ventilation in ARDS Versus
Invasive Mechanical Ventilation (via
Intubation)
Following the publications of trials by Hilbert
and Antonelli and colleagues, adoption of noninva-
sive ventilation beyond early acute respiratory

failure was seen in the years that followed [16, 48,
65]. Given historic reports of increased mortality
with invasive mechanical ventilation, centers theo-
rized that perhaps a noninvasive approach to man-
agement may help mitigate the deleterious
consequences associated with invasive mechanical
ventilation in this population (ventilator-associated
pneumonia/sedation/delirium). What followed were
a series of studies that evaluated the impact of NIV
versus invasive mechanical ventilation on mortality
in oncologic patients with ARDS [56–58].

Reported rates of NIV use for ARDS in
oncologic patients are much higher ranging from
32% to 49% [7, 16, 48]. In a post-hoc analysis of
the Lung Safe study focusing on the immunocom-
promised population with ARDS, NIV was used in
21% of patients as the first ventilation modality of
choice [65]. The application of NIV has been seen
across all severities of ARDS in the setting of
oncologic patients [2, 65]. While NIV is associated
with a high incidence of failure noted in the Lung
Safe study (48%) [65] across patients with ARDS,
rates of failure in the oncologic population are even
higher than the general ICU population ranging
from 38% to 70% [2, 16]. NIV failure is associated
with a higher in-hospital and ICU mortality
(60–70%) compared to those who experience
NIV success (28%) or invasive mechanical venti-
lation (50–60%) as first-line therapy [2, 16, 48]
(Fig. 2). Pulmonary infection, increased severity
of illness scores, hematologic malignancies, longer
hospitalization prior to ICU admission, and sever-
ity of ARDS are consistent factors associated with
NIV failure [16, 48] (Table 2). The remaining
challenge is the identification of the subset who
may benefit from NIV versus those in whom first-
line intubation should be pursued. Table 3 outlines
the evidence of NIV across oncologic patients
across various severities of ARF/ARDS.

Theories of Harm Associated with NIV
1. Injurious ventilation

It is theorized that NIV could be associated
with harm secondary to the pressure levels gen-
erated in NIV compared to pressure transmitted
via low- or high-flow oxygen. During NIV,
patients may generate tidal volumes that are
above those considered lung protective
(>8 mL/kg tidal volume based upon ideal body

32 Noninvasive Oxygen Therapies in Oncologic Patients 485



weight) [68]. Injurious tidal volumes could be
exacerbated in the setting of spontaneous breath-
ing facilitating further ventilator-induced lung
injury [33, 50, 51]. This, in turn, could worsen

hypoxemia and generate conditions requiring
invasive mechanical ventilation and multisystem
organ failure. Immunocompromised patients
typically present to ICU with higher illness

Table 2 Risk factors associated with an increased morality in oncologic patients with acute respiratory failure and
noninvasive oxygen failure

Risk factors associated with an increased
mortality in oncologic patients with ARF Risk factors for noninvasive oxygen therapy failure

Demographic and clinical characteristics

Hematologic malignancy, allogeneic
hematopoietic stem cell transplantation

Hematologic malignancy

Cause of respiratory failure (infectious, PJP,
invasive fungal infection, unclear etiology)

Pulmonary infection

Prolonged duration of hospitalization prior to
admission to ICU

Prolonged duration of hospitalization prior to admission to ICU

Critical illness-associated features

Greater severity of illness Greater severity of illness

Worsened severity of ARDS Worsened severity of ARDS

NIV failure as first line oxygen therapy Lack of physiologic response to noninvasive ventilatory therapies
(i.e., drop in respiratory rate, heart rate, improvement in
oxygenation) evaluated early after initiation (1–4 h)

Vasopressors/renal failure Vasopressors/renal failure

Tidal volume greater than 9 mL/kg 1 h after
initiation of NIV

Tidal volume greater than 9 mL/kg 1 h after initiation of NIV

ARDS acute respiratory distress syndrome, ICU intensive care unit, NIV noninvasive ventilation, PJP pneumocystis
jirovecii pneumonia

Fig. 2 Noninvasive ventilation mortality across successes and failures. Figure depicts overall survival difference in
mortality across NIV success, NIV failure, and IMV. NIV noninvasive ventilation, IMV invasive ventilation
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severity and multiple organ dysfunction [2] and
are therefore at higher risk of ventilation-
associated lung injury, potentially exacerbated
by injurious tidal volumes during NIV.

2. Delay in intubation
It is further theorized that prolonged NIV

without evidence of respiratory improvement
may lead to a delay in intubation. In previous
studies of patients with ARDS, there is a sug-
gestion that a longer duration of NIV in those
requiring intubation, the greater the mortality
compared to those intubated sooner [51];
however, this was not found across a retrospec-
tive studies focused specifically on oncologic
patients [16]. A delay in intubation or prolonged
NIV prior to intubation potentially creates a
setting of lower respiratory reserve, risk of aspi-
ration pneumonitis, or potential greater instabil-
ity around induction for intubation.

3. ICU evidence-based care
NIV may prevent ongoing evidence-based

ICU care including mobilization, transport
for imaging, enteral nutrition, and invasive diag-
nostic tests such as bronchoalveolar lavage.
Sufficient recruitment to achieve adequate
oxygenation may not be possible due to the
facemask interface or discomfort by the patient.

Is There a Role for NIV in Oncologic Patients
with ARDS?
The subset of those who experience NIV success
consistently have been found to have the lowest
mortality rate compared to those who undergo
first-line invasive mechanical ventilation or fail
NIV [16, 48]. Rates of NIV success have varied
from reports across different institutions which
may reflect important differences in patient selection
and practice. Accurate identification of those who
are at highest risk of NIV failure versus success is
paramount to potentially defining any role for NIV
in the setting of ARDS for oncologic patients. Data-
to-date is limited by its retrospective nature sub-
jecting it to selection bias – those who experience
NIV failure are patients that the intensivist may not
be keen to intubate given poor overall prognostic
factors and therefore turned to NIV first line. Until
further research clarifies its role in ARDS in onco-
logic patients, it should be reserved for those

patients in which one suspects underlying hydro-
static pulmonary edema as a plausible cause of ARF
or contributor, or be applied for a time limited trial
(1 or 4 h) in those with a low severity of illness with
an early evaluation of physiologic improvement
(decrease in respiratory rate, drop in FiO2 require-
ments – Fig. 3). In the study by Rathi and col-
leagues, they evaluated improvement in respiratory
rate, Glasgow coma score, oxygenation parameters,
and acid-base status as markers of NIV success (and
thus continuation) or NIV failure (potential indica-
tion to consider intubation) [16]. Frat and colleagues
also evaluated factors associated with NIV failure.
At 1 h following initiation, a persistent PaO2/
FiO2 < 200 and tidal volumes greater than 9 mL/
kg of predicted body weight were independently
associated with the need for invasive mechanical
ventilation andmortality [52]. It would be important
that the intensivist considers (1) tidal volumes gen-
erated, (2) need for other invasive tests or imaging
(CT/fiberoptic bronchoscopy), and (3) immediate
response to its application with a projected rapid
wean-off of NIV (i.e., drop in respiratory rate/oxy-
genation response). Furthermore, Patel and col-
leagues recently evaluated the interface of helmet
versus face mask for NIV and found a decreased
need for invasive mechanical ventilation and moral-
ity [27]. These findings are intriguing for which its
role needs to be further elucidated in this population
compared to alternative noninvasive oxygen strate-
gies outlined below.

Evidence for HFNC

General Population

HFNC has recently emerged as a safe and
comfortable device with a means to effectively
administer high-flow oxygen to patients with ARF.
Emerging data has demonstrated promising results
compared to alternative noninvasive oxygen strate-
gies (Table 4). In one of the largest RCTs to date,
Frat and colleagues randomized 310 patients with
ARF toHFNCversus COT versus NIV [32]. HFNC
was associated with a lower incidence of 90-day
mortality compared to the COT and NIV. In the
subgroup of patients with a PaO2/FiO2 < 200,
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HFNC was associated with a lower incidence of
invasive mechanical ventilation. However, the sig-
nal of benefit has not been consistent across all
studies. A Cochrane review by Corley and col-
leagues evaluated the use of HFNC compared to
COT or NIV for ARF or postextubation across
11 RCTs [53]. HFNC compared to COT was not
associated with lower rates of invasive mechanical
ventilation (reported in six studies) or mortality
(reported in three studies). Confidence in the results
using GRADE criteria [54] was downgraded to low
given the risk of bias across these studies and dif-
ferent participant indications. Data comparing
HFNC toNIVwas not pooled given the low number
of studies and their heterogeneity.

Immunocompromised and Oncologic
Population

Given the important differences in the oncologic
population and the general ICU population and
evolving evidence of potential harm associated
with NIV failure, HFNC has emerged as a promis-
ing modality in this population. High quality data
evaluating use of HFNC compared to COT or NIV
in this population is unfortunately limited. In a mul-
tinational, prospective observational study across
16 countries of immunocompromised patients with
ARF (87% oncologic), noninvasive oxygen strate-
gies were evaluated in 915 patients [12]. Fifty-three
percent received COT, 17% received NIV, 20%
received HFNC, and 9% received a combination
ofHFNC andNIV.After propensity scorematching,
HFNC had an impact on invasive mechanical ven-
tilation but not NIV. HFNC was not independently
associated with a lower mortality.

In a post hoc analysis of the RCT by Frat and
colleagues evaluating HFNC versus COT and
NIV, outcomes across the cohort of 82 immuno-
compromised patients (44% oncology) were eval-
uated [68]. NIV was associated with an increased
need for invasive mechanical ventilation com-
pared to HFNC or COT.

Finally, in a post hoc propensity score-matched
analysis by Lemiale and colleagues of their
prior RCT (NIV vs. COT) [9], they compared
90 patients who received HFNC in their control
group matched to 90 patients who received COT

in their control group [55]. They found no differ-
ence in the rates of invasive mechanical ventila-
tion or mortality.

Sklar and colleagues recently described the
role of HFNC compared to any noninvasive oxy-
gen control (COT or NIV) across immunocom-
promised patients (13 studies) [66]. Data from
RCTs and observational studies that used
matching techniques were meta-analyzed (8 stud-
ies). Mortality was found to be lower at the lon-
gest available follow-up with HFNC compared to
the oxygen control groups (NIVor COT – 7 stud-
ies; 1429 patients, relative risk of 0.72, 95% CI
0.56–0.93, p=0.01). There was a lower rate of
invasive mechanical ventilation with HFNC com-
pared to the oxygen therapy controls across 8 stud-
ies (8 studies, 1529 patients, relative risk of 0.81,
95% CI 0.67–0.96, p=0.02). However, one of the
limitations of this analysis was the pooling of the
two control arm techniques and the inclusion of
observational studies in the analysis.

Eleven studies have evaluated the use of HFNC
specifically in oncologic patients (Table 4)
reporting on 1,881 patients.

These studies included 6 retrospective, cohort
studies [59, 60, 62–64], 1 prospective observa-
tional study [12], and 4 RCTs, 2 of which were
post hoc analyses of previous RCTs outlined above
[9, 55, 61, 68]. Eight studies comparedHFNC to an
oxygen therapy control (NIVor COT). Oncologic
diagnosis or treatment associated effect was
the leading cause of immunosuppression with a
predominance of hematologic malignancy (9/11
studies). HFNC was initiated in the emergency
department, acute care ward, or intensive care
unit with the latter being the most common site of
initiation. Various indications for the application of
HFNC existed ranging from tachypnea or hypoxia
on room air to more formalized PaO2/FiO2 thresh-
olds. The median PaO2/FiO2 across the studies was
145 (IQR 115–175). The need for invasive
mechanical ventilation, evaluated at 28-day intu-
bation or hospital discharge, was 46% (IQR
25–67%). The longest follow-up mortality time
points are reported in Table 3 with a median mor-
tality of 36% (IQR 14–58%).

Mortality at longest available follow-up and the
need for invasive mechanical ventilation was
reported in 7 and 8 studies, respectively (Table 4).
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Using a random effects model, HFNC compared to
NIV or COT was not associated with a decreased
mortality or need for invasive mechanical ventila-
tion (Fig. 4) (unpublished work). These findings

are primarily meant to be exploratory given the
heterogeneous nature of the populations and low
quality of evidence (observational studies, post hoc
analyses of RCTs).

Fig. 4 Mortality and invasive mechanical ventilation
across high-flow nasal cannula studies. This figure com-
pares the effect of HFNC compared to NIV and COT on
mortality at the longest available follow-up and need for
invasive mechanical ventilation. Data are pooled using an

inverse variance random effects model. Results are sum-
marized as risk ratios. (Oncologic subgroup of studies
extrapolated from a systematic review evaluating HFNC
compared to other modalities-unpublished data)
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Most recently, Azoulay and colleagues
performed the largest RCT to date of immunocom-
promised patients with ARF and randomized the
approximately 800 patients to COT or HFNC [67].
These patients were mainly immunocompromised
secondary to hematologic malignancy or its treat-
ments. The primary outcome of 28-day survival was
not different between the two groups (35.6%HFNC
vs. 36.1% COT), nor were a number of secondary
outcomes including intubation rates, ICU and hos-
pital length of stay, or ICU-related complications.
This trial therefore suggests that HFNC in all immu-
nocompromised patients may not be better than
COT and further subgroups of HFNC “responders”
must be sought. Future directions would necessitate
larger, randomized controlled trials specifically
enrolling oncologic patients comparing COT, NIV,
and HFNC head-to-head. In addition, there could
exist a differential impact across varying severities
and indications for ARF.

In deciding optimal noninvasive oxygen therapy,
one needs to consider the etiology, timing of rever-
sal, severity of illness, impact of the modality on
tidal volumes, and immediate response
of respiratory physiology variables and tidal vol-
umes to the modality chosen [16, 52]. Figure 3 rep-
resents a proposed algorithm for consideration of
noninvasive oxygen therapies and factors to con-
sider in deciding upon first-line and second-line
modalities. The figure attempts to capture some
important factors that should be considered in decid-
ing upon modality of choice.

Conclusions

COT, NIV, and HFNC are multimodal techniques
to administer oxygen noninvasively in critically
ill patients with ARF. Each has unique mecha-
nisms, advantages, and disadvantages. Until
further research is available, individual patient
characteristics, severity of illness, and early
response to each modality is imperative to guide
selection of which strategy is most applicable.
Most importantly, the physician needs to pay
meticulous attention to the rapidity of reversibility
of the underlying condition and reevaluate the
impact of the strategy chosen at an early time

points (e.g., 1 and 4 h). An improved physiologic
response to the modality of choice has been con-
sistently found to be associated with success.
While HFNC is a unique oxygen delivery modal-
ity that holds theoretical promise for the treatment
of ARF in oncologic patients, the current body of
literature demonstrates that there is a paucity of
high-quality data in this specific population to
guide evidence-based therapy. This chapter
underscores the need for further research with
clinical and physiological studies, including
larger randomized controlled trials specifically of
oncologic patients to more clearly elucidate the
potential benefits of one modality over another.
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