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Chapter 21
The Role of Imaging in Tumor Staging 
and Response Assessment: Envisaging 
an Application for the Next-Generation 
Trials
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 Introduction

Bladder cancer (BC) represents 4.6% of total cancer diagnoses and is more frequent 
in males [1]. The great majority of BC are urothelial cell carcinomas (UCC), and 
based on histopathology, they are defined as muscle-invasive (MIBC) and non- 
muscle invasive BC (NMIBC) [2]. Identification of the disease is usually made by 
cystoscopy after the insurgence of hematuria and/or dysuria [3]. Diagnosis is surgi-
cal with trans-ureteral resection of bladder cancer (TURBT), which is generally 
used as a definitive treatment in the NMIBC and for diagnosis in the MIBC [4]. A 
correct staging of the BC, based on the evaluation of the primitive lesion and lymph 
nodes involvement, is essential for prognosis and therapy. For many years, chemo-
therapy has been the only choice of treatment, but in recent years with the introduc-
tion of immunotherapy, a new criteria of response assessments have been developed. 
Imaging plays an important role in assessing the extent of BC for which ultrasonog-
raphy (US), computed tomography (CT), magnetic resonance imaging (MRI), and 
positron emission tomography/computed tomography (PET/CT) are used [5].
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 Ultrasonography

Ultrasonography (US) is a noninvasive, first-level diagnostic method used as a 
screening test in the presence of hematuria. It is performed with a curvilinear probe 
(2–5 MHz) in a patient with a well-distended bladder. By using a high-frequency 
probe, US can differentiate three out of four layers of the bladder wall (the musco-
laris propria appears as an hypoechoic line between the superficial serous layer and 
the hyperechoic mucous and submucous layers) [6, 7]. Urothelial bladder carci-
noma appears echographically as an irregular focal or diffuse thickening of the 
bladder wall or as a plaque of the wall [8]. It may appear hypoechoic, isoechoic, or 
hyperechoic depending on the presence of fibrosis, calcification, and hemorrhage. 
To stage the BC, it is necessary to assess the degree of infiltration of the bladder wall 
and invasion of the muscolaris layer is suggested by the disappearance of the 
hypoechoic intermediate layer. Although some studies report an 80% accuracy of 
US to detect BC [9], there is only limited experience to support the use of US for the 
staging of BC. In fact it plays only a limited role in the diagnosis of bladder tumor, 
in particular in the identification of small-size carcinomas. The use of contrast 
medium, however, improves the diagnostic accuracy of this technique; it is reported 
that accuracy of Contrast Enhanced Ultrasound (CEUS) to detect BC is 90.9%. [10, 
11]Despite this evidence, US is operator dependent and the ability to identify the 
lesion is affected by the presence of adjacent organs and compliance of the patient.

 Computed Tomography

CT scan is a second-level technique, which requires ionizing radiation. It is useful 
in the pre-operative staging of the tumor, in the evaluation of the response to neoad-
juvant treatment, and in the follow-up after radical cystectomy. According to the 
latest guidelines of the National Comprehensive Cancer Network (NCCN), the 
presence of a solid tumor of high grade or potentially invasive solid tumor necessi-
tates either a CT or an MR for the staging of the local lesion before TURBT [12]. 
CT plays an important role in evaluating macroscopical cancers invasive of the adi-
pose tissue or the adjacent organs (T3b; 83.3% accuracy and 100% precision); how-
ever, the thickening of the adipose tissue may sometimes be related to the 
inflammatory reaction or post-bioptic desmoplastic reaction, thus causing false- 
positive results, such as loss of the clivage planes, which is not always a sign of 
infiltration of the adjacent organs [6, 13]. In such a case by the use of multiplanar 
reconstruction, it is possible to detect an involvement of the adjacent organs. 
Furthermore, CT does not permit the detection of infiltration of the muscolaris 
mucosa, even though it has been suggested that a retraction of the wall of the BC 
represents muscle involvement [6, 14]. However, many studies by multidetector CT 
show an accuracy degree between of 89% and 91% and specificity between 92% 
and 95%, [13, 15]. CT is useful, however, to detect distant metastases 
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(lymphogenous or hematogenous) and is recommended before cystectomy to 
exclude other different causes of hematuria (urinary stones, trauma, infection, and 
renal cancer). CT scan detect lymph node metastases in BCa with a sensitivity rang-
ing between 31% and 50% and a specificity ranging between 68% and 100% [16]. 
CT has a limited role in the assessment of locoregional response after neoadjuvant 
therapies to differentiate residual tumor from inflammatory processes; to avoid this 
limit, some studies suggest the use of computer-aided diagnosis (CAD). Using 
radiogenic learning algorithms and characteristics can increase the accuracy of CT 
in identifying the complete response in the infiltrating muscle tumor [17].The use-
fulness and accuracy of CT in predicting lymph node response after adjuvant thera-
pies are not fully shared. Recist criteria are used to evaluated the response to 
treatment in BC, as in other solid tumors also in BC are used the criteria RECIST 
1.1 or irRECIST; among the limits of these criteria, the cutoff indicated for lymph 
node size must be considered. According to some studies, the reduction of the cutoff 
to 6 mm and assessments of morphological or contrast criteria increase the accuracy 
of CT in diagnosing lymph node involvement after neoadjuvant therapy [18] which, 
as it is known, affects the survival of BC patients after cystectomy and lymphade-
nectomy (Fig. 21.1).

 Magnetic Resonance Imaging

The European Association of Urology (EAU) guidelines have not recommended 
any well-defined criteria for the diagnosis of bladder tumor, and MR is requested 
only when CT cannot be performed. MR, unlike CT, does not use ionizing radiation, 
offers superior soft tissue contrast, and provides more anatomical and functional 
information [19]. MR also differentiates MIBC from NMIBC and visualizes extra-
mural invasion and T3b and T4 disease [20, 21].

a b

Fig. 21.1 Axial CT image of the bladder (a). Large lesion of the anterior right lateral wall of the 
bladder. Coronal CT image of the abdomen (b) shows paraaortic lymphadenectomy
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Multiparametric MRI (mpMR) is the most accurate method for studying BC. The 
mpMR includes a morphologic study with multiplanar high definition T2 weighted 
sequences, a cellular density study with DWI sequences (Diffusion Weight Imaging) 
with b 0-800-1000 and ADC map and a Perfusional study with contrast medium 
intravenous (DCE) to evaluate the vascularization of the lesion. Correct bladder fill-
ing is required with or without cateheterization.

In 2018, Panebianco and colleagues introduced a new way to diagnose and stage 
primary BC with the development of an mpMR imaging protocol called “VI-RADS” 
(Vesical Imaging-Reporting and Data System), consisting of a 5-score tool as indi-
cated in Table 21.1 (modified from Panebianco et al. [26]).Today, this system has 
been endorsed by the guidelines of the European Association of Urology (EAU). 
This protocol provides higher level of accuracy in the staging and diagnosis of BC, 
in particular in the differentiation of superficial from muscle-invasive tumor, thus 
requiring less-invasive methods for diagnosis and staging, particularly useful in 
patients with severe comorbidities. There are however some drawbacks in VI-RADS 
protocol regarding the staging of the primary lesion (30% are multifocal) and the 
fact that the upper urinary tract cannot be reliably assessed. According to the avail-
able data, VI-RADS criteria cannot be also applied to images from patients under-
going treatment, and it is not validated as a method to assess tumor response to 
treatment. Based on experiences reported by other authors, mpMR images could 
also represent a further aid to physicians in response assessment to neoadjuvant 
therapies. It is important to have baseline and post treatment MR exame to evaluate 
tumore response (complete response or partial response) (Figs.  21.1, 21.2, and 
21.3) or disease progression is considered (Fig. 21.4). Treatment for BC may cur-
rently include chemotherapy (CT) and immunotherapy. Regardless of the 

VI-RADS (Vesical Imaging-
Reporting and Data System) T2 DCE DWI ADCScore

1

2

3

4

5

Small (<1 cm) exophyitc tumor with or without peduncle
with a thickend internal layer, but with an inatct
muscolaris propria which appears as an uninterrupted line
of low signal

A larger tumor( > 1cm ) exophytic with a larger base
peduncle with thickening of the internal layer if present,
and an uninterrpted line of the mouscolaris propria

A lack of the findings of SC2 with a exophytic tumor
without peduncle or sessile tumor, with wide base
without thickening of the internal layer and without clear
interruption of the muscolaris propria

Interruption of the inferior line suggesting the invasion by
the tumor of the muscolaris propria

Extension of the tumor to the adipose tissue outside the
bladder indicating invasion of the entire wall and other
exterior bladder tissue

Table 21.1 The 5 scores used in the VI-RADS classification system
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Fig. 21.2 Pre-treatment images (a–d) and post-treatment images (e–h) . In the pre-treatment 
images, a large muscle-infiltrating lesion of the right lateral wall of the bladder is observed: 
hypointense in T2 (a), with enhancement after contrast medium with a type 2 contrast intensity- 
time curve (b); hyperintense in native DWI (c), and hypointense in ADC maps (d). The post- 
treatment images show the disappearance of the lesion with bladder wall returning within normal 
limits. In this case, there was a complete response

a

b

c

d

Fig. 21.3 In baseline MR images (a–b), there is a plurinodular lesion, hypointense in T2 (a) and 
hyperintense in DWI in sequences with a high b-value. After treatment (c, d), there is a moderate 
size reduction of the lesions. Most visible micronodularities persist in DWI (d) sequences with 
high b-value. Thsee features indicate a partial response to treatment
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therapeutic option, patients are always subjected to cystoscopy and endoscopic 
resection of the existing lesions, including those with thickening of the bladder 
walls due to inflammation. Therefore, the baseline MRI images may be difficult to 
interpret due to the persistence of disease in the context of an inflamed thickening 
of the bladder wall. In this case, the T2 and DWI sequences are more reliable if they 
are jointly assessed. While the evaluation of response to standard chemotherapy 
may be easier, in patients treated with immunotherapy, the post-therapy stromal 
tissue is generally more complex than after chemotherapy, as it is usually character-
ized by a significant recruitment of T-cells that surround the residual disease result-
ing in a major inflammation in the bladder wall [14]. All these features can make 
hardly detect any micronodular disease (Fig. 21.2). DWI sequences seemed to be 
the most reliable sequences in association with T2 sequences. In the near future, a 
biparametric MR study of the bladder could be performed without using contrast 
medium. This feature might in part explain the discordance between the mean val-
ues of ADC after neoadjuvant chemotherapy and the hystopathological response 
which can result in unreliable quantitative post-immunotherapy evaluation. On the 
contrary, the changes in the mean ADC values after neoajuvant chemotherapy or 
chemoradiotherapy have been reported to be the first markers of response in bladder 
tumors [22, 23]. The finding that 20% of patients who are thought to have had a 
total tumor eradication, although in agreement with some published data, should be 
taken with extreme caution, because it might be inconsistent with the hystopatho-
logical final results. Such limitations are entirely consistent with previous studies, 
which show that there is no advantage in staging the tumor by MR (including 
mpMR) with a total accuracy ranging from 56% to 62% and with an overestimate 

a b

Fig. 21.4 T2- weighted coronal image pre treatment (a) and T2 weighted coronal image post tret-
ment (b) These images show an increas in size of the lesion of the left lateral bladder wall (progres-
sion desease)
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ranging from of 32% to 38% [24, 25]. The findings obtained with mpMRI are inter-
esting and could be used in the future to evaluate the individual role of each param-
eter of the pathological response [26]. Nonetheless, it is evident that the 
morphological response of the tumor alone is insufficient to evaluate the total 
response and, in a substantial percentage of reports, difficult to interpret because 
they are either mixed or incomplete, or there have been tissue changes in the lesion 
after treatment. Such a method to evaluate the pathological response to neoadjuvant 
treatment in a noninvasive way may have important implications in clinical practice 
and in the design of future studies on neoadjuvant approaches [27]. In particular, 
the use of equipment which may lead to identification of patients who might obtain 
either a complete or major pathological response could be relevant to identify those 
patients who are suitable for bladder conservation strategies, thus avoiding cyste-
comy after an immunotherapy-induced response. In the future, particular attention 
will be likely attributed to radiomics which, when routinely available, might help 
radiologists in disease staging and in evaluating the response to treatment of the 
bladder wall.

 Positron Emission Tomography/Computed Tomography

Over the last decade, positron emission tomography in combination with computed 
tomography (PET/CT) has become an important tool in the oncology field, covering 
a major role in staging, response assessment, early response monitoring, and the 
prognosis of many types of tumors. 18Fluorine-2-deoxy-2-fluorodeoxyglucose (18F-
FDG) is the most commonly used radiopharmaceutical in PET/CT imaging, which 
is excreted through the kidney. Therefore, differentiation of bladder pathology or 
pelvic lymph node involvement from physiological 18F-FDG activities is difficult 
[28]; to overcome these limitations, several strategies can be applied such as bladder 
catheterization and forced diuresis, but they are rarely used in clinical practice. Many 
authors also evaluated the use of alternative tracers such as 11C-choline, 11C-acetate, 
and 11C-methionine, which have a lower urinary excretion, but these radiopharma-
ceuticals are not always available [29]. PET/CT may be helpful in the detection of 
disease outside the bladder at nodal or more distant sites and in the assessment of 
recurrent disease. The European Urology Guidelines (EAU) do not recommend the 
routine use of PET/CT in the staging or in the follow-up of BC; therefore, CT and 
MR remain the first choice. The NCCN guidelines suggest the possible use of PET/
CT with FDG for the staging of selected patients (>cT2 stage), to establish the pres-
ence of locoregional or distant lymph nodal involvement, and to evaluate suspicious 
relapses and/or metastasis [12]. According to some studies, FDG PET/CT has a 
sensibility of 56% and a specificity of 98% in revealing lymph nodal metastases of 
BC, thus demonstrating major diagnostic accuracy in staging with regard to the 
exclusive use of CT [30, 31]. Meta-analysis aimed at comparing imaging methods to 
assess pelvic lymph nodes involvement in patients with BC showed a slightly 
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reduced percentage (22%) in recognizing metastases by MRI (22%) compared to CT 
and PET/CT (both 29%). However, the values showed great variability. The accu-
racy of CT imaging ranges between 56% and 60%, MR between 67% and 95%, and 
PET/CT between 64% and 94%. An accurate clinical staging of pelvic lymph nodes 
is still an open challenge in the field of diagnostic imaging. The use of hybrid meth-
ods such as PET/MRI might increase accuracy and resolution in the pelvic disease. 
The diagnostic performance of MRI has been compared to that of PET/MRI in a 
study conducted in 22 patients with BC.  PET/MRI showed greater accuracy in 
detecting the primary lesion (86% vs 77%), the pathological pelvic lymph nodes 
(95% vs 76%), and extranodal disease (100% vs 91%) [32]; its use is still controver-
sial. For several decades chemotherapy has been the only therapeutic alternative in 
BC: either as neoadjuvant therapy for muscle-invasive tumors localized to the blad-
der, or as first-line treatment of locally-advanced or metastatic tumors, or for post-
surgical adjuvant purposes [33]. The recent approval of anti-PD-1/PD-L1 treatment 
in urothelial cancer has expanded the therapeutic approach. The different mecha-
nisms of therapeutic action led to unusual pictures of treatment response, with the 
recognition of phenomena of “flare” or response patterns that simulate a “pseudo-
progression” mistakenly interpreted as progression of disease [34]. The consequence 
of this phenomenon led to the proposal of new criteria of response assessment by 
PET/CT. Among the major changes proposed by this new approach, we find the 
concept of “total burden of disease,” according to which the tumor extension must be 
evaluated as a whole and not as appearance/remission of single lesions. Currently, 
preliminary clinical data, PURE-01 trial (NCT02736266), which proposed the use 
of pembrolizumab as neoadjuvant, before radical cystectomy in patients with MIBC, 
does not justify the use of FDG PET/CT in clinical practice [35]. In treatment with 
immune checkpoint inhibitors, PET/CT may be helpful in the early detection of 
immuno-related adverse events (irAE), whose long- term impact has yet to be 
defined. The opportunity to radiolabel monoclonal antibodies PD-1 and PD-L1 [36], 
in order to recognize and trace the distribution of the drug “cold,” assess the extent 
of tumor collection, as well as its variations over time, and identify the subjects that 
would benefit from treatment, could give PET/CT an important role in this scenario.
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