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Abstract
Bladder cancer (BC) is divided into non-
muscle-invasive bladder cancer (NMIBC)
and muscle-invasive bladder cancer
(MIBC). The majority of NMIBCs are
treated conservatively and primary prognos-
tic outcomes are progression and recurrence.
The strongest prognostic factors for progres-
sion are T-classification, presence of carci-
noma in situ (CIS), and tumor grade, while
recurrence is associated with tumor multi-
focality, size, and prior recurrence rate. The
European Organisation for Research and
Treatment of Cancer (EORTC) and Club
Urológico Español de Tratamiento
Oncológico (CUETO) have independently
created prognostic models for NMIBC,
based on different populations. Despite
their prognostic value in NMIBC in general,
T1 BC remains perilous disease for which
adequate risk stratification is lacking.

Nonmetastatic MIBC usually requires a radi-
cal cystectomy (RC), preferably combined with
neoadjuvant chemotherapy (NAC). The most
important prognosticators for survival are pT-
and pN-classification and lymphovascular inva-
sion (LVI). Additional poor prognostic factors
found in individual studies are progression from
NMIBC, variant histology, hydronephrosis, pos-
itive surgical margins at RC, and tumor localiza-
tion in the bladder trigone. A few clinical risk
models for MIBC have been created, but not
validated, in order to identify patients who
might benefit from NAC. NAC has a positive
impact on survival, especially if a complete
response is observed at RC. Research aimed at
predicting NAC response has mainly focused on
molecular markers in TUR specimens by means
of immunohistochemistry and genome signa-
tures. Recently, the distinctive subtypes basal
and luminal BC have been discriminated. These
subtypes appear to be both prognostic and

predictive of NAC response but require further
validation.

Introduction

Bladder cancer (BC) can be divided into non-
muscle-invasive bladder cancer (NMIBC) and
muscle-invasive bladder cancer (MIBC). Prognosis
and treatment differ greatly between both entities.
NMIBC, formally known as superficial BC, has a
relatively good prognosis. Most NMIBCs can be
treated conservatively with transurethral resection
and intravesical instillation(s) of chemotherapy
(mitomycin) or bacille Calmette-Guerin (BCG).
The associated cancer-specific mortality is low
(Babjuk et al. 2017). However, NMIBC patients
have a lifetime risk of recurrence and progression.
Moreover, if progression occurs, 5-year CSS rates
drop to 35% (van den Bosch and Witjes 2011).
Therefore, careful cystoscopic follow-up is indi-
cated, and if new suspicious lesions are seen,
repeated transurethral resections (TUR) and/or ful-
guration is indicated. In high-risk NMIBC, urinary
cytology and computed tomography (CT) imaging
are added to the follow-up scheme. Prognosticators
for progression and recurrence are essential to
decide on continuing conservative treatment and
follow-up. Furthermore, in a small subset of
patients (T1 and/or G3, CIS), progression risk can
be estimated to be so high that more aggressive
treatment by means of cystectomy is considered.

MIBC is a perilous disease. Classically, treat-
ment in absence of metastasis (cN0M0) consisted
of a cystoprostatectomy and bilateral lymph node
dissection (radical cystectomy – RC). However,
the associated 5-year overall survival is dismal at
45–66% (Dalbagni et al. 2001; Stein et al. 2001).
Over the years, attempts to improve survival have
principally aimed at refining and extending the
treatment around surgery. So far, the most impor-
tant breakthrough was the introduction of
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cisplatin-based neoadjuvant chemotherapy
(NAC). The purpose of NAC administration is to
eliminate occult metastases before surgery. Com-
bined NAC and RC improve absolute 5-year sur-
vival rates with 5–8% compared to RC alone
(Advanced Bladder Cancer (ABC) Meta-analysis
Collaboration 2005; Grossman et al. 2003). How-
ever, despite the introduction of NAC, survival of
BC patients has only marginally improved over
the past three decades. A possible explanation is that
urologists are hesitant in administering NAC
because of toxicity, especially for patients who
might not benefit from this combination therapy.
Indeed, more than half of MIBCs turn out to be
chemo resistant (ABC Meta-analysis Collaboration
2005; Grossman et al. 2003). Therefore, the focus of
research in MIBC has been twofold: first, to stratify
risk of occult metastases and therefore a poor prog-
nosis and, second, to predict response to NAC.

In this chapter, prognostic and predictive factors
for NMIBC and MIBC are discussed. For NMIBC,
primary outcomes are recurrence and progression,
whereas risk stratification in MIBC is focused on
survival. In both entities, prognostic and predictive
factors are identified based on cystoscopy, histologi-
cal examination of TUR and RC specimens, and
imaging,whichare standardcomponents ofwork-up.

Work-up for NMIBC and MIBC:
Cystoscopy, TUR, and Imaging

Cystoscopy, computed tomography (CT) imaging,
and TUR are standard diagnostic procedures for
BC. The primary tumor is visualized by white light
cystoscopy and CT. Cystoscopy should describe all
macroscopic features of the tumor, including site,
size, number and appearance (solid or papillary),
and mucosal abnormalities (Babjuk et al. 2017;
Chang et al. 2016). In addition, voided urine cytol-
ogy is advised as an adjunct to cystoscopy to detect
high-grade cancer and carcinoma in situ (CIS)
(Babjuk et al. 2017). Urine cytology has >90%
specificity for detecting BC but a low sensitivity,
especially for low-grade tumors (Babjuk et al.
2017). Additionally, new technologies have been
developed to visualize lesions that are easily missed
with conventional white light cystoscopy, including

photodynamic diagnosis (fluorescence cystoscopy)
and narrowband imaging. CT urography (CT-IVU)
can be used to evaluate the presence of upper urinary
tract tumors (Babjuk et al. 2017). According to the
American Urological Association (AUA) guide-
lines, this is indicated in all BCs (Chang et al.
2016), and according to the European Association
for Urology (EAU) guidelines, only in selected
cases (e.g., tumors located in the trigone, multiple
tumors or high-risk tumors) (Babjuk et al. 2017).
For MIBC, pelvic contrast-enhanced CT or MRI is
used to determine the extent of local tumor invasion,
and contrast-enhanced CTof the abdomen and chest
to evaluate possible tumor spread to lymph nodes
and to other organs (Witjes et al. 2017). Ultimately,
the primary diagnosis of BC depends on histological
evaluation of TUR specimens. The TUR procedure
itself is both a prognostic and therapeutic procedure,
and a complete and correct TUR is essential to
achieve a good prognosis in NMIBC (Babjuk et al.
2017). Therefore, all visible lesions should be
removed completely, and the detrusor muscle
should be present in the resected specimens in
order to reduce the risk of residual disease and
understaging.

Non-muscle-Invasive Bladder Cancer

The majority (>70%) of BCs are non-muscle-inva-
sive at initial diagnosis (Kirkali et al. 2005). Of all
NMIBCs, 30–80% recur within 5 years and 1–45%
progress toMIBC (van Rhijn et al. 2009). This wide
variance in recurrence and progression rates has led
to extensive research on prognostic variables. The
strongest prognosticators for progression are
T-classification, the presence of CIS, and tumor
grade. The most important predictors for recurrence
are tumor multiplicity, size, and prior recurrences.

Prognosticators of Progression

TNM Classification and CIS

The most often used staging system for BC is the
tumor, node, metastasis (TNM) classification
(Table 1, TNM 2016) (Sobin et al. 2016). The
TNM classification divides NMIBC into papillary
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tumors confined to the mucosa (Ta and CIS) and
tumors invading the lamina propria (T1). Approx-
imately 70% of NMIBC patients present with Ta,
20% with T1, and 10% with CIS lesions (van
Rhijn et al. 2009). CIS is a flat, high-grade,

noninvasive urothelial carcinoma. It has been
defined as a distinctive malignancy with a high
risk for recurrence and progression (Sylvester
et al. 2006). If left untreated, CIS will progress
toMIBC in 54% of cases (Babjuk et al. 2017). The
pathophysiology of CIS is discussed in another
chapter of this book. Ta-LG tumors have a low
risk of progression and are therefore primarily
conservatively treated with TUR alone or TUR
combined with mitomycin or BCG instillations.

Tumors that invade the lamina propria are
staged T1. Approximately two-thirds of T1
tumors recur and one-third progresses to MIBC.
However, progression rates reported in the litera-
ture vary between 21 and 50% (Martin-Doyle
et al. 2015). This wide variability creates a thera-
peutic dilemma. As progressive disease is poten-
tially life-threatening, some experts advise to
perform an immediate cystectomy for all T1 BCs
(van Rhijn et al. 2009). However, immediate RC
would be overtreatment for many nonprogressive
tumors. Hence, most physicians opt for conserva-
tive treatment.

One of the reasons for the wide range in T1 BC
progression rates could be high interobserver var-
iability in staging. Histopathological evaluation of
TUR specimens is challenging because of thermal
artifacts, tangential sectioning, and desmoplastic
reactions. Also, the ability to differentiate
between T1 and T2 disease depends on the com-
pleteness of the resection and the presence of
muscularis propria of the specimens (Babjuk
et al. 2017). As a result, stage and grade are
consistent among pathologists in only half of the
T1 NMIBCs (Babjuk et al. 2017). In order to
improve these results, two important recommen-
dations have been adapted by international guide-
lines: All patients with T1 BC should undergo a
second TUR, and if the muscularis propria is
absent in the TUR specimens, a second TUR is
indicated for all NMIBCs (Babjuk et al. 2017;
Chang et al. 2016). The main reason for
recommending a second TUR for T1 BC is that
this results in upstaging to MIBC in up to 30% of
patients, depending on the presence of detrusor
muscle in the specimen (Herr and Donat 2008).
Despite improvements in T1 BC staging accuracy,
its heterogeneous prognosis remains an issue.

Table 1 TNM classification for bladder cancer (Year
2016) (Sobin et al. 2016)

Primary tumor (T)

Tx Primary tumor cannot be assessed

T0 No evidence of primary tumor

Ta Noninvasive papillary tumor

Tis Carcinoma in situ: “flat tumor”

T1 Tumor invades subepithelial
connective tissue

T2 Tumor invades muscularis propria

a Tumor invades superficial
muscularis propria (inner half)

b Tumor invades deep muscularis
propria (outer half)

T3 Tumor invades perivesical tissue

a Microscopically

b Macroscopically (extravesical mass)

T4 Tumor invades any of the
following: prostatic stroma,
seminal vesicles, uterus, vagina,
pelvic wall, abdominal wall

a Tumor invades prostatic stroma,
uterus, vagina

b Tumor invades pelvic wall,
abdominal wall

Regional lymph nodes (N)
Regional lymph nodes include both primary and
secondary drainage regions. All other nodes above de
aortic bifurcation are considered distant lymph nodes.

Nx Lymph nodes cannot be assessed

N0 No lymph node metastasis

N1 Single regional lymph node
metastasis in the true pelvis
(hypogastric, obturator, external
iliac, or presacral lymph node)

N2 Multiple regional lymph node
metastasis in the true pelvis
(hypogastric, obturator, external
iliac, or presacral lymph node
metastasis)

N3 Lymph node metastasis to the
common iliac lymph nodes

Distant
metastasis (M)

M0 No distant metastasis

M1 Distant metastasis
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Retrospective studies have therefore aimed to
identify specific prognostic factors in T1
BC. The most important prognostic factors iden-
tified in BCG-treated T1G3 tumors are female
sex, concurrent CIS, CIS in the prostatic urethra,
age, and tumor size (Palou et al. 2012; van Rhijn
et al. 2009). In T1G2 BC, treated with TUR only,
recurrence at 3 months was the most important
prognosticator for progression (Palou et al. 2009).
Current research is focused on further T1 BC risk
stratification by creating T1 substage classifica-
tions. These substages are based on tumor depth
and extent of lamina propria invasion (metric sub-
stage) or on invasion of a distinct layer of smooth
muscle fibers within the lamina propria, the
muscularis mucosae. The prognostic value of
these systems for progression has been demon-
strated in several retrospective studies (Roupret
et al. 2013; van Rhijn et al. 2012). However, the
reproducibility of T1 substages has not yet been
established. Currently, the EAU guidelines state
that the depth and extent of invasion into the
lamina propria can be evaluated, although it is
not yet recommended in the WHO classification
(Babjuk 2017).

Histological WHO Grade

Tumor grade is based on several histomor-
phologic criteria, including nuclear size, shape,
polarity, chromatin distributions, and the presence
of nucleoli and mitotic figures. The World Health
Organisation (WHO) adopted the first BC grading
classification in 1973, dividing urothelial cell car-
cinomas in grade 1 to grade 3 (G1-3) (Table 2)
(Mostofi 1973). Despite its strong prognostic
value in NMIBC, the 1973 grading system was
replaced by a new classification in 2004 (Eble
et al. 2004). The main reasons for replacing the
1973 classification were lack of clear definitions
for each grade category, high interobserver vari-
ability among pathologists, and a high amount of
NMIBCs that were categorized as Grade 2, also
known as the default diagnosis. The WHO 2004
classification comprises papillary urothelial neo-
plasm of low malignant potential (LMP),
low-grade papillary urothelial carcinoma (LG),

and high-grade urothelial carcinoma
(HG) (Table 2). With this new classification, G2
BCs were reclassified as LG or HG, whereas all
G3 BCs were HG. The 2004 WHO classification
aimed to provide better defined histologic criteria
and therefore improve the pathologists’ consen-
sus. However, several retrospective studies failed
to establish a benefit of the 2004 grading system
over the 1973 classification (van Rhijn et al.
2012). In fact, in T1 NMIBC, the 2004 classifica-
tion appears to lose its prognostic value as a result
of a very low number of LG-T1 BCs (van Rhijn
et al. 2012). The WHO 2016 classification con-
tinues to recommend the 2004 grading system,
although the WHO committee states that admit-
tedly, controversy remains (Humphrey et al.
2016). Currently, the EAU guidelines advise to
simultaneously use the 1973 and 2004 WHO
grading classifications (Babjuk et al. 2017). The
AUA guidelines describe the WHO 2004 grading
system as the most widely accepted and utilized
system in the United States (Chang et al. 2016).

Other Prognosticators and Risk
Nomograms for Progression

Two prognostic models have been created to stratify
risk of NMIBC progression. Onemodel was created
by the European Organisation for Research and
Treatment of Cancer (EORTC). Their risk model
was based on research of a population from seven
prospective trials, which compared intravesical

Table 2 WHO classification systems for tumor grade
published in 1973 and 2004 (Mostofi 1973; Eble et al.
2004)

WHO 1973

Urothelial papilloma

Grade 1: well differentiated

Grade 2: moderately differentiated

Grade 3: poorly differentiated

WHO 2004

Urothelial papilloma

Papillary urothelial neoplasm of low malignant
potential (PUNLMP)

Low-grade papillary urothelial carcinoma

High-grade papillary urothelial carcinoma
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treatments after TUR (Sylvester et al. 2006). Apart
from tumor stage, WHO 1973 grade, and CIS, the
model includes tumor multiplicity, tumor size
�3cm, and recurrence �1 year as poor prognostic
factors. WHO 2004 grade was not investigated. The
weighted scores of the prognostic factors are
displayed in Table 3, and the associated probability
of progression in Table 4. Important limitations are
that the study population did not receive mainte-
nance BCG and that patients did not undergo a
second TUR, which is now the standard
recommended treatment for T1BC and for all
HG/G3 tumors (Sylvester et al. 2006). The
EORTC updated their model based on a study on
intermediate- and high-risk patients treated with
BCG for 1 to 3 years (Cambier et al. 2016). In this
study, patients with CIS were not included. Factors
associated with progression in this population were
tumor stage and grade. Another prognostic model
was created by the Club Urológico Español de
Tratamiento Oncológico (CUETO) (Fernandez-

Gomez et al. 2009). Unlike the original EORTC
population, the CUETO study population princi-
pally consisted of high-risk patients treated with
BCG instillations. Prognostic factors for progression
were stage, WHO 1973 grade 3, recurrence at first
cystoscopy, and prior tumors (Fernandez-Gomez
et al. 2009). Again, WHO 2004 grade was not
investigated. The weighted scores and associated
probabilities of progression are displayed in Tables 5
and 6. Unlike in the first EORTC study, CIS was
associated with progression on univariable analysis,
but not in the multivariable analysis of the CUETO
model. This could be explained by the differences in
study populations or more effective BCG treatment
for CIS in the CUETO study. As the EORTC and
CUETO models provide complementary informa-
tion, both are recommended in international guide-
lines (Babjuk et al. 2017; Chang et al. 2016). The
EAU recommends the EORTC risk tables for pre-
diction of the short-term and long-term risks after
TUR, whereas the CUETO tables are preferred in
patients treated with BCG (Babjuk et al. 2017).
Additionally, the AUA and EAU guidelines have
both translated these risk models into three risk
groups (low-, intermediate-, and high-risk tumors),
which are displayed in Table 7a and b. The risk
groups are also based on novel parameters that
have been associated with a worse prognosis.
These parameters are the presence of
lymphovascular invasion (LVI) and variant

Table 3 Weighting of prognostic factors included in the
European Organisation for Research and Treatment of
Cancer (EORTC) model to predict recurrence and progres-
sion (Sylvester et al. 2006)

Factor Recurrence Progression

Number of tumors

Single 0 0

2–7 3 3

�8 6 3

Tumor size

<3 cm 0 0

�3 cm 3 3

Prior recurrence rate

Primary 0 0

�1 recurrence/year 2 2

>1 recurrence/year 4 2

T category

Ta 0 0

T1 1 4

CIS

No 0 0

Yes 1 6

Grade

1 0 0

2 1 0

3 2 5

Total score 0-17 0-23

Table 4 Probability of recurrence and progression
according to total EORTC risk score (Sylvester et al. 2006)

Recurrence
score

Probability of
recurrence
1 year % (95%
CI)

Probability of
recurrence
5 years (95%
CI)

0 15 (10–19) 31 (24–37)

1–4 24 (21–26) 46 (42–49)

5–9 38 (35–41) 62 (58–65)

10–17 61 (55–67) 78 (73–84)

Progression
score

Probability of
progression
1 year % (95%
CI)

Probability of
progression
5 years % (95%
CI)

0 0.2 (0–0.7) 0.8 (0–1.7)

2–6 1.0 (0.4–1.6) 6 (5–8)

7–13 5 (4–7) 17 (14–20)

14–23 17 (10–24) 45 (35–55)
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histology. Over 90% of BCs originate from
urothelial cells and are therefore defined as
urothelial cell carcinomas. Squamous cell carcino-
mas comprise 5% of BCs and<2% are adenocarci-
nomas. Especially, rare histology variants such as
micropapillary, nested, plasmacytoid, neuroendo-
crine, sarcomatoid, and microcystic differentiations
have a poor prognosis (Babjuk et al. 2017). LVI is
defined as tumor invasion of blood vessels and/or
lymphatics. LVI in NMIBC in general has been
associated with an increased risk of pathological
upstaging and metastasis (Lotan et al. 2005). LVI
in T1BC is associated with a poor prognosis
(Babjuk et al. 2017).

Molecular Markers to Predict
Progression

Retrospective studies have aimed at identifying
molecular markers from TUR specimens to predict
NMIBC progression. Promising markers in immu-
nohistochemistry studies were expression of p53,
Ki-67, and a combination of cell cycle regulators
(p53, pRB, p21, and p27) (van Rhijn et al. 2014;
Shariat et al. 2007). Altered expression of these
markers was associated with an increased risk of
progression. However, these markers have not been
confirmed in other studies, which might reflect the
limitations of immunohistochemistry as a diagnostic
technique in molecular research. In several indepen-
dent studies on tumor DNA status, FGFR3 muta-
tions were associated with a low risk of progression
to MIBC. This led to the hypothesis that FGFR3
mutations are responsible for a favorable pathway in
bladder cancer (van Rhijn et al. 2014). International
guidelines have not yet adopted molecular markers
as NMIBC prognosticators, because further valida-
tion is warranted (Babjuk et al. 2017; Chang et al.
2016; Witjes et al. 2017).

Prognosticators and Risk Models
for Recurrence

The most important prognostic factors for NMIBC
recurrence are tumor multiplicity, tumor size, and
prior recurrence (van Rhijn et al. 2009). The

Table 6 Probability of recurrence and progression
according to total CUETO score (Fernandez-Gomez et al.
2009)

Recurrence
score

Probability of
recurrence
1 year % (95%
CI)

Probability of
recurrence
5 years (95%
CI)

0–4 8 (6–11) 21 (17–25)

5–6 12 (8–16) 36 (29–42)

7–9 25 (20–31) 48 (41–55)

10 or greater 42 (28–56) 68 (54–82)

Progression
score

Probability of
progression
1 year % (95%
CI)

Probability of
progression
5 years % (95%
CI)

0–4 1.2 (0.2–2.2) 4 (2–6)

5–6 3 (0.8–5.2) 12 (8–16)

7–9 6 (3–8) 21 (16–27)

10 or greater 14 (7–21) 34 (23–44)

Table 5 Risk of recurrence and progression according to
the total score by the Club Urológico Español de
Tratamiento Oncológico (CUETO) model (Fernandez-
Gomez et al. 2009)

Factor Recurrence Progression

Gender

Male 0 0

Female 3 0

Age

Less than 60 0 0

60–70 1 0

Greater than 70 2 2

Recurrent tumor

No 0 0

Yes 4 2

No. of tumors

3 or less 0 0

Greater than 3 2 1

T Category

Ta 0 0

T1 0 2

Associated CIS

No 0 0

Yes 2 1

Grade

1 0 0

2 1 2

3 3 6

Total score 0–16 0–14
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EORTC study additionally found T1 stage, con-
comitant CIS, and WHO 1973 tumor grade to be
associated with recurrence (Sylvester et al. 2006;
Cambier et al. 2016). The CUETO included sex,
age, tumor grade, prior tumors, multiplicity, and
CIS in their model to predict recurrence
(Fernandez-Gomez et al. 2009). Notably, female
sex has also been identified as a poor prognostic
factor in a selected study on T1G3 BC, both for
recurrence and progression (Palou et al. 2012). A
possible explanation is a less common urinary
immunological response to intravesical BCG instil-
lations in women than in men (Palou et al. 2012).
Likewise, aging might have a negative impact on
intravesical immunotherapy response (Joudi et al.
2006). The weighed scores for these factors and the
associated probabilities of recurrent disease in the
EORTC and CUETO models are displayed in
Tables 3 and 4 for the EORTC model and in
Tables 5 and 6 for the CUETO model.

Molecular Markers to Predict
Recurrence

Several molecular markers have been investigated
as prognosticators for NMIBC recurrence. How-
ever, thus far results have been conflicting (van
Rhijn et al. 2014). Also, little is known of the
pathophysiology behind tumor multiplicity,
which limits the role of molecular markers for
recurrence prediction.

Muscle-Invasive Bladder Cancer

A minority of BCs (approximately 20% - 25%) is
muscle-invasive at first diagnosis. Additionally,
1–50% of NMIBCs progress to MIBC (van
Rhijn et al. 2009). MIBC staging, treatment, and
prognosis rely on a close cooperation between
urologists, pathologists, radiologists, medical

Table 7 Risk group stratification provided by the European Association of Urology (EAU, a) and the American
Urological Association (AUA, b) based on the EORTC and CUETO models (Babjuk et al. 2016; Chang et al. 2016)

Risk group Characteristics

According to EAU According to AUA

Low risk Primary, solitary, Ta, G1 (PUNLMP or LG),<3 cm, no
CIS

LG solitary Ta and �3 cm

Intermediate
risk

All tumors not defined in the low-risk or high-risk
categories

Any of the following
Recurrence �1 year, LG Ta
Solitary LG Ta, >3 cm
LG Ta, multifocal
HG Ta, �3 cm
LG T1

High risk Any of the following
T1
Grade 3 (HG)
CIS
Multiple and/or recurrent and/or large (>3 cm) Ta

grade 1–2 tumors (all conditions must be presented)

Any of the following
HG T1
Any recurrent HG Ta
HG Ta, >3 cm or multifocal
Any CIS
Any BCG failure in HG patients
Any variant histology
Any LVI
Any HG prostatic urethral involvement

Subgroup of highest-risk tumorsa

T1G3 associated with concurrent bladder CIS, multiple
and/or large T1G3/HG and/or recurrent T1G3/HG,
T1G3/HG with CIS in the prostatic urethra, unusual
histology of urothelial carcinoma, LVI

BCG failures

LG, low grade (a mixture of grade 1 and grade 2); HG, high grade (a mixture of some grade 2 and all grade 3 tumors); CIS,
carcinoma in situ; PUNLMP, papillary urothelial neoplasm of low malignant potential; LVI, lymphovascular invasion
aFor these tumors, radical cystectomy should be considered in those who refuse intravesical full-dose BCG instillations
for 1–3 years. For BCG failures, radical cystectomy is recommended
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oncologists, and radiation oncologists. The most
important prognosticators for MIBC are primary
tumor stage (T-stage) and nodal classification
(N-stage). Tumor grade has limited prognostic
value in MIBC, because most cases of MIBC are
G3 according to the WHO 1973 classification and
nearly all are HG according to the WHO 2004
classification (Humphrey et al. 2016).

Local Tumor Extent: cT-Stage

If muscle invasion is present in TUR BC speci-
mens, clinical stage is at least cT2, and further
clinical TNM classification is based on CT and/or
MR imaging (TNM 2016) (Sobin et al. 2016). The
images should be evaluated for the following
staging parameters: extent of local tumor invasion
and suspicion of tumor spread to lymph nodes and
other distant organs (Witjes et al. 2017). Clinical
T-stage differentiates tumors only invading the
muscularis propria (cT2), tumors growing
through the bladder wall into perivesical fat
(cT3), and tumors invading adjacent organs
(cT4a) and the pelvic or abdominal wall (cT4b)
(Table 1). An increase in T-stage is associated with
a higher probability of lymph node metastases,
distant metastases, and therefore a decrease in
survival. Perivesical fat tissue invasion can be
microscopic (T3a) or macroscopic (T3b) (TNM
2016) (Sobin et al. 2016).

CT and MRI can be used to suggest macro-
scopic invasion of perivesical fat tissue (cT3b) or
adjacent organs (cT4). Microscopic perivesical
invasion cannot be detected using current imag-
ing modalities (Witjes et al. 2017). Furthermore,
imaging is often performed after TUR of the
primary tumor. The TUR itself can cause an
inflammatory reaction of surrounding tissues,
which is difficult to differentiate from local
tumor invasion. MRI provides better contrast
between different soft tissues (e.g., bladder wall
from fat) than CT. Therefore, MRI initially pro-
vided a superior cT staging accuracy. However,
over the years, the introduction of new techniques
has improvedCT resolution. Currently, the additive
value of conventional MRI over CT is unclear
(Witjes et al. 2017).

Lymph Node Metastases (cN-Stage)
and Distant Metastases (M-Stage)

BC metastases can be categorized into pelvic
lymph node metastases (local, N1-3) and distant
lymph node and/or visceral metastases (M1,
Table 1). Common sites of distant visceral metas-
tases are the liver, lungs, bones, peritoneum,
pleura, and adrenal glands (Witjes et al. 2017). If
distant visceral metastases are present, treatment
is considered palliative. Patients with metastatic
disease have amedian survival of up to 14months,
if treated with cisplatin-based chemotherapy
(Witjes et al. 2017). An increase in median sur-
vival for future patients may be achieved, as
promising immunotherapeutic agents (PD1 and
PDL1 inhibitors) have recently been developed
and tested in the second-line metastatic setting
(Powles 2015).

Curatively intended cisplatin-based neo-
adjuvant chemotherapy followed by RC is only
recommended for cT2-4aN0M0 BC in interna-
tional guidelines (Witjes et al. 2017). In the clin-
ical practice, induction chemotherapy with
curative intent is regularly offered to BC patients
with limited pelvic lymph node metastases,
followed by RC if a good response to induction
chemotherapy is observed. However, induction
chemotherapy is applied without sufficient evi-
dence from RCTs compared to NAC. Neverthe-
less, retrospective studies on selected cN+
patients have shown a complete pathologic
response to chemotherapy in up to one-third of
patients with a corresponding 5-year overall sur-
vival of 41–79% after RC (Hermans et al. 2016;
Herr et al. 2001). However, nonresponders still
have a poor prognosis, and pathologic response
cannot be accurately predicted (Witjes et al.
2017). New effective treatments are urgently
needed in this patient group.

CT is of low diagnostic value for cN stage,
because it cannot detect lymph node metastases
in normal-sized lymph nodes (Witjes et al. 2017).
Understaging is therefore an important issue. MRI
has similar results compared to CT for detecting
lymph node metastases (Witjes et al. 2017). With
both imaging modalities, pelvic nodes>8mm and
abdominal nodes>10mm in maximum short-axis
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diameter should be regarded as pathologically
enlarged (Barentsz et al. 1996, 1999). If no
lymph node or distant metastases are detected on
CTand/orMRI (cT2-4N0M0), still approximately
half of the patients die within 5 years following
RC (Witjes et al. 2017). Furthermore, it has
recently been shown in a large population-based
cohort that cN1- and cN2–3-staged patients were
associated with a 31% and 19% pN0 rate at RC
(Hermans et al. 2016). Taken together, the high
probability of both false-positive and false-
negative results indicates that CT and MRI cannot
accurately detect BC metastases, especially in
case of higher cT-stages (Witjes et al. 2017).

A relatively new imaging modality is 18F-
fluorodeoxyglucose (FDG) PET/CT (FDG-PET/
CT). FDG consist of sugar (glucose), combined
with a radioactive label (18F). A positron emission
tomography (PET) scan can visualize the radioac-
tive label and therefore the sugar uptake in different
tissues. Because cancer cells have an increased
metabolism, FDG preferably accumulates in
tumor tissue. The PET images are combined with
CT images for anatomical correlation. Small pro-
spective studies have shown promising results for
detecting local lymph node and distant metastases
with FDG-PET/CT (Kibel et al. 2009; Lu et al.
2012). However, routine use of PET/CT is not yet
advised by MIBC guidelines as more evidence of
its additive value is being awaited (Witjes et al.
2017).

Other Prognostic and Predictive
Factors

Prognostic and Predictive Clinical Factors
As in NMIBC, presence of LVI and variant his-
tology in TUR or RC specimens are poor prog-
nostic factors inMIBC (Lotan et al. 2005). Variant
histology includes squamous cell and/or glandular
differentiation, micropapillary and microcystic
urothelial cell carcinoma, nested variants,
lymphoepithelioma, plasmacytoid, giant cell,
undifferentiated, trophoblastic differentiation,
small-cell carcinoma, and sarcomatoid carcinoma
(Witjes et al. 2017). On CT imaging, the presence
of unilateral or bilateral hydronephrosis is

associated with a high risk of pathological
upstaging and a poor survival following RC
(Mitra et al. 2013). Additionally, tumors that
were initially non-muscle-invasive and pro-
gressed to MIBC may have a poorer prognosis
than tumors that were muscle-invasive at initial
diagnosis (Babjuk et al. 2017). This could be the
result of a more aggressive nature of progressive
NMIBC. Another explanation is that NMIBCs are
often understaged (35–62%), which causes a
delay in appropriate staging and treatment (Witjes
et al. 2017). Finally, the tumor location within the
bladder could be a prognostic factor. An observa-
tional cohort study has shown that tumors in the
bladder trigone have a greater risk of lymph node
metastases and a decreased cancer-specific sur-
vival (Svatek et al. 2014).

Combining prognostic clinical factors has cre-
ated some predictive risk models for MIBC in
order to identify patients who will benefit from
NAC. Common factors in these models are
cT-stage, presence of hydronephrosis, and LVI
(Mitra et al. 2013; Culp et al. 2014). Additional
factors included in individual models were variant
histology (micropapillary or neuroendocrine fea-
tures) and tumor growth pattern (Mitra et al. 2013;
Culp et al. 2014). However, none of these predic-
tive models have been validated or compared to
each other.

Prognostic Factors at RC
Additional prognostic factors at RC for worse
clinical outcome are the presence of tumor tissue
in surgical margins, the presence of (occult)
lymph node metastases, and extranodal extension
of lymph node metastases (Witjes et al. 2017).
Retrospective research has shown that positive
surgical margins of perivesical fat tissue (soft
tissue margins) also decrease cancer-specific sur-
vival for BC without lymph node or distant metas-
tases (pN0M0) (Neuzillet et al. 2013).

Pelvic lymph node dissection (PLND) is a
standard procedure when performing RC (Witjes
et al. 2017). Because current imaging modalities
(contrast-enhanced CT and MRI) poorly detect
lymph node metastases (see above), PLND is the
most important and reliable nodal staging instru-
ment. Moreover, resection of affected lymph
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nodes might have a therapeutic effect as well. In
retrospective studies, patients who underwent
PLND had better oncologic outcomes than
patients who had not undergone PLND (Bruins
et al. 2014). However, based on the literature thus
far, the therapeutic value of PLND cannot be
distinguished from the consequences of improved
disease staging (Bruins et al. 2014). A standard
PLND comprises resection of all lymphatic tissue
within the external iliac arteries, the presacral,
obturator and internal iliac fossa, up to the com-
mon iliac bifurcation, with the ureter as the medial
border (Witjes et al. 2017). Some retrospective
studies report that extension of the dissection tem-
plate improves recurrence-free survival (Bruins
et al. 2014). However, thus far the optimal LND
extent has not been defined. Others have found a
positive prognostic value for the number of lymph
nodes removed (lymph node count, LNC) (Herr
et al. 2003). It is suggested that a minimum of
10 lymph nodes is sufficient for adequate nodal
staging. However, LNC is influenced by many
factors that these studies did not account for.
Moreover, both the anatomical LND extent and
LNC are subject to a selection bias.

Prognostic Molecular Markers
Recently, extensive research has focused on
potentially prognostic molecular markers. Fre-
quently reported prognostic immunohistochemis-
try (IHC) markers in retrospective studies are p53,
Ki-67, and a combination of cell-cycle and
proliferation-related markers (Malats et al. 2005;
Margulis et al. 2009; Shariat et al. 2014). These
are the same markers that were identified as prog-
nostic for progression in NMIBC. Again, these
results are likely compromised by the limitations
of IHC as the method of marker identification.
P53 is the most extensively explored IHC marker.
International guidelines do not recommend the
standard use of p53 in high-risk MIBC, because
of insufficient evidence to adjust individual
patient treatment (Witjes et al. 2017).

Predictive Molecular Markers to Assess
NAC Response
Tumor markers associated with a poor prognosis
may serve to select patients for NAC. The first

reason for this theory is the poor prognosis of
these tumors without NAC; the second reason is
that more aggressive tumors (tumors with a high
proliferation rate) appear to be more susceptible to
chemotherapy. Tumor downstaging following
NAC, especially a complete pathologic response
(pCR, ypT0N0), is associated with a major sur-
vival improvement (Rosenblatt et al. 2012).
Although several efforts have been made by
means of imaging prior to RC to assess response
to NAC, thus far, no tools can accurately predict
pathologic response to NAC (Witjes et al. 2017).
Recent research has focused on genome signa-
tures and mutational profiling from TUR speci-
mens to predict NAC response. Recent findings
suggest at least two distinctive subtypes: basal and
luminal MIBC (Choi et al. 2014a, b). These are
similar to basal and luminal profiles found in
breast cancer. Basal MIBCs have squamous and
sarcomatoid features and portent a poor progno-
sis. Of note, these tumors appeared highly sensi-
tive to cisplatin-based chemotherapy. Luminal
MIBCs are less aggressive than basal tumors.
They could be further subdivided into luminal
and p53-like subtypes. P53-like luminal MIBCs
show a poor response to chemotherapy and worse
clinical outcome compared to luminal MIBC
(Choi et al. 2014a, b).

Some studies have identified individual DNA
mutations associated with chemo-response. These
include ERBB2 and ERCC2 mutations
(Groenendijk et al. 2016; Allen et al. 2014).
Although genomic markers are promising NAC
selection tools for the future, further research is
warranted to confirm their predictive value.

Conclusions

In NMIBC, the main prognostic factors for pro-
gression are T-classification, presence of CIS, and
tumor grade. The main prognosticators for recur-
rence are tumor multiplicity, size, and prior recur-
rences. The EORTC provides short-term and
long-term progression and recurrence risk calcu-
lation for NMIBC, while the CUETO risk tables
are preferred for NMIBC treated with BCG. Infor-
mation from both models are implemented in
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AUA and EAU risk group stratification. T1 BC
has a high risk of progression. Adequate tools for
T1 risk stratification are currently lacking.

In MIBC, the pT- and pN-classifications are
next to LVI the most important prognosticators
for survival. Although multiple additional prog-
nostic factors have been identified, currently no
validated risk stratification models for MIBC
exist. A complete pathologic response to NAC
has a significant positive impact on survival.
Genome signatures and some specific mutations
analyzed in TUR specimens show promising
results as prognosticators and predictors of NAC
response. However, their prognostic and predic-
tive value still has to be validated.
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