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Abstract
Objective  To provide an overview of what radiologists should know about systemic agents utilized in the modern treatment 
of metastatic pancreatic cancer and their associated toxicities.
Results  The clinical landscape of metastatic pancreatic cancer has significantly evolved in recent years, with the advent of 
new first- and second-line systemic therapies. As these systemic treatment options continue to expand, knowledge of their 
clinically relevant features is becoming critical for radiologists. While the issues of surgical resectability and tumor response 
evaluation of advanced stages of pancreatic cancer have been thoroughly discussed in the radiology literature, the diagnostic 
importance of systemic therapies has tended to be less well appreciated. In this review, we provide a primer for radiologists 
outlining the radiologically pertinent features of modern systemic therapies used in the treatment of metastatic pancreatic 
ductal adenocarcinoma. These systemic agents are discussed from the standpoint of the newly updated 2018 (https​://doi.
org/10.1007/s0026​1-019-01954​-z) guidelines for the treatment of metastatic pancreatic cancer from the American Society of 
Clinical Oncology (ASCO). Understanding the radiology relevance of these modern therapeutic agents is critical, especially 
with regard to treatment response and toxicity assessment.
Conclusion  Knowledge of the modern systemic therapies utilized in the treatment of metastatic pancreatic cancer and their 
associated toxicity profiles is critical in diagnostic imaging interpretation.

Keywords  Metastatic pancreatic cancer · Pancreatic ductal adenocarcinoma · Systemic therapies · Toxicity profiles · 
Chemotherapy toxicities · ASCO guidelines

Introduction

As one of the most lethal malignancies, pancreatic cancer 
continues to present significant diagnostic and therapeutic 
challenges for the medical field. While its prognosis has 
historically remained grim, recent advances in systemic 

treatments and surgical techniques have fundamentally 
altered modern treatment paradigms of advanced and meta-
static pancreatic cancer. For patients with pancreatic can-
cer, systemic treatments remain a critical pillar of treatment 
in neoadjuvant, adjuvant, and palliative settings. Recent 
clinical trial data in the past several years have led to an 
expansion in the number of available first- and second-line 
therapies for individuals with metastatic pancreatic cancer 
(Fig. 1). These recent advances have prompted the American 
Society of Clinical Oncology (ASCO) to publish updated 
recommendations in 2018 for first- and second-line systemic 
treatment options for patients with metastatic pancreatic 
cancer.

From a radiology perspective, the imaging-based assess-
ment of pancreatic cancer has traditionally focused on stag-
ing, evaluating resectability, and monitoring tumor response 
on follow-up imaging. The issues of staging and borderline 
resectability of advanced stages of pancreatic cancer have 
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been thoroughly discussed in the radiology literature. The 
radiological relevance of systemic therapies has compara-
tively been less well emphasized, despite the fact that an 
increasing number of novel regimens are emerging as treat-
ment options for patients with metastatic pancreatic cancer. 
As more patients are treated with modern systemic therapies, 
knowledge of these anticancer agents is also becoming criti-
cal for image interpretation. In this review article, we present 
a primer for radiologists focused on the modern systemic 
therapies used in the treatment of metastatic pancreatic can-
cer. Specifically, we will provide an overview of the current 
landscape of systemic treatments for advanced pancreatic 
cancer from a radiologist’s perspective. An overview of the 
updated 2018 ASCO treatment guidelines for metastatic 
pancreatic cancer will be summarized from a standpoint 
of their importance to radiologists. The clinical trials and 
available evidence supporting the 2018 ASCO guidelines 
are largely based the treatment of pancreatic ductal adeno-
carcinoma, as opposed to other less common subtypes of 
pancreatic cancer. From the standpoint of this review article 
and the referenced 2018 ASCO guidelines, the terms pan-
creatic ductal adenocarcinoma and pancreatic cancer will be 
used interchangeably. Each of the current available systemic 
therapies for metastatic pancreatic ductal adenocarcinoma 
will be reviewed with a focus on what every radiologist 
should know about these commonly used agents and their 
side effects. The role of radiological assessment of treat-
ment toxicities will be emphasized, as monitoring for these 
potentially harmful side effects is a critical aspect of imaging 
interpretation.

Pancreatic cancer: background and staging 
criteria

In 2018, there were an estimated 55,440 new cases of pan-
creatic cancer in the United States and a similar estimated 
number of 44,330 deaths due to this disease [1]. While 

pancreatic cancer represents approximately 3.2% of all new 
cases of cancer, it disproportionally causes 7.3% of all can-
cer mortalities. Survival rates have historically remained 
quite poor, with an estimated 5-year survival rate between 
2008 and 2014 of only 8.5%. Although this survival rate 
remains low, it has steadily trended up from even worse 
5-year survival rates of 2–4% in the 1970–1980s [2].

The vast majority of pancreatic cancer cases are due to 
pancreatic adenocarcinoma, an exocrine cancer that repre-
sents approximately 85% of all pancreatic neoplasms [3]. 
Other types of exocrine cancers less commonly occur, 
including squamous cell carcinoma, adenosquamous carci-
noma, and undifferentiated carcinomas. Endocrine tumors 
occur less frequently, with pancreatic neuroendocrine 
tumors such insulinomas, gastrinomas, and glucagonomas 
representing only 1–2% of all pancreatic neoplasms [4].

Pancreatic adenocarcinoma is typically divided into one 
of the several stages at the time of diagnosis based on resect-
ability features and extent of disease. Slightly greater than 
50% of all cases of pancreatic cancer present with metastatic 
disease that is unresectable. In contrast, 15–20% of patients 
present with disease that is resectable and thus amenable to 
upfront surgical treatment. The remainder of patients present 
with categories of disease defined as either borderline resect-
able (BR) or locally advanced (LA). The precise benchmarks 
for defining borderline resectable pancreatic cancer are fre-
quently discussed in the radiology and surgical literature, 
with proposed criteria largely based on the degree of tumor 
involvement of adjacent arterial and venous vasculature [5, 
6]. While surgery may be an option for individuals with 
borderline resectable disease, those with locally advanced 
unresectable pancreatic cancer have more extensive malig-
nant invasion into adjacent vasculature that often precludes 
surgery [7].

Treatment decisions for pancreatic cancer are affected by 
several factors, such as histological subtype, tumor grade, 
and disease staging. Surgical resectability factors also 
guide treatment based on imaging features to distinguish 

Fig. 1   FDA approval dates of systemic agents and combination therapies for the treatment of advanced/metastatic pancreatic cancer. pNET pan-
creatic neuroendocrine tumor, MSI-H microsatellite instability-high, dMMR deficient mismatch repair
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resectable disease from disease that is non-resectable, bor-
derline resectable, or locally advanced. Treatment is also 
guided by performance status and patient preferences with 
regards to decisions such as pursuing upfront surgery versus 
neoadjuvant therapy. The majority of pancreatic adenocar-
cinoma presents as unresectable disease due to the presence 
of metastatic disease or extensive local malignant invasion 
of adjacent vasculature. For these patients, treatment is often 
pursued with a systemic chemotherapy or radiation therapy.

Due to the high prevalence of metastatic pancreatic can-
cer, imaging patterns of metastatic presentations have been 
thoroughly described in the radiology literature. Accord-
ing to a recent retrospective analysis of over 200 patients 
with locally advanced pancreatic cancer, the most common 
sites of metastatic disease include the peritoneum/omen-
tum (43%) and the liver (41%) [8]. A smaller proportion of 
patients develop metastases to the lung (14%) and distant 
lymph nodes (9%). Osseous metastatic disease occurs less 
commonly. CNS involvement of disease is extremely rare 
and is estimated to occur in only 0.3% of patients [9].

Updated ASCO guidelines for metastatic 
pancreatic cancer

In 2016, the American Society of Clinical Oncology (ASCO) 
developed a clinical practice guideline that proposed evi-
dence-based recommendations for first- and second-line 
treatment options for patients with metastatic pancreatic 
cancer [10]. These guidelines also presented recommenda-
tions for initial assessment, including pre-treatment imaging 
evaluation with multiphase CT of the chest, abdomen, and 
pelvis to assess disease burden. Prior to treatment, patients 
should also have a baseline performance status calculated, 
usually graded via the Eastern Cooperative Oncology Group 
performance status (ECOG PS) system. Other components 
of a patient’s initial evaluation include assessment of symp-
tom burden, comorbidity profile, goals of care, and clinical 
trial eligibility [11].

Since ASCO’s initial 2016 guideline publication, new 
evidence has emerged regarding promising second-line 
therapy options in patients with advanced pancreatic cancer 
who have failed first-line therapy regimens. In response to a 
number of recent clinical trials, an updated 2018 guideline 
was recently published by ASCO which proposed new rec-
ommendations for second-line therapy regimens [11]. These 
novel second-line therapy options have been recommended 
for treatment of metastatic pancreatic cancer in patients who 
develop progressive disease or intolerable side effects while 
on first-line regimens.

For first- and second-line treatment of metastatic pancre-
atic cancer, several treatment regimens are recommended by 
the recently updated ASCO guidelines (Table 1) [11]. One 

of the most common current first-line treatments is FOL-
FIRINOX, which consists of a combination of folinic acid, 
fluorouracil, irinotecan, and oxaliplatin. While this regimen 
is among the most effective available for first-line treatment, 
it is often not selected if patients have unfavorable comor-
bidity profiles. Another commonly used regimen is com-
bination therapy with gemcitabine plus nab-paclitaxel. For 
individuals with multiple poorly controlled comorbidities, 
gemcitabine monotherapy can be used as first-line therapy 
with the optional addition of either capecitabine or erlotinib.

Patients who fail initial therapy with first-line treatment 
often are now able to start treatment with one of the sev-
eral second-line therapy options. Many of these second-line 
therapies have recently been approved based on promising 
clinical trial data demonstrating survival benefits. These 
second-line systemic treatments recommended by the 
ASCO guidelines include gemcitabine plus nab-paclitaxel, 
gemcitabine monotherapy, fluorouracil plus nanoliposomal 
irinotecan or irinotecan, fluorouracil plus oxaliplatin, and 
fluorouracil monotherapy. For patients testing positive for 
microsatellite instability-high (MSI-H) or mismatch repair 
deficient (dMMR) biomarkers, the PD-1 immune checkpoint 
inhibitor pembrolizumab is also now recommended as a sec-
ond-line therapy option. MSI-H and dMMR biomarkers are 
both indicative of deficiencies in mismatch repair. Deficien-
cies in MMR proteins (e.g., MLH1, MSH2, MSH6, PMS2) 
lead to DNA replication errors and resulting accumulation 
of microsatellites, somatic mutations, and high neoantigen 
loads [12]. The resulting high neoantigen load promotes acti-
vation of T cells and other inflammatory responses, which 
makes these tumors potentially responsive to immunothera-
peutic agents. Pembrolizumab can be initiated in patients 
who undergo genetic testing following progression of dis-
ease on first-line therapies such as FOLFIRINOX (Fig. 2). 
While the tyrosine kinase inhibitor erlotinib had previously 
shown some initial promise for treatment of pancreatic can-
cer, recent studies have demonstrated that this drug offers no 
survival benefit in combination with gemcitabine compared 
to gemcitabine monotherapy [13, 14]. This agent is therefore 
not commonly used in modern treatment regimens and is not 
recommended by the updated ASCO guidelines.

Imaging‑based toxicity assessment

With the advent of new first- and second-line therapy options 
for metastatic pancreatic cancer, unique patterns of toxici-
ties with specific radiological findings have slowly come to 
light. Imaging plays a key role in monitoring for toxicities, 
as many of the modern pancreatic cancer therapeutics cause 
side effects with detectable imaging findings. In the field of 
oncologic imaging, interpreting radiologists must be acutely 
aware of side-effect profiles when interpreting imaging from 
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patients undergoing specific therapeutic regimens. Knowl-
edge of specific toxicity findings on imaging will enable 
the astute radiologist to recognize imaging evidence of 
potentially harmful side effects with consistency. Gaining a 
familiarity with the common presentations of chemotherapy-
related toxicities will also enable radiologists to distinguish 
imaging-detectable drug toxicities from disease progression.

In the following sections, we present an overview of 
the imaging presentations of toxicities associated with 
first- and second-line treatments for metastatic pancreatic 
cancer (Table 2). These treatment-related toxicities are not 
just limited to patients with metastatic pancreatic cancer, as 
patients with borderline resectable or resectable disease will 
often receive neoadjuvant treatment with similar regimens. 
Therapy-associated toxicities can thus present in patients 
of any stage treated with these agents. Early diagnosis of 
toxicity via imaging is critical, as side effects can be more 
effectively managed early with cessation of medications or 
specific treatments such as steroid therapy. It is therefore 

useful for interpreting radiologists to have knowledge of spe-
cific side-effect profiles of modern therapies for metastatic 
pancreatic cancer when interpreting follow-up imaging for 
patients undergoing treatment.

Pulmonary toxicity

Pulmonary side effects are among the most common forms 
of imaging-detectable toxicities for many of the modern 
systemic agents used in the treatment of metastatic pan-
creatic cancer. Up to 23% of gemcitabine-treated patients 
will develop some degree of dyspnea during treatment, 
although not all will necessarily present with radiographic 
findings [15]. If detected in its early phases, gemcitabine 
pulmonary toxicity can often be successfully treated with 
steroid therapy with complete resolution of lung findings. 
While mild symptoms of dyspnea and bronchospasm are 
most common, severe toxicities such as interstitial pneu-
monitis or pulmonary fibrosis have also been reported. CT 

Fig. 2   A 64-year-old-male with metastatic pancreatic adenocar-
cinoma who developed liver metastases while being treated with 
first-line FOLFIRINOX. Contrast-enhanced axial and coronal CT 
images after 2  years of FOLFIRINOX treatment show development 
of several hypodense metastatic lesions in the right and left hepatic 
lobes, compatible with metastatic lesions (arrows in a, b). The 

patient was subsequently started on pembrolizumab. Follow-up CT 
images 2 months later demonstrate stable-to-improved metastatic dis-
ease (arrows in c, d). Repeat imaging after 3 months show progres-
sion of disease with significantly increased size of a hypodense meta-
static lesion in the left hepatic lobe (arrows in e, f)
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findings of gemcitabine pulmonary toxicity can include 
diffuse ground-glass or solid opacities with thickened 
septal lines [16]. Diffuse ground-glass opacities in a basi-
lar and perihilar predominant distribution are commonly 

seen in acute forms of gemcitabine-associated pneumo-
nitis (Fig. 3). The distribution of these findings tends to 
be bilateral and diffuse with either a symmetric or asym-
metric pattern. Interstitial infiltrates can be seen, as well 

Table 2   Mechanisms of action and common imaging-detectable toxicities of systemic therapies for advanced pancreatic cancer

Drug Mechanism of action Common imaging-detectable toxicities

Gemcitabine Interferences with DNA synthesis by halting chain 
elongation [65]

Pneumonitis/pulmonary fibrosis, venous thrombosis, 
capillary leak syndrome, vasculitis

Nab-paclitaxel Taxane agent; inhibits mitosis by interfering with micro-
tubule depolymerization [66]

Pneumonitis/pulmonary fibrosis, colitis

Fluorouracil Pyrimidine analog; exerts a cytotoxic effect by incorpo-
rating fluoronucleotides into DNA/RNA and inhibiting 
thymidylate synthase [67]

Enteritis, colitis, pneumatosis, neurotoxicity (cerebellar 
vs diffuse)

Nanoliposomal Irinotecan Topoisomerase 1 inhibitor; inhibits DNA replication and 
promotes apoptosis [68]

Steatosis, acute hepatitis, enteritis, colitis

Oxaliplatin Third-generation platinum-based compound; damages 
cells by directly inducing DNA lesions, inhibiting 
DNA/mRNA synthesis [69]

Pneumonitis/pulmonary fibrosis, sinusoidal obstruction 
syndrome (SOS), splenomegaly, pneumatosis

Pembrolizumab Anti-PD-1 antibody, immune checkpoint inhibitor [70, 
71]

Immune-related adverse events (irAEs): colitis, hepatitis, 
pancreatitis, pneumonitis/pulmonary fibrosis

Fig. 3   A 78-year-old male with metastatic pancreatic adenocarci-
noma who was hospitalized for worsening hypoxia and respiratory 
distress after his second cycle of gemcitabine/nab-paclitaxel ther-
apy. Initial axial and coronal CT images while on FOLFIRINOX 
demonstrate an unremarkable appearance of the lung parenchyma 
(a, b). A repeat CT study was obtained 2 months after initiation of 
gemcitabine/nab-paclitaxel when the patient presented with new-

onset respiratory symptoms. These images demonstrate development 
of diffuse bilateral ground-glass opacities and consolidations (c, d), 
concerning for gemcitabine-associated pneumonitis. Follow-up CT 
obtained after 4 days redemonstrates basilar and perihilar predomi-
nant ground-glass opacities with interval worsening in the bilateral 
upper lobes (e, f)
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as alveolar opacities that can present diffusely throughout 
the lungs [17].

Paclitaxel-associated pulmonary toxicity has also been 
reported with an estimated frequency of 1–12% [18]. Tax-
ane-associated pneumonitis typically develops in the first 
3 months of treatment with a range of potential presenta-
tions on chest imaging. Case reports of paclitaxel-associated 
pneumonitis have described imaging findings of bilateral 
ground-glass infiltrates, focal consolidations, extensive or 

focal fibrosis, and bilateral reticular or reticulonodular infil-
trates [19, 20]. Thickened septal lines and focal areas of 
fibrosis are common radiological findings of paclitaxel-asso-
ciated pneumonitis (Fig. 4). Rarer cases of fatal paclitaxel-
induced pulmonary toxicity have also been reported with 
imaging findings of severe interstitial pneumonia with exten-
sive ground-glass opacities and traction bronchiectasis [21].

Oxaliplatin treatment is also linked to the development 
of interstitial pneumonitis that can present rapidly and lead 

Fig. 4   A 66-year-old female with pancreatic cancer status post Whip-
ple procedure and chemoradiation. The patient subsequently devel-
oped lung metastases while on paclitaxel/gemcitabine. Contrast-
enhanced axial CT images show lung metastases in upper lobe (arrow 
in a) and lower lobes (arrow in b) of left lung. Follow-up images 
show interval improvement in tumor burden of left lung along with 

associated pneumonitis changes of focal fibrosis and increasing septal 
thickening (arrows in c, d). Follow-up images also note new sharply 
defined liver lesions showing a rim of enhancement and central areas 
of low density, compatible with treatment-induced liver abscesses 
(arrows in e, d)
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to severe pulmonary fibrosis and fatal respiratory insuffi-
ciency [22]. Reported CT findings in oxaliplatin-induced 
interstitial pneumonitis include bilateral peripherally based 
interstitial infiltrates with ground-glass opacities, areas of 
emphysema, and interlobular septal thickening. Lung biop-
sies in these cases have revealed findings suggestive of 
idiopathic drug-related toxicity, including diffuse alveolar 
damage, inflammatory infiltrates, and diffuse alveolar septal 
thickening [22]. In patients who have pre-existing intersti-
tial lung disease, oxaliplatin can also cause worsening of 
baseline lung disease [23]. CT findings in these patients can 
include worsening ground-glass opacities and extensive 
fibrotic infiltrates. Patients may also develop a pattern of 
usual interstitial pneumonia with sub-pleural honeycombing 
and traction bronchiectasis [23].

Cases of pembrolizumab-induced pneumonitis have also 
been reported. Time to onset of anti-PDL-1-related pneumo-
nitis ranges widely from shortly after initiation of therapy to 
over a year after therapy is started [24]. CT findings include 
bilateral areas of focal consolidation with ground-glass 
opacities, a non-specific interstitial pneumonia (NSIP) pat-
tern with ground-glass infiltrates and sub-pleural reticula-
tions, and numerous confluent consolidations with pleural 
effusions [25]. Biopsy-proven cases of organizing pneumo-
nia have also been reported with CT imaging showing focal 
upper lobe alveolar infiltrates with air bronchograms [26]. 
One study of PD-1 inhibitor-related pneumonitis demon-
strated that cryptogenic organizing pneumonia (COP) is 
consistently the most common radiologic pattern across a 
number of different types of cancers and therapeutic regi-
mens [27]. Less common patterns include NSIP, hypersen-
sitivity pneumonitis, and acute interstitial pneumonia/acute 
respiratory distress syndrome.

Gastrointestinal toxicity

Treatment with paclitaxel has also been linked to the devel-
opment of neutropenic colitis. Abdominal plain film and 
ultrasound findings in these cases include diffuse ileal and 
colonic dilatation, bowel wall thickening, and air-fluid levels 
[28]. Findings of ileus, bowel wall obstruction, pneumop-
eritoneum, and pneumatosis can also occur less frequently. 
On CT imaging, taxane-induced colitis typically presents as 
diffuse or focal colonic wall thickening with pericolic edema 
[29]. In more severe cases, patients can present with imaging 
evidence of severe typhlitis, bowel perforation, and bowel 
necrosis secondary to ischemic colitis.

Chemotherapy-induced pneumatosis intestinalis (PI) 
can also occur in isolation with the absence of any other 
significant abdominal findings. Patients treated with 5-fluo-
rouracil and oxaliplatin, as well as other agents, have been 
reported to develop a benign form of PI that can be managed 
conservatively (Fig. 5) [30]. These patients demonstrate 

benign clinical abdominal exams with no evidence of bowel 
ischemia, obstruction, or other concerning findings on CT 
[31]. It is thus critical for radiologists to be able to distin-
guish between benign uncomplicated PI, which can be man-
aged conservatively, and PI associated with more worrisome 
underlying causes.

The toxic effects of fluorouracil can involve both the 
small and large bowel, including development of enteritis 
and neutropenic colitis [32]. Abdominal plain films tend to 
be of limited utility in the diagnosis of neutropenic enteritis, 
although free air on plain films can be an indicator of bowel 
perforation. Other plain film findings tend to be non-specific, 
including the absence of bowel gas in the right lower quad-
rant, small bowel obstruction, or dilatation of the cecum or 
ascending colon [33]. Additional findings include focal or 
diffuse thumb printing indicative of mucosal edema or pneu-
matosis intestinalis of the cecum or ascending colon [34].

Irinotecan-induced diarrhea can occur in an acute form 
immediately after administration or can present in a delayed 
fashion [32]. Imaging findings are similar to those previ-
ously discussed in other variants of neutropenic enterocol-
itis. For instance, radiologic findings of irinotecan-induced 
enteritis on CT include submucosal edema with mucosal 
and serosal hyperemia, yielding a classic “target sign” [17]. 
Findings of small bowel dilatation, thickening of the bowel 
wall, and air-fluid levels can also be seen. Upper GI series 
typically demonstrate loss of the normal small bowel fold 
pattern in cases of severe enteritis [17].

Pembrolizumab can cause a number of immune-related 
adverse events (irAEs), with gastrointestinal toxicities being 
among the most common [35]. Immune-related colitis can 
present on CT in one of the several patterns, including a 
diffuse pattern, segmental pattern with diverticulosis, or 
isolated recto-sigmoid involvement without diverticulosis 
[36]. Common features among these patterns include dif-
fuse thickening of the colonic wall, hyperenhancement of 
the colonic mucosa, and engorgement of mesenteric vessels.

Hepatic, splenic, and pancreatic toxicity

Hepatic toxicity is among the most common side effects of 
irinotecan, taking the form of irinotecan-associated steato-
sis and steatohepatitis (Fig. 6) [37]. The primary finding 
of hepatic steatosis on CT is decreased attenuation of the 
liver compared to the spleen. Diffuse fatty infiltration and 
focal steatosis can both be seen in patients undergoing iri-
notecan treatment [38]. Focal sparing around the gallbladder 
or hepatic segment 4 can commonly be seen. Steatosis can 
also be detected on ultrasound with findings of increased 
liver echogenicity, with the liver becoming more echogenic 
than the renal cortex [39]. Steatosis may also be detected 
using chemical shift gradient-echo (GRE) imaging to dem-
onstrate increased T1 in-phase GRE signal and loss of T1 
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out of phase GRE signal. In cases of irinotecan-related acute 
hepatitis, CT findings tend to be rather non-specific but can 
include hepatosplenomegaly, decreased liver enhancement, 
gallbladder wall thickening, periportal edema with widening 
of the periportal space, and ascites [38].

Hepatic infections can also develop as a result of treat-
ment with most chemotherapy agents. While pancreatic 
cancer itself can predispose patients to liver abscess for-
mation via causing biliary duct obstruction, treatment with 
anticancer agents exacerbates this risk by causing immu-
nosuppression [40]. While focal liver abscesses can often 
mimic metastatic disease, hepatic abscesses typically pre-
sent as well-defined and spherical hypodense masses with 
rim enhancement (Fig. 4). Differentiating liver abscesses 
from new hepatic metastatic disease is an important task for 
radiologists, as these entities require very different clinical 
management [41].

Sinusoidal obstruction syndrome (SOS), also known 
as hepatic veno-occlusive disease (VOD), is a unique 
form of hepatic toxicity that has been linked to oxaliplatin 
therapy. In this syndrome, patients treated with oxaliplatin 
develop hepatic perisinusoidal microvascular lesions lead-
ing to fibrosis, congestion, and venous occlusion [42]. On 
contrast-enhanced CT studies, chemotherapy-induced SOS 
can present as new diffuse parenchymal heterogeneity of 
the liver, along with new-onset ascites, periportal edema, 
and hepatosplenomegaly (Fig. 7) [43]. Several additional 
CT findings have statistically significant associations with 
SOS, including micronodular or “puddle-like” appearance 
of the liver and the so-called “clover-like” sign (preserva-
tion of normal liver enhancement near hepatic veins in a 
heterogenous liver) [44]. Of note, there have also been case 
reports of SOS mimicking metastatic disease by presenting 
as focal liver lesions [45]. This is an important mimic that 

Fig. 5   A 73-year-old male with malignant neoplasm of the pancreas. 
Baseline contrast-enhanced axial CT image shows a heterogeneous 
mass in the uncinate process of the pancreas (arrow in a). Follow-
up contrast-enhanced axial CT image after initiation of fluorouracil/
oxaliplatin shows interval decrease in size of the pancreatic mass 
(arrow in b). CT images also demonstrate incidental findings of new 

pneumatosis involving the terminal ileum extending up to the cecum 
(arrows in c, d, e), without evidence of mesentery venous gas, free 
fluid in the pelvis, or bowel obstruction. The patient was managed 
conservatively with eventual resolution of his uncomplicated pneu-
matosis intestinalis



2191Abdominal Radiology (2019) 44:2182–2195	

1 3

Fig. 6   A 68-year-old female with stage IV pancreatic cancer treated 
with FOLFIRINOX. Pre-treatment contrast-enhanced CT images 
(a, b) show normal liver parenchyma with a focal hypodense lesion 
(arrows) compatible with hepatic metastatic disease. Post-treatment 
images (c, d) demonstrate interval development of diffuse hepatic 

steatosis, a common side effect seen with irinotecan therapy. These 
images also demonstrate response to therapy with interval improve-
ment in the patient’s metastatic liver lesions, although detection 
of focal hepatic lesions is limited secondary to the patient’s diffuse 
hepatic steatosis

Fig. 7   A 76-year-old female with pancreatic adenocarcinoma who 
developed liver toxicity during oxaliplatin therapy. Pre-treatment con-
trast-enhanced axial CT image shows normal liver parenchyma (a). 
Following initiation of oxaliplatin, there is interval development of 
ascites, hepatosplenomegaly, heterogeneous attenuation of the liver, 
and prominent periportal low attenuation (arrow) suggestive of peri-

portal edema and diffuse parenchymal abnormality. The patient was 
subsequently diagnosed with veno-occlusive disease and hepatitis 
related to oxaliplatin therapy (b). Follow-up non-contrast axial CT 
image after cessation of oxaliplatin shows interval resolution of these 
findings with appearance of almost normal liver parenchyma (c)
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radiologists should consider in patients undergoing treat-
ment with oxaliplatin.

Splenomegaly is another common imaging-detectable 
sequela of toxicity from first- and second-line systemic 
therapies for metastatic pancreatic cancer. Oxaliplatin in par-
ticular commonly causes increased splenic size, which has 
been shown to predict hepatic sinusoidal damage induced by 
oxaliplatin (Fig. 8) [46]. Splenomegaly also appears to be a 
predictive marker for the development of other oxaliplatin-
associated toxicities, including peripheral neuropathy [47]. 
Recognizing increasing splenic size on imaging in these 
patients is thus a clinically important factor that aids in the 
diagnosis of various toxicities.

Immune checkpoint inhibitors, including anti-PD-1 inhib-
itors such as pembrolizumab, have also been shown to cause 
immune-related hepatitis and pancreatitis. Immune-related 
hepatitis can present with CT findings of hepatomegaly, 
periportal edema and lymphadenopathy, and diffuse paren-
chymal hypoattenuation [48]. Reported ultrasound findings 
include periportal edema presenting as increased echogenic-
ity of the portal vein wall/periportal space and gallbladder 
wall edema [48]. Although quite rare, pancreatitis can also 
occur in patients undergoing treatment with PD-1 inhibitors. 
Radiologic evidence of pancreatitis on CT and MR includes 
classic findings of pancreatic enlargement, peripancreatic fat 
stranding, and decreased enhancement [36].

Fig. 8   A 64-year-old male with a history of metastatic pancreatic 
cancer who developed fluorouracil-associated acute neurotoxicity 
and oxaliplatin-associated splenomegaly. Axial FLAIR MR images 
obtained several days after initiation of fluorouracil/oxaliplatin dem-
onstrate new white matter changes with symmetrical high signal 
intensity in the periventricular region and deep white matter (arrows 
in a, b). Given the sudden onset of these findings following therapy 
initiation, the patient was diagnosed with fluorouracil-associated 

acute neurotoxicity. Contrast-enhanced coronal CT image of the 
abdomen in the same patient demonstrates an initial splenic length 
of approximately 10 cm (c). Follow-up CT image obtained 3 months 
after initiation of fluorouracil/oxaliplatin demonstrates increased 
spleen size to approximately 12 cm (d). Repeat CT 1 month after dis-
continuation of oxaliplatin demonstrates return of splenic size to the 
baseline length of 10 cm (e)
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Neurotoxicity

Acute fluorouracil-induced neurologic toxicity is a well-
documented entity that can take the form of either cerebel-
lar toxicity or diffuse encephalopathy [49]. Fluorouracil-
induced acute cerebellar syndrome has been described in 
patients presenting with classic cerebellar symptoms of 
ataxia, nystagmus, and dysarthria [50, 51]. In most instances, 
these symptoms present weeks to months after therapy ini-
tiation and will completely resolve with discontinuation of 
fluorouracil therapy. Fluorouracil-induced acute cerebellar 
syndrome remains largely a clinical diagnosis, as workup 
with imaging (including CT and MRI) and CSF analysis is 
typically unrevealing [52].

Acute neurotoxicity manifesting as diffuse encephalopa-
thy has also been reported in patients undergoing treatment 
with fluorouracil, usually presenting within the first week 
of treatment initiation [53]. Classic MR imaging findings of 
5-FU encephalopathy involve primarily the deep white mat-
ter and corpus callosum. Cases of 5-FU-induced leukoen-
cephalopathy have demonstrated imaging findings of sym-
metrical high signal intensity on T2W images and DWI in 
the deep white matter of the cerebral hemispheres, including 
symmetrically increased signal intensity in the corpus cal-
losum [54]. FLAIR images typically also demonstrate high 
signal intensity in these regions (Fig. 8) [55]. Other cases of 
5-FU encephalopathy have reported findings of high signal 
intensity on T2 and diffusion-weighted images in the bilat-
eral basal ganglia and thalami [56]. CT is less sensitive for 
detection of white matter abnormalities but can demonstrate 
symmetrical hypoattenuation in the periventricular region.

Delayed neurotoxicity can also occur with fluorouracil 
administration and usually presents as a subacute multifo-
cal leukoencephalopathy. Cases of delayed neurotoxicity 
have been reported within several months after initiation 
of fluorouracil and levamisole. Reported MRI findings in 
these cases have included the development of multiple small 
enhancing white matter lesions bilaterally throughout the 
cerebral hemispheres and brain stem [57]. In other cases, CT 
and MRI evaluation of the brain have revealed no abnormali-
ties [58]. This form of delayed neurotoxicity is postulated to 
be immune mediated and typically responds to corticosteroid 
treatment [59].

Vascular toxicity

In terms of vascular complications, gemcitabine carries a 
particularly high risk of venous thrombosis [60]. There have 
also been numerous cases reported of capillary leak syn-
drome associated with gemcitabine, which classically pre-
sents as diffuse interstitial pulmonary edema on imaging. 
Patients developing capillary leak syndrome while on gem-
citabine can present with lung infiltrates, lower extremity 

edema, and dyspnea. Severe cases can present with diffuse 
interstitial lung disease with respiratory distress syndrome 
[61].

Small-vessel and large-vessel vasculitis have been docu-
mented in patients receiving gemcitabine treatment [62]. 
Common CT findings of vasculitis include vessel wall thick-
ening with increased contrast enhancement of vascular walls 
[63]. While angiography is often negative in cases of vas-
culitis, occlusions, and smooth long areas of stenoses can 
occur in later stages of severe vasculitis. Findings on ultra-
sound often include the classic “halo sign” consisting of a 
circumferential hypoechoic thickened wall of an artery [64].

Conclusion

The landscape of treatment for metastatic pancreatic can-
cer has substantially evolved in the past decade, and with 
it, so has knowledge of radiological assessment of disease 
and treatment responses. Despite the low survival rates tra-
ditionally seen in patients with pancreatic cancer in prior 
years, there is an ongoing effort in the medical community 
to develop novel first- and second-line therapeutics to treat 
advanced stages of this disease. Recent clinical trial data 
from the past several years have led to the development of 
new second-line therapy regimens which provide options 
for patients with metastatic disease who have failed initial 
first-line treatment. For radiologists tasked with interpret-
ing imaging from these often-complex oncology patients, 
it is critical to have an understanding of the clinically rel-
evant features of these systemic therapies. Knowledge of the 
specific toxicity profiles of these modern anticancer agents 
has become increasingly important, as many of these poten-
tially harmful side effects have identifiable imaging findings. 
Imaging-based evaluation of response patterns and toxicities 
is an essential component of the modern approach to manag-
ing patients with metastatic pancreatic cancer.
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