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Abstract
The Coronavirus Disease of 2019 (COVID-19) pandemic has caused significant delays in the delivery of cancer treatments in
Canada. As cancer treatment and imaging volumes return to normal, radiologists will encounter more cases of chemotherapy-
induced toxicities. These toxicities have varied appearances on imaging, and can affect multiple organ systems. The purpose of
this review is to offer a unified resource for general radiologists regarding the imaging appearances of chemotherapy-induced
toxicities.

Résumé
La pandémie de coronavirus de 2019 (COVID-19) a entraı̂né des retards significatifs dans la presentation des traitements contre
le cancer au Canada. Au fur et à mesure que les volumes de traitements et d’imagerie du cancer reviennent à la normale, les
radiologistes vont rencontrer davantage de cas de toxicités induites par la chimiothérapie. Ces toxicités ont des présentations
variées à l’imagerie et peuvent affecter de nombreux systèmes d’organes. L’objectif de cette revue est d’offrir une ressource
unifiée aux radiologistes généralistes concernant les différents aspects à l’imagerie des toxicités induites par la chimiothérapie.
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Introduction

Chemotherapy has been a longstanding option in the treatment
armamentarium for malignancy. In recent years, there has been
a shift in the traditional treatment of cancer towards precision
medicine, with new chemotherapeutic agents targeting a tu-
mor’s specific genetic or molecular profile to decrease treat-
ment side-effects and ultimately improve treatment efficacy.

The Coronavirus Disease of 2019 (COVID-19) pandemic has
caused significant delays in the delivery of cancer treatments in
Canada. As vaccine campaigns continue to gain traction globally,
and a return to normal ensues, many patients in the upcoming
months will be diagnosed with cancer and begin treatment.
Consequently, we anticipate radiologists will encounter
chemotherapy-related toxicities at a higher rate than in past years.

The purpose of this review is to offer a unified resource for
general radiologists regarding the varied imaging appearances
of chemotherapy-induced toxicities.

Overview of Chemotherapeutic Agents

There are many classes of chemotherapy agents which have
different mechanisms of action. Traditional chemotherapy

agents act on different stages of the cell cycle to result in cell
death. Although traditional chemotherapy has a greater impact
on rapidly proliferating malignant cells, normal host cells with
a shorter cell cycle, such as those in the gastrointestinal tract,
can still be affected. Newer chemotherapeutic agents, such as
monoclonal antibodies or immune checkpoint inhibitors (ICI),
utilize the host’s immune system to specifically target cancer
cells, in an effort to make the treatment target more specific
and mitigate the impact on healthy host cells.
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A summary of chemotherapy classes, their mechanism of
action, and examples from each class is outlined in Table 1.

Imaging Appearance of Chemotherapy
Toxicities

Neurologic

Brain. Magnetic resonance imaging (MRI) is the imaging
modality of choice in diagnosing chemotherapy-induced
neurotoxicity, although distinguishing this entity from dis-
ease progression, infection, or paraneoplastic syndromes re-
mains challenging. Medication history and/or improvement
with cessation of therapy is often crucial in arriving at this
diagnosis.

Toxic leukoencephalopathy is an encephalopathy that
manifests due to injury of white matter, particularly myelin.1

Clinical presentation is variable, depending on the acuity of
disease and the white matter tracts affected.1 Symptoms range
from confusion to severe neurological dysfunction.1 Chemo-
therapeutic agents are a well-described class of medications that
can result in toxic leukoencephalopathies. For example,
methotrexate can result in a leukoencephalopathy when given
in high doses, such as in the treatment of hematologic ma-
lignancies.2 Other chemotherapeutic agents that have been
associated with toxic leukoencephalopathies include carmus-
tine, cisplatin, cytarabine, 5-fluorouracil, ifosfamide, thiotepa,
interleukin-2, and interferon alpha.3 MRI findings include
confluent and symmetric T2 hyperintense white matter ab-
normalities, that can involve the corpus callosum, without
associated mass effect (Figure 1).3 Restricted diffusion is
variable, and contrast enhancement is usually absent.3

Posterior reversible encephalopathy syndrome (PRES) is a
neurotoxic state due to a disorder of cerebrovascular autor-
egulation, with hyperperfusion in the posterior circulation,
resulting in vasogenic edema. Posterior reversible encepha-
lopathy syndrome is more commonly associated with the
treatment of solid tumors rather than hematologic malig-
nancies or primary brain tumors.4 Chemotherapy agents that
have been associated with PRES include cisplatin, cyclo-
phosphamide, methotrexate, bevacizumab, and rituximab.3,4

MRI is the gold standard in making this diagnosis, with
computed tomography (CT) appearing normal in up to 37% of
patients.4 MRI shows symmetric subcortical white matter T2
hyperintensity, classically involving the occipital and parietal
lobes, without restricted diffusion or enhancement (Figure 2).
Atypical PRES can also be seen in the subcortical white matter
of the frontal and temporal lobes.5 Imaging findings are
typically reversible once the offending agent is removed,
although this is not always the case.

Chemotherapy-related hypophysitis is a well-described
phenomenon, particularly with ICIs such as ipilimumab,
nivolumab, and pembrolizumab.6 The incidence of hypo-
physitis with this class of medications is up to 9%.6

Clinically, headache is the most commonly reported

initial symptom. Additional symptoms include confusion,
memory loss, erectile dysfunction, polyuria, polydipsia,
and cold intolerance.6 Classically on MRI, there is diffuse
enlargement of the pituitary gland, with or without infun-
dibular thickening (Figure 3).3 Neuroimaging abnormalities
precede the clinical symptoms in approximately 50% of
cases.6

Cerebral venous sinus thrombosis (CVST) is another
possible complication related to chemotherapy. The under-
lying pathogenesis of how this class of medications results in
increased thrombosis remains unclear. Hypotheses include
direct vascular injury or endothelial cell dysfunction.
Cisplastin-based chemotherapy, bevacizumab and L-
asparaginase have been reported as causative agents.3,7,8

CT or MR venogram is used to diagnose CVST, which is
characterized by filling defects within the cerebral venous
sinuses, with potential complications including ischemic or
hemorrhagic infarcts.

Spine. Myelopathy is increasingly recognized as a
chemotherapy-related toxicity, particularly when the chemo-
therapy agent is administered via an intra-thecal approach.
This type of myelopathy occurs most frequently with meth-
otrexate and cytarabine regimens.9-11 MRI findings include
cord edema with variable contrast enhancement. Many au-
thors have described a predilection of dorsal column in-
volvement which can mimic subacute combined degeneration
of the cord.9,10

Thyroid. Thyroiditis has been described as a possible com-
plication of chemotherapy.12-14 Once again, this is more
recognized with ICIs, as this class of medication is associated
with autoimmune toxicity.12 Typically, thyroiditis is diag-
nosed clinically with bloodwork, evidenced by elevated T3/T4
and low TSH levels, and positive thyroid peroxidase anti-
bodies. Thyroid ultrasound may show heterogeneous thyroid
parenchyma with hyperemia.

Chest

Lungs

Pulmonary abnormalities are the most common imaging man-
ifestation of chemotherapy-related toxicity. Chemotherapy-
related lung injury is not associated with the duration of treat-
ment, although there is a relationshipwith dose.10 Bleomycin and
ICIs in particular can result in drug-related pulmonary compli-
cations.15 The highest frequency of drug-induced pneumonitis
has been reported in patients undergoing treatment for breast and
lung cancer.15 Frequent clinical symptoms are dyspnea, dry
cough, and fever.15

The most common radiological patterns for chemotherapy-
related lung injury using the American Thoracic Society
classification for idiopathic interstitial pneumonia are non-
specific interstitial pneumonia (NSIP), cryptogenic organizing
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Table 1. Chemotherapy Agent Classes, Mechanism of Action, and Examples.

Class Mechanism of Action Examples

Alkylating agents Acts directly on DNA through methylation creating cross-linking which results in DNA strand
breaks, and subsequently abnormal base pairing, inhibiting cell division which results in cell
death

Altretamine
Bendamustine
Busulfan
Carboplatin
Carmustine
Chlorambucil
Cisplatin
Cyclophosphamide
Dacarbazine
Ifosfamide
Lomustine
Mechlorethamine
Melphalan
Oxaliplatin
Temozolomide
Thiotepa
Trabectedin

Anti-metabolites Interfere with DNA replication via 2 main mechanisms: Azacitidine
•Mimic nucleic acids, and when incorporated in DNA, induces structural abnormalities leading
to cell death.

5-Fluorouracil

• Induce depletion of nucleotides inhibiting DNA replication 6-Mercaptopurine
Capecitabine
Cladribine
Clofarabine
Cytarabine
Decitabine
Floxuridine
Fludarabine
Gemcitabine
Hydroxyurea
Methotrexate
Nelarabine
Pemetrexed
Pentostatin
Pralatrexate
Thioguanine
Trifluridine/tipiracil
combination

Antimitotics Inhibit the polymerization of microtubules, halting the transition from metaphase to anaphase,
resulting in mitotic arrest

Cabazitaxel
Docetaxel
Nab-paclitaxel
Paclitaxel
Vinblastine
Vincristine
Vincristine liposomal
Vinorelbine

Monoclonal antibodies Various mechanisms of action: Abciximab
• Interfere with signaling mediated by cross-linking of a surface antigen leading to cell death Adalimumab
• Block activation signal required for cell growth Bezlotoxumab
• Antibody and complement mediated cytotoxicity Cetuximab
• Alter the cytokine milieu Daclizumab
• Enhance host anti-tumor response Denosumab

Efalizumab
Natalizumab
Omalizumab
Palivizumab
Panitumumab
Rituximab
Tocilizumab
Trastuzumab

(continued)
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pneumonia (COP) (Figure 4), acute interstitial pneumonia
(AIP), hypersensitivity pneumonitis (Figure 5), and unclas-
sifiable interstitial pneumonia.15 Ground-glass opacities are a
common finding, and given that infection is the leading dif-
ferential, bronchoscopy may be required to clarify the diag-
nosis (Figure 6). One study found that 60% of patients with
chemotherapy-related lung injury who were initially asymp-
tomatic, but were continued on their treatment regimen,
eventually developed symptoms.15 It is thus critically im-
portant that radiologists raise the possibility of drug-related

lung injury when appropriate. Treatment includes cessation of
therapy, usually with a course of steroids.

Capillary leak syndrome is a condition characterized by an
increase in vascular permeability causing an extravasation of
fluid and proteins that can result in interstitial pulmonary
edema.16 It is associated with several chemotherapy agents
including interleukin-2, interferons, and gemcitabine. The
most common imaging findings are diffuse airspace disease
and ground-glass opacities.16 Radiologists can add value by
suggesting this diagnosis in cases of new-onset pulmonary

Table 1. (continued)

Class Mechanism of Action Examples

Cytotoxic Antibiotics Variable mechanism of action, but ultimately results in cellular DNA damage Bleomycin
Dactinomycin
Daunorubicin
Doxorubicin
Epirubicin
Idarubicin
Mitomycin
Mitoxantrone
Plicamycin
Valrubicin

Nitrosoureas Alkylate DNA which causes interstrand linkage, ultimately preventing successful DNA
transcription and replication.

Carmustine
Lomustine
Streptozocin

Immune checkpoint
Inhibitors

Inhibits checkpoint proteins from binding with partner proteins, allowing host T cells to kill
cancer cells

Avelumab
Atezolizumab
Ipilimumab
Nivolumab
Pembrolizumab

Figure 1. Toxic leukoencephalopathy in a 70-year-old female with left parietal CNS lymphoma treated with chemotherapy. Axial FLAIR
images (Figures 1A and 1B) show symmetric high signal intensity in the bilateral periventricular white matter, corona radiata, and centrum
semiovale. Increased signal is also identified in the genu of the corpus callosum. There is also subcortical white matter signal abnormality in the
left parietal lobe (arrows), in the original location of the tumor.
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edema as the treatment requires steroids in addition to diuretic
therapy.16

Pleura

Chemotherapy-induced pleural effusions are uncommon.
Patients with acute promyelocytic syndrome treated with all-
trans retinoic acid may be more susceptible to developing
pleural effusions.17

Vascular System

Chemotherapy-induced atherosclerosis is common and can
lead to a number of cardiovascular complications including
hypertension, valvular disease, and cardiomyopathy.18

Accelerated atherosclerosis has been documented follow-
ing treatment with tyrosine kinase inhibitors (TKIs), anti-

metabolites, and anthracyclines which consequently causes
hypertension and an increased risk for cardiovascular
disease.18

Bevacizumab, 5-FU and carboplatin-based agents are as-
sociated with increased risk of arterial thromboembolic
events, especially in those above the age of 65.19 Acute
thrombotic occlusion of the aorta is extremely rare, but has
been documented following cisplatin-based therapy.20

Venous thromboembolism (VTE) has been associated with
several chemotherapeutic agents. The pathophysiology for this
is not well understood, with one theory suggesting that
chemotherapy-induced apoptosis may cause weakening of the
endothelium, exposure of the basement membrane, and then
activation of the coagulation cascade.16 Immunomodulatory
imide drugs, such as thalidomide, have been associated with a
10–40% risk of VTE in multiple myeloma patients when given
in combination with glucocorticoids or other chemotherapy

Figure 3. A baseline MRI of the pituitary gland was normal (not shown). Sagittal T1-WI post gadolinium MRI (Figure 3A) 2 months later
demonstrates an enlarged and thickened pituitary gland and infundibulum in a patient receiving immune checkpoint inhibitors for melanoma.
Follow-up MRI (Figure 3B) 7 weeks after discontinuation of immunotherapy and administration of steroid treatment showed resolution of findings.

Figure 2. Chemotherapy-induced PRES in a 46-year-old female with altered level of consciousness and bilateral visual deficits. Axial FLAIR
images (Figures 2A and 2B) show high signal intensity in the subcortical white matter of both parietal and occipital lobes.
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agents.21 Cisplatin, and less commonly fluorouracil, have also
been associated with increased VTE risk.21

Heart

Chemotherapy-related cardiomyopathy varies in its pheno-
type, with some agents damaging myocytes, while others
cause coronary artery damage.

Chemotherapy-related cardiac toxicity is most commonly
associated with anthracycline treatment.22 Anthracycline-related
cardiomyopathy is typically characterized by dilated atria, a

Figure 4. 55-year-old man with melanoma involving the upper back
receiving immunotherapy treatment with nivolumab who
developed multiple subpleural predominant nodular opacities (white
arrows) with a periobronchovascular distribution on axial contrast-
enhanced chest CT (Figure 4A). A chronic right pleural effusion
was also present. Follow-up chest CT at 4 months showed evolution
of these nodular peribronchovascular opacities, some of which have a
more ill-defined ground-glass appearance (black arrowhead), and
others demonstrating a reverse halo or atoll sign (black arrows)
suggestive of organizing pneumonia (Figure 4B). Nivolumab was
stopped and follow-up imaging 6 months later showed significant
improvement with subtle residual ground-glass opacities (white
arrowheads) (Figure 4C).

Figure 5. 75-year-old female on paclitaxel for breast cancer with
symptoms of dry cough and exertional shortness of breath.
Coronal chest CT revealed mosaic attenuation of the lungs with
upper lobe predominant peripheral reticulation most compatible
with a hypersensitivity pneumonitis imaging pattern (Figure 5A).
Paclitaxel was discontinued and the patient was given a short course
of prednisone. A follow-up chest CT 3 months later showed
improvement in the previously seen imaging findings (Figure 5B).
Case courtesy of Dr [Prasaanthan Gopee-Ramanan].
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dilated left ventricle, and mitral and tricuspid valve insuffi-
ciency.22 Chemotherapy-induced cardiac toxicity is best moni-
tored using echocardiography by trending a patient’s ejection
fraction.22 Cardiac MRI may have a role in detecting myocardial
edema, inflammation, or fibrosis (Figure 7).23,24 CT and PETare
less useful, but can be used to identify coronary artery athero-
sclerosis and cardiac inflammation, respectively.25,26

Pericardial effusions and pericardial disease have been
observed following treatment with anthracycline, all-trans
retinoic acid, alkylating agents, and cyclophosphamides.27-30

Suggested mechanisms of injury include increased capillary
permeability and pericardial fibrosis.31

Abdomen

Liver

Chemotherapy-induced hepatopathy includes a variety of
parenchymal and vascular pathologies. Specific agents which

can cause hepatotoxicity are extensive, and depend on whether
the agent is dependent on liver metabolism or if it causes direct
hepatic toxicity.32 Clinically, the presentation can vary from
asymptomatic with increased liver enzymes on bloodwork, to
fulminant hepatic failure.32 Although liver function tests are
monitored throughout treatment, hepatotoxicity is not always
accompanied by biochemical derangements.33 Consequently,
radiologists play a key role in highlighting findings of hep-
atotoxicity to treating clinicians.

From an imaging perspective, acute hepatocellular injury
demonstrates non-specific imaging appearances ranging
from hepatomegaly, heterogeneous liver enhancement,

Figure 6. 65-year-old male with metastatic parotid cancer treated
with docetaxel who fell andwas found to be profusely hypoxic. Chest
CT shows extensive ground-glass opacities (circles) and bronchiectasis
throughout the lungs (Figure 6B). Imaging from 1-month prior revealed
normal lung parenchyma (Figure 6A). The imaging findings raised
suspicion for docetaxel-induced lung injury. Bronchoscopy with
bronchial lavage showed 70% lymphocytes confirming the diagnosis of
docetaxel-induced pneumonitis/lung injury.

Figure 7. 75-year-old woman treated with pembrolizumab for
metastatic urothelial carcinoma. The patient developed shortness
of breath and an echocardiogram showed decreased cardiac
function. T2 mapping (Figure 7A) shows elevated T2 signal within the
myocardium consistent with inflammation. Late gadolinium-
enhanced images (Figure 7B) show patchy mid myocardial
enhancement of the inferior wall of the left ventricle in the base and
mid ventricle. Findings were consistent with tyrosine kinase
inhibitor toxicity.
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pseudolesions (Figure 8), ascites, arterial or venous throm-
bus (Figure 9), altered portal venous flow, and periportal
edema.34 Findings associated with chronic injury include
focal or diffuse fibrosis, pseudocirrhosis, and portal
hypertension.

Steatosis and steatohepatitis are also commonly seen
with chemotherapy agents, such as TKIs and tamoxifen,
reportedly in 28–47% of patients.34 US and CT can be used
to diagnose hepatic steatosis; however, MRI remains the
best non-invasive imaging modality to quantify intrahepatic
fat.34

Hepatic vascular complications include sinusoidal ob-
struction syndrome (SOS) (also known as veno-occlusive
disease) which can be a life-threatening complication.34

Several chemotherapeutic agents have been associated with
SOS. It has been most commonly described with oxaliplatin
which is used in the treatment of colon cancer.34 Indirect signs
of SOS include hepatosplenomegaly, ascites, a pulsatile portal
vein, hepatofugal flow, loss of the triphasic hepatic venous
waveforms, gallbladder wall thickening, portosystemic vari-
ces, and heterogeneous liver enhancement.34 Gadoxetic acid-
enhanced MRI has a sensitivity of 75% and specificity of 96–
100% in the diagnosis of SOS which is evidenced by hy-
pointense reticular hepatic parenchyma in the hepatobiliary
phase.35

Biliary Tree

Chemotherapy-induced cholecystitis, particularly as a com-
plication of molecular targeted therapies, has been
described.36,37 Findings on US or CT include gallbladder wall
thickening/edema, gallbladder distension, wall hyperemia,
and pericholecystic fluid.38

Biliary tree inflammation can be caused by many
chemotherapeutic agents such as asparaginase, doxoru-
bicin, paclitaxel, sorafenib, and sunitin.39 This injury is
primarily due to irritation caused by medication excretion
through the biliary system. Radiologically, this injury is
detected as biliary/peribiliary tree enhancement with or
without biliary strictures. Biliary sclerosis following
initiation of hepatic arterial infusion of floxuridine for the
treatment of metastatic colon cancer to liver is well-
documented.40

Pancreas

Chemotherapy-induced pancreatitis has been associated with
asparaginase, cisplatin, cytarabine, and TKIs.41,42 Imaging
findings such as pancreatic edema and surrounding fat
stranding may suggest chemotherapy-associated pancreati-
tis, although these signs may not always be present, and
correlating with serum lipase levels and epigastric pain may
be required to reach this diagnosis. CT is the best modality
for evaluation of acute pancreatitis and its potential
complications.43

Pancreatic atrophy is another potential complication as-
sociated with chemotherapy treatment, specifically with
TKIs.44 It is important to document the degree of atrophy as
the clinical significance depends on the treatment regimen. For
example, pancreatic atrophy related to sunitinib is associated
with shorter survival, while pancreatic atrophy due to sor-
afenib is associated with better tumor response and overall
survival.45 On imaging, pancreatic atrophy is demonstrated by
parenchymal volume loss with fatty infiltration of the
gland.46,47

Spleen

Chemotherapeutic toxicity can result in splenomegaly and has
been described in colorectal cancer patients treated with ox-
aliplatin.48 Chemotherapy-related splenomegaly is clinically
significant as splenic enlargement is associated with an in-
creased risk of thrombocytopenia.48

Kidneys

Nephrotoxicity has been associated with many chemothera-
peutic agents such as cisplatin, ifosfamide, vascular endo-
thelial growth factor (VEGF) receptor-targeted molecular

Figure 8. 54-year-old male with non-small cell lung cancer treated
with ceritinib. CT of the abdomen and pelvis revealed multiple new
hypodense lesions in the liver initially interpreted as disease
progression. The patient underwent liver biopsy which confirmed
TKI drug-induced hepatitis.
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agents, and methotrexate. Imaging findings for various
nephrotoxicities are non-specific and usually renal biopsy is
required to make a definitive diagnosis.49

Interstitial nephritis, which is associated with iplimu-
mab and sorafenib, may be demonstrated on imaging by
enlarged kidneys, a persistent nephrogram, renal edema, or
a striated nephrogram sign.49 Nedaplatin has been linked
to papillary necrosis and is best diagnosed on CT urogram
as excavation of the calyces, regression of the renal pa-
pillae, and blunting of the renal calyces.49 Acute tubular
necrosis, which can be caused by agents such as cisplatin,
ifosfamide and imatinib, can manifest as increased cortical
echogenicity on US or parenchymal contrast retention on
CT.49

Methotrexate and combination cisplatin and gemcitabine
regimens are associated with an increased risk of renal infarct,

best seen on CT as wedge shaped areas of non-enhancement or
hypoenhancement of the renal cortex and the cortical rim sign.49

Crizotinib, which is a TKI used in the treatment of met-
astatic non-small cell lung cancer, can result in the devel-
opment of complex renal cysts which regress after cessation of
therapy.49 The clinical significance of this is not well un-
derstood at this time.

Adrenal Glands

Primary adrenal insufficiency secondary to ICIs has been
reported, but is rare.50-52 Adrenal insufficiency cannot be
diagnosed by imaging alone; however, it can be suggested by
severe adrenal gland atrophy.

Gastrointestinal Tract

Gastrointestinal toxicity as a result of chemotherapy is
common, hypothesized to be caused by reduced stem cell
reserves, reduced cellular repair functionality, and protein
loss.53 Common causative chemotherapeutic agents in-
clude VEGF and VEGFR inhibitors and antiangiogenic
TKIs.

Enteritis, ileus and benign pneumatosis are well-
recognized pathologies associated with chemotherapy.54-58

Typically, patients with chemotherapy-related pneumatosis,
if clinically stable, are managed conservatively as this is a self-
limiting condition (Figure 10). Neutropenic enterocolitis,
which can be due to bacterial infection or related to che-
motherapy, is characterized by bowel wall thickening with
associated inflammatory changes, most commonly involving
the cecum, ascending colon, and ileum (Figure 11).59 Un-
common complications include intestinal perforation and
gastrointestinal bleeding.60,61

Urinary Bladder

Hemorrhagic cystitis is a complication that can be seen fol-
lowing busulfan, doxorubicin, dacarbazine, fludarabine, and
cabazitaxel treatment, but is most associated with cyclo-
phosphamide and ifosfamide.62 Imaging of hemorrhagic
cystitis can show diffuse bladder wall thickening. To differ-
entiate chemotherapy-related hemorrhagic cystitis from in-
fection or graft-versus-host disease, it is important to know the
treatment timeline, as chemotherapy-related hemorrhagic
cystitis occurs early in the course of treatment.

Peritoneum

Ascites can be associated with chemotherapeutic agents, for
example, as a part of capillary leak syndrome or treatment-
related fluid overload. Imatinib, which is often used in the
treatment of gastrointestinal stromal tumors and renal cell
carcinomas, is one such example.16

Figure 9. 68-year-old male with non-small cell lung cancer, right
lower quadrant pain and leukocytosis. Axial contrast-enhanced CT
of the abdomen and pelvis revealed thrombosis of the left and right
hepatic arteries (not shown), splenic artery (Figure 9B, solid arrow),
and portal venous system (Figure 9A, dashed arrow) with resultant
liver and splenic infarcts (*). Findings were related to cisplatin-
induced arterial and venous thrombosis.
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MSK

Muscles

The most common musculoskeletal chemotherapy toxicity is
cachexia, defined as a reduction in lean body mass and muscle
strength.63,64 These changes to body composition during
chemotherapy, specifically an increased intramuscular fat to
muscle tissue ratio, can be monitored using CT.65 CT-derived
parameters relating to body composition and myosteatosis are
correlated to treatment success and may be more optimal
biomarkers than body mass index.66,67 While the literature
primarily reports on CT-derived parameters based primarily
on mean radiodensity, similar measurements can be made
based on proton density fat fraction MRI.68 Monitoring
muscular atrophy can provide important information to re-
ferring clinicians as cachexia is associated with a poor
prognosis.64

Bones

Osteoporosis causing insufficiency fractures can occur fol-
lowing long-term chemotherapy regimens, and in many cases
these fractures are asymptomatic.69 Additionally, osteonec-
rosis is a well-recognized complication of long-term corti-
costeroid use, a key component of many chemotherapy
regimens.70

Peripheral Nervous System

Platinum-based drugs, alkaloids, and proteasome inhibitors
have been associated with peripheral neurotoxicity.71 Recent
evidence suggests a role for diffusion tensor imaging and
imaging biomarkers for the detection of chemotherapy-
induced peripheral neuropathy; however, nerve conduction
studies remain the gold standard.72,73

Skin and Other Soft Tissues

Chemotherapy agents can result in sequelae of the skin and
subcutaneous soft tissues. For example, imatinib and mitogen-
activated protein kinase inhibitors have been associated with
soft tissue edema.45 Sunitinib is linked to the development of
gynecomastia in men.45 Finally, BRAF inhibitors, which are
used in the treatment of metastatic melanoma, can result in
cutaneous squamous cell carcinoma.45

Figure 11. 76-year-old female with colorectal cancer presenting
with nausea, vomiting and diarrhea. Coronal contrast-enhanced
abdominal and pelvic CT revealed long segment thickening with
surrounding inflammatory change involving the ileum that was
attributed to capecitabine-induced enteritis.

Figure 10. 52-year-old male with stage IV classical Hodgkin’s
lymphoma who received the first cycle of a chemotherapy regimen
that included doxorubicin, dacarbazine and brentuximab vedotin.
Patient presented 2 days later with abdominal distention and elevated
lactate. Coronal contrast-enhanced abdominal pelvic CT showed
multiple loops of dilated small bowel with pneumatosis (arrow). The
patient was managed conservatively, and CT findings resolved 8 days
later. Case courtesy of Dr [Prasaanthan Gopee-Ramanan].
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A summary of the possible systemic manifestations of
chemotherapy-related toxicities is outlined in Table 2.

Conclusion

Chemotherapy-related toxicities have manifestations across
many organ systems. As we return to a new normal following
the COVID-19 pandemic, many patients will be diagnosed
with, and begin treatment for, a variety of malignancies and
some will develop chemotherapy-related toxicities. It is im-
portant for radiologists to be familiar with their imaging
manifestations to best care for these patients.
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30. Işik P, Çetin I, Tavil B, et al. All-transretinoic acid (ATRA)
treatment-related pancarditis and severe pulmonary edema in
a child with acute promyelocytic leukemia. J Pediatr He-
matol Oncol. 2010;32(8):e346-e348. doi:10.1097/MPH.
0B013E3181E75731

31. Imazio M, Colopi M, de Ferrari GM. Pericardial diseases in
patients with cancer: Contemporary prevalence, management
and outcomes. Heart. 2020;106(8):569-574. doi:10.1136/
HEARTJNL-2019-315852

32. Grigorian A, O’brien CB. Hepatotoxicity secondary to che-
motherapy. J Clin Translat Hepatol. 2014;2(2):95-102. doi:10.
14218/JCTH.2014.00011

33. Uslusoy HS, Nak SG, Gülten M, Biyikli Z. Non-alcoholic
steatohepatitis with normal aminotransferase values. World J

Patil et al. 443

https://doi.org/10.3892/OL.2014.2709/HTML
https://doi.org/10.11477/MF.1436203525
https://doi.org/10.11477/MF.1436203525
https://doi.org/10.1016/J.WNEU.2019.05.123
https://doi.org/10.1016/J.WNEU.2019.05.123
https://doi.org/10.1179/2045772312Y.0000000081
https://doi.org/10.1179/2045772312Y.0000000081
https://doi.org/10.1016/J.RETRAM.2021.103296
https://doi.org/10.1016/J.RETRAM.2021.103296
https://doi.org/10.1159/000456540
https://doi.org/10.1007/S13760-022-01893-5/FIGURES/1
https://doi.org/10.1007/S13760-022-01893-5/FIGURES/1
https://doi.org/10.1007/S13691-017-0303-0
https://doi.org/10.1158/1078-0432.CCR-20-0454
https://doi.org/10.1148/RADIOL.10092129
https://doi.org/10.7326/0003-4819-117-4-292
https://doi.org/10.7326/0003-4819-117-4-292
https://doi.org/10.1097/HCO.0000000000000404
https://doi.org/10.1093/JNCI/DJM086
https://doi.org/10.3747/CO.V18I2.710
https://doi.org/10.3747/CO.V18I2.710
https://doi.org/10.1007/978-3-030-20315-3_6
https://doi.org/10.3389/FCVM.2021.713694/BIBTEX
https://doi.org/10.3389/FCVM.2021.713694/BIBTEX
https://doi.org/10.1016/J.JCCASE.2018.06.001
https://doi.org/10.1016/J.JCCASE.2018.06.001
https://doi.org/10.1161/JAHA.119.013755
https://doi.org/10.1161/JAHA.119.013755
https://doi.org/10.1371/JOURNAL.PONE.0210909
https://doi.org/10.1371/JOURNAL.PONE.0210909
https://doi.org/10.1007/S12350-013-9828-6
https://doi.org/10.1161/01.CIR.0000133187.74800.B9
https://doi.org/10.1161/01.CIR.0000133187.74800.B9
https://doi.org/10.1016/0002-9343(78)90802-1
https://doi.org/10.1016/0002-9343(78)90802-1
https://doi.org/10.1016/J.LEUKRES.2009.12.005
https://doi.org/10.1016/J.LEUKRES.2009.12.005
https://doi.org/10.1097/MPH.0B013E3181E75731
https://doi.org/10.1097/MPH.0B013E3181E75731
https://doi.org/10.1136/HEARTJNL-2019-315852
https://doi.org/10.1136/HEARTJNL-2019-315852
https://doi.org/10.14218/JCTH.2014.00011
https://doi.org/10.14218/JCTH.2014.00011


Gastroenterol: WJG. 2009;15(15):1863. doi:10.3748/WJG.15.
1863

34. Vernuccio F, Dioguardi Burgio M, Barbiera F, et al. CT and MR
imaging of chemotherapy-induced hepatopathy. Abdom Radiol
(NY). 2019;44(10):3312-3324. doi:10.1007/S00261-019-02193-Y

35. Shin NY, Kim MJ, Lim JS, et al. Accuracy of gadoxetic acid-
enhanced magnetic resonance imaging for the diagnosis of si-
nusoidal obstruction syndrome in patients with chemotherapy-
treated colorectal liver metastases. Eur Radiol. 2012;22(4):
864-871. doi:10.1007/S00330-011-2333-X

36. Gomez-Abuin G, Karam AA, Mezzadri NA, Bas CA. Acal-
culous cholecystitis in a patient with metastatic renal cell car-
cinoma treated with sunitinib. Clin Genitourin Cancer. 2009;
7(1):62-63. doi:10.3816/CGC.2009.N.011

37. Tirumani SH, Krajewski KM, Shinagare AB, Jagannathan JP,
Ramaiya NH. Gallbladder complications associated with mo-
lecular targeted therapies: Clinical and imaging features. Clin
Imag. 2014;38(1):50-55. doi:10.1016/J.CLINIMAG.2013.08.
012

38. O’Connor OJ, Maher MM. Imaging of cholecystitis. AJR Am J
Roentgenol. 2011;196(4):W367-W374. doi:10.2214/AJR.10.
4340

39. Superfin D, Iannucci AA, Davies AM. Commentary: Oncologic
drugs in patients with organ dysfunction: A summary. Oncol-
ogist 2007;12(9):1070-1083. doi:10.1634/THEONCOLOGIST.
12-9-1070.

40. Ito K, Ito H, Kemeny NE, et al. Biliary sclerosis after hepatic
arterial infusion pump chemotherapy for patients with colorectal
cancer liver metastasis: Incidence, clinical features, and risk
factors. Ann Surg Oncol. 2012;19(5):1609-1617. doi:10.1245/
S10434-011-2102-8

41. Morgan C, Tillett T, Braybrooke J, Ajithkumar T. Management of
uncommon chemotherapy-induced emergencies. Lancet Oncol.
2011;12(8):806-814. doi:10.1016/S1470-2045(10)70208-4

42. Viswanathan C, Truong MT, Sagebiel TL, et al. Abdominal
and pelvic complications of nonoperative oncologic therapy.
Radiographics. 2014;34(4):941-961. doi:10.1148/RG.
344140082

43. Ngo D, Jia JB, Green CS, Gulati AT, Lall C. Cancer therapy
related complications in the liver, pancreas, and biliary system:
An imaging perspective. Insights Imag. 2015;6(6):665-677. doi:
10.1007/S13244-015-0436-7

44. Ganten MK, Schuessler M, Bruckner T, Ganten TM, Koschny
R. Pancreatic atrophy in hepatocellular carcinoma patients re-
ceiving long-term treatment with sorafenib. Oncology. 2015;
89(2):88-94. doi:10.1159/000377681

45. Thomas R, Howard SA, Laferriere SL, Braschi-Amirfarzan M.
A review of the mechanisms and clinical implications of pre-
cision cancer therapy–related toxicity: A primer for the radi-
ologist. Am J Roentgenol. 2020;215(3):770-780. doi:10.2214/
AJR.20.22837

46. Djuric-Stefanovic A, Masulovic D, Kostic J, Randjic K,
Saranovic D. CT volumetry of normal pancreas: Correlation
with the pancreatic diameters measurable by the cross-sectional

imaging, and relationship with the gender, age, and body
constitution. Surg Radiol Anat. 2012;34(9):811-817. doi:10.
1007/S00276-012-0962-7

47. Stratton A, Murphy T and Laczek J. Atrophic-appearing pan-
creas on magnetic resonance cholangiopancreatography as
initial presentation of cystic fibrosis. Hawai‘i J Med Public
Health 2012;71(6):151-154.

48. Jung EJ, Ryu CG, Kim G, et al. Splenomegaly during ox-
aliplatin-based chemotherapy for colorectal carcinoma|anti-
cancer research. Anticancer Res 2012;32(8):3357-3362.

49. Jia JB, Lall C, Tirkes T, Gulati R, Lamba R, Goodwin SC.
Chemotherapy-related complications in the kidneys and col-
lecting system: An imaging perspective. Insights Imaging. 2015;
6(4):479-487. doi:10.1007/S13244-015-0417-X

50. Rudra S, Malik R, Ranck MC, et al. Stereotactic body radiation
therapy for curative treatment of adrenal metastases. Technol
Cancer Res Treat. 2013;12(3):217-224. doi:10.7785/TCRT.
2012.500320

51. Wardak Z, Meyer J, Ghayee H, Wilfong L, Timmerman R.
Adrenal insufficiency after stereotactic body radiation
therapy for bilateral adrenal metastases. Pract Radiat On-
col. 2015;5(3):e177-e181. doi:10.1016/J.PRRO.2014.08.
020

52. Salinas C, Renner A, Rojas C, Samtani S, Burotto M. Primary
adrenal insufficiency during immune checkpoint inhibitor
treatment: Case reports and review of the literature. Case
Reports in Oncology. 2020;13(2):621-626. doi:10.1159/
000507652

53. Boussios S, Pentheroudakis G and Katsanos K and Pavlidis N.
Systemic treatment-induced gastrointestinal toxicity: Incidence,
clinical presentation and management. Ann Gastroenterol 2012;
25(2):106-118.

54. Asmis TR, Chung KY, Teitcher JB, Kelsen DP, Shah MA.
Pneumatosis intestinalis: A variant of bevacizumab related
perforation possibly associated with chemotherapy related GI
toxicity. Invest N Drugs. 2008;26(1):95-96. doi:10.1007/
S10637-007-9094-Z

55. Benson AB, Ajani JA, Catalano RB, et al. Recommended
guidelines for the treatment of cancer treatment-induced diar-
rhea. J Clin Oncol. 2004;22(14):2918-2926. doi:10.1200/JCO.
2004.04.132

56. Ikuno N, Soda H,Watanabe M, OkaM. Irinotecan (CPT-11) and
characteristic mucosal changes in the mouse ileum and cecum. J
Natl Cancer Inst. 1995;87(24):1876-1883. doi:10.1093/JNCI/
87.24.1876

57. Toghill PJ, Burke JD. Death from paralytic ileus following
vincristine therapy. Postgrad Med. 1970;46(535):330-331. doi:
10.1136/PGMJ.46.535.330

58. Kelvin FM, Gramm HF, Gluck WL, Lokich JJ. Radiologic
manifestations of small-bowel toxicity due to floxuridine
therapy. AJR Am J Roentgenol. 1986;146(1):39-43. doi:10.
2214/AJR.146.1.39

59. Kirkpatrick IDC, Greenberg HM. Gastrointestinal complica-
tions in the neutropenic patient: Characterization and differ-

444 Canadian Association of Radiologists’ Journal 74(2)

https://doi.org/10.3748/WJG.15.1863
https://doi.org/10.3748/WJG.15.1863
https://doi.org/10.1007/S00261-019-02193-Y
https://doi.org/10.1007/S00330-011-2333-X
https://doi.org/10.3816/CGC.2009.N.011
https://doi.org/10.1016/J.CLINIMAG.2013.08.012
https://doi.org/10.1016/J.CLINIMAG.2013.08.012
https://doi.org/10.2214/AJR.10.4340
https://doi.org/10.2214/AJR.10.4340
https://doi.org/10.1634/THEONCOLOGIST.12-9-1070
https://doi.org/10.1634/THEONCOLOGIST.12-9-1070
https://doi.org/10.1245/S10434-011-2102-8
https://doi.org/10.1245/S10434-011-2102-8
https://doi.org/10.1016/S1470-2045(10)70208-4
https://doi.org/10.1148/RG.344140082
https://doi.org/10.1148/RG.344140082
https://doi.org/10.1007/S13244-015-0436-7
https://doi.org/10.1159/000377681
https://doi.org/10.2214/AJR.20.22837
https://doi.org/10.2214/AJR.20.22837
https://doi.org/10.1007/S00276-012-0962-7
https://doi.org/10.1007/S00276-012-0962-7
https://doi.org/10.1007/S13244-015-0417-X
https://doi.org/10.7785/TCRT.2012.500320
https://doi.org/10.7785/TCRT.2012.500320
https://doi.org/10.1016/J.PRRO.2014.08.020
https://doi.org/10.1016/J.PRRO.2014.08.020
https://doi.org/10.1159/000507652
https://doi.org/10.1159/000507652
https://doi.org/10.1007/S10637-007-9094-Z
https://doi.org/10.1007/S10637-007-9094-Z
https://doi.org/10.1200/JCO.2004.04.132
https://doi.org/10.1200/JCO.2004.04.132
https://doi.org/10.1093/JNCI/87.24.1876
https://doi.org/10.1093/JNCI/87.24.1876
https://doi.org/10.1136/PGMJ.46.535.330
https://doi.org/10.2214/AJR.146.1.39
https://doi.org/10.2214/AJR.146.1.39


entiation with abdominal CT. Radiology. 2003;226(3):668-674.
doi:10.1148/RADIOL.2263011932

60. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab
plus irinotecan, fluorouracil, and leucovorin for metastatic co-
lorectal cancer. N Engl J Med. 2004;350(23):2335-2342. doi:10.
1056/NEJMOA032691

61. Talamonti MS, Dawes LG, Joehl RJ, Nahrwold DL. Gastro-
intestinal lymphoma. A case for primary surgical resection. Arch
Surg. 1990;125(8):972-977. doi:10.1001/ARCHSURG.1990.
01410200030003

62. Efros MD, Ahmed T, Coombe N, Choudhury MS. Urologic
complications of high-dose chemotherapy and bone marrow
transplantation. Urology. 1994;43(3):355-360. doi:10.1016/
0090-4295(94)90079-5

63. Pin F, Couch ME, Bonetto A. Preservation of muscle mass as a
strategy to reduce the toxic effects of cancer chemotherapy on
body composition.Curr Opin Support Palliat Care. 2018;12(4):
420-426. doi:10.1097/SPC.0000000000000382

64. Coletti D. Chemotherapy-induced muscle wasting: An update.
Eur J Translat Myol. 2018;28(2):153-157. doi:10.4081/EJTM.
2018.7587

65. Nattenmüller J, Wochner R, Muley T, et al. Prognostic
impact of CT-quantified muscle and fat distribution before
and after first-line-chemotherapy in lung cancer patients.
PLoS One. 2017;12(1):e0169136. doi:10.1371/JOURNAL.
PONE.0169136

66. Caan BJ, Cespedes Feliciano EM, Prado CM, et al. Association of
muscle and adiposity measured by computed tomography with
survival in patients with nonmetastatic breast cancer. JAMAOncol.
2018;4(6):798-804. doi:10.1001/JAMAONCOL.2018.0137

67. Reisinger KW, Bosmans JWAM, Uittenbogaart M, et al. Loss of
skeletal muscle mass during neoadjuvant chemoradiotherapy
predicts postoperative mortality in esophageal cancer surgery. Ann
Surg Oncol. 2015;22(13):4445-4452. doi:10.1245/S10434-015-
4558-4

68. Han J, Harrison L, Patzelt L, et al. Imaging modalities for di-
agnosis and monitoring of cancer cachexia. EJNMMI Res. 2021;
11(1):1-18. doi:10.1186/S13550-021-00834-2/TABLES/1

69. Sapienza LG, Salcedo MP, Ning MS, et al. Pelvic insufficiency
fractures after external beam radiation therapy for gynecologic
cancers: A meta-analysis and meta-regression of 3929 patients.
Int J Radiat Oncol Biol Phys. 2020;106(3):475-484. doi:10.
1016/J.IJROBP.2019.09.012

70. Albano D, Patti C, la Grutta L, et al. Osteonecrosis detected by
whole body magnetic resonance in patients with Hodgkin
Lymphoma treated by BEACOPP. Eur Radiol. 2017;27(5):
2129-2136. doi:10.1007/S00330-016-4535-8

71. Miltenburg NC, Boogerd W. Chemotherapy-induced neuropa-
thy: A comprehensive survey. Cancer Treat Rev. 2014;40(7):
872-882. doi:10.1016/J.CTRV.2014.04.004

72. Chalasani P, Taljanovic M, Segar J, et al. Diffuse tensor imaging
of lower extremities: A novel MR imaging technique for
chemotherapy-induced peripheral neuropathy. Breast Cancer
Res Treat. 2020;184(3):771-778. doi:10.1007/S10549-020-
05897-8

73. Argyriou AA, Park SB, Islam B, et al. Neurophysiological,
nerve imaging and other techniques to assess chemotherapy-
induced peripheral neurotoxicity in the clinical and research
settings. J Neurol Neurosurg Psychiatr. 2019;90(12):
1361-1369. doi:10.1136/JNNP-2019-320969

Patil et al. 445

https://doi.org/10.1148/RADIOL.2263011932
https://doi.org/10.1056/NEJMOA032691
https://doi.org/10.1056/NEJMOA032691
https://doi.org/10.1001/ARCHSURG.1990.01410200030003
https://doi.org/10.1001/ARCHSURG.1990.01410200030003
https://doi.org/10.1016/0090-4295(94)90079-5
https://doi.org/10.1016/0090-4295(94)90079-5
https://doi.org/10.1097/SPC.0000000000000382
https://doi.org/10.4081/EJTM.2018.7587
https://doi.org/10.4081/EJTM.2018.7587
https://doi.org/10.1371/JOURNAL.PONE.0169136
https://doi.org/10.1371/JOURNAL.PONE.0169136
https://doi.org/10.1001/JAMAONCOL.2018.0137
https://doi.org/10.1245/S10434-015-4558-4
https://doi.org/10.1245/S10434-015-4558-4
https://doi.org/10.1186/S13550-021-00834-2/TABLES/1
https://doi.org/10.1016/J.IJROBP.2019.09.012
https://doi.org/10.1016/J.IJROBP.2019.09.012
https://doi.org/10.1007/S00330-016-4535-8
https://doi.org/10.1016/J.CTRV.2014.04.004
https://doi.org/10.1007/S10549-020-05897-8
https://doi.org/10.1007/S10549-020-05897-8
https://doi.org/10.1136/JNNP-2019-320969

	Chemotherapy-induced toxicities: An imaging primer
	Please let us know how this document benefits you.
	Recommended Citation
	Authors

	Chemotherapy-Induced Toxicities: An Imaging Primer
	Introduction
	Overview of Chemotherapeutic Agents
	Imaging Appearance of Chemotherapy Toxicities
	Neurologic
	Brain
	Spine
	Thyroid


	Chest
	Lungs
	Pleura
	Vascular System
	Heart

	Abdomen
	Liver
	Biliary Tree
	Pancreas
	Spleen
	Kidneys
	Adrenal Glands
	Gastrointestinal Tract
	Urinary Bladder
	Peritoneum

	MSK
	Muscles
	Bones
	Peripheral Nervous System
	Skin and Other Soft Tissues

	Conclusion
	Acknowledgments
	Declaration of Conflicting Interests
	Funding
	ORCID iDs
	References


