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Abstract
In this review, we summarize early pulmonary complications related to cancer therapy in children and highlight characteristic 
findings on imaging that should be familiar to a radiologist reviewing imaging from pediatric cancer patients.
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Introduction

Pulmonary complications are common early in the course of 
cancer treatment and might be related to chemotherapy, radia-
tion therapy or hematopoietic cell transplant. However, detect-
ing early pulmonary complications related to cancer therapy 
can be challenging for the radiologist because of pre-existing 
co-morbidities and the co-existence of infectious and non-
infectious etiologies, many of which have overlapping imaging 
findings. Prompt recognition of these pulmonary conditions, 
especially those with distinctive radiologic features, can lead 
to earlier appropriate intervention. In the hematopoietic cell 
transplant population, complications are commonly divided 
into early phase (< 100 days) and late phase (> 100 days) 
after transplant. Pulmonary complications follow a predict-
able timeline after hematopoietic cell transplant, and thus it is 

important for the radiologist to know how long after transplant 
the images are obtained. Early pulmonary complications (first 
100 days after transplant) are often subdivided into the neutro-
penic, or pre-engraftment, period (within 30 days of transplant) 
and early post-transplant period (30–100 days after transplant). 
We use that general definition in this article, primarily focusing 
on complications that arise following hematopoietic cell trans-
plant, although we include complications that can be related to 
chemotherapy and radiation.

Because many of the imaging findings of early pulmonary 
complications can be subtle, nonspecific or overlapping, 
chest radiography has been shown to have limited utility in 
this population; therefore, we focus on CT imaging findings 
[1–5]. In the early setting, single-phase (inspiratory) chest 
CT with or without intravenous contrast agent and with thin 
slices (< 3 mm) is sufficient for imaging purposes. Next, we 
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summarize some early pulmonary complications and present 
recent updates, highlighting characteristic findings indicat-
ing specific complications of cancer therapy.

Hematopoietic cell transplantation

More than 23,000 individuals undergo a hematopoietic cell 
transplant in the United States each year, with about 2,000 
of these performed in children younger than 18 years [6, 7]. 
In an allogeneic hematopoietic cell transplant (alloHCT), 
hematopoietic stem and progenitor cells from an unaffected 
donor are infused into a recipient with a blood disorder after 
administering a conditioning regimen. It is a potentially cura-
tive treatment for high-risk hematologic malignancies and 
several non-malignant diseases of the hematopoietic system. 
An autologous hematopoietic cell transplant (autoHCT) 
involves reinfusion of a patient's own hematopoietic stem and 
progenitor cells that have been collected and cryopreserved 
to rescue the patient's hematopoiesis after administration of 
high-dose chemotherapy. A conditioning (or preparative) reg-
imen consisting of a combination of chemotherapy, radiation 
and T cell–directed antibodies is generally used prior to graft 
infusion, to eliminate malignant cells, prepare the recipient to 
receive the graft and make space in the recipient bone marrow 
for incoming cells. The hematopoietic cell graft is obtained 
from donors by either performing a bone marrow harvest or 
mobilizing the hematopoietic stem and progenitor cells and 
collecting them from the peripheral blood. Umbilical cord 
blood, collected at the time of birth, can also be used as a 
source of hematopoietic stem and progenitor cells. Donors 
are generally matched to the recipient using human leuko-
cyte antigen (HLA), though mismatched or half-matched 
(haploidentical) donors are increasingly used because of 
improvements in post-transplant immune therapeutics and 
graft manipulation techniques. Immunosuppressive drugs 
are often used after an alloHCT to prevent immunological 
complications such as graft rejection and graft vs. host dis-
ease (GVHD). GVHD prophylaxis is not required after an 
autoHCT because there is no immune mismatch between the 
graft and the recipient.

All hematopoietic cell transplant recipients are at a high risk 
of both infectious and non-infectious complications. Infections 
can be caused by multiple bacterial, fungal and viral patho-
gens, with morbidity and mortality from infections being much 
higher in this vulnerable population than in immunocompetent 
individuals [8–12]. Infectious complications occur in about 
71% of people undergoing hematopoietic cell transplant, with 
death in up to 20% [13–15]. Many factors increase the infec-
tion risk in hematopoietic cell transplant recipients, including 
the breakdown of skin and mucosal barriers from the condi-
tioning regimen [16, 17], delayed/poor immune reconstitution 
[18] and use of immunosuppressive agents during conditioning 

and after hematopoietic cell transplant for GVHD prevention. 
Immune reconstitution is further dependent on the donor type 
(e.g., umbilical cord blood or mismatched unrelated donor 
transplantations), graft source (bone marrow vs. peripheral 
blood vs. cord blood), graft manipulation (T cell depletion), 
use of serotherapy (anti-thymocyte globulin vs. alemtuzumab) 
and occurrence of GVHD as well as post-transplant GVHD 
prevention strategies like pharmacologic immunosuppression 
[18–21].

Non-infectious pulmonary complications of hematopoi-
etic cell transplant are common and unfortunately have poor 
outcomes [22–24]. Non-infectious pulmonary complications 
occur in 12–30% of pediatric patients following hematopoi-
etic cell transplant and account for 16% of deaths [25–32]. 
Early non-infectious pulmonary complications include pul-
monary edema, idiopathic pneumonia syndrome, diffuse 
alveolar hemorrhage, peri-engraftment respiratory distress 
syndrome (PERDS), pulmonary veno-occlusive disease 
(PVOD) and acute radiation pneumonitis.

The defining imaging characteristics, predisposing fac-
tors, clinical signs and symptoms, and treatments are sum-
marized for infectious (Table 1; Figs. 1, 2, 3 and 4) and 
non-infectious (Table 2; Figs. 5, 6, 7, 8, 9 and 10) early 
pulmonary complications.

Infectious complications

First 30 days

In the first 30 days post-hematopoietic cell transplant, the 
frequencies of infectious and non-infectious complications 
are similar [33]. In the neutropenic phase, infectious compli-
cations commonly include bacterial pneumonia, respiratory 
viruses and invasive fungal pneumonia [34].

Bacterial pneumonia characteristically produces focal 
segmental or lobar pulmonary opacities. Commonly 
reported pathogens include Enterococcus, Pseudomonas 
aeruginosa, Stenotrophomonas and Staphylococcus aureus 
[34]. Respiratory viruses commonly reported in this period 
include respiratory syncytial virus, rhinovirus, parainfluenza 
virus and coronaviruses including the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) [35–37]. Res-
piratory viral infections often have nonspecific imaging 
findings, ranging from normal CT scans to single findings 
or combinations of nodules, ground-glass attenuation and 
consolidation [38–40]. Guidelines exist for imaging diag-
nosis of invasive pulmonary mold diseases. Diagnosis of 
probable pulmonary aspergillosis requires the presence of 
at least one of the following patterns on CT: dense, well-
circumscribed lesion(s) with or without a halo sign (Fig. 1); 
air crescent sign; cavity (Fig. 2); or wedge-shape and seg-
mental or lobar consolidation (Fig. 1) [41, 42]. For other 
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Fig. 1   Invasive pulmonary aspergillosis in a 17-year-old girl with 
relapsed acute myelogenous leukemia (AML) post hematopoietic 
cell transplant, on salvage therapy undergoing evaluation for chi-
meric antigen receptor T cell therapy. a Coronal CT image obtained 
1 month after start of therapy demonstrates the halo sign with a right 

upper lobe nodular opacity with surrounding peripheral ground-glass 
opacity (arrow). b Two months after start of therapy, coronal CT 
shows that the right upper lobe opacity has increased in size with a 
wedge-shape area of consolidation (arrow) and adjacent ground-glass 
opacity (arrowhead)

Fig. 2   Disseminated fungal 
infection (trichosporonosis) in a 
6-year-old boy with B cell acute 
lymphocytic leukemia (ALL) on 
induction day 36 admitted for 
febrile neutropenia. a, b Axial 
CT images of the right and left 
upper lobes show a nodular 
opacity in the right upper lobe 
(arrow in a) and a nodular 
opacity with central cavitation 
in the left upper lobe (arrow in 
b). c Post-contrast T1-weighted 
fat-saturated coronal MR image 
of the ankle in the same boy 
shows a peripherally enhancing 
intramuscular collection (arrow-
head), consistent with abscess

2020 Pediatric Radiology (2022) 52:2017–2028
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pulmonary mold diseases, the same four criteria apply with 
the addition of a reverse halo sign. However, several case 
series have demonstrated that compared to adults, children 
are less likely to present with cavitation or the air crescent 
or halo signs [43]. In endemic areas, relevant mycoses such 
as Histoplasma, Blastomyces and Coccidioides should be 
considered. In pediatric oncology patients, CT findings of 
pulmonary histoplasmosis might manifest as parenchymal 
consolidation or as a hilar mass (Fig. 3) [44].

30–100 days

More than 30 days post-hematopoietic stem cell transplant, 
as the immune system reconstitutes, the frequency of infec-
tious complications and the spectrum of causative agents 
change. Viral infections from respiratory viruses remain 
common, including influenza and human metapneumovirus 
as well as infections from herpes viruses (e.g., herpes sim-
plex, varicella-zoster, cytomegalovirus, human herpesvirus 
6) and adenoviruses [34, 35]. As with respiratory viruses, 
findings of infections with herpes viruses are nonspecific and 
can include diffuse or multifocal areas of ground-glass atten-
uation, consolidations and nodules [39, 45]. Pneumocystis 
jiroveci pneumonia (PJP) might present in this period, with 
radiographic features of bilateral ground-glass opacities, 
nodular opacities with or without cavitation, or a miliary 
pattern (Fig. 4) [41, 42]. It should be noted that while the 
incidence of PJP has tremendously decreased as a result of 
universal prophylaxis, breakthrough cases are still observed 
and a high index of suspicion must be maintained to estab-
lish a diagnosis. Radiologic examination, along with clinical 
suspicion, remains the cornerstone to establish a diagnosis of 
PJP. Invasive fungal infections in this period can present in 
children receiving immunosuppressive therapy with steroids 

or other recognized T cell immunosuppressants, and those 
with steroid-refractory grades III or IV GVHD [41, 42]. 
Radiologic criteria are the same as previously described.

Non‑infectious complications

First 30 days

Non-infectious complications in the first 30 days include 
pulmonary edema and idiopathic pneumonia syndrome. 
The most common in the first 30 days is pulmonary edema, 
which is often multifactorial, related to either direct hydro-
static changes (e.g., fluid overload) or inflammation-related 
increased permeability (e.g., direct toxicity of chemotherapy) 
[33]. Pulmonary edema manifests as enlargement of pulmo-
nary vessels, diffuse ground-glass opacification and septal 
thickening on CT (Fig. 5). The combination of diffuse ground-
glass opacities and intralobular and interlobular septal thick-
ening can cause a crazy-paving pattern. These children might 
also have cardiomegaly and pleural effusions, which can help 
differentiate pulmonary edema from other causes.

Transfusion-related acute lung injury is an increasingly 
recognized specific cause of pulmonary edema in transplant 
patients defined as acute respiratory distress and new bilat-
eral lung infiltrates on anteroposterior/posteroanterior chest 
radiograph within 6 h of transfusion in the absence of cardiac 
dysfunction or other cause of lung injury [46, 47]. Imaging 
findings are the same as pulmonary edema from other causes.

30–100 days

In the early post-transplant period (30–100  days after 
hematopoietic stem cell transplant), idiopathic pneumonia 

Fig. 3   Reactivation histoplasmosis in an 11-year-old boy with osteosar-
coma of the humerus on week 9 of chemotherapy. He presented with 
mild upper respiratory symptoms, fever and neutropenia. a Axial CT 
image shows a right hilar mass (arrow) with adjacent intraparenchymal 
ground-glass opacities (arrowheads). b Axial CT image shows central 
calcifications (arrows) within the hilar mass. Because the parenchymal 

opacities were not present on baseline imaging (not shown), there was 
some concern that this might represent disease progression during ther-
apy; however, infectious disease consultants were confident this repre-
sented reactivation histoplasmosis given a positive yeast antigen test, 
and the parenchymal abnormality resolved on follow-up imaging

2021Pediatric Radiology (2022) 52:2017–2028
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syndrome continues to be a common cause of respiratory 
symptoms. Additionally, acute pulmonary GVHD can occur, 
although it is very rare. CT findings of acute pulmonary 
GVHD are nonspecific and might include diffuse parenchy-
mal opacities that resemble pulmonary edema [33].

Idiopathic pneumonia syndrome

Idiopathic pneumonia syndrome is an acute lung dysfunction 
of noninfectious etiology [48]. Idiopathic pneumonia syndrome 
includes a constellation of clinical presentations and is charac-
terized by widespread alveolar injury in the absence of cardiac, 
renal, iatrogenic fluid overload, or infectious organisms [48]. As 
defined by the American Thoracic Society, multiple etiologies 
are included under the umbrella term “idiopathic pneumonia 

syndrome” based on the site of injury. Acute injury might involve 
the pulmonary parenchyma (e.g., acute respiratory distress syn-
drome and radiation pneumonitis), the vascular endothelium 
(e.g., diffuse alveolar hemorrhage, peri-engraftment respiratory 
distress syndrome and pulmonary veno-occlusive disease), or 
the airway epithelium (e.g., organizing pneumonia, described 
in the accompanying article on late pulmonary complications). 
Frequently, it is not possible to specifically categorize patients 
and some remain unclassifiable [48] (Fig. 6). Major risk factors 
of idiopathic pneumonia syndrome, regardless of specific eti-
ology, include a myeloablative conditioning regimen including 
total body irradiation and the occurrence of acute GVHD. The 
incidence of idiopathic pneumonia syndrome has been declin-
ing; mortality, however, continues to be high with a reported 
survival rate of only 30% within a year post-hematopoietic cell 
transplant [49]. Current evidence indicates that many children 
diagnosed with idiopathic pneumonia syndrome in fact have an 
occult infection. Half of people post-transplant diagnosed with 
idiopathic pneumonia syndrome had pathogens detected in bron-
choalveolar lavage and the most frequent organism was human 
herpesvirus-6 (HHV-6) [50]. Patients are usually treated with 
corticosteroids and tumor necrosis factor (TNF) inhibitors like 
etanercept. CT findings are nonspecific and might include focal 
or diffuse airspace or reticular opacities in the setting of rapidly 
progressive respiratory failure (Fig. 6). Next, we review some 
additional etiologies under the umbrella of idiopathic pneumonia 
syndrome and their imaging findings.

Diffuse alveolar hemorrhage

Diffuse alveolar hemorrhage occurs in 2% of the pediat-
ric hematopoietic cell transplant recipients with a median 
onset time of 1.7  months. Unfortunately, the progno-
sis remains dismal, with a mortality rate as high as 76% 
within 100 days post-transplant and 84% within 6 months 
[25]. Children present with fever, nonproductive cough, 
dyspnea and hypoxia. Hemoptysis suggests diffuse alveo-
lar hemorrhage, but it occurs in only 66% of cases [48]. 
The diagnosis is usually established by bronchoscopy with 

Fig. 4   Pneumocystis jiroveci pneumonia in a 6-year-old male with 
acute lymphocytic leukemia (ALL) on week 14 of therapy with pro-
longed febrile neutropenia and respiratory distress requiring intensive 
care admission. He was diagnosed with Pneumocystis jirovecii pneu-
monia by bronchoaveolar lavage (BAL). Coronal CT image shows 
diffuse ground glass opacification (arrows). Small pleural effusions 
are present (arrowheads), which are atypical in PCP

Fig. 5   Pulmonary edema in a 
16-year-old boy with relapsed 
acute myelogenous leukemia 
(AML) and history of cardiac 
defect. a, b Axial (a) and 
coronal (b) CT images show 
widespread ground-glass opac-
ity (black arrows) with regions 
of smooth interlobular septal 
thickening (white arrows). The 
pulmonary arteries are enlarged 
(white arrowheads). There is 
also a small layering right pleu-
ral effusion (black arrowheads)
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increasingly bloodier lavage return or ≥ 20% hemosiderin-
laden macrophages. Pathogenesis is thought to be related 
to lung vascular injury with loss of integrity in the alveo-
lar–capillary basement membrane, secondary to inflamma-
tion, conditioning regimen, thrombotic microangiopathy or 
occult infection. As a result, the distal alveolar airspace is 
obliterated by blood, fibrin and inflammatory cells, which 

impairs gas exchange, and refractory hypoxemia and acute 
respiratory failure follow. Treatment includes systemic cor-
ticosteroids, inhaled tranexamic acid and inhaled recom-
binant activated factor VII. CT findings include diffuse 
ground-glass opacities and crazy-paving pattern, related 
to intra- and interlobular septal thickening (Fig. 7). These 
children typically do not have cardiomegaly, prominent 

Fig. 6   Unclassified idiopathic pulmonary syndrome (IPS) in a 
16-year-old girl with history of acute lymphocytic leukemia (ALL) 
day 13 post allogeneic hematopoietic cell transplant (alloHCT). IPS 
was diagnosed clinically based on respiratory status and absence of 
findings of infection. The girl improved clinically and radiographi-
cally (not shown) after treatment with steroids and etanercept. a-c 

Axial (a and b) and coronal CT (c) images show patchy ground-glass 
opacities (black arrows) with interspersed regions of more consoli-
dative nodular opacities (white arrowhead) and reticular opacities 
(white arrows). There is also a small right pleural effusion (black 
arrowheads)

Fig. 7   Diffuse alveolar hemorrhage in a 13-year-old male with a 
primary diagnosis of relapsed acute myelogenous leukemia (AML), 
admitted to intensive care for respiratory distress. Bronchoscopy 
revealed diffuse hemorrhage and no identified infectious etiology. a, 

b Axial (a) and coronal CT (b) images show a “crazy paving” pat-
tern with a mosaic pattern secondary to diffuse ground-glass opacities 
(black arrows) with intralobular and interlobular septal thickening 
(white arrows)
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pulmonary vessels or effusions, differentiating this entity 
from pulmonary edema.

Peri‑engraftment respiratory distress syndrome (PERDS)

Peri-engraftment respiratory distress syndrome (PERDS) is 
an early pulmonary complication that can be encountered 
at the time of engraftment on days 5–21 post-transplant. 
Proinflammatory cytokine release at the time of neutrophil 
engraftment results in pulmonary edema and lung injury. 
These children usually develop fever, erythematous rash 
and hypoxia. Transient encephalopathy and hepatic and 
renal dysfunction might also occur. Acute respiratory fail-
ure occurs in 2% of children undergoing hematopoietic cell 
transplant but usually is transient with a good prognosis and 
greater than 80% overall survival [51]. Treatment is geared 
toward fluid management, especially given that capillary 
leak is common during this phase and a brief course of cor-
ticosteroids is typically used to ameliorate the inflammatory 
response. CT findings include diffuse ground-glass opacifi-
cation, which can be associated with thickening of the inter-
lobular septa, perihilar or peribronchial consolidation, and 
pleural effusions (Fig. 8). These children typically do not 
have cardiomegaly or other findings of pulmonary edema. 

Clinically, the presence of a skin rash and fever might be 
helpful to make the diagnosis.

Pulmonary veno‑occlusive disease (PVOD)

Pulmonary veno-occlusive disease (PVOD) is an uncom-
mon but fatal pulmonary complication post-transplant. 
Underlying pathology involves the obliteration of pulmo-
nary venules with intimal fibrosis and luminal obstruction. 
These changes lead to pulmonary hypertension that might 
not respond to vasodilators. In fact, hypoxia can worsen 
with vasodilator therapy secondary to pulmonary edema 
with increased pulmonary blood flow in the setting of fixed 
post-capillary obstruction [52]. The onset of PVOD is 
typically weeks to months following transplant, although 
a minority of cases manifest within days. Dyspnea is an 
early symptom in this population. Unfortunately, treat-
ment is usually not effective and includes corticosteroids 
and defibrotide [53]. On CT, findings include centrilobular 
ground-glass opacities, smooth interlobular septal thick-
ening and mediastinal lymph node enlargement [52, 54]. 
Additional CT findings can include dilatation of the main 
pulmonary artery, right-side cardiac chamber enlargement, 
nodules, and pleural or pericardial effusions (Fig. 9) [54].

Fig. 8   Peri-engraftment 
respiratory distress syndrome 
(PERDS) in a 14-year-old girl 
with severe aplastic anemia on 
day 19 after bone marrow trans-
plant with worsening respiratory 
symptoms. a, b Axial (a) and 
coronal (b) CT images show 
ground-glass opacities (black 
arrows) and areas of consolida-
tion (white arrow)

Fig. 9   Pulmonary veno-occlusive 
disease (PVOD) in a 7-year-old 
girl with history of status post 
allogeneic hematopoietic cell 
transplant (alloHCT) (day + 40) 
and history of hepatic veno-
occlusive disease. a, b Coronal 
CT image in lung window (a) 
shows scattered nodular opacities 
(black arrows) with smooth inter-
lobular septal thickening (white 
arrowheads). Axial CT image 
in bone window (b) shows small 
bilateral pleural effusions (white 
arrows) and leftward bowing of 
the interventricular septum (black 
arrowhead)
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Acute radiation pneumonitis

Acute radiation pneumonitis can occur in children receiv-
ing radiation therapy for primary or metastatic lesions of 
the lung or the chest wall. Because of advances in modes 
and delivery of radiation to primary mediastinal lympho-
mas, radiation pneumonitis is becoming less common in 
these children (~ 6% of pediatric patients in one study) 
[55]. While total body irradiation as part of the condi-
tioning regimen is not a typical cause of acute radiation 
pneumonitis, total lymphoid irradiation, which specifically 
targets the thymus, thoracic and cervical lymph nodes, 
sometimes causes localized pneumonitis. CT findings of 
acute radiation pneumonitis include ground-glass opaci-
ties and consolidation localized to the irradiated field with 
a well-demarcated border between the airspace opacities 
and the normal lung (Fig. 10) [56, 57]. Over time, imaging 
findings typically evolve to localized fibrotic change with 
volume loss, architectural distortion and traction bronchi-
ectasis [56].

Conclusion

Early pulmonary complications following cancer therapy 
and hematopoietic cell transplant are common and fre-
quently present with similar, nonspecific imaging findings. 
It is important to interpret imaging findings in the context of 
clinical signs and symptoms as well as the type and timing 
of treatments, ideally with close collaboration between the 
radiologist and the oncology, infectious disease, pulmonary 
and critical care teams.
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