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This article reviews the common pulmonary complications seen in the pediatric oncology population and
our approach to diagnosis, management, and therapy considerations in this specialized population,
including patients receiving chemotherapy, radiation, and hematopoietic stem cell transplantation. Al-
though infections cause the most significant complications in this population, non-infectious complica-
tions, including acute lung injury from chemotherapy or radiation, idiopathic interstitial pneumonia,
diffuse alveolar hemorrhage, bronchiolitis obliterans, and cryptogenic organizing pneumonia, also occur
commonly. With improvements in survival of childhood cancer, there are now a growing number of
adults who are childhood cancer survivors who may be encountered by therapists in adult hospitals. We
also review the growing literature on the emerging late pulmonary findings in these adult childhood
cancer survivors. Key words: childhood cancer; chemotherapy; radiation; hematopoietic stem cell trans-
plantation; interstitial pneumonia; pulmonary hemorrhage; bronchiolitis oblterans; pnemonia. [Respir Care
2017;62(6):765-775. © 2017 Daedalus Enterprises]

Introduction in the care of these complex patients. This article reviews

the common pulmonary complications seen in our large

Childhood cancer therapy is associated with a wide va- children’s cancer center and our approach to diagnosis,
riety of pulmonary complications during therapy. Most management, and therapy considerations in this special-
care of children with cancer is done in specialized cancer ized population. With improvements in survival of child-
centers, SO most respiratory therapists may not be involved hood cancer, there is now a growing number of adults who
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Fig. 1. Continuous negative pressure for Pneumocystis pneumonia.

are childhood cancer survivors who may be encountered
by therapists in adult hospitals. Therefore, we also review
the growing literature on the late pulmonary findings in
these adult childhood cancer survivors.

Historical Perspective

In the 1970s, large numbers of children began to survive
their primary malignancy, only to die with infectious com-
plications, including Prneumocystis jirovecii (formally cari-
nii) pneumonia. Initially, there was great reluctance to
intubate cancer patients due to fear of worse pulmonary
complications. Drs Sam Sanyal and Walter Hughes at St
Jude Children’s Research Hospital pioneered the use of
negative pressure to avoid intubation and saved many P. ji-
rovecii pneumonia patients during that period' (Fig. 1).
With the discovery of effective P. jirovecii pneumonia pro-
phylaxis in 1975 using trimethoprim-sulfamethoxazole, this
infection ceased to be a major cause of mortality.> How-
ever, with more intensive chemotherapy and radiation reg-
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imens, fungal and viral infections, such as Aspergillus,
cytomegalovirus, and varicella zoster, emerged as the pri-
mary pulmonary infectious pathogens in the 1980s.3# Al-
though the prognosis for pediatric cancer and hematopoi-
etic stem cell (bone marrow) transplant patients was poor
during this early period, later advances in antifungal and
antiviral therapy and supportive pediatric critical care for
cancer patients has significantly improved survival since
the 1990s.>7 With improved survival, we have seen the
development of more chronic lung injury syndromes in
oncology patients who require long-term respiratory sup-
port, including tracheostomy and prolonged mechanical
ventilation.

Lung, Airway, and Chest-Wall Involvement in
Primary Malignancy

Although primary lung tumors are rare in childhood,
primary and secondary tumor involvement can cause sig-
nificant problems during initial therapy for childhood can-
cer. These problems include airway obstruction from large
mediastinal tumors or lymph nodes. The management of
large mediastinal tumors or malignant lymph nodes may
involve the respiratory therapist, since simple sedation can
lead to life-threatening airway obstruction without careful
planning.® In addition, the chest wall may be involved in
primary malignancies, and resection of ribs and chest wall
can contribute to respiratory complications. The most com-
mon primary pediatric lung tumors include pleuropulmo-
nary blastoma (chest masses) and carcinoid tumors (endo-
bronchial obstruction).® Large malignant pleural effusions
can also complicate initial management of childhood can-
cers and may require chest tube insertion or tapping for
diagnostic purposes or relief of respiratory distress. The
lung is more likely to be involved with metastatic disease
with pediatric tumors, particularly for malignancies such
as Wilms’ tumor; osteosarcomas; other sarcomas, such as
Ewing’s sarcoma and rhabdomyosarcoma; and hepatoblas-
toma. Surgical resection of these metastatic lesions can
contribute to reduced lung function, particularly after re-
section of multiple lesions.!®

Opportunistic and Usual Respiratory Infections in
the Childhood Cancer Patient

Some common pulmonary pathogens are listed in Table
1. The term opportunistic infection usually refers to or-
ganisms that typically are seen primarily in patients with a
compromised immune status (eg, neutropenia or depressed
T- or B-cell immunity). Infections such as cytomegalovi-
rus, Pneumocystis, and fungi, such as Candida and Asper-
gillus, are usually seen in patients with both primary and
acquired immunodeficiency states, such as during cancer
treatment. In addition, cancer patients can also be infected
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Table 1.  Typical Pulmonary Pathogens Associated With Acquired Immunodeficiency States
Status Bacterial Fungal Viral/Protozoal/Other
Neutropenia
Chronic Haemophilus influenzae, Streptococcus NA NA
pneumoniae, Staphylococcus aureus,
Klebsiella species
Acute S. aureus NA NA
Immunosuppressive S. aureus, Listeria species, Aspergillus species, Mucor Cytomegalovirus, Pneumocystis jirovecii,
therapy Mpycobacterium tuberculosis species, Histoplasma VZV, Toxoplasma species, herpes

Bone marrow transplant
Early (< 30d) Pseudomonas species, other Gram-
negative and Gram-positive species

Late (> 304d) S. aureus

Very late (> 100 d) Encapsulated Gram-positive

(H. influenzae, S. pneumoniae)

Data from Reference 4.
NA = not applicable
VZV = varicella-zoster virus

Aspergillus species

species simplex virus, Cryptococcus species

Candida species NA

Cytomegalovirus, Toxoplasma species,
VZV, P. jirovecii, Epstein-Barr virus,
adenovirus

NA \A%

with common bacterial and viral respiratory pathogens,
such as Staphylococcus aureus, influenza, respiratory syn-
cytial virus (RSV), human metapneumovirus, adenovirus,
and varicella zoster, but these common infections can lead
to catastrophic pulmonary infection in the immunocom-
promised population.?!!-14 The degree of residual host de-
fense also plays a role in the severity of the lung process,
and the phenomenon of worsening lung disease with re-
covery of immune function following cancer therapy is
well described for a number of respiratory pathogens. Many
neutropenic children with acute respiratory failure experi-
ence worsening of their oxygenation during neutrophil
recovery.!3

Common pulmonary infections in pediatric cancer pa-
tients include viral infections like cytomegalovirus. Cyto-
megalovirus pneumonia can occur as a primary infection
in individuals with no evidence of prior infection by serum
antibody levels or as reactivation in individuals previously
infected. The impact of cytomegalovirus has been miti-
gated somewhat by aggressive monitoring of early cyto-
megalovirus disease using molecular detection techniques
(polymerase chain reaction titers) and by use of prophy-
laxis (acyclovir) or treatment with ganciclovir, foscarnet,
and galganciclovir. RSV and human metapneumovirus are
common causes of severe and prolonged lower respiratory
disease in infants and children during cancer therapy and
may occur as co-pathogens in association with other re-
spiratory infections, particularly in the bone marrow trans-
plantation patients. Palivizumab administration for patients
at risk of RSV infection helps to reduce the risk of severe
illness from RSV. Adenovirus is another common respi-
ratory viral pathogen that can cause disseminated disease
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with lung, liver, and gastrointestinal involvement. Cidofo-
vir or CMXO001, a new orally bioavailable lipid conjugate
of cidofovir, can be used for treatment.'21¢ P, jirovecii
(formerly carinii, now reserved for a similar infection in
rats) is one of the fungal pathogens that can still be seen in
this population if there is poor adherence with prophylaxis
and can lead to a severe infection with hypoxemia and
respiratory failure. Other invasive fungal organisms com-
monly seen in pediatric cancer patients include Aspergillus
species (primarily A. fumigatus), Mucor, and Rhizopus.
These organisms can cause severe tracheobronchitis, pneu-
monia, and, in the case of Mucor, devastating direct inva-
sion of pulmonary blood vessels. Diagnosis is usually made
by direct examination of tissue obtained by open or needle
biopsy. Bronchoscopy/bronchoalveolar lavage (BAL) has
historically had a low yield in fungal infections, particu-
larly early in the infection, but the use of galactomannan
detection in serum and BAL may be helpful in improving
the early detection of Aspergillus.'” Because of the diffi-
culty in making a tissue diagnosis, patients often receive
prolonged empiric antifungal therapy with oral antifungal
agents, such as itraconazole, voriconazole, micafungin, or
posaconazole, with amphotericin B reserved for refractory
cases. Surgical intervention with removal of pulmonary
nodules is sometimes sought when the pulmonary fungal
disease is not disseminated.!® Candida species are com-
mon colonizers of the respiratory tract in cancer patients
(particularly with prolonged antibiotic therapy), but pri-
mary Candida pneumonia is relatively uncommon. Inva-
sive sepsis and secondary pulmonary involvement is more
likely, typically with C. albicans and C. tropicalis. In en-
demic areas, fungal organisms, such as histoplasmosis, can
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also be an important cause of pulmonary involvement in
immunocompromised hosts or cause disseminated disease
in normal infants. Many patients with histoplasmosis are
also referred to St Jude because of concern about hilar
adenopathy to rule out malignancy.'®

Acute Lung Injury From Chemotherapy
and Radiation

Patients receiving radiation involving the lung are likely
candidates for acute radiation-induced changes in lung func-
tion. Frank radiation pneumonitis occurs in up to 15% of
older patients. With modern radiation dosing and target-
ing, these acute pulmonary effects of radiation are usually
minimized and are able to be managed with supportive
care, although radiation remains a significant risk factor
for late pulmonary effects.2® Several chemotherapy agents
(eg, bleomycin and dactinomycin) increase the risk of ra-
diation pneumonia. Adriamycin and actinomycin D are
also associated with a recall pneumonia when adminis-
tered after radiation. Radiation injury may also affect sub-
sequent lung and chest-wall growth.?!

Later Cardiopulmonary Complications of
Cancer Therapy

Both radiation and chemotherapy are well described as
causing both cardiac and pulmonary late effects (Table
2).2224 For cardiac effects, the classic agents associated
with late cardiac toxicity are the anthracyclines in a dose-
dependent manner. A number of chemotherapy agents are
associated with late pulmonary injury, including bleomy-
cin, carmustine, lormustine, busulfan, and cyclophosph-
amide.

Lung and Cardiac Function in Adult Childhood
Cancer Survivors

With improved therapy for childhood malignancy, there
is a growing population of childhood cancer survivors, and
a significant literature now exists on late effects of child-
hood cancer therapy. Evidence-based guidelines for risk-
based assessment of cardiac and pulmonary outcomes in
childhood cancer survivors have been developed.?> Stud-
ies in this population of survivors from St Jude Children’s
Research Hospital (St Jude Lifetime Cohort) have docu-
mented a wide range of systemic complications, but pul-
monary complications are among the most common.26-27
For the most common childhood cancer, acute lympho-
cytic leukemia, the pulmonary outcomes are excellent, since
therapy does not generally include drugs with significant
pulmonary toxicity.?® In the past, therapy for acute lym-
phocytic leukemia included craniospinal irradiation, and
since a portion of the lung is included, some effect on the
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lung function can be seen.?® Other therapies that include
chemotherapy agents that affect the lung or radiation are
associated with significant late lung function abnormali-
ties. A recent report of 606 childhood cancer survivors
from St Jude (median elapsed time from diagnosis of 21.9y)
described pulmonary function abnormalities (49% with
FEV, and 45% with FVC lower than the lower limit of
normal) with 32% having restrictive lung defects (total
lung capacity < 75% predicted).?” Risk factors for re-
duced lung function include the volume of lung receiving
radiation and elapsed time from diagnosis, as well as age
at diagnosis (for FVC and total lung capacity). Abnormal
pulmonary function tests were also associated with de-
creased 6-min walk distance.?” As noted, cardiac function
is affected by a variety of agents, primarily anthracyclines,
that affect cardiac function. Impaired cardiac function can
be a significant problem during cancer therapy, particu-
larly when patients have secondary problems with fluid
overload, acute infections, ARDS, or respiratory or mul-
tisystem failure. Although the major problem with anthra-
cyclines is cardiomyopathy, findings on cardiac echocar-
diogram suggestive of pulmonary hypertension have also
been identified in adult childhood cancer survivors, al-
though the exact mechanism for these changes is still be-
ing elucidated.3?

Exercise

The effects of cancer therapy on reducing exercise per-
formance are well described in the St Jude Lifetime Co-
hort study and other follow-up studies.?>?7 The effects of
therapy on exercise performance are multifactorial and
include reduced cardiopulmonary function, as well as de-
creased muscle strength. Generalized muscle weakness is
common during cancer therapy, but how this relates to
acute pulmonary complications, such as pneumonia or at-
electasis, has not been studied. Some evidence suggests
that exercise interventions can improve cardiopulmonary
fitness, strength and flexibility, and physical function in
this population.3! In cancer survivors, 18.1% reported def-
icits in physical performance, whereas 10.5% reported def-
icits in emotional health, both significantly impacting
health-related quality of life.32

Pulmonary Complications of Hematopoietic Stem
Cell Transplantation

Hematopoietic stem cell transplantation is a well-estab-
lished treatment now for both refractory malignant and
non-malignant conditions. There is extensive literature on
the diverse pulmonary complications in hematopoietic stem
cell transplantation that occur during acute therapy or
appear later in hematopoietic stem cell transplantation
survivors. Patients undergoing hematopoietic stem cell
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Table 2.  Treatment Exposure-Based Risk Factors for Pulmonary Late Effects in Survivors of Childhood Cancer

Treatment Exposures

Potential Late Effects

Risk Factors

Radiation

Alkylating agents
Busulfan
BCNU

CCNU

Bleomycin

HSCT with any history of chronic GVHD

Surgery
Pulmonary lobectomy
Pulmonary metastasectomy
Pulmonary wedge resection

TBI = total body irradiation

Gy = Gray

BCNU = carmustine

CCNU = lomustine

GVHD = graft-vs-host disease

HSCT = hematopoietic stem cell transplant

BO = bronchiolitis obliterans

BOOP = bronchiolitis obliterans organizing pneumonia
IPS = idiopathic pneumonia syndrome

Pulmonary toxicity
Pulmonary fibrosis
Interstitial pneumonitis
Restrictive lung disease
Obstructive lung disease

Pulmonary fibrosis

Pulmonary toxicity
Interstitial pneumonitis
Pulmonary fibrosis
ARDS (very rare)

Pulmonary toxicity
BO
BOOP
IPS
Restrictive lung disease
Obstructive lung disease

Pulmonary dysfunction

Host factors
Younger age at irradiation
Treatment factors
Radiation dose = 15 Gy
Chest radiation combined with TBI
Radiation combined with
Bleomycin
BCNU
CCNU
Radiomimetic chemotherapy (eg, doxorubicin, dactinomycin)
Medical conditions
Atopic history
Health behaviors
Smoking
Treatment factors
Higher cumulative doses (> 500 mg) combined with radiation
Medical conditions
Atopic history
Health behaviors
Smoking
Host factors
Younger age at treatment
Treatment factors
Higher cumulative doses (= 400 units/m?) combined with
Chest irradiation
Busulfan
BCNU
CCNU
Medical conditions
Renal dysfunction
High-dose oxygen support such as during general anesthesia
Health behavior
Smoking
Host factors
Younger age at HSCT
Treatment factors
Chest radiation
TBI
High-dose chemotherapy
Pulmonary toxic chemotherapy
Bleomycin
Busulfan
BCNU
CCNU
Treatment factors
Combined with pulmonary toxicity therapy
Bleomycin
Busulfan
BCNU
CCNU
Medical conditions
Atopic history
Health behaviors
Smoking
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Timeline of Non-Infectious Pulmonary Complications

Pulmonary edema
—_—
Veno-occlusive disease

B ——

Diffuse alveolar hemorrhage
_

Idiopathic pneumonia syndrome

Graft-vs-host disease (acute and chronic)

Interstitial lung disease

Post-transport lymphoproliferative disease

Bronchiolitis obliterans

Months following hematopletic stem cell transplantation

T T T T
0 1 2 3

T T T T
4 5 6 7

Fig. 2. Timeline of non-infectious complications in organ and hematopoietic stem cell transplantation transplantation. From Reference 4,

with permission.

transplantation have generally been pretreated with che-
motherapy or radiation for their primary disease as well as
receiving immunosuppressive regimens to prepare for the
new bone marrow cells. These treatments lead to injury to
the lung and altered lung function before transplant. The
increased risk associated with low lung function before
hematopoietic stem cell transplantation was demonstrated
by Srinivasan et al,>3> who examined lung function in a
large cohort of 410 hematopoietic stem cell transplantation
subjects. In this study, 42% developed pulmonary compli-
cations, and lower lung function at baseline before trans-
plant significantly increased the risk of transplant. T cell
depletion of the hematopoietic stem cell transplantation
graft, acute grade 3—4 graft-versus-host disease and chronic
graft-versus-host disease increased the risk of pulmonary
complications, and pulmonary complications resulted in a
2.8-fold increased risk of mortality.33

Infectious Complications

Pulmonary infections remain a major cause of morbid-
ity and mortality in hematopoietic stem cell transplanta-
tion patients, and the types of infectious complications are
usefully classified according to the time period after trans-
plant (Table 1).4

Non-Infectious Complications
Non-infectious complications in hematopoietic stem cell
transplantation include severe mucositis and pulmonary

edema (due to fluid overload, cardiac compromise, or re-
nal toxicity) (Fig. 2). Engraftment initially can be associ-
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ated with pulmonary edema and may lead to hypoxia sec-
ondary to inflammatory response. Idiopathic pneumonia
syndrome is characterized by dyspnea; cough; hypoxemia,
with no detection of infectious agent on BAL; and restric-
tive pulmonary function changes.?* Immunosuppressive
therapy with corticosteroids and anti-tumor necrosis factor
agents like etanercept are usually mainstays of treatment.
Diffuse alveolar hemorrhage (DAH) is a less common
complication but historically has had a very poor progno-
sis.?> If DAH is associated with multi-organ failure, mortal-
ity can be > 80%. The diagnosis of DAH is generally made
by BAL with increasingly hemorrhagic lavage with each
BAL aliquot and exclusion of underlying pulmonary in-
fection as a cause of hemorrhage. Treatment includes us-
ing corticosteroids, correction of coagulopathy and throm-
bocytopenia, administration of aminocaproic acid to
stabilize clots, and judicious use of higher PEEP on me-
chanical ventilation. Pulmonary and hepatic veno-occlu-
sive disease presents with pulmonary hypertension, signs
of right-heart failure, and pulmonary infiltrates. It is char-
acterized by obstruction of the small veins and venules
secondary to fibrosis.?¢ Obliterative bronchiolitis is the
most common late pulmonary complication of hematopoi-
etic stem cell transplantation and is usually associated with
other manifestations of graft-versus-host disease, such as
skin or hepatic involvement. Post-transplant infections, in-
cluding viral infections (like adenoviral infection) may
increase the risk of obliterative bronchiolitis. The diagno-
sis of obliterative bronchiolitis is now usually made by a
combination of fixed airway obstruction (for patients old
enough to do pulmonary function tests) and high-resolu-
tion CT with inspiratory/expiratory views showing areas
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Allogeneic HSCT

Identify patients at risk

Pre-transplant PFT
TBI-based conditioning

Tailor conditioning regimen

Unrelated donors
HLA-disparity
PBSC graft

Monitor closely with ICU team

Pulmonary infiltrates

BAL

Absence cardiac, renal failure, infection

Minimize antimicrobial therapy

Engraftment syndrome DAH

Bronchiolitis obliterans COP

\ SGorisosisroit

Etanercept Supportive care

Bronchodilator Azithromycin

|Progressive pulmonary dysfunction Early use NIV

Need for mechanical ventilation ~————= Restrictive fluid strategy

Progressive hypoxemia
Consider HFOV
Consider ECMO

Low tidal volumes
Higher PEEP

Early initiation CRRT
Prone position

Post-ICU rehabilitation
Chronic lung injury

Close follow up with PFT
Azithromycin
Vaccination
Physical therapy

Fig. 3. Approach to a patient with evolving pulmonary dysfunction following hematopoietic stem cell transplantation (HSCT). * A short
course of corticosteroids without taper is suggested for engraftment syndrome. Doses of 2 mg/kg/d may be used for diffuse alveolar
hemorrhage (DAH). Inhaled steroids are recommended for bronchiolitis obliterans. A prolonged course of steroids may be necessary for
cryptogenic organizing pneumonia (COP). PFT = pulmonary function test, TBI = total body irradiation, HLA = human leukocyte antigen,
PBSC = peripheral blood stem cell, BAL = bronchoalveolar lavage, NIV = noninvasive ventilation, CRRT = continuous renal replacement
therapy, HFOV = high-frequency ventilation, ECMO = extracorporeal membrane oxygenation. From Reference 46, with permission.

of patchy hyperinflation, alternating with areas of increased
density (so-called mosaic pattern).37-3% Cryptogenic orga-
nizing pneumonia, formerly known as BOOP (bronchiolitis
obliterans-organizing pneumonia) is another late complica-
tion of hematopoietic stem cell transplantation and differs
from obliterative bronchiolitis in biopsy appearance (with
areas of organizing pneumonia, as the name suggests) with
features of obliterative bronchiolitis, restrictive lung de-
fects rather than obstructive, and improvement with sys-
temic corticosteroids.3* Pulmonary alveolar proteinosis has
been described as a secondary complication in some child-
hood cancers and in hematopoietic stem cell transplanta-
tion due to accumulation of surfactant protein in the alve-
olar space secondary to defective macrophages. The
diagnosis is usually made by BAL showing the typical
milky white fluid of alveolar proteinosis.*® Treatment usu-
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ally involves the use of granulocyte-macrophage colony-
stimulating factor.

Respiratory Therapy Treatments and Interventions
in the Childhood Cancer Patient

Aerosol Therapies

The obstructive lung disease of obliterative bronchioli-
tis is usually not associated with reversible airway obstruc-
tion, but some patients do appear to have a reversible
component that may benefit from bronchodilator therapy.
The use of so-called FAM therapy (high dose inhaled flu-
ticasone-azithromycin-montelukast) for obliterative bron-
chiolitis has been reported to improve the need for corti-
costeroids in some small series, but more research is needed,
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particularly in the pediatric hematopoietic stem cell trans-
plantation population.*! In patients with DAH, adminis-
tration of activated factor VII has been used in pediatric
patients by direct instillation or aerosolization, but more
studies are needed because of the potential for adverse
events like endotracheal tube obstruction by clot.*?> The
use of inhaled ribavirin in immunocompromised hosts with
RSV is controversial, although the greatest benefit appears
to be when started early in the course of lower respiratory
infection; whether it has a role in the intubated patient with
severe RSV pneumonia is unclear.!3#3 Human metapneu-
movirus also demonstrates in vitro susceptibility to riba-
virin.

Noninvasive Ventilation

Noninvasive ventilation with CPAP and bi-level posi-
tive airway pressure has generally replaced negative-
pressure ventilation for supportive care of pediatric cancer
patients, and many patients have successfully avoided in-
tubation with early use of noninvasive ventilation.** High-
frequency chest oscillation using an external chest shell
(Hayek oscillator) is the modern equivalent of the 1970s
iron lung and has been used with success in other acute
respiratory failure settings, although there is insufficient
literature to recommend it at this time.*> For cancer pa-
tients with increased risk of infection, less invasive ap-
proaches may decrease the risk of ventilator-associated
pneumonia.

Positive-Pressure Ventilation

Intubation and positive-pressure ventilation is the pro-
cedure of choice for ventilatory support in this population.
Current approaches to mechanical ventilation include a
protective lung strategy with the use of low tidal vol-
umes and permissive hypercapnia, prone positioning,
conservative fluid management, and new modes of con-
ventional ventilation that have improved outcomes in
most ICUs providing care for cancer patients. A recent
report from our institution emphasized the importance
of a team approach, particularly for hematopoietic stem
cell transplantation patients, for patients who require
mechanical ventilation (Fig. 3).4¢ Other techniques, such
as high-frequency oscillation, are usually used as a sal-
vage therapy, and whether the earlier initiation of high-
frequency ventilation will improve outcome is still un-
known.

Tracheostomy
As children with cancer survive their complicated acute

pulmonary complications, the question of whether to per-
form a tracheostomy may become an important issue. Tra-
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cheostomy does not appear to carry a significantly higher
risk than in other populations, although children have higher
risk of infection with the common bacterial organisms,
such as Pseudomonas, that colonize most tracheostomy
patients secondary to their immunosuppressed status.

Prolonged Mechanical Ventilation

Pediatric cancer patients who need support due to se-
vere lung injury or central hypoventilation (brain tumor
patients) are candidates for long-term mechanical ventila-
tion, and the same considerations for preparing these pa-
tients and families apply as for other populations.*” For
some patients with poor prognosis from their underlying
malignancy, home mechanical ventilation may have dif-
ferent goals for the patient and family, such as allowing a
return to home for a period of time in palliative mode.

Lung Transplantation

For patients with end-stage lung disease due to pulmo-
nary fibrosis or obliterative bronchiolitis or after severe
infections, the question of possible lung transplantation
may be raised. Because of the shortage of lung donors,
patients must generally be in remission. Varying time pe-
riod requirements that a patient must be in remission be-
fore lung transplantation would be considered differ among
different lung transplant centers, with the minimum period
being 2 years. One review of lung transplantation in pedi-
atric hematopoietic stem cell transplantation patients with
end-stage obliterative bronchiolitis reported that the out-
come of patients post-lung transplant was comparable with
other transplant recipient populations.*®
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Discussion

Sweet: Thanks, that was a great
overview. [ don’tknow this field very
well, but with obliterative bronchi-
olitis after a stem cell transplant,
have people looked for the same risk
factors that we’re starting to see with
lung transplant, such as autoantibod-
ies and human leukocyte antigen
antibodies?

Stokes: Some similar work has been
identified in the hematopoietic stem
cell transplantation (HSCT) popula-
tion, but I’'m not very familiar with
that literature.! We tend to see them
later when they present. FAM ther-
apy—fluticasone, azithromycin, and
montelukast—is the newest therapy
for which some data are available
but with limited pediatric experi-
ence.? There is so much work that
needs to be done in this area.

Panitch: I took care of a young man
from childhood through early adult-
hood who had had a Wilms’ tumor.
He had a tiny chest with normal lungs
by CT imaging and an FVC of about
40% predicted. I noticed in your talk
that chest-wall growth abnormalities
have been identified as a long-term
issue, so I was wondering if anyone is
thinking about expansion surgeries, es-
pecially for children who receive their
damaging therapies early in life, and
you can follow their chest-wall growth?
Is there a role for thoracic expansion
surgery toimprove lung function in those
patients?
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Stokes: I'm not aware of anybody
doing that, but it’s a really interesting
question. Identifying this group early
enough to make an intervention worth-
while would be essential to that. Again,
I think some of the worst abnormali-
ties of the chest wall were related to
older regimens of radiation therapies.
I think they’ve become better at tar-
geting where they need to target, so
we don’t see the gross chest-wall de-
formities that we used to see back in
the ‘80s. What to do with that group,
I’'m not sure anybody has thought
about using chest expansion.

Panitch: Just as a follow-up, have
you looked at or measured chest-wall
compliance in the children who have
required repeated thoracic interven-
tions?

Stokes: Do you know how to do that,
Howard? Because nobody remembers
anymore how to drop esophageal bal-
loons and measure chest-wall compli-
ance except for us old-timers. We ac-
tually have some data from the St Jude
LIFE study? that Dr Kirsten Ness has
collected looking at restriction in
chest-wall expansion and relating it to
functional changes. There just isn’t
that much about the mechanics of the
chest wall. When oncologists see a re-
strictive defect, they see the lung and
assume it’s pulmonary fibrosis. But I
think one of the things we bring to
this area is thinking more broadly
about diaphragm, chest-wall, and re-
spiratory muscles that could influence
restrictive change, not just fibrosis. I'll
also mention that we have a new spe-

cial interest group on pulmonary com-
plications of childhood cancer ther-
apy in the American Thoracic Society,
and if you or anybody in your group is
interested in pulmonary complications
and late effects, we would love to have
more members who have an interest
in this area. I think it’s a great area for
research for the next 20 years.

Smallwood: This might be perhaps
stretching too far into the future, but I
recall a group of researchers at North-
eastern University who published a
study* in Science Translational Med-
icine. What was interesting to me was
the intervention in an animal model of
an oncologic process was supplying
40-60% O,. They demonstrated in
their cohort of mice that they could
awaken anti-tumor T lymphocyte cells
just by using inhaled O,. Essentially,
breathing in high concentrations of ox-
ygen helped to fight cancer. Although
it’s translational at this point, do you
have any thoughts?

Stokes: Unfortunately, we do a lot
of O, therapy, but it’s usually for the
wrong reasons in the ICU and not for
its potential antitumor effects. Ira
[Cheifetz], I know the PALISI (Pedi-
atric Acute Lung Injury and Sepsis
Investigator) group has looked at bone
marrow transplant and done a lot of
nice work trying to tease out the more
acute complications and how to man-
age that better.

Cheifetz: You provided an excellent
summary, thank you. Most of the work
by the stem cell transplant subgroup

RESPIRATORY CARE @ JUNE 2017 VoL 62 No 6



RESPIRATORY CARE CONSIDERATIONS IN CHILDHOOD CANCER

of the PALISI Network® has investi-
gated acute complications; we have
not done as much work on long-term
effects.® The one thing I would like to
mention, and I am sorry if I missed it,
is diffuse alveolar hemorrhage. This
is one of the important clinical enti-
ties that we still wrestle with in the
ICU. We saw one child recently who,
out of nowhere, had a catastrophic pul-
monary bleed. As much as we have
tried over the years to figure out the
right recipe of therapies, both ventila-
tor and non-ventilatory, we still strug-
gle with this population. Kyle [Reh-
der] has quite a bit of experience with
this population, and I would be curi-
ous to hear his thoughts as well.

Stokes: 1did include DAH in the pa-
per, but one of the therapies that re-
spiratory therapists might be involved
with is use of nebulized factor VII. I
don’t know if you have tried that in
any cases? There are limited case se-
ries in pediatrics, and we’ve been
asked a number of times to directly
instill factor VII in patients with dif-
fuse alveolar hemorrhage at bronchos-
copy. It’s definitely an area where the
outcome is terrible, and that’s about
all you can say. It tends to come in
runs, and we get these runs of DAH,

and when we ask the transplant peo-
ple what they're doing differently, they
don’t know. But it has a bad outcome,
particularly if it’s associated with an
underlying infection.

Rehder: That was my sense as well
from our population. We have tried
nebulized factor VII, but with concerns
that we would form a large obstruc-
tive clot in the airways and then have
a new issue. The patient tolerated the
nebulized factor VII, but as you stated,
it was a rescue therapy in a patient
with a very poor prognosis, and the
patient did not ultimately survive. And
we’ve tried systemic factor VII as well
in the setting of alveolar hemorrhage,
but it seems like it comes down to
what is the underlying reason for the
bleed, and if it’s infection, it often feels
like we can’t get on top of it.

Stokes: The reference in the paper is
one of the most recent case reports.
You probably saw it, and it was ex-
actly like you said, a pediatric patient
who they gave factor VII to and de-
veloped a clot in the endotracheal tube
and acutely decompensated, and the
tube had to be taken out emergently.
That’s something people need to be
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aware of, that this is not a therapy
without potential downsides.
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