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Side Effects of Oncologic Treatment 
in the Chest: Manifestations at FDG 
PET/CT

Fluorodeoxyglucose (FDG) PET/CT is a vital imaging technique 
used for staging, assessing treatment response, and restaging fol-
lowing completion of therapy in patients who are undergoing or 
have completed oncologic treatment. A variety of adverse effects 
from chemotherapy, targeted therapy, immunotherapy, and radia-
tion therapy are commonly encountered in oncologic patients. It 
is important to be aware of the manifestations of these adverse ef-
fects seen on FDG PET/CT images to avoid misinterpreting these 
findings as disease progression. Furthermore, early identification of 
these complications is important, as it may significantly affect pa-
tient management and even lead to a change in treatment strategy. 
The authors focus on the FDG PET/CT manifestations of a broad 
spectrum of oncologic therapy–related adverse effects in the tho-
rax, as well as some treatment-related changes that may potentially 
mimic malignancy.

Online supplemental material is available for this article.
©RSNA, 2021 • radiographics.rsna.org

Jordan A. Lang, MD, PhD 
Sanjeev Bhalla, MD 
Dhakshinamoorthy Ganeshan, MD 
Gabriel J. Felder, MD 
Malak Itani, MD

Abbreviations: BPF = bronchopleural fistula, 
FDG = fluorodeoxyglucose, GGO = ground-
glass opacities, irAE = immune-related adverse 
event, NSIP = nonspecific interstitial pneumonia, 
PE = pulmonary embolism, RV = right ventricle, 
SLG = sarcoid-like granulomatosis, XRT = 
radiation therapy

RadioGraphics 2021; 41:2071–2089

https://doi.org/10.1148/rg.2021210130

Content Codes:      

From the Mallinckrodt Institute of Radiology, 
Washington University School of Medicine, 510 
S Kingshighway Blvd, Campus Box #8131, St 
Louis, MO 63110 (J.A.L., S.B., M.I.); Division 
of Diagnostic Imaging, The University of Texas 
MD Anderson Cancer Center, Houston, Tex 
(D.G.); and Department of Radiology, NYU 
Winthrop Hospital, Mineola, NY (G.J.F.). Pre-
sented as an education exhibit at the 2020 RSNA 
Annual Meeting. Received April 12, 2021; revi-
sion requested May 28 and received July 3; ac-
cepted July 8. For this journal-based SA-CME 
activity, the authors, editor, and reviewers have 
disclosed no relevant relationships. Address 
correspondence to J.A.L. (e-mail: jordan.lang@ 
wustl.edu).

©RSNA, 2021

After completing this journal-based SA-CME 
activity, participants will be able to:

	�Recognize FDG PET/CT findings that 
are suggestive of organizing pneumonia 
and provide a differential diagnosis for 
the underlying etiologic factor.

	�Describe the pathologic time course of 
radiation pneumonitis following comple-
tion of XRT and the corresponding FDG 
PET/CT findings.

	�Identify characteristic FDG PET/CT 
findings of sarcoid-like granulomatosis.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Fluorodeoxyglucose (FDG) PET/CT has a well-established role in 
guiding therapy for various malignancies, including staging, moni-
toring treatment response, and restaging following completion of 
therapy. In patients who are undergoing or have completed oncologic 
treatment, a broad spectrum of treatment-related complications are 
routinely encountered at FDG PET/CT, secondary to a diverse array 
of therapies that are broadly categorized as chemotherapy, targeted 
therapy, immunotherapy, or radiation therapy (XRT). In this article, 
we summarize by treatment type the adverse effects of oncologic 
therapy in the chest, as well as the manifestations of these effects 
seen on FDG PET/CT images (Table). Treatment-related adverse 
effects often involve inflammatory changes, resulting in increased 
FDG uptake, and it is important to distinguish these findings from 
malignancy or, if the findings are nonspecific, provide an appropriate 
differential diagnosis within the context of the patient’s therapeutic 
history.

The biochemical mechanism of FDG PET involves cellular 
uptake of FDG, a glucose analog, by glucose transporter membrane 
proteins. Following intracellular transport, FDG is phosphorylated 
by hexokinase, which “traps” FDG within cells, resulting in an image 
that reflects the sites of increased cellular glucose metabolism. Given 
this mechanism, the activity seen on FDG PET images is not specific 
to malignant cells. Normal physiologic pattern uptake shows intense 
activity in organs with increased glucose metabolism such as the cere-
bral cortex and activated brown adipose tissue, and benign pathologic 
uptake is commonly due to inflammation with increased uptake by 
activated leukocytes. Treatment-related inflammatory processes often 
demonstrate FDG avidity and may mimic progressive malignancy 
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of recurrent aspiration in a patient with a history 
of prior XRT adjacent to the esophagus and 
airways can raise concern for the possibility of an 
airway-esophageal fistula, even if a fistula is not 
directly visualized, prompting appropriate further 
evaluation with esophagography. In this article, 
we showcase the anatomic and metabolic appear-
ances of a variety of thoracic treatment–related 
complications and potential mimickers of malig-
nancy seen on FDG PET/CT images by review-
ing imaging findings and providing case examples 
with relevant differential considerations.

Pulmonary Parenchymal 
Complications

Drug-induced Pneumonitis
Drug-induced pneumonitis is a relatively com-
mon adverse effect, seen in about 20 of 100 
patients treated with antineoplastic agents. How-
ever, the incidence is dependent on the specific 
agent, dose, and concurrent therapies, among 
other factors (1). Although with some agents, 
such as bleomycin, drug-induced pneumonitis 
is associated with a certain cumulative dose, in 
many cases it is idiosyncratic (2). The clinical 
manifestations of drug-induced pneumonitis 
encompass a broad spectrum of presentations, 
including the variable time course from acute to 
chronic or insidious disease, and a wide range of 
clinical symptoms, from no symptoms (subclini-
cal imaging findings) to respiratory failure. 

The pathogenesis of drug-induced pneumo-
nitis includes direct cytotoxicity to pneumocytes 
and alveolar capillary endothelium, immune-
mediated effects resulting from cytokine release 
or leukocyte activation or dysregulation, and 
oxidative injury (3). Lung injury manifests in a 
limited number of histopathologic patterns with 
corresponding characteristic CT findings. Lung 
injury patterns include organizing pneumonia, 
nonspecific interstitial pneumonia (NSIP), eo-
sinophilic pneumonia, diffuse alveolar damage or 
acute lung injury, diffuse pulmonary hemorrhage, 
a hypersensitivity pneumonitis–like pattern, and 
usual interstitial pneumonia (4,5).

Our focus is on two common lung injury 
patterns, organizing pneumonia and NSIP, with 
examples of FDG PET/CT cases provided, as 
a comprehensive review of lung injury patterns 
is beyond the scope of this article. Pathologi-
cally, organizing pneumonia demonstrates plugs 
of granulation tissue within distal airways and 
alveoli. Clinically, organizing pneumonia typi-
cally manifests with constitutional symptoms and 
shortness of breath, although it may be asymp-
tomatic. Characteristic CT features include 
peripheral or peribronchovascular consolidation 

such as sarcoid-like granulomatosis (SLG), an 
immune-related adverse event (irAE) associ-
ated with checkpoint inhibitor immunotherapy 
and seen in oncologic patients following various 
therapies. In addition, uptake by leukocytes can 
be due to infectious causes, which are commonly 
seen in immunosuppressed patients after inten-
sive chemotherapy or stem cell transplant. These 
infectious causes include opportunistic infections 
such as disseminated fungal infection, which may 
be mistaken for progressive malignancy. Overall, 
consideration of prior serial imaging findings, 
including knowledge of the original sites of ma-
lignancy, is of utmost importance, and combined 
with an understanding of characteristic FDG 
PET/CT findings helps to distinguish adverse 
treatment effects from progressive malignancy.

Other adverse effects are less likely to be mis-
taken for malignancy on the basis of correlative 
CT findings, although recognizing key imaging 
features that are suggestive of specific complica-
tions can expedite the clinical diagnosis to guide 
therapeutic management or prompt further 
evaluation. For example, the identification of 
typical findings of organizing pneumonia raises 
suspicion for possible drug-induced pneumonitis, 
and an accurate diagnosis can help guide clini-
cal decision making—for example, potentially 
modifying oncologic therapy and initiating treat-
ment of pneumonitis. Recognizing the sequelae 

TEACHING POINTS
	� Treatment-related adverse effects often involve inflammatory 
changes, resulting in increased FDG uptake.

	� Atypical manifestations of organizing pneumonia such as focal 
hypermetabolic masslike consolidation may mimic malignan-
cy, and the degree of FDG uptake is not a reliable method of 
distinguishing organizing pneumonia from malignancy, given 
that both of these entities can result in high FDG uptake.

	� The effects of XRT are unique in that they are confined to the 
area of the radiation port, often with abrupt linear borders 
of involvement that distinguish post-XRT effects from other 
pathologic entities. At histopathologic analysis, radiation-
induced pneumonitis demonstrates a characteristic time 
course following completion of XRT, with corresponding 
FDG PET/CT findings.

	� Invasive fungal pneumonia is an important differential con-
sideration for new hypermetabolic pulmonary nodules or 
masses that are concerning for metastasis or malignant recur-
rence, especially in patients with immunosuppression, which 
in many cases cannot be distinguished on the basis of clinical 
and radiologic findings and may require biopsy for a histo-
pathologic diagnosis.

	� Characteristic FDG PET/CT features of SLG include FDG-avid 
pulmonary micronodules or focal round consolidation with 
surrounding GGO; symmetric FDG-avid lymphadenopathy, 
typically with mediastinal and hilar involvement; and hyper-
metabolic splenic lesions. Care should be taken not to mistake 
SLG for hyperprogression or pseudoprogression after immu-
notherapy.
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and relatively decreased FDG uptake by inflam-
matory processes due to presumed faster washout 
of FDG from benign tissue. However, the results 
have been mixed (11). The 2013 European Associ-
ation of Nuclear Medicine and Society of Nuclear 
Medicine and Molecular Imaging guidelines for 
the use of FDG PET/CT in the setting of infec-
tion and inflammation do not support a clinical 
role of dual–time-point imaging in differentiating 
infection from cancer (12).

Toxic agents resulting in organizing pneu-
monia include bleomycin, cyclophosphamide, 
methotrexate, immune checkpoint inhibitors, 
mammalian target of rapamycin inhibitors, ana-
plastic lymphoma kinase inhibitors, and epider-
mal growth factor receptor inhibitors, among 
others (4,5). Although organizing pneumonia is 
a well-known oncologic therapy–related com-
plication, it may be caused by a variety of etio-
logic factors; hence, correlation with the clinical 
history is key. In addition to medication-related 
conditions, the differential diagnosis for organiz-
ing pneumonia includes viral pneumonia, graft 
versus host disease, connective tissue disease and 
autoimmune disorders, and electronic cigarette– 
and vaping-associated lung injury (8,13). When 
idiopathic, organizing pneumonia is frequently 
known as cryptogenic organizing pneumonia.

NSIP is a lung injury pattern that typically 
has a more insidious onset of progressive respira-
tory symptoms, often with a restrictive pattern of 
lung disease at pulmonary function testing (14). 

and/or ground-glass opacities (GGO) (Figs 1, 
2). The reverse halo sign (or atoll sign) of central 
GGO with peripheral consolidation is specific, 
although it is seen in only 20% of cases (Fig 2C, 
2D) (6). Bandlike and perilobular or polygonal 
consolidation also is a highly suggestive finding 
(Figs 1A, 2A, 2B) (7). Less commonly, atypical 
manifestations are identified and include focal or 
masslike consolidation, multiple nodular opaci-
ties, and diffuse centrilobular nodules (8,9).

On FDG PET/CT images, organizing pneumo-
nia demonstrates increased FDG uptake, with the 
greatest uptake in areas of consolidation and the 
degree of uptake corresponding directly to disease 
activity (10). Atypical manifestations of organizing 
pneumonia such as focal hypermetabolic mass-
like consolidation may mimic malignancy, and the 
degree of FDG uptake is not a reliable method of 
distinguishing organizing pneumonia from malig-
nancy, given that both of these entities can result 
in high FDG uptake (9). In such cases, biopsy may 
be required to distinguish these atypical mani-
festations from recurrent malignancy (Fig 3). In 
addition, hypermetabolic mediastinal lymph nodes 
are commonly seen; they were reported in 76% of 
organizing pneumonia cases in one study involving 
50 patients (9). Multiple studies have investigated 
the potential of dual–time-point FDG PET/CT 
in differentiating malignancy from inflammatory 
processes. This examination involves an additional 
delayed acquisition with expected increased FDG 
uptake by malignancies at the delayed time point 

Oncologic Treatment Side Effects Manifesting in the Chest

Side Effect 
Type Chemotherapy

Immunotherapy and  
Targeted Therapy Radiation Therapy

Pulmonary, air-
way, pleural

Pneumonitis, pulmonary 
edema or pleural effusion, 
pulmonary hemorrhage

Pneumonitis, pulmonary 
edema or pleural effu-
sion, pulmonary hemor-
rhage, pneumothorax

Pneumonitis, pleural effusion, 
BPF, bronchial stenosis

Cardiovascular Cardiomyopathy, pericarditis 
or myocarditis, vasculitis, 
venous thromboembolic 
disease, accelerated athero-
sclerosis

Cardiomyopathy, pericar-
ditis or myocarditis, vas-
culitis, venous thrombo-
embolic disease

Cardiomyopathy, valvular disease, 
pericarditis or myocarditis, 
vasculitis, accelerated athero-
sclerosis

Additional me-
diastinal

Esophagitis, rebound thymic 
hyperplasia

Esophagitis Esophagitis or ulceration, esopha-
geal fistula or stricture

Systemic Immunosuppression SLG …

Chest wall Gynecomastia (hepatotoxicity) Osteitis or osteonecrosis, 
gynecomastia

Osteitis or osteonecrosis, myo-
sitis, skin thickening or fat 
necrosis

Malignancy Myelodysplastic syndrome or 
leukemia

… Sarcoma, breast and lung can-
cers, myelodysplastic syndrome 
or leukemia

Note.—BPF = bronchopleural fistula, SLG = sarcoid-like granulomatosis.
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Figure 1.  Checkpoint inhibitor immunotherapy–induced organizing pneumonia in a 58-year-old woman with metastatic mela-
noma, which was treated with nivolumab. Transaxial CT (left) and fused FDG PET/CT (right) images obtained at the level of the  
mid (A) and lower (B) thorax to monitor treatment response show new hypermetabolic peripheral and peribronchovascular con-
solidation and GGO, which are more confluent at the lung bases. This distribution, with findings of peripheral bandlike and small 
round consolidations in the mid lungs (arrows in A), is indicative of organizing pneumonia pattern pneumonitis. Nivolumab was 
discontinued, and follow-up surveillance FDG PET/CT (not shown) after 9 months of discontinuation showed improved consolidation 
and GGO, with uptake similar to that in the blood pool. After 2 years, the findings had essentially resolved.

There are two types of NSIP, a cellular type and 
a fibrotic type, with the latter being more com-
mon. Histopathologic analysis reveals interstitial 
thickening with chronic inflammatory changes 
with or without fibrosis, and absence of the 
typical features of other interstitial lung diseases 
(14). Characteristic CT features include basilar 
predominant peripheral GGO that may demon-
strate subpleural sparing, which may be helpful 
when present (15). In addition, the fibrotic type 
shows reticulation with thickening of bronchovas-
cular bundles and traction bronchiectasis without 
honeycombing (Fig 4) (15).

On FDG PET/CT images, NSIP demon-
strates increased FDG uptake associated with 
inflammatory lesions (GGO and consolidation) 
and fibrotic lesions (reticulation) (16). The areas 
of FDG uptake have been proposed to represent 
active and potentially reversible disease. One 
study (17) has shown that visual assessment of 
the extent of FDG uptake in NSIP might be 
useful for the prediction of pulmonary function 
improvement with immunosuppressive treatment. 
Hypermetabolic mediastinal lymph nodes also 
are commonly seen with NSIP (16). Toxic agents 

resulting in NSIP include methotrexate, carmus-
tine, immune checkpoint inhibitors, mammalian 
target of rapamycin inhibitors, and epidermal 
growth factor receptor inhibitors, among others 
(4,5). In addition to drug-induced NSIP, the dif-
ferential diagnosis includes NSIP from connec-
tive tissue disease or autoimmune disorders, HIV 
infection, and graft versus host disease (14,15).

Radiation-induced Pneumonitis
The effects of XRT are unique in that they are 
confined to the area of the radiation port, of-
ten with abrupt linear borders of involvement 
that distinguish post-XRT effects from other 
pathologic entities. At histopathologic analysis, 
radiation-induced pneumonitis demonstrates a 
characteristic time course following completion 
of XRT, with corresponding FDG PET/CT find-
ings (Fig 5A) (18). 

Radiation-induced acute pneumonitis begins 
as an exudative phase characterized by a pattern 
of diffuse alveolar damage lung injury within 
the irradiated field. There is a lag in the clini-
cal and imaging manifestations, which typically 
appear after 4 weeks following XRT completion 
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Figure 3.  Atypical manifestation of organizing pneumonia in a 68-year-old man with previously treated bilateral non–small cell lung 
cancer who was recently started on targeted kinase inhibitor ibrutinib therapy for chronic lymphocytic leukemia. Transaxial CT (left) 
and fused FDG PET/CT (right) images for monitoring treatment response 3 months after initiation of ibrutinib therapy demonstrate a 
new markedly hypermetabolic masslike consolidation in the right lower lobe. There was also hypermetabolic right paratracheal, right 
hilar, and subcarinal lymphadenopathy (not shown). Given the concern for recurrent lung cancer, biopsies of the masslike consolida-
tion and lymph nodes were performed, and histopathologic analysis revealed organizing pneumonia for the masslike consolidation 
and chronic lymphocytic leukemia for the right paratracheal, right hilar, and subcarinal lymph nodes. This case represents an atypical 
imaging manifestation of organizing pneumonia that may lead to biopsy for a histopathologic diagnosis. After 14 months, the con-
solidation had resolved at imaging (not shown), despite continued ibrutinib therapy and without steroid treatment.

(18,19). FDG PET/CT features of radiation-
induced acute pneumonitis include markedly 
FDG-avid consolidation and GGO within 
the irradiated field (Fig 5B); however, rarely, 
involvement outside of the radiation port is seen 
(18,20). If the acute postradiation pneumonitis 
is mild, then it may resolve with restoration of 
the normal lung parenchyma. However, if the 

postradiation pneumonitis is severe, the acute 
exudative phase will progress to a proliferative 
phase at 3–9 months following XRT completion, 
with evolution to late pneumonitis or fibrosis at 
9 months to 2 years (18,20).

At imaging, the proliferative phase is charac-
terized by more focal organized consolidation, 
with decreasing FDG uptake relative to the 

Figure 2.  Organizing 
pneumonia secondary to 
graft versus host disease 
in a 60-year-old man with 
mantle cell lymphoma 
after allogenic stem cell 
transplant. (A, C) Trans-
axial fused restaging FDG 
PET/CT images 2 years 
after stem cell transplant 
show new, mildly hyper-
metabolic peripheral con-
solidation and GGO, with 
the inset area in A magni-
fied in the corresponding 
CT image (B) and the 
inset area in C magnified 
in the corresponding CT 
image (D). (B, D) The 
magnified CT images 
highlight characteristic 
CT findings of organiz-
ing pneumonia, including 
a perilobular pattern of 
consolidation (arrow in B) 
and the reverse halo sign 
(or atoll sign) of consoli-
dation with central GGO 
(arrow in D).
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uptake during the acute pneumonitis phase. The 
gradual transition from the proliferative phase to 
late pneumonitis or fibrosis is evident by pro-
gressive fibrotic changes, including volume loss, 
architectural distortion, and traction bronchiec-
tasis with associated mild FDG avidity (Fig 5C). 
Following XRT for primary lung malignancy, 
the sensitivity of FDG PET/CT for detecting 
residual viable tumor is limited during the acute 
phase owing to diffuse hypermetabolic activity 
from acute pneumonitis within the radiation 
field. Given this, it is optimal to perform FDG 
PET/CT at least 3 months after XRT comple-
tion (21). 

Signs of recurrent disease include focal FDG 
activity within the irradiated field in the late 
phase, a new convex contour or lobulation seen at 
CT, and new focal airway obstruction in the area 
of late pneumonitis changes (18,20). Radiation 
recall pneumonitis may be seen in the irradiated 
field following the initiation of chemotherapy, tar-
geted therapy, or immunotherapy agents. This is 
a delayed adverse effect that may occur 6 months 
to years following the completion of XRT (22).

Immunosuppression and Invasive Fungal 
Pneumonia
Immunosuppression such as neutropenia from 
intensive chemotherapy or stem cell transplant 
predisposes oncologic patients to pneumonia 
from typical bacterial organisms, fungi, viruses, 
and mycobacteria, with various pathogens (23). A 
comprehensive radiologic review of the infections 
in immunosuppressed patients is beyond the scope 
of this article; thus, we provide a brief discussion 
limited to invasive fungal pneumonias in patients 
with neutropenia. 

Overall, bacterial organisms are the most com-
mon cause of neutropenic pneumonia; however, 

invasive fungal pneumonia is of particular con-
cern, given the significant morbidity and mortal-
ity associated with this infection. Aspergillus is the 
most common pathogen in the invasive fungal 
pneumonias in neutropenic patients. Typical 
CT features of angioinvasive fungal pneumonias 
include parenchymal nodules and consolidation, 
often with surrounding GGO resulting from as-
sociated hemorrhage, providing the characteristic 
halo sign. Associated cavitation and pulmonary 
infarcts also are often seen (24). 

Various invasive fungal pneumonias may mimic 
malignancy, with hypermetabolic pulmonary nod-
ules or masses seen at FDG PET/CT, hypermeta-
bolic lymphadenopathy, and disseminated dis-
ease, including aspergillosis, cryptococcosis, and 
mucormycosis (Fig 6) (25–27). Although invasive 
fungal pneumonias are more commonly associ-
ated with treatment of hematologic malignancies 
and stem cell transplant, they may also occur 
following treatment of solid-organ malignancies 
and may mimic progression of lung cancer in 
particular (26). Because patients with invasive 
fungal pneumonias such as aspergillosis and 
mucormycosis often have clinical symptoms of a 
rapidly progressive respiratory illness, correlating 
the symptoms with the clinical history is key to 
avoiding mistaking the pneumonia for a primary 
lung malignancy or metastases (27). However, 
sometimes clinical symptoms that are sugges-
tive of infection are not readily apparent. Given 
this, invasive fungal pneumonia is an important 
differential consideration for new hypermetabolic 
pulmonary nodules or masses that are concerning 
for metastasis or malignant recurrence, especially 
in patients with immunosuppression, which in 
many cases cannot be distinguished on the basis 
of clinical and radiologic findings and may require 
biopsy for a histopathologic diagnosis.

Figure 4.  Drug-induced NSIP following chemotherapy and 
stem cell transplant in a 63-year-old man with recurrent diffuse 
large B-cell lymphoma. Following treatment, the patient devel-
oped dyspnea on exertion and malaise, with new peripherobasi-
lar GGO and suggestion of reticulation at axial CT (left image in 
A) that were hypermetabolic at fused FDG PET/CT (right image 
in A). The patient was treated for suspicion of pneumonia but 
developed progressive respiratory distress and was hospitalized.  
(B) Transaxial chest CT image obtained at the time of hospitalization 
shows peripherobasilar reticulation with associated patchy GGO, most consistent with NSIP pattern pneumonitis that is probably sec-
ondary to gemcitabine and/or carmustine chemotherapy. Following steroid therapy for pneumonitis, the patient improved clinically, 
and follow-up FDG PET/CT (not shown) demonstrated decreased FDG uptake associated with bibasilar reticulation and patchy GGO.
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Figure 5.  Radiation-induced pneumonitis in a 47-year-old woman. (A) Diagram depicting the time course of radiation-induced 
pneumonitis following completion of XRT demonstrates the trend of FDG uptake seen on FDG PET/CT images over time (18).  
(B, C) Transaxial CT (left) and fused FDG PET/CT (right) images show locally advanced squamous cell carcinoma of the thymus.  
(B) FDG PET/CT image (right) 3 months following completion of XRT shows new markedly hypermetabolic paramediastinal consolida-
tion, greater on the right than on the left, consistent with acute radiation-induced pneumonitis. (C) Five months after XRT completion, 
there is evolution of right paramediastinal pneumonitis, with volume loss and decreased, mildly hypermetabolic activity; these findings 
are consistent with transition to late pneumonitis and scarring. The lingular hypermetabolic consolidation previously seen had resolved.

Additional less frequently encountered pul-
monary parenchymal complications of oncologic 
therapy include pulmonary hemorrhage, spe-
cifically that related to the antiangiogenic agent 
bevacizumab (28). Pulmonary edema is another 
important pulmonary complication; it may be seen 
more commonly in patients with fluid overload.

Airway and Pleural Complications and 
Posttreatment Effects

Bronchopleural Fistula
Bronchopleural fistula (BPF) most commonly 
occurs as a postoperative complication following 
lung resection, although it is also an uncommon 
complication of necrotic lung masses, particularly 

after XRT and/or chemotherapy (29,30). Addi-
tional causes include chest trauma, necrotizing lung 
infections such as tuberculosis, and iatrogenic com-
plications. On CT images, a direct communication 
between the airways or lung parenchyma and the 
pleural space may be evident, although a persistent 
hydropneumothorax or pneumothorax is an indi-
rect sign that is highly suggestive. BPF is a relatively 
rare complication of oncologic treatment, and the 
acute presentation and initial diagnosis are much 
more likely to be identified with imaging modalities 
other than FDG PET/CT. However, several cases 
of chronic BPF developing after XRT or chroni-
cally persisting as a complication of prior surgery 
have been encountered at FDG PET/CT at our 
institution (Fig 7). CT features that are suggestive 
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Figure 7.  XRT-associated BPF in a 72-year-old man with left upper lobe non–small cell lung cancer. (A) Transaxial FDG PET/CT 
image before treatment shows a hypermetabolic mass corresponding to the patient’s primary left upper lobe malignancy, with 
underlying extensive biapical predominant emphysematous changes. Following definitive XRT, CT surveillance imaging (not shown) 
showed progressive post-XRT changes, with development of a loculated left apical pneumothorax 18 months after XRT and a direct 
communication with the bronchial tree seen at diagnostic chest CT, consistent with a BPF. (B) Subsequent transaxial FDG PET/CT 
image 5 years after XRT shows the known left upper lobe BPF with mild to moderate hypermetabolic activity along the walls of the 
loculated pneumothorax with corresponding pleural thickening. Considering that the CT findings were stable compared to multiple 
prior imaging studies, the current appearance was favored to represent inflammatory uptake rather than recurrent malignancy. Con-
tinued CT surveillance (not shown) demonstrated stable findings without evidence of disease recurrence.

of chronic BPF include a loculated pneumothorax 
with surrounding pleural thickening, with either a 
directly visualized fistula to the airways or progres-
sively increased size of the air-filled cavity indirectly 
indicating a fistula. Characteristic FDG PET/

CT findings of XRT-induced BPF have not been 
reported, but expected and observed findings from 
our experience include FDG-avid pleural thicken-
ing with associated chronic loculated pneumotho-
rax or hydropneumothorax.

Figure 6.  Disseminated invasive fungal infection in an immunosuppressed oncologic patient, 
a 59-year-old man with Burkitt lymphoma of the transverse colon who was treated with che-
motherapy. After receiving the final cycle of chemotherapy, the patient developed neutropenia 
complicated by fungal pneumonia (presumably angioinvasive aspergillosis). Whole-body maxi-
mum intensity projection PET image (A), and axial lung-window (B) and soft-tissue–window (C) 
fused FDG PET/CT images following completion of chemotherapy show multiple new hyper-
metabolic pulmonary nodules and necrotic masses (solid arrows in A, arrows in B), hilar and 
mediastinal lymphadenopathy (arrowheads in A and B), and a left thigh mass (dashed arrow in 
A and C), compatible with disseminated fungal infection. Biopsy of the left thigh mass yielded 
fungal elements without evidence of lymphoma. The patient improved clinically with antifungal 
therapy, with marked improvement of the imaging findings seen at follow-up FDG PET/CT.
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Figure 8.  Chemoradiation therapy–associated bronchoesophageal fistula in a 57-year-old woman with adenoid cystic carcinoma 
of the trachea. (A) Initial transaxial lung-window (left) and soft-tissue–window (right) CT images show the primary tracheal  
mass (arrows), resulting in stenosis of the right main bronchus and complete occlusion of the left main bronchus with associated 
right lung atelectasis and left-lung air trapping, respectively. The patient was treated with stent placement in the trachea and left 
main bronchus followed by chemoradiation therapy. Posttreatment CT images during the next year showed recurrent aspiration 
with sequelae of chronic aspiration (not shown) that was concerning for esophageal-airway fistula. Esophagram findings con-
firmed a fistula near the level of the left main bronchus origin (Fig E1). (B, C) Subsequent restaging transaxial CT (left) and fused 
FDG PET/CT (right) images at the level of the mid thorax (B) and lower thorax (C) show changes of acute-on-chronic aspiration 
in the left lung with associated mildly hypermetabolic activity, including patchy tree-in-bud nodules and small nodular consolida-
tion in the left lung (arrows in B) with consolidation and volume loss suggestive of scarring predominantly within the left lower 
lobe (arrows in C). The fistula was not directly visualized with CT. Hypermetabolic activity along the central airways, including the 
stented left main bronchus (arrowheads in B), most likely represents inflammatory changes related to treatment and aspiration, 
limiting evaluation for residual or recurrent disease.

Airway-Esophageal Fistula
Acquired tracheoesophageal and bronchoesoph-
ageal fistulas most commonly occur in patients 
with mediastinal malignancies, particularly 
esophageal cancer, before or after treatment 
with XRT and/or chemotherapy. Less common 
causes include endotracheal tube–related injury, 
postsurgical complications, trauma, ingestion of 
caustic substances, and rarely, granulomatous 
infection (31,32). Although a direct communica-
tion may be visualized with CT, the fistula tract 
may be collapsed at the time of imaging. Given 
this, if there is a clinical concern, fluoroscopic 
or CT esophagography should be performed 
to confirm the presence or absence of a fistula. 

Indirect CT findings of airway-esophageal 
fistula include recurrent aspiration with depen-
dent acute-on-chronic inflammatory changes, 
and this may be the initial sign that triggers 
further evaluation (31,32). Characteristic FDG 
PET/CT findings of treatment-related airway-
esophageal fistula have not been reported. In 
a case of confirmed bronchoesophageal fistula 
involving the left main bronchus at our institu-
tion, CT findings were acute-on-chronic aspira-
tion pneumonitis in the left lung with associated 
mild FDG avidity, as well as hypermetabolic 
activity along the central airways that was likely 
predominantly inflammatory, related to aspira-
tion and treatment (Figs 8, E1).



2080  November-December 2021	 radiographics.rsna.org

Figure 9.  Findings after talc pleurodesis for recurrent right pleural effusion in a 59-year-old woman with acute lymphocytic leuke-
mia. Restaging transaxial CT (left) and fused FDG PET/CT (right) images show focal right pleural FDG uptake (arrows in right image) 
with corresponding high-attenuation foci at CT (arrows in left image), compatible with inflammatory changes from talc pleurodesis 
performed 1 year ago. Focal uptake in the sternum is favored to represent leukemic involvement.

Talc Pleurodesis
Talc pleurodesis is a treatment for persistent 
pleural effusion or pneumothorax that may be 
encountered in oncologic patients and is notable 
for associated persistent inflammatory pleural 
FDG avidity in patients following treatment. 
While inflammatory pleural FDG avidity is not 
a complication, it is important to be aware of 
this expected posttreatment finding that may 
mimic malignancy. Pleural talc administration 
results in an inflammatory response that pro-
motes pleurodesis, with histopathologic analysis 
demonstrating formation of pleural granulo-
mata that evolves to pleural fibrosis (33,34). 
On FDG PET/CT images, there is increased 
pleural uptake, which may be linear or focal and 
may persist for more than 10 years following the 
procedure (34,35) (Fig 9). On CT images, there 
are corresponding areas of pleural thickening or 
nodularity with high-attenuation foci on noncon-
trast images corresponding to pleural talc (Fig 9), 
which is a helpful CT correlate that suggests this 
diagnosis, even if the clinical history is lacking.

Systemic Complications

Immune-related Adverse Events
A variety of irAEs have been associated with 
immune checkpoint inhibitors, and these can 
manifest in any organ (36,37). Active inflamma-
tion resulting from irAEs is often readily evident 
on FDG PET/CT images, and it is important to 
be aware of the imaging manifestations of this 
condition to provide a prompt diagnosis and dis-
tinguish it from recurrent malignancy (38). Pneu-
monitis is an important potentially life-threaten-
ing irAE, with a reported prevalence of 11.8% 
with nivolumab therapy. Most cases (65%) of 
this pneumonitis demonstrate a CT pattern of 
organizing pneumonia (Fig 1), although a wide 

spectrum of lung injury patterns have been 
observed. Additional lung injury patterns include 
NSIP, hypersensitivity pneumonitis pattern, and 
acute interstitial pneumonia, the latter of which is 
associated with the highest toxicity grade (36,39). 
Additional thoracic irAEs include SLG (dis-
cussed in the next section), bronchitis, pleuritis, 
myocarditis, pericarditis, and esophagitis (37).

Sarcoid-like Granulomatosis
SLG is an adverse event with thoracic manifes-
tations that can mimic recurrent malignancy. It 
manifests with characteristic imaging and histo-
logic findings of sarcoidosis that typically involve 
the lungs, as well as mediastinal and hilar lymph 
nodes, although it may involve other lymph node 
regions and the spleen, among other organs. In 
addition to being an irAE associated with various 
immune checkpoint inhibitors, SLG has long been 
reported to have a broader relationship with can-
cer, with an unclear pathologic mechanism (40).

While some retrospective studies have attrib-
uted SLG to an adverse effect of chemotherapies, 
investigators in multiple reports (40,41) have 
shown that many oncologic patients with SLG 
did not receive chemotherapy and have hypoth-
esized that SLG may represent an immunologic 
response to malignancy. Retrospective studies 
have shown that the overall median interval be-
tween the diagnosis of cancer and the subsequent 
diagnosis of SLG is approximately 3 years (41). 
However, in patients treated with immune check-
point inhibitor therapy, the reported median time 
from immunotherapy initiation to SLG diagnosis 
is 14 weeks (42). Characteristic FDG PET/CT 
features of SLG include FDG-avid pulmonary 
micronodules or focal round consolidation with 
surrounding GGO; symmetric FDG-avid lymph-
adenopathy, typically with mediastinal and hilar 
involvement; and hypermetabolic splenic lesions 



RG  •  Volume 41  Number 7	 Lang et al  2081

Figure 10.  SLG with lymphadenopathy in a 67-year-old man with metastatic melanoma that was treated with checkpoint inhibitor 
immunotherapy (ipilimumab plus nivolumab). Transaxial FDG PET/CT images obtained at the levels of the mid thorax (A) and upper 
abdomen (B) to monitor treatment response show new hypermetabolic bilateral hilar, mediastinal, and periportal lymphadenopathy. 
Subsequent biopsy of bilateral hilar and right paratracheal lymph nodes showed granulomatous inflammation consistent with SLG. 

(Fig 10) (38,42,43). Care should be taken not to 
mistake SLG for hyperprogression or pseudopro-
gression after immunotherapy.

Mediastinal Complications

Rebound Thymic Hyperplasia
Both physiologic thymic FDG uptake and post-
chemotherapy thymic hyperplasia are common in 
patients younger than 20 years but less commonly 
seen in older adults (44,45). Thymic hyperplasia 
occurs owing to a rebound phenomenon of the 
immune system following an event that causes 
thymic aplasia; this has been described following 
chemotherapy in addition to a variety of acute stress 
events (46). Thymic hyperplasia typically occurs 
3–14 months after the initiation of chemotherapy, 
but it may be delayed for up to 5 years. On FDG 
PET/CT images, the thymus is enlarged and often 
has diffuse marked FDG uptake (Fig 11). Features 
that distinguish thymic hyperplasia from malignant 
involvement include diffuse enlargement, smooth 
contour, maintained typical inverted Y configura-
tion on coronal images, and normal intervening fat, 
lymphoid tissue, and vasculature.

In contrast, thymic malignancy is characterized 
by a focal mass or nodular contour with complex 
features such as areas of necrosis or calcification 
(46). If there is any radiologic uncertainty regard-
ing thymic tissue versus a mediastinal mass, chest 
MRI can be helpful in characterizing thymic tis-
sue, which characteristically loses signal with T1-
weighted opposed-phase sequences. Alternatively, 
short-interval follow-up chest CT may be per-
formed, with decreased thymic size at follow-up in 
the absence of further therapy being indicative of 
resolving thymic hyperplasia.

Esophagitis
Treatment-related esophagitis can develop second-
ary to chemotherapy, immunotherapy, or XRT. 

Risk factors for radiation-induced esophagitis 
include radiation dose and concurrent chemo-
therapy administration (47). FDG PET/CT dem-
onstrates increased linear FDG uptake along the 
esophagus, with correlate CT findings of esopha-
geal wall thickening. Radiation-induced esophagi-
tis demonstrates sharply demarcated cranial and 
caudal margins of involvement corresponding to 
the radiation field (18). In primary esophageal 
malignancy, focal FDG uptake is concerning for 
recurrence. Complications of treatment-related 
esophagitis include ulcer, perforation, and typically 
later, fistula formation and stricture.

Cardiovascular Complications

Pericarditis
Multiple chemotherapies such as cyclosphospha-
mide and cytarabine, as well as checkpoint inhibi-
tor immunotherapy agents, have been reported 
to be associated with acute pericarditis, although 
such cases are rare and mainly limited to case 
reports (37,48). XRT may cause acute or chronic 
pericardial disease if the pericardium is included 
in the radiation field, although the incidence 
of radiation-induced pericarditis is decreasing 
owing to improved XRT technologies (18). The 
normal pericardium is less than 2 mm in thick-
ness at CT, and pericardial recesses often contain 
small amounts of fluid. Imaging features of acute 
pericarditis include pericardial effusion, smooth 
pericardial thickening, and enhancement after 
contrast material administration (49). Reports of 
FDG PET/CT findings of inflammatory pericar-
ditis, including chemotherapy-induced pericar-
ditis, show heterogeneous mild to moderately 
increased pericardial FDG uptake without focal 
intense uptake (Fig 12) (50,51).

In contrast, more intense pericardial FDG 
uptake is typically suggestive of infection or ma-
lignancy, and a focal FDG-avid soft-tissue mass 
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Figure 11.  Rebound thymic hyperplasia in a 13-year-old boy with Hodgkin lymphoma following comple-
tion of chemotherapy. (A, B) Initial staging maximum intensity projection FDG PET (A) and transaxial fused  
FDG PET/CT (B) images show hypermetabolic right cervical lymphadenopathy consistent with biopsy-proven 
lymphoma (arrowhead in A), with physiologic thymic uptake seen in the anterior mediastinum (arrow).  
(C, D) Restaging maximum intensity projection PET (C) and transaxial fused FDG PET/CT (D) images 6 months 
after completion of chemotherapy show decreased avidity of the right cervical lymphadenopathy, consistent 
with treatment response (arrowhead in C). There is also interval diffusely increased size and activity of the thy-
mus with maintained normal thymic morphology (arrow), most consistent with rebound thymic hyperplasia, 
which resolved at follow-up imaging without further treatment (not shown).

is highly suspicious for malignancy (52). Cardiac 
tamponade is a complication that may result 
from acute pericarditis with pericardial effusion. 
Imaging features of chronic pericarditis include 
pericardial thickening greater than 4 mm with or 
without pericardial calcifications and often pre-
dominantly over the right ventricle (RV)–anterior 
atrioventricular groove, and FDG uptake may be 
present or absent, depending on whether there is 
active inflammation. Chronic pericarditis may be 
complicated by constrictive pericarditis, including 
effusive-constrictive pericarditis, an uncommon 
variant caused by the combination of tense peri-
cardial effusion and constriction by a chronically 
inflamed thickened visceral pericardium (49).

Cardiotoxicity
Various chemotherapy, targeted therapy, and 
immunotherapy agents may result in cardiotoxic-
ity with a wide range of reversible or irreversible 
effects. Anthracyclines such as doxorubicin are 
commonly used agents that cause cardiotoxicity, 
with a characteristic dose-dependent reduction in 

left ventricular ejection fraction. Given this, pa-
tients undergo cardiotoxicity surveillance imaging 
to detect a subclinical decline in left ventricular 
ejection fraction. These imaging examinations 
include multigated cardiac blood pool scanning, 
echocardiography, and MRI and enable early 
detection and therapy modification (53). Evalu-
ation for cardiotoxicity with routine oncologic 
FDG PET/CT is largely limited owing to sub-
stantial variability in normal myocardial FDG 
uptake, which may be absent, diffusely increased, 
heterogeneously increased, focally increased (eg, 
papillary muscle uptake), or regionally increased 
(commonly with posterolateral activity greater 
than anteroseptal activity) (54). For dedicated 
cardiac FDG PET/CT, patient preparation with 
prolonged fasting and a low-carbohydrate diet 
can be used to suppress myocardial FDG uptake 
by shifting the myocardial metabolism to fatty 
acids and suppressing myocardial glycolysis (55). 
This substantially limits the variation in myocar-
dial FDG uptake, and with appropriate patient 
preparation, cardiac FDG PET/CT has proven 



RG  •  Volume 41  Number 7	 Lang et al  2083

Figure 12.  Chemotherapy-associated acute pericarditis in a 63-year-old woman with small cell carcinoma of the lung. After comple-
tion of cycle 3 of carboplatin-etoposide chemotherapy, the patient developed fevers and pleuritic chest pain. (A, C) Transaxial 
contrast-enhanced CT images show new mild pericardial thickening with trace pericardial fluid and mild adjacent fat stranding (ar-
rowheads in A), including involvement of the superior aortic recess (arrow in C). (B, D) Transaxial fused FDG PET/CT (left) and PET 
(right) images show corresponding increased mild linear uptake along the right atrium and base of the left ventricle (arrowheads in 
B), as well as more avid uptake along the superior aortic recess (arrows in D), raising suspicion for acute pericarditis. The extent of 
increased activity along the ascending aorta is limited to the area of the superior aortic recess without circumferential aortic involve-
ment, favoring acute pericarditis rather than aortitis. Although more focal uptake is seen in the superior aortic recess, no soft-tissue 
nodularity is seen at dedicated CT of the chest to suggest metastasis, and these findings had resolved at short-interval follow-up. 
Arrowheads in C and D denote an adjacent hypermetabolic right paratracheal nodal metastasis.

utility in the evaluation of inflammatory myocar-
ditis such as cardiac sarcoidosis (55). In addition, 
list mode–driven gated acquisition can be used to 
limit motion artifact and improve cardiac PET.

Although cardiac evaluation with routine onco-
logic FDG PET/CT is limited owing to variable 
myocardial uptake, several retrospective studies 
have reported increased myocardial uptake in pa-
tients following anthracycline chemotherapy. One 
study (56) showed an association with decreased 
left ventricular ejection fraction, and another study 
(57) showed an association with cardiotoxicity. 
However, the potential role of FDG PET/CT in 
the evaluation of treatment-related cardiotoxic-
ity remains unclear. In practice, fluctuation in 
myocardial FDG uptake in a given patient at serial 
routine oncologic FDG PET/CT is a nonspecific 
finding, and further research, including FDG 
PET/CT performed with dedicated cardiac proto-
col preparation, may be needed.

XRT can result in cardiotoxicity, depend-
ing on the radiation dose and the amount of 
the heart within the radiation field. Adverse 
effects include myocarditis, cardiomyopathy, 
valvular disease, and accelerated atherosclerosis. 
Radiation-induced cardiotoxicity often manifests 
clinically years after the completion of XRT, with 

an estimated prevalence of XRT-induced cardiac 
disease of 10%–30% (18,53). Multiple stud-
ies (58,59) have demonstrated focally increased 
myocardial FDG activity corresponding to the 
irradiated field, suggesting acute myocardial 
inflammation or damage. Increased myocardial 
activity associated with the irradiated field was 
not observed at early evaluation at 1 month, but 
it was present on FDG PET/CT images after sev-
eral months and persisted beyond 1 year (58,59). 
Whether these observed areas of focally increased 
myocardial FDG activity are directly related to 
subsequent adverse cardiotoxic sequelae remains 
unclear. However, being aware that XRT may 
result in focal myocardial FDG uptake is impor-
tant, to at least avoid mistaking this finding for 
metastatic disease, as demonstrated in one case 
report (60).

Vasculitis
Vasculitis is a rare but reported adverse effect 
of various chemotherapy agents such as gem-
citabine, and targeted therapy and immuno-
therapy agents such as lenalidomide and immune 
checkpoint inhibitors (37,61). XRT can also 
cause vasculitis characterized by involvement 
within the radiation port (18). General CT and 
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MRI findings of large- or medium-sized–ves-
sel vasculitis include vessel wall thickening and 
enhancement with or without an abnormal vessel 
caliber such as narrowing, dilatation, or a beaded 
appearance (62). Small-vessel vasculitis involves 
vessels that are not resolved at CT or MRI; in-
stead, it manifests indirectly as hemorrhage and/
or end-organ failure due to inflammation and/
or ischemia (62). Following XRT, long-segment, 
smooth, vascular stenosis of large vessels with 
vascular wall thickening confined to the region 
of the radiation port is characteristic of post-
XRT vasculitis (18). Complications of vasculitis 
include occlusion and pseudoaneurysm. During 
active disease, FDG PET/CT demonstrates cir-
cumferentially increased activity within the thick-
ened vessel walls, with a reported sensitivity of 
77%–92% and reported specificity of 89%–100% 
for large-vessel vasculitis (Fig 13) (52).

Pulmonary Embolism
Venous thromboembolism is a significant source 
of morbidity and mortality in oncologic patients. 
The increased risk of venous thromboembolic 
disease in oncologic patients often involves mul-
tiple factors, including the patient’s underlying 
malignancy itself, as well as various chemother-
apy, targeted therapy, and immunotherapy agents 
(63). Oncologic FDG PET/CT examinations are 
commonly performed without intravenous con-
trast material, and recognition of the noncontrast 
CT findings of pulmonary embolism (PE) is im-
portant, as PE is often incidentally detected with 
surveillance imaging. Noncontrast CT findings 
of PE include direct and indirect findings, which 
have been assessed in studies involving patients 
with clinically suspected PEs. Hyperattenuating 
lumen, a direct sign, had a reported specificity of 
99%–100% for central PE, with a high positive 

predictive value (89%–100%) (64–66). However, 
it has limited sensitivity and negative predictive 
value and is less specific for peripheral emboli 
(Fig 14A, 14B, 14D). A peripheral wedge-shaped 
opacity indicative of pulmonary infarction was 
found to be the most common indirect sign of PE 
at noncontrast CT in one study (Fig 15) (66).

Increased RV FDG uptake may be an indica-
tor of RV strain, given that an increased RV–left 
ventricle FDG uptake ratio has been shown to 
correlate with increased pulmonary vascular 
resistance in patients with pulmonary arterial 
hypertension (67). In addition, increased RV 
FDG uptake was observed in a case of central 
PE at our institution, with follow-up contrast-
enhanced CT showing evidence of RV strain (Fig 
14C, 14E). In the cited studies of the noncon-
trast CT findings of PE, patients with clinically 
suspected PE were evaluated and sample sizes 
were relatively limited. Also, the utility of these 
noncontrast CT findings in guiding further evalu-
ation for incidental PE remains to be determined. 
However, given the potential morbidity and mor-
tality associated with missing PE, the application 
of these signs to suggest further imaging evalu-
ation is reasonable in the high-risk oncologic 
patient population until more data are available.

Tumor thrombus may be seen with a variety 
of malignancies, commonly hepatocellular carci-
noma and renal cell carcinoma. It is notable that 
both bland thrombus and tumor thrombus can 
demonstrate FDG avidity, although multiple retro-
spective studies have shown that higher uptake 
is indicative of tumor thrombus (Fig 16) (25). 
The FDG avidity of tumor thrombus correlates 
with that of the underlying malignancy, and focal 
uptake is suggestive of tumor thrombus, whereas 
linear intraluminal uptake is seen equally with 
bland thrombus and tumor thrombus. Contrast-

Figure 13.  Lenalidomide-associated large-vessel vasculitis in a 47-year-old man with multiple myeloma. The patient presented with 
progressive subacute chest pain, shortness of breath, and fever. Evaluation with contrast-enhanced coronal CT (left image), fused 
FDG PET/CT (middle image), and PET (right image) was performed. Contrast-enhanced CT and FDG PET/CT images show new dif-
fuse wall thickening of the aorta, great vessels, and pulmonary artery, with circumferential hypermetabolic activity. Infectious and 
rheumatologic workup results were negative, and the patient’s symptoms and imaging findings resolved following steroid treatment 
and discontinuation of the current multiple myeloma therapy regimen, with transition to an alternative treatment regimen.
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Figure 15.  Peripheral consolidation concerning for possible pulmonary infarction in a 29-year-old woman with lymphoma who 
presented for restaging FDG PET/CT following recent completion of chemotherapy. (A) Transaxial fused FDG PET/CT image shows 
a peripheral wedge-shaped consolidation (arrow) with mild FDG avidity in the right lower lobe. The differential diagnosis included 
pulmonary infarction, resolving pneumonia, and less likely, tumor. (B) Subsequent contrast-enhanced CT image findings confirmed 
the presence of PE (arrow) in a segmental right lower lobe pulmonary artery.

Figure 14.  Hyperattenuating lumen sign, indicative of PE, in a 72-year-old man who presented for FDG PET/CT evaluation ow-
ing to suspected recurrence of pancreatic cancer. (A, B) Transaxial noncontrast CT (A) and fused FDG PET/CT (B) images show an 
incidentally noted hyperattenuating lumen sign (arrow) at the pulmonary artery bifurcation and left pulmonary artery without FDG 
avidity. (C) Transaxial fused FDG PET/CT image shows increased RV uptake, suggestive of RV strain. (D, E) Findings on subsequent 
contrast-enhanced transaxial CT images confirm the presence of central PE (arrow in D), with RV dilatation and a flattened interven-
tricular septum, suggestive of RV strain (E).

enhanced CT findings also are helpful in differ-
entiating tumor thrombus from bland thrombus, 
with the CT features suggestive of tumor throm-
bus including direct extension from extravascular 
tumor, intrathrombus enhancement, and marked 
venous expansion.

Skeletal and Soft-Tissue Complications

Radiation Osteitis and Osteoradionecrosis
Radiation osteitis develops within the irradiated 
field after a latent period owing to damage of 

osteoblasts and resultant bone matrix resorption. 
XRT initially results in osteopenia after approxi-
mately 1 year; subsequently, after 2–3 years, 
coarse trabeculae develop, with areas of mottled 
osteopenia and sclerosis. The late findings of 
radiation osteitis have been described as hav-
ing features similar to Paget disease but without 
bone expansion (68). Rarely, radiation osteitis 
progresses to osteoradionecrosis, particularly fol-
lowing high XRT doses, and patients may have 
pain and increased metabolic activity on FDG 
PET/CT images years later, mimicking recurrent 
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or metastatic malignancy (Fig 17) (69). Radia-
tion osteitis and osteoradionecrosis also predis-
pose individuals to pathologic fractures (Figs 17, 
18). CT findings of osteoradionecrosis, includ-
ing lack of a soft-tissue mass and characteristic 
sclerosis, can help distinguish this condition 
from recurrent malignancy (68,69). Risk factors 
for radiation-induced osteoradionecrosis include 
high radiation dose, high radiation beam energy, 
and osteoporosis (68).

Radiation-induced Sarcomas
Radiation-induced sarcomas, although a rare 
complication of XRT, are of growing concern, 
given the increased long-term survival of onco-
logic patients with the current improved onco-
logic therapies. The incidence of sarcoma varies 
according to the radiation dose, irradiated organs 
and tissue, patient age, and hereditary factors 
(70). One study (71) reported the cumulative 
prevalence of radiation-induced sarcoma in 

Figure 16.  Metastatic renal cell 
carcinoma complicated by tumor 
thrombus in an 82-year-old man. 
Transaxial contrast-enhanced CT (A) 
and FDG PET/CT (B) images show 
a mass (arrow), which is markedly 
FDG-avid in B, within the right ven-
tricular outflow tract extending into 
the main pulmonary artery, consis-
tent with tumor thrombus, which 
was subsequently surgically ex-
cised. Hypermetabolic pulmonary 
nodules (arrowhead) also are seen.

Figure 17.  Radiation osteitis and osteonecrosis with pathologic 
rib fractures in a 74-year-old woman with right upper lobe 
lung adenocarcinoma treated with chemoradiation therapy. 
(A) Initial staging transaxial fused FDG PET/CT image shows 
a hypermetabolic right upper lobe lung mass and right hilar 
lymphadenopathy. (B, C) On follow-up transaxial CT (left) and 
fused FDG PET/CT (right) images at the levels of the right third 
and fourth ribs, respectively, 2 years after completion of therapy, 
within the radiation field there are mixed sclerotic and lytic lesions 
of the right second through fourth anterior ribs, with unhealed 
pathologic fractures and focal mild FDG uptake. No other FDG-
avid osseous lesions were seen. These findings are most consistent 
with radiation osteitis and osteonecrosis.
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Figure 19.  Radiation-induced sarcoma in a 63-year-old man with a remote history of Hodgkin lymphoma, treated with chemoradia-
tion therapy, approximately 30 years earlier. Transaxial CT (left) and fused FDG PET/CT (right) images show a large markedly hyper-
metabolic right suprahilar-paratracheal mass with areas of necrosis. Histopathologic analysis confirmed radiation-associated sarcoma.

Figure 18.  Radiation osteitis with pathologic vertebral compression fracture in a 67-year-old woman with right upper lobe squamous 
cell carcinoma following chemoradiation therapy. (A) Initial staging fused FDG PET/CT image shows a markedly hypermetabolic mass 
abutting the pleura adjacent to the T5 vertebral body. (B) At restaging FDG PET/CT performed 9 months after chemoradiation therapy, 
the right upper lobe lung mass is decreased in size, consistent with treatment response (not shown), although sagittal CT (left) and fused 
FDG-PET/CT (right) images show that a new T5 compression fracture (arrows) with mildly increased metabolic activity has developed. 
In addition, decreased uptake in the marrow in the upper to mid thoracic spine is seen at levels above and below the T5 vertebral level 
within the irradiated field. These findings are most consistent with a subacute to chronic pathologic compression fracture secondary to 
radiation osteitis, and subsequent surveillance imaging findings confirmed the absence of recurrent disease (not shown).

patients with breast cancer to be 0.48% at 15 
years. Diagnostic criteria for radiation-induced 
sarcomas include tumor arising within a prior 
radiation field after a latent period of several 
years (typically 5–20 years) following completion 
of XRT, and confirmation of sarcoma that is dis-
tinct from the primary tumor at histopathologic 
analysis (70). Radiation-induced sarcomas are 
most commonly soft-tissue sarcomas, but osteo-
sarcomas may be seen rarely. Radiation-induced 
sarcomas are typically poorly differentiated and 
high grade with markedly hypermetabolic activity 
at FDG PET/CT (70) (Fig 19). Poor prognostic 
indicators include central tumor location, in-
complete surgical resection, microscopic tumor 
necrosis, and metastatic disease at diagnosis (72).

Other Soft-Tissue Complications
Additional soft-tissue complications of XRT 
include myositis, osteopenia, skin thickening, 
and fat necrosis. Gynecomastia can be seen as a 

result of targeted therapies, specifically in patients 
with prostate cancer who are receiving androgen 
deprivation therapy and in association with the 
tyrosine kinase inhibitor sunitinib (73,74). The 
differential diagnosis for gynecomastia is broad 
and includes chronic medical conditions such as 
cirrhosis and hypogonadism, conditions related to 
the use of various medications and supplements, 
and rarely, neoplasms such as prolactinomas.

Conclusion
FDG PET/CT has an important role in direct-
ing therapy for oncologic patients. Although this 
examination is routinely performed to detect 
malignancy and assess tumor treatment response, 
a critical role in interpreting FDG PET/CT image 
findings is to recognize adverse effects of therapy 
that may not be clinically suspected. A broad 
scope of treatment-related adverse effects with 
imaging manifestations are encountered. The di-
versity of treatments and associated complications 
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requires careful consideration of imaging findings 
within the context of the patient’s therapeutic his-
tory. A cognizant radiologist’s early detection of 
adverse effects is key in alerting the treating physi-
cian to guide prompt clinical management and 
further workup as needed.
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