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Abstract
The recent genomic characterization of urothelial carcinoma by the Cancer Genome Atlas Project, made possible by the intro-
duction of high throughput, reduced cost, and sequence analysis, has shed new insights on the biology of advanced disease. 
In addition, studies on imaging of advanced urothelial carcinoma have widened the knowledge on disease presentation and 
on pattern of metastatic spread and their correlation with the underlying biology of urothelial carcinoma. The wide range 
of treatments for advanced urothelial cancer, including combined chemotherapy regimens and immune checkpoint inhibi-
tors, each result in treatment class-specific patterns of response and adverse events. Results of studies point to the need for a 
reliable biomarker, perhaps with imaging, that predicts prognosis and treatment response to systemic treatment, and can be 
used to select the most effective treatment while minimizing toxicity. This review of advanced urothelial cancer introduces 
the latest advances in genetic profiling, the current role of imaging, the radiographic appearance of treatment response and 
their toxicities, and details potential future areas of imaging research.

Keywords  Urothelial carcinoma · Transitional cell · Urinary bladder neoplasms · Computed tomography · X-ray · 
Programmed cell death-1 receptor · Neoplasm · Metastasis

Introduction

Urothelial carcinoma (UCa) can be divided into bladder can-
cer, consisting of 90–95% of UCa, and upper tract urothelial 
carcinoma (UTUCa), which comprise the remaining 5–10% 
[1, 2]. UCa is considered ‘advanced’ when it has spread to 
lymph nodes or to distant organs, such as the lungs, bones or 
liver. The American Cancer Society estimates that in 2019, 
there will be 17,670 deaths from 80,470 new cases of UCa, 
making this cancer the sixth most common cause of cancer 
deaths [3]. Although advanced UCa is a fatal disease, recent 
genomic characterization by The Cancer Genome Atlas 

(TCGA) Project has shed new light on the tumor biology 
of advanced UCa, with new mutations and new targetable 
cell survival pathways identified [4, 5]. Recent studies on 
imaging presentation of disease and on pattern of metastatic 
spread have elucidated the correlation with the underlying 
biology of UCa [6]. Therapeutic options have evolved from 
a better understanding of the genetics of UC. Although con-
ventional chemotherapeutic agents are still commonly used 
as initial treatment of UCa, five immune checkpoint inhibi-
tors have been approved by the Food and Drug Administra-
tion (FDA) for treatment of unresectable locally advanced 
or metastatic disease in the past 2 years [7].

The role of imaging has also evolved from staging and 
detection of advanced disease to treatment response assess-
ment as well as the identification of adverse events due to the 
treatment [8]. Thus, knowing the available specific treatment 
options, how to use imaging to assess response and recogniz-
ing drug-associated adverse events is crucial to the radiolo-
gist and other physicians who care for patients with UCa. 
This review of advanced UCa after introducing the latest 
developments in genetic profiling, will focus on the current 
role of imaging, the radiographic appearance of treatment 

 *	 Francesco Alessandrino 
	 falessandrino@bwh.harvard.edu

1	 Department of Imaging, Dana Farber Cancer Institute, 
Harvard Medical School, 450 Brookline Avenue, Boston, 
MA 02215, USA

2	 Department of Radiology, Brigham and Women’s Hospital, 
Harvard Medical School, 75 Francis Street, Boston, 
MA 02115, USA

3	 Lank Center for Genitourinary Oncology, Dana Farber 
Cancer Institute, Harvard Medical School, 450 Brookline 
Avenue, Boston, MA 02215, USA

http://orcid.org/0000-0002-1681-1284
http://crossmark.crossref.org/dialog/?doi=10.1007/s00261-019-02148-3&domain=pdf


3859Abdominal Radiology (2019) 44:3858–3873	

1 3

response and their toxicities, and will detail potential future 
areas of imaging research.

Genetic profile of urothelial cancer

Bladder cancer and UTUCa each have different genomic 
expressions [9, 10]. Bladder cancer develops via two dis-
tinct cancer cell growth pathways, giving rise to papillary 
non-muscle-invasive tumors (NMIBC) and non-papillary 
muscle-invasive tumors (MIBC), each characterized by dif-
ferent pathophysiology and different underlying genomic 
alterations (Fig. 1) [5, 11, 12].

NMIBC tumors arise from hyperplastic or minimally 
dysplastic urothelium, are characterized by loss of het-
erozygosity at chromosome 9, by activating mutations of 
FGFR3, TERT, PI3KCA and by inactivating mutation in 
STAG2, all of which promote cell proliferation, division and 
growth. MIBC arise from severe dysplastic urothelium or 
from carcinoma in situ. Unlike NMIBC, these tumors show 
TP53 mutations, and fewer FGFR3 mutations. NMIBCs 
might progress to MIBC, due to loss of the tumor suppres-
sor CDKN2A [11].

Most advanced UCa arises from MIBC now thought to 
be one of the cancers with highest mutation frequency [5, 
11, 13]. Mutational load, defined the amount of mutations 
present in a cancer, is often related to mutations in genes 
coding for the apolipoprotein B mRNA editing catalytic 
polypeptide-like (APOBEC) family of enzymes in bladder 

cancer: in the TCGA study, MIBC with APOBEC-related 
high mutational load was associated with increased overall 
survival and were correlated with immunogenic response of 
the tumor, suggesting the role of mutational load as a poten-
tial biomarker of response to immune checkpoint inhibitors 
[5, 12, 14, 15].

Per TCGA, five subtypes of MIBC have been identified 
based on RNA expression, which correlate with outcomes 
and might guide treatment: basal-squamous, luminal-infil-
trated, luminal and luminal-papillary and neuronal, with 
different genetic make-up with potential implications for 
treatment selection (Table 1) [5, 16–18].

Basal-squamous subtype shows frequent mutations in 
TP53, high immune infiltrations, elevated Programmed 
Death Ligand-1 (PD-L1), as well as high epithelial growth 
factor receptor (EGFR) expression [5, 16, 19]. The basal 
subtype may be particularly sensitive to cisplatin-based 
chemotherapy as well as PD1/PD-L1 inhibitors [5, 20]. The 
luminal-infiltrated subtype is enriched in FGFR3 activat-
ing mutation as well as PTEN, RB1, and TP53 mutations 
[12, 16]. This subtype shows high lymphocytic infiltration 
and good response to PD-1/PD-L1 inhibitors [5, 16, 21, 22]. 
Luminal-papillary subtype shows overexpression of FGFR3, 
making this subtype a target for anti-FGFR3 tyrosine kinase 
inhibitors [12, 23]. The luminal subtype shows high expres-
sion of uroplakins (UPK1A, UPK2) and Human Epidermal 
Growth Factor Receptor 2 (HER-2) alterations, with possible 
role of HER-2-targeting drugs and good response to neoad-
juvant chemotherapy in MIBC [24, 25]. Neuronal subtype, 

Fig. 1   Urothelial cancer 
pathogenesis pathways. Non-
muscular invasive bladder 
cancer (NMIBC) pathway is 
shown in turquoise, muscular 
invasive bladder cancer (MIBC) 
pathway is shown in yellow. 
Solid arrows indicate path-
ways with histopathological 
or molecular evidence; dashed 
arrows indicate uncertainty. 
LOH loss of heterozygosity, CIS 
carcinoma in situ. (Reproduced 
with permission from Sanli 
O. et al., Nat Rev Dis Primers 
2017; Springer nature)
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the least common, shows features similar to neuroendocrine 
tumors and mutations in WNT/b-catenin signaling pathway, 
and recent data indicate exquisite sensitivity to PD1/PD-L1 
inhibitors in this rarer subset [5, 26, 27]. Gene expression 
signatures consistent with epithelial-mesenchymal transition 
(EMT) and transforming growth factor β (TGFβ) signaling 
also appear to be associated with poor response to PD1/
PD-L1 inhibitors [28, 29].

Advanced UTUCa have a distinct mutation profile and 
are characterized by frequent mutations in FGFR3, KMT2D, 
PIK3CA, and TP53 [30].

Role of imaging

Imaging is crucial for the management of patients with UCa 
[31]. The goals of staging are to determine the clinical TNM 
stage—for bladder cancer, detail the extent of involvement 
of the bladder, for UTUCa, detail the involvement of the 
renal pelvis, ureter, and the extension peripelvic fat or renal 
parenchyma and to assess for both the regional adenopathy 
and metastatic disease. Staging typically includes CT of the 
chest, and CT or MRI of the abdomen and pelvis. Proto-
cols that results in CT urography (CTU) or MR urography 
(MRU) help identify synchronous tumors of the upper tract, 
which occurs in up to 4% patients with bladder cancer and 
30% of patients with UTUCa [31, 32]. With respect to blad-
der wall involvement, MRI is preferred as it can be used to 
image muscle wall layers, whereas for ureter or intrarenal 
collecting system involvement, CTU is preferred; MRU can 
be used if CTU is contra-indicated (Fig. 2) [32–34].

In patients with advanced UCa undergoing systemic ther-
apy, CT of the chest and CT or MRI of the abdomen and 
pelvis (preferably with CTU or MRU) are typically obtained 
at 3- to 6-month intervals for 2 years, and annually for the 
subsequent 5 years to both assess treatment response and 
identify metachronous tumors [31, 35]. Bone scintigraphy 

may be helpful in patients with bone pain, elevated alkaline 
phosphatase, or new fractures [31]. MRI of the brain can be 
performed for neurologic symptoms [31, 36, 37]. Although 
CT and MRI are the preferred staging modalities, 18-FDG 
PET/CT may be useful also [31, 37]. In addition, 18-FDG 
PET/CT has high diagnostic accuracy in identifying recur-
rent UCa and positively impacts management of patients 
with suspected recurrent UCa [38, 39].

Imaging patterns of advanced urothelial cancer

Metastatic UCa most commonly involves lymph nodes, 
bones, and lungs followed by the liver (Figs. 3, 4). Less com-
mon sites of metastatic disease include pleura, soft tissue, 
adrenal glands, brain, and bowel (Fig. 3) [35, 36, 40–42]. 
On cross-sectional imaging, metastatic adenopathy presents 
with enlarged, bulky pelvic and retroperitoneal nodes, fol-
lowed by intrathoracic, and less commonly, enlarged cervi-
cal nodes [35, 40]. A SUV > 2 and SUV > 4 have shown 
to have, respectively, high sensitivity (95%) and specificity 
(84.5%) for identifying metastatic adenopathy on FDG PET/
CT [43].

Osseous metastases can be lytic, sclerotic or mixed, and 
rarely spinal cord compression due to epidural soft tis-
sues or vertebral compression fracture [35, 40, 42]. Lung 
metastases present most commonly in the form of multiple 
lung nodules, and less commonly with lung consolidations 
or lymphangitic carcinomatosis, with nodular or irregular 
interlobular septal thickening [35, 40, 42]. Liver metastatic 
disease present with multiple hypodense on CT in the major-
ity of cases [35, 40, 42]. In 10% of cases, hepatic metastatic 
disease can present as single hypoattenuating lesion [35]. 
Metastatic peritoneal disease takes the form of peritoneal 
nodules, thickening of the peritoneal folds, peritoneal strand-
ing, serosal metastasis, and ascites. Bowel obstruction due 
to extensive serosal disease has been reported [35, 40, 42].

Table 1   Molecular subtypes of bladder cancer according to The Cancer Genome Atlas, associated genetic characteristics, actionable targets, and 
clinical features [TCGA]

EGFR epithelial growth factor receptors, EMT epithelial-to-mesenchymal transition, FGFR3 fibroblast growth factor receptor 3, PD-1/PD-L1 
programmed death/programmed death ligand-1, HER-2 human epidermal growth factor receptor 2, CTLA-4 cytotoxic T-lymphocyte-associated 
protein 4

Subtype Genetic characteristics Actionable targets Clinical features Frequency (%)

Basal-squamous Frequent P53 mutations EGFR
PD-L1 and CTLA-4

More common in women
Good response to PD-1/PD-L1 and EGFR inhibi-

tors

35

Neuronal Loss of TP53 and RB1 WNT/b-catenin Similarities with neuroendocrine tumors
Poor survival

5

Luminal-infiltrated High EMT expression PD-L1 and CTLA-4 Good response to PD-1/PD-L1 inhibitors 19
Luminal High UPK1A, UPK2 expression HER-2 Good response to neoadjuvant chemotherapy 6
Luminal-papillary High FGFR3 expression FGFR3 Tumors enriched in papillary features 35
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In patients with bladder cancer and atypical histologic vari-
ants (e.g., tumors with squamous, glandular, micropapillary, 
plasmacytoid or sarcomatoid differentiation and poorly dif-
ferentiated tumors), the disease may involve the peritoneum 
more commonly than in patients with ‘pure’ UCa (Fig. 4) [6, 
40, 41]. In addition, patients with atypical histologic variants 
have a significantly shorter median metastasis-free interval in 
patients with ‘pure’ transitional cell carcinoma [6]. Regarding 
UTUCa, the pattern of metastatic spread is similar among the 
various histologic variants [42].

Systemic treatments for advanced urothelial 
cancer

Treatment selection in patients with advanced disease is 
based on cisplatin eligibility. Patients are treated with a 
cisplatin-based regimen unless there is renal insufficiency 

(creatinine clearance < 60 mL/min), poor Eastern Coopera-
tive Oncology Group (ECOG) performance status (≥ 2), pre-
existing peripheral neuropathy, hearing loss, or heart failure 
[44]. Table 2 summarizes the initial, termed first-line treat-
ment regimens, and the subsequent treatment regimens for 
advanced UC.

Cisplatin-based combination chemotherapy remains the 
preferred first-line therapy for cisplatin-eligible patients and 
yields a median survival of 12 to 15 months. Approximately 
50% of patients are cisplatin-ineligible and may be candidates 
for carboplatin-based chemotherapy, which is associated with 
suboptimal median survival of 8 to 9 months. Programmed 
death (PD)-ligand (L)-1 inhibitors—atezolizumab (Tecentriq, 
Genentech Oncology/Roche, San Francisco, CA), avelumab 
(Bavencio, EMD Serono, Inc. EMD Serono, Inc. and Pfizer 
Inc., Rockland, MA), and durvalumab (Imfinzi, Astrazeneca 
Pharmaceuticals LP, Wilmington, DE), —and PD-1 inhibi-
tors—nivolumab (Opdivo, Bristol-Myers Squibb Company 

Fig. 2   89-year-old man with bladder cancer. Axial and coronal a, b 
T2-weighted image shows T2 hypointense thickening of the blad-
der wall and minimal stranding of the left paravescical fat (arrows). 

c Axial post-contrast T1-weighted image with fat saturation confirms 
left lateral muscle wall invasion of the bladder, representing locally 
advanced disease, possibly T3
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Princeton, NJ) and pembrolizumab (Keytruda, Merck Sharp 
and Dohme Corp,/Merck, Whitehouse Station, NJ)—are 
approved for patients relapsing after platinum-based first-line 
therapy [45–50]. Atezolizumab and pembrolizumab are also 
approved as first-line therapy for cisplatin-ineligible advanced 
UCa with high tumor PD-L1 expression or platinum-ineligible 
patients regardless of PD-L1 expression [49, 51]. Despite dura-
ble responses in approximately 20% of post-platinum patients 
receiving PD1/PD-L1 inhibitor therapy, the median overall 
survival is 9 to 10 months [45–48, 50]. PD-1 and PD-L1 
inhibitors are being combined with platinum-based combina-
tion chemotherapy and cytotoxic T-lymphocyte-associated 
(CTLA)-4 inhibiting immune modulators as first-line therapy 
in ongoing randomized phase III trials. Emerging agents in 
this space appear to provide incremental benefits including 
antibody drug conjugates (enfortumab vedotin, sacituzumab 
govitecan) and FGFR inhibitors (erdafitinib, rogaratinib) 
[52–54].

Drugs used to treat advanced urothelial cancer 
and their mechanism of action

Conventional chemotherapy

Various conventional chemotherapy agents are currently 
available for treatment of advanced UC, each with a differ-
ent mechanism of action. These drugs can be classified as 
platinum-based antineoplastic agents (cisplatin and carbo-
platin), cytidine analogues (gemcitabine), antifolate agents 
(methotrexate and pemetrexed), vinca alkaloids (vinblas-
tine), anthracyclines (doxorubicin), and nitrogen mustards 
(Ifosfamide) [5].

Platinum-based compounds bind to DNA and interfere 
with repair mechanisms causing DNA damage, subsequently 
inducing apoptosis [55, 56]. Folic acid analogs inhibit purine 
and pyrimidine DNA synthesis, ultimately inducing cell death 
[57, 58]. Vinca alkaloids, organic compounds derived from the 

Fig. 3   77-year-old man with metastatic spread from urothelial carci-
noma, arising from the right renal pelvis. a Axial post-contrast CT 
images show the primary renal pelvis mass with metastatic retrop-
eritoneal lymph nodes (dashed arrow). b Coronal post-contrast CT 

image showing the primary right renal pelvis mass and the associated 
metastatic disease, with left adrenal lesion (arrowhead), liver lesions 
(curved arrow), and right pubic ramus lytic bone lesion (arrows)
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Madagascar periwinkle plant, bind to tubulin, a component 
of the microtubules forming the mitotic spindle apparatus, 
directly causing cell cycle arrest during metaphase and sub-
sequent cell death [59]. Anthracyclines disrupt DNA repair 
mechanisms and damage cells through the generation of free 
radicals [60]. Nitrogen mustard metabolizes into a variety of 
active and potentially toxic metabolite which cause cell death 
through DNA alkylation and damage [61].

Programmed death‑1/programmed death 1‑ligand 
inhibitors

PD-1 and PD-L1 inhibitors encompass a group of immune 
checkpoint inhibitors whose activity is based on the 

inhibition of the PD-1, a receptor expressed on T cells, 
or its ligand, PD-L1, which is expressed on both tumor 
and immune cells. Together, PD-1 and PD-L1 suppress 
the activation of T cells, when these are activated by its 
circulating ligands in the context of infection or tumor [62, 
63]. When PD-1 receptors are blocked, T cells initiate an 
inflammatory response against the tumor [64]. Thus far, 
three PD-L1 inhibitors—atezolizumab, durvalumab, and 
avelumab—and two PD-1 inhibitors—nivolumab and pem-
brolizumab—have received FDA approval for the treat-
ment of advanced UC.

Fig. 4   67-year-old man with bladder urothelial carcinoma with sarco-
matoid differentiation. a, b Axial post-contrast CT images showing 
multiple abdominal and pelvic metastatic deposits post-radical cys-

tectomy. c Coronal T1-weighted post-contrast brain MRI demonstrate 
meningeal thickening and enhancement (arrowhead), representing 
meningeal metastatic disease
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Imaging assessment of advanced urothelial cancer 
treatment response

Conventional chemotherapy

Response assessment to conventional chemotherapy is based 
on size assessment of metastatic lesions (Table 3). Response to 
treatment is suggested where there is a decrease in lesion size; 
association of tumor shrinkage and survival has been demon-
strated [65]. Currently, the Response Evaluation Criteria in 
Solid Tumors (RECIST 1,1) is the most widely used method to 
assess tumor response in solid malignancies treated with sys-
temic therapies (Table 3) [66]. This method considers lesions 
measurable or non-measurable and uses unidimensional meas-
urements to define response to treatment [66]. Although still 
widely used, RECIST 1.1 unidimensional tumor measure-
ments vary between observers, and do not address the het-
erogeneity of response between metastatic lesions, which can 
occur when some lesions are responding to treatment while 
other are increasing in size [67]. To overcome this limitation, 
the use of tumor volume measurements to quantify entire 
tumor burden has been proposed as a marker for treatment 
benefit and prolonged survival [68]. 

Programmed death‑1/programmed death 1‑ligand 
inhibitors

Immune checkpoint inhibitors are associated with four spe-
cific patterns of treatment response: no new lesions and 

decrease in size of baseline lesion by 12 weeks; slow steady 
decline in tumor burden after initial stability of the meta-
static lesions; initial increase in metastatic lesion size fol-
lowed by decrease in tumor burden more than 12 weeks after 
the start of treatment; development of new metastatic lesions 
followed by decrease in tumor burden more than 12 weeks 
after the start of treatment [69]. Although an increase in 
lesion size ≥ 20%, termed “classical pseudoprogression” is 
rare in bladder cancer, other atypical responses, including 
an increase in less than 20% of the lesion size or the appear-
ance of new lesions, are more common, occurring in 20% of 
patients with clinical benefit from immune checkpoint inhib-
itors (Fig. 5) [70]. Thus, awareness of the response pattern is 
crucial to avoid diagnosing disease progression when in fact 
the changes are due to pseudoprogression, in order to cor-
rectly identify patients which will have clinical benefit from 
immune checkpoint inhibitors. Specific immune-related 
response criteria that account for the different patterns of 
response compared to conventional chemotherapy have been 
developed to evaluate tumor response in patients treated with 
immune checkpoint inhibitors (Table 3) [68, 71, 72].

Imaging findings due to adverse events 
of treatment

Conventional chemotherapy

Conventional chemotherapy drugs are often the first agents 
used in advanced UCa and can be toxic; when used in 

Table 2   First-line and subsequent systemic therapy for advanced urothelial carcinoma

DDMVAC dose dense methotrexate, vinblastine, doxorubicin, and cisplatin
a Treatment of locally advanced or metastatic UCa not eligible for cisplatin-containing therapy, and whose tumors express PD-L1 (PD-L1 stained 
tumor-infiltrating immune cells covering ≥ 5%)
b Treatment of locally advanced or metastatic urothelial carcinoma not eligible for cisplatin-containing therapy and whose tumors express PD-L1 
(Combined Positive Score ≥ 10) or in or locally advanced or metastatic UCa not eligible for any platinum-containing chemotherapy regardless of 
PD-L1 status

First-line regimens Subsequent regimens

Cisplatin eligible Gemcitabine and cisplatin
DDMVAC with growth factor support

Pembrolizumab
Atezolizumab
Nivolumab
Avelumab
Durvalumab
Paclitaxel or Docetaxel
Gemcitabine
Pemetrexed
Alternate regimens
 Paclitaxel
 Ifosfamide
 Methotrexate
 Ifosfamide, doxorubicine and gemcitabine
 Gemcitabine and paclitaxel
 Gemcitabine and cisplatin
 DDMVAC

Cisplatin ineligible Gemcitabine and carboplatin
Atezolizumaba

Pembrolizumabb

Alternate regimens
 Gemcitabine
 Gemcitabine and paclitaxel
 Ifosfamide, doxorubicine and Gemcitabine
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combination, adverse events can arise from each agent used 
(Table 4) [73–86].

Cisplatin can cause acute kidney insufficiency in up to 
30% of patients due to proximal tubular injury; renal ultra-
sound is used typically to exclude obstruction as the cause of 
the functional decline [73–76]. Gemcitabine, often used with 
cisplatin, can cause lung toxicity in up to 23% of patients; 
symptoms range from mild dyspnea to severe respiratory 
distress [73]. CT shows diffuse ground-glass changes with 
associated interlobular thickening, interstitial patchy consol-
idations, and diffuse alveolar opacities (Fig. 6) [73, 76]. Both 
cisplatin and gemcitabine are associated with the develop-
ment of arterial thrombosis which can be manifest at CT as 
accelerated atherosclerosis [77].

Programmed death‑1/programmed death 1‑ligand 
inhibitors

Immune-related adverse events (irAEs) commonly 
observed on imaging include pulmonary, gastrointestinal, 

hepatobiliary, endocrine events, and sarcoid-like reactions 
(Table 4) [77–91]. Gastrointestinal irAEs present most com-
monly with diarrhea and can be observed in up to 20% of 
patients [88, 89]. A diffuse form results in colitis, enteritis, 
or enterocolitis [89]. A segmental form results in segmental 
colitis associated with diverticulosis [86]. Diffuse colitis and 
enteritis are characterized by fluid-filled bowel loops, mild 
bowel wall thickening, perivisceral mesenteric hyperemia, 
and mucosal hyperenhancement [88, 89]. Segmental colitis 
associated with diverticulosis is characterized by segmental 
wall thickening with associated pericolonic fat stranding that 
may be indistinguishable from diverticulitis [89].

IrAEs include hepatitis which typically presents with 
mildly enlarged, diffusely hypoattenuating, sometimes 
heterogeneously enhancing liver, periportal and gall-
bladder edema, and periportal lymphadenopathy. IrAEs 
also include pancreatitis, manifested as focal or diffuse 
pancreatic enlargement, decreased pancreatic paren-
chymal enhancement and peripancreatic stranding [89]. 
Pneumonitis can result from PD-1/PD-L1 inhibitors and 

Fig. 5   57-year-old woman with metastatic bladder urothelial car-
cinoma treated with Nivolumab. (a) Axial post-contrast CT before 
starting Nivolumab shows a small left periaortic node which 
increased in size after Nivolumab was started (b) (arrow), suggesting 

the possibility of progression of disease. Patient was clinically stable 
and remained on Nivolumab. A follow-up CT performed after four 
weeks shows decreased size of the node (b), confirming pseudopro-
gression
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Table 4   Drug class, mechanism of actions, and selected toxicities following conventional chemotherapy agents used in advanced urothelial car-
cinoma

Drug Drug class Mechanism of action Selected adverse events, clinical and imaging features 
[References]

Cisplatin
Carboplatina

Platinum Platinum-based DNA damage Hepatotoxicity [70, 75]
 Fat infiltration of the liver
 Cholestasis
Acute pancreatitis [70, 76]
 Parenchymal enlargement
 Peripancreatic fluid collections
 Diffuse FDG-avidity of the pancreas  on PET/CT
Vascular toxicity [74]
 Occur in 9% of patients
 Arterial or venous thrombosis
Nephrotoxicity [70]
 I nability to use iodinated contrast

Gemcitabine Cytidine analogue DNA polymerase inhibition Pulmonary toxicity [70, 73]
 Occur in 23% of patients
 From mild to severe dyspnea and  death
 Diffuse ground-glass opacities
 Interlobular thickening
 Interstitial patchy consolidations
 Diffuse alveolar opacities
Capillary leak syndrome [70]
 Presentation with acute respiratory  distress syndrome
 Diffuse ground-glass opacities
Vascular toxicity [74]
 Arterial or venous thrombosis

Methotrexate
Pemetrexed

Folic acid analog
Antifolate analog

Folic acid metabolism inhibition
Purine and pyrimidine synthesis blockade

Pulmonary toxicity - Methotrexate [70, 77]:
 Commonly < 1 year after starting treatment
 Bilateral interstitial and alveolar opacities
 Pleural effusions
Pulmonary toxicity—pemetrexed [78, 79]:
 Interlobular thickening
 Diffuse ground-glass opacities
 Myelosuppression

Vinblastine Vinca alkaloids Binds to tubulin of microtubules
Cell cycle arrest during metaphase

Large bowel ischemia [80, 81]
 Parietal pneumatosis
 Air in mesenteric and portal venous system
 Bowel wall thickening
 Mesenteric vascular engorgement and haziness
 Bowel loop dilation
 Pneumoperitoneum
 Neutropenia

Doxorubicin Anthracyline drug Disruption of DNA repair mechanisms
Cell damage through free radicals’ generation

Heart failure
 Occur in 15–60% of patients
 Dose dependent
 Screening with echocardiography or  MUGA​
 Myocardial edema, inflammation, fibrosis (cardiac 

MRI) [82]
Ifosfamide Nitrogen mustard DNA alkylation and damage Acute hemorrhagic cystitisb [83]

 Focal or diffuse irregular bladder wall thickening
 Hyperdense layering material (CT)
 Edematous T2 hyperintensity of the wall (MRI)
 Neutropenia



3868	 Abdominal Radiology (2019) 44:3858–3873

1 3

can present with cryptogenic organizing pneumonia, with 
peripheral basilar subpleural ground-glass changes and 
interlobular septal thickening mimicking non-specific 
interstitial pneumonia (NSIP) (Fig. 7) [87]. Other less 
commonly observed irAEs include thyroiditis, adrenalitis, 
and hypophysitis [90]. In patients with new or enlarging 
thoracic or abdominal lymph nodes who recently started 
treatment with PD-1/PD-L1 inhibitors, the possibility 
of sarcoid-like reactions should be considered. In these 
patients, any change in treatment is best deferred until a 
follow-up study reveals that the nodes are smaller (indi-
cating the drug reaction) or larger, indicating disease pro-
gression [91].

Future directions

Since there is currently no reliable predictor of treatment 
response, patients with advanced UCa may receive no 
benefit from a particular treatment regimen while incur-
ring the often high costs of the drugs and suffering from 
their toxicities. A reliable biomarker of treatment response 
would help select which of the widely variable treatments 
are best, and allow different treatments to be selected in 
patients who are not responding [92].

Multiple molecular biomarkers are currently under 
investigation, including DNA mutation damage repair 

NSIP non-specific interstitial pneumonia, SCAD segmental colitis associated with diverticulosis
a Carboplatin has milder nephrotoxic and gastrointestinal side effect [71, 72]
b To reduce incidence and severity is administered with mesna

Table 4   (continued)

Drug Drug class Mechanism of action Selected adverse events, clinical and imaging features 
[References]

Pembrolizumab
Nivolumab
Atezolizumab
Avelumab
Durvalumab

Programmed Cell 
Death 1 inhibitors

Programmed Cell 
Death ligand 1 
inhibitors

Pneumonitis [84]
 Dryptogenic organizing pneumonia
 Peripheral basilar subpleural ground-glass changes
 Interlobular septal thickening mimicking NSIP
Enterocolitis [85, 86]
 In up to 20% of patients
 Diffuse form
 Fluid-filled bowel loops
 Mild bowel wall thickening
 Perivisceral mesenteric hyperemia
 Mucosal hyperenhancement
 SCAD
 Segmental wall thickening with associated fat strand-

ing
Hepatitis [85, 86]
 Mild hepatomegaly
 Periportal and gallbladder edema
 Periportal lymphadenopathy
 Diffusely hypoattenuating liver parenchyma
 Heterogeneous parenchymal enhancement
Pancreatitis [87]
 Parenchymal enlargement
 Peripancreatic fluid collections
 Diffuse FDG-avidity of the pancreas on PET/CT
 Thyroiditis [87]
 Increased size of the thyroid in acute phase
 May lead to hypotrophy of the thyroid and hypothy-

roidism
Adrenalitis [86, 87]
 Mild bilateral increase in size of adrenal glands
 Diffuse mild FDG-avidity of adrenal glands
 May lead to adrenal atrophy
Sarcoid-like reaction [88]
 New or enlarging abdominal lymph nodes occurring 

early after starting treatment
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pathways, receptor tyrosine kinases, gene expression 
markers, regulators of apoptosis, cellular mechanisms of 
drug uptake and transport, high tumor mutational bur-
den, specific gene expression profiles (basal or luminal-
infiltrated subtype and IFN-Ƴ gene expression signature), 
and high levels of cytotoxic T lymphocytes infiltrating the 
tumor as well as PD-1/PD-L1 expression [92, 93].

Imaging‑based biomarkers

In addition to genomic and cellular biomarkers, imaging-
based non-invasive biomarkers show promise [94, 95]. 
Texture analysis is an imaging processing algorithm that 
allows quantification of underlying tumor heterogeneity 
by analyzing spatial distribution of heterogeneity in an 
image, typically at CT or MRI [96, 97]. Various reports 
have demonstrated the potential value of texture analysis 
as an imaging biomarker that may predict response to vari-
ous treatment regimens in different cancer subtypes [98]. In 
advanced UCa, most studies focused on predicting response 
to systemic treatment [94, 95, 97]. In a study by Cha et al., 

multiple CT texture-based features helped predict the 
response of bladder cancer to systemic chemotherapy [94]. 
In another study of patients with advanced UCa treated with 
PD-1/PD-L1 inhibitors, CT texture analysis predicted pro-
gression within 1 year with high accuracy on first follow-up 
CT scan acquired at 2 months after initiating treatment [95].

Imaging-based radiomic models are currently under 
investigation, including models to predict nodal status in 
treatment naïve bladder cancer or to predict recurrence of 
bladder cancer after treatment [99, 100].

Conclusion

A number of novel therapies have become available for 
patients with advanced UCa, and improved understand-
ing of mutational make-up of UCa would likely further 
impact treatment selection for these patients. Knowledge 
of the genomic landscape of UC, the patterns of spread of 
advanced UC, different systemic therapies available, and 
their patterns of treatment response and adverse events all 

Fig. 6   Axial CT images of the chest in two different patients with 
Gemcitabine-associated pulmonary toxicity. a, b Axial CT of the 
chest shows bilateral patchy ground-glass opacities (arrows), inter-
lobular thickening (curved arrow) and small left pleural effusions 

(arrowhead). c, d Axial CT of the chest on different patient shows 
diffuse bilateral ground-glass opacities and patchy consolidations 
(dashed arrows) in the right lung
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help in understanding how imaging is best used to care for 
patients with advanced UC.
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