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ABSTRACT

Bladder cancer (BC) is divided in non-muscle-invasive bladder cancer (NMIBC) and muscle-

invasive bladder cancer (MIBC). The majority of NMIBCs are treated conservatively and 

primary prognostic outcomes are progression and recurrence. The strongest prognostic 

factors for progression are T-classification, presence of carcinoma in situ (CIS) and tumour 

grade, while recurrence is associated with tumour multifocality, 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 remainsa perilous disease for which adequate risk 

stratification is lacking. 

Non-metastatic MIBC usually requires a radical cystectomy (RC), preferably combined 

with neoadjuvant chemotherapy (NAC). The most important prognosticators for survival 

are pT-, pN-classification and lymphovascular invasion (LVI). Additional poor prognostic 

factors found in individual studies are progression from NMIBC, variant histology, 

hydronephrosis, positive surgical margins at RC, and tumour localization 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 signatures. 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
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INTRODUCTION

Bladder cancer (BC) is the 4th most common in men worldwide and the 10th most common 

in women1. The reported incidence rates are the highest for Western Europe, Southern 

Europe and the United States and the lowest for Eastern Europe and Asia2. In 2012 it 

was estimated that in the European Union BC costs €4.9 billion2. The most important 

risk factors for BC are older age, smoking and occupational exposure to carcinogenic 

chemicals3,4. Symptoms of BC are painless macroscopic or microscopic hematuria, and 

irritative lower tract symptoms.

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-Guérin (BCG). The associated cancer-

specific mortality is low5. However, NMIBC patients have a life-time risk of recurrence and 

progression. Moreover, if progression occurs, 5-year CSS rates drop to 35%6. Therefore, 

careful cystoscopic follow-up is indicated, and if new suspicious lesions are seen, repeated 

trans-urethral resections (TUR) and/or fulgeration is indicated. In high-risk NMI-BC, 

urinary cytology, and computed tomography (CT) imaging are added to the follow-up 

scheme. This follow-up schedule has resulted in the highest treatment costs per patient 

from diagnosis to death of all cancers7. 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, treatment 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%8,9. Over the 

years, attempts to improve survival have principally aimed at refining and extending the 

treatment around surgery. So far, the most important breakthrough was the introduction 

of cisplatin-based neoadjuvant chemotherapy (NAC). The purpose of NAC administration 

is to eliminate occult metastases before surgery. Combined NAC and RC improve 

absolute 5-year survival rates with 5-8% compared to RC alone10-12. However, despite the 

introduction of NAC, survival of BC patients has only marginally improved over de 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 resistant11. Therefore, the 

focus of research in MIBC has been two-fold: First, to stratify risk of occult metastases, and 

therefore a poor prognosis; and secondly, to predict response to NAC. 
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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 aimed at improving survival. In both entities, prognostic and predictive factors are 

identified based on cystoscopy, histological examination of TUR and RC specimens and 

imaging, which are standard components of work-up.

WORK-UP FOR NMIBC AND MIBC: 
CYSTOSCOPY, TUR AND IMAGING

Cystoscopy, CT imaging and TUR are standard diagnostic procedures for BC. The primary 

tumour is visualized by white light cystoscopy and CT. Cystoscopy should describe all 

macroscopic features of the tumour, including site, size, number and appearance (solid or 

papillary), and mucosal abnormalities5,13. In addition, voided urine cytology is advised as 

an adjunct to cystoscopy to detect high-grade cancer and carcinoma in situ (CIS)5. Urine 

cytology has >90% specificity for detecting BC, but a low sensitivity, especially for low-

grade tumours5. Additionally, new technologies have been developed to visualize lesions 

that are easily missed with conventional white light cystoscopy, including photodynamic 

diagnosis (fluorescence cystoscopy) and narrow-band imaging. CT urography (CT-IVU) 

can be used to evaluate the presence of upper urinary tract tumours5. According to the 

American Urological Association (AUA) guidelines, this is indicated in all BCs13, according to 

the European Association of Urology (EAU) guidelines only in selected cases (e.g. tumours 

located in the trigone, multiple tumours or high-risk tumours)5. For MIBC, pelvic contrast-

enhanced CT or magnetic resonance imaging (MRI) are used to determine the extent of 

local tumour invasion, and contrast-enhanced CT of the abdomen and chest to evaluate 

possible tumour spread to lymph nodes and to other organs14. 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 NMIBC5. Therefore, all visible lesions should be 

removed completely and 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-invasive at initial diagnosis15. Of all NMIBCs, 

30% to 80% recur within 5 years and 1% to 50% progress to MIBC16,17. 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 
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tumour grade. The most important predictors for recurrence are tumour multiplicity, size 

and prior recurrences. 

Prognosticators of progression

TNM classification and CIS

The most often used staging system for BC is the Tumour, Node, Metastasis (TNM) 

classification (figure 118, table 1, TNM 2016)19. The TNM classification divides NMIBC 

into papillary tumours confined to the mucosa (Ta and CIS) and tumours invading the lamina 

propria (T1). Approximately 70% of NMIBC patients present with Ta, 20% with T1 and 10% 

with CIS lesions20. CIS is a flat, high-grade, non-invasive urothelial carcinoma. It has been 

defined as a distinctive malignancy with a high risk for recurrence and progression21,22. 

If left untreated, CIS will progress to MIBC in 54% of cases5. The pathophysiology of 

CIS is discussed in another chapter of this book. Ta low grade tumours have a low risk of 

progression and are therefore primarily conservatively treated with TUR alone, or TUR 

combined with mitomycin or BCG instillations. 

Figure 1. T classiFicaTion oF bladder cancer17

01
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Table 1.  TnM classiFicaTion oF bladder cancer (Year 2016)13

Primary tumour (t)

Distant metastasis (m)

tx

t0

ta

tis

t1

t2

 a

 b

t3

 a

 b

t4

 

 a

 b

nx

n0

n1

n2

n3

m0

m1

Primary tumour cannot be assessed

No evidence of primary tumour

Noninvasive papillary tumour

Carcinoma in situ: “flat tumour”

Tumour invades subepithelial connective tissue

Tumour invades muscularis propria

Tumour invades superficial muscularis propria (inner half)

Tumour invades deep muscularis propria (outer half)

Tumour invades perivesical tissue

Microscopically

Macroscopically (extravesical mass)

Tumour invades any of the following: prostatic stroma, seminal vesicles, uterus, vagina, 

pelvic wall, abdominal wall

Tumour invades prostatic stroma, uterus, vagina

Tumour invades pelvic wall, abdominal wall

Lymph nodes cannot be assessed

No lymph node metastasis

Single regional lymph node metastasis in the true pelvis (hypogastric, obturator, external 

iliac, or presacral lymph node)

Multiple regional lymph node metastasis in the true pelvis (hypogastric, obturator, 

external iliac, or presacral lymph node metastasis)

Lymph node metastasis to the common iliac lymph nodes

No distant metastasis

Distant metastasis

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.
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Tumours that invade the lamina propria are staged T1. Approximately two-thirds of T1 

tumours recur and one-third progresses to MIBC. However, progression rates reported 

in the literature vary between 21-50%17,23. This wide variability creates a therapeutic 

dilemma. As progressive disease is potentially life-threatening, some experts advise to 

perform an immediate cystectomy for all T1-BCs17,24,25.  However, immediate RC would 

be overtreatment for many non-progressive tumours. Hence, most phycisians opt for 

conservative treatment. 

One of the reasons for the wide range in T1-BC progression rates could be high inter-

observer variability 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 completeness 

of the resection and the presence of muscularis propria of the specimens5. As a result, 

staging and grading is consistent between pathologists in only half of the T1 NMIBCs5. 

In order to improve these results, two important recommendations have been adapted 

by international guidelines:  All patients with T1-BC should undergo a second TUR, and;  

if muscularis propria is absent in the TUR-specimens, a second TUR is indicated for all 

NMIBCs5,13. The main reason for recommending a second TUR for T1-BC was that this 

has been reported to result in upstaging to MIBC in 2-30% of patients depending on 

the presence of detrusor muscle in the specimen26,27. Despite improvements in T1-BC 

staging accuracy, its heterogeneous prognosis remains an issue. Retrospective studies 

have therefore aimed to identify specific prognostic factors in T1-BC. The most important 

prognostic factors identified in BCG-treated T1G3 tumours are female sex, concurrent 

CIS, CIS in the prostatic urethra, age, and tumour size28,29. In T1G2 BC, treated with TUR 

only, recurrence at 3 months was the most important prognosticator for progression30. 

Current research is focused on further T1-BC risk stratification by creating T1 sub-stage 

classifications. These sub-stages are based on tumour depth and extent of lamina propria 

invasion (metric sub-stage) or on invasion of a distinct layer of smooth muscle within 

the lamina propria, the muscularis mucosae. The prognostic value of these systems for 

progression has been demonstrated in several retrospective studies31,32. However, the 

reproducibility of T1 sub-stages has not yet been established. Currently, the EAU guidelines 

state that the depth and extent of invasion into the lamina propria can be evaluated5. 

Histological WHO grade

Tumour grade is based on several histomorphologic criteria, including nuclear size, shape, 

polarity, chromatin distributions and the presence of nucleoli and mitotic figures33.  The 

World Health Organisation (WHO) adopted the first BC grading classification in 1973, 

dividing  urothelial cell carcinomas in grade 1 to grade 3 (G1-3) (table 2)34. Despite its 

strong prognostic value in NMIBC, the 1973 grading system was replaced by a new 

classification in 200435. The main reason for replacing the 1973 classification was lack of 

clear definitions for each grade category, high interobserver variability among pathologists, 
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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 neoplasm 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 re-classified 

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’ consensus. 

However, several retrospective studies failed to establish a benefit of the 2004 grading 

system over the 1973 classification33,36. In fact, in T1 NMIBC, the 2004 classification 

appears to loose it’s prognostic value due to a very low number of LG-T1-BCs32,37. The 

WHO 2016 classification continues to recommend the 2004 grading system, although 

the WHO committee states that admittedly, controversy remains38. Currently, the EAU 

guidelines advise to simultaneously use the 1973 and 2004 WHO grading classifications5. 

The AUA guidelines describe the WHO 2004 grading system as the most widely accepted 

and utilized system in the United states13. 

Other prognosticators and risk nomograms for progression

Two prognostic models have been created to stratify risk of NMIBC progression. One 

model was created by the European Organisation for Research and Treatment of Cancer 

(EORTC). Their risk model was based on research of a population from 7 prospective trials, 

which compared intravesical treatments after TUR39. Apart from tumour stage, WHO 1973 

grade and CIS, the model includes tumour multiplicity, tumour 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 3a, the associated probability of 

Table 2.  WHo classiFicaTion sYsTeMs For TuMour grade 

 publisHed in 1973 and 2004 23,24

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

Introduction

progression in table 3b. Important limitations are that the study population did not receive 

maintenance BCG and that patients did not undergo a second TUR, which is now the 

standard recommended treatment for T1-BC and for all HG/G3 tumours39. The EORTC 

updated their model based on a study on intermediate- and high-risk patients treated with 

BCG for 1 to 3 years22. In this study, patients with CIS were not included. Factors associated 

with progression in this population were tumour stage and grade. Another prognostic 

model was created by the Club Urológico Español de Tratamiento Oncológico (CUETO)40. 

Unlike the original EORTC population, the CUETO study population principally consisted 

of high-risk patients treated with BCG instillations. Prognostic factors for worse outcome 

were stage, WHO 1973 G3-grade, recurrence at first cystoscopy, and prior tumour40. Again, 

WHO 2004 grade was not investigated. The weighted scores and associated probabilities 

of progression are displayed in table 4a and b. 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 information, both are recommended in international guidelines5,13. 

The EAU recommends the EORTC risk tables for prediction of the short-term and long-

term risks after TUR, whereas the CUETO tables are preferred in patients treated with 

BCG5. Additionally, the AUA and EAU guidelines have both translated these risk models into 

three risk groups (low, intermediate and high-risk tumours), which are displayed in tables 

5 a 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 histology5,13,41-43. Over 90% of BCs originate from urothelial cells and are 

therefore defined as urothelial cell carcinomas. Squamous cell carcinomas comprise 5% of 

BCs and <2% are adenocarcinomas. Especially, rare histology variants such as micropapillary, 

nested, plasmocytoid, neuroendocrine, sarcomatoid, and microcystic differentations have a 

poor prognosis5. LVI is defined as tumour invasion of blood vessels and/or lymphatics. LVI in 

NMIBC in general has been associated with an increased risk of pathological upstaging and 

metastasis. LVI in T1-BC is associated with a poor prognosis. 

Molecular markers to predict progression

Retrospective studies have aimed at identifying molecular markers from TUR-specimens to 

predict NMIBC progression. Promising markers in independent immunohistochemistry studies 

were expression of p53, Ki-67 and a combination of cell cycle regulators (p53, pRB, p21, and 

p27)44,45. 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 

independent studies on tumour DNA status, FGFR3 mutations were associated with a decreased 

risk of progression to MIBC. This led to the hypothesis that FGFR3 mutations are responsible 

for a favorable pathway in bladder cancer44. International guidelines on have not yet adopted 

molecular markers as NMIBC prognosticators, because further validation is warranted5,13.

01
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Table 3a. 

Factor

number of tumours

 Single

 2-7

 ≥8

tumour size

 <3cm

 ≥3cm

Prior recurrence rate

 Primary

 ≤1 recurrence/year

 >1 recurrence/year

t category

 Ta

 T1

Cis

 No

 Yes

grade

 1

 2

 3

total score

recurrence

0

3

6

0

3

0

2

4

0

1

0

1

0

1

2

0-17

Progression

0

3

3

0

3

0

2

2

0

4

0

6

0

0

5

0-23

Weighting of prognostic factors included in the European Organisation for Research and Treatment of 

Cancer (EORTC) model to predict recurrence and progression39 

Introduction

Table 3b

recurrence score

0

1-4

5-9

10-17

Progression score

0

2-6

7-13

14-23

Probability of recurrence 

1 year % (95%Ci)

15 (10-19)

24 (21-26)

38 (35-41)

61 (55-67)

Probability of 

Progression

1 year % (95%Ci)

0.2 (0-0.7)

1.0 (0.4-1.6)

5 (4-7)

17 (10-24)

Probability of recurrence

5 years (95%Ci)

31 (24-37)

46 (42-49)

62 (58-65)

78 (73-84)

Probability of 

Progression

5 years % (95%Ci)

0.8 (0-1.7)

6 (5-8)

17 (14-20)

45 (35-55)

Probability of recurrence and progression according to total EORTC risk score39 
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Table 4a. 

Factor

gender

 Male

 Female

age

 Less than 60

 60-70

 Greater than 70

recurrent tumour

 No

 Yes

no. of tumours

 3 or less

 Greater than 3

t Category

 Ta

 T1

associated Cis

 No

 Yes

grade

 1

 2

 3

total score

recurrence

0

3

0

1

2

0

4

0

2

0

0

0

2

0

1

3

0-16

Progression

0

0

0

0

2

0

2

0

1

0

2

0

1

0

2

6

0-14

Risk of recurrence and progression according to the total score by the Club Urológico Español de 

Tratamiento Oncológico40 
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Table 4b

recurrence score

0-4

5-6

7-9

10 or Greater

Progression score

0-4

5-6

7-9

10 or Greater

Probability of recurrence 

1 year % (95%Ci)

8 (6-11)

12 (8-16)

25 (20-31)

42 (28-56)

Probability of 

Progression

1 year % (95%Ci)

1.2 (0.2-2.2)

3 (0.8-5.2)

6 (3-8)

14 (7-21)

Probability of recurrence

5 years (95%Ci)

21 (17-25)

36 (29-42)

48 (41-55)

68 (54-82)

Probability of 

Progression

5 years % (95%Ci)

4 (2-6)

12 (8-16)

21 (16-27)

34 (23-44)

Probability of recurrence and progression according to total CUETO score (Fernandez-Gomez et al. 2009) 
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Table 5. 

risk group

low-risk

intermediate-risk

high-risk

Characteristics

according to eau

Primary, solitary, Ta, G1 (PUNLMP or 

LG), <3cm, no CIS

All tumours not defined in the low-risk 

or high-risk categories.

Any of the following:

 • T1

 • Grade 3 (HG)

 • CIS

  Multiple and recurrent and large  

  (>3cm) Ta Grade 1-2 tumours 

  (all conditions must be   

  presented)

subgroup of highest-risk tumours* 

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

according to aua

LG solitary Ta and ≤3cm

Any of the following:

 • Recurrence ≤1 year, LG Ta

 • Solitary LG Ta, >3cm

 • LG Ta, multifocal

 • HG Ta, ≤3cm

 • LG T1

Any of the following:

 • HG T1

 • Any recurrent HG Ta

 • HG Ta, >3cm or multifocal

 • Any CIS

 • Any BCG failure in HG patients

 • Any variant histology

 • Any LVI

 • Any HG prostatic urethral   

  involvement

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 5,18

LG;  low-grade (a mixture of Grade 1 and Grade 2)

HG;  high-grade (a mixture of some Grade 2 and all Grade 3 tumours) 

CIS;  carcinoma in situ, PUNLMP; Papillary urothelial neoplasm of low malignant potential, LVI; 

 lympho-vascular invasion

*For these tumours, 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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Prognosticators and risk models for recurrence

The most important prognostic factors for NMIBC recurrence are tumour multiplicity, 

tumour size and prior recurrence16. The EORTC study additionally found T1 stage, 

concomitant CIS and WHO 1973 tumour grade to be associated with recurrence22,39. The 

CUETO included sex, age, tumour grade, prior tumour, multiplicity, and CIS in their model 

to predict recurrence40. Notably, female sex has also been identified as a poor prognostic 

factor in a selected study on T1G3 BC, both for recurrence and progression28. A possible 

explanation is a less common urinary immunological response in women than in men46. 

Likewise, aging might have a negative impact on intravesical immunotherapy response47. 

The weighed scores for these factors and the associated probabilities of recurrent disease 

in the EORTC and CUETO models are displayed in table 3a, b for the EORTC model and in 

table 4a, b for the CUETO model.

Molecular markers to predict recurrence

Several molecular markers have been investigated as prognosticators for NMIBC 

recurrence. However, thus far results have been conflicting44. Also, little is known of the 

pathophysiology behind tumour 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, 1-45% of NMIBCs progress to MIBC mostly depending on stage and 

grade20. MIBC staging, treatment and prognosis rely on a close cooperation between 

urologists, pathologists, radiologists, medical oncologists and radiation oncologists. The 

most important prognosticators for MIBC are primary tumour stage (T-stage) and nodal 

classification (N-stage). Tumour 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 classification38,48.

Local tumour extent: cT-stage

If muscle-invasion is present in TUR BC specimens clinical stage is at least cT2 and further 

clinical TNM classification is based on CT and/or MR imaging (TNM 2016)19. The images 

should be evaluated for the following staging parameters: Extent of local tumour invasion, 

suspicion of tumour spread to lymph nodes and other distant organs14. Clinical T-stage 

differentiates tumours only invading the muscularis propria (T2), tumours growing through 

the bladder wall into perivesical fat (T3) and tumours invading adjacent organs (T4a) and 

the pelvic or abdominal wall (T4b) invasion (figure 118, table 1). An increase in T-stage is 

associated with a higher probability of lymph node metastases, distant metastases, and 
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therefore a decrease in survival. Perivesical fat tissue invasion can be microscopic (T3a) or 

macroscopic (T3b) (TNM 2016)19. 

CT and MRI can be used to suggest macroscopic invasion of perivesical fat tissue (cT3b) or 

adjacent organs (cT4). Microscopic perivesical invasion cannot be detected using current 

imaging modalities14. Furthermore, imaging is often performed after TUR of the primary 

tumour. The TUR itself can cause an inflammatory reaction of surrounding tissues, which is 

difficult to differentiate from local tumour invasion. MRI provides better contrast between 

different soft tissues (e.g. bladder wall from fat) than CT. Therefore, MRI initially provided a 

superior cT staging accuracy49. However, over the years, the introduction of new techniques 

have improved CT resolution. Currently, the additive value of conventional MRI over CT is 

unclear14. A new MRI technique is dynamic contrast-enhanced (DCE) MRI. The contrast 

used for this MRI technique causes earlier tumour enhancement than the bladder wall and 

other tissues, because of the increased of vascularization of the tumour50. DCE MRI may 

improve primary tumour staging in the future51,52.

Lymph node metastases (N-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 metastases are liver, lungs, bones, peritoneum, pleura and adrenal glands14. If 

distant visceral metastases are present, treatment is considered palliative. Patients with 

metastatic disease have a median survival of up to 14 months, if treated with cisplatin-

based chemotherapy14. An increase in median survival for future patients may be achieved, 

as promising immunotherapeutic agents (PD1 and PDL1 inhibitors) have recently been 

developed and tested in the second-line metastastic setting53. 

Curatively intended cisplatin based neoadjuvant chemotherapy followed by RC is only 

recommended for cT2-4aN0M0 BC in international guidelines14. In the clinical 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 

evidence from RCTs compared to NAC. Nevertheless, 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 survival of 41-79% after RC54-57. 

However, non-responders still have a poor prognosis and pathologic response cannot be 

accurately predicted14. 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-size lymph nodes14. Understaging is therefore an important issue. MRI has 

similar results compared to CT for detecting lymph node metastases14. 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 enlarged14,58,59. If no lymph node or distant 

metastases are detected on CT and/or MRI (cT2-4N0M0), still approximately half of the 

patients die within 5 years following RC14,8,9,60,61. 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 RC54. Taken together, the high probability of both false-

positive and false-negative results indicate that CT and MRI cannot accurately detect BC 

metastases, especially in case of higher cT-stages14. 

A relatively new imaging modality is 18F-fluorodeoxyglucose (FDG) PET/CT (FDG-PET/

CT). FDG consist of sugar (glucose), combined a radioactive label (18F). A position emission 

tomography (PET) scan can visualize the radioactive label, and therefore the sugar uptake 

in different tissues. Because cancer cells have an increased metabolism, FDG preferably 

accumulates in tumour tissue. The PET-images are combined with CT images for anatomical 

correlation. Small prospective studies have shown promising results for detecting local 

lymph node and distant metastases with FDG-PET/CT62-64. However, routine use of PET/

CT is not yet advised by MIBC guidelines as more evidence of its additive value is being 

awaited14. 

Other prognostic and predictive factors

Prognostic and predictive clinical factors

As in NMIBC, presence of LVI and variant histology in TUR or RC specimens are poor 

prognostic factors41,65. Variant histology includes squamous cell and/or glandular 

differentiation, micropapillary and microcystic urothelial cell carcinoma, nested variants, 

lymphoepithelioma, plasmocytoid, giant cell, undifferentiated, trophoblastic differentiation, 

small-cell carcinoma, and sarcomatoid carcinoma14,65-67. On CT imaging, the presence 

of unilateral or bilateral hydronephrosis is associated with a high risk of pathological 

upstaging and a poor survival following RC68,69. Additionally, tumours that were initially 

non muscle-invasive and progressed to MIBC may have a poorer prognosis than tumours 

that were muscle-invasive at initial diagnosis5. This could be the result of a more aggressive 

nature of progressive NMIBC. Another explanation is that NMIBCs are often under staged 

(35-62%), which causes a delay in appropriate staging and treatment14. Finally, the tumour 

location within the bladder could be a prognostic factor. An observational cohort study has 

shown that tumours in the bladder trigone have a greater risk of lymph node metastases 

and a decreased cancer-specific survival70. 

Some predictive risk models for MIBC to identify patients who will benefit from NAC have been 

created by combining prognostic clinical factors. Common factors in these models are cT-stage, 

presence of hydronephrosis, and LVI68,69,71. Additional factors included in individual models were 

variant histology (micropapillary or neuroendocrine features) and tumour growth pattern68,69. 

However, none of these predictive models have been validated or compared to each other.
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Prognostic factors at RC

Additional prognostic factors at RC for worse clinical outcome are the presence of tumour 

tissue in surgical margins, the presence of (occult) lymph node metastases and extranodal 

extension of lymph node metastases14. Retrospective research has shown that positive 

surgical margins of perivesical fat tissue (soft tissue margins) also decrease cancer-specific 

survival for BC without lymph node or distant metastases (pN0M0)72.  

Pelvic lymph node dissection (PLND) is a standard procedure when performing RC14. 

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 

instrument. Moreover, resection of affected lymph nodes might have a therapeutic effect 

as well. In retrospective studies, patients who underwent PLND had better oncologic 

outcomes than patients had not undergone PLND73. However, based on the literature 

thus far, the therapeutic value of PLND cannot be distinguished from the consequences of 

improved disease staging73. A standard PLND comprises resection of all lymphatic tissue 

within the external iliac arteries, the presacral, obturator and internal iliac fossa, up to the 

common iliac bifurcation, with the ureter as the medial border14. Some retrospective studies 

report that extension of the dissection template improves recurrence-free survival73. 

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)74-76. 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. 

Frequently reported prognostic immunohistochemistry (IHC) markers in retrospective 

studies are p53, Ki-67, and a combination of cell-cycle and proliferation-related markers77-79. 

These are the same markers that were identified as prognostic 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 treatment14. 

Predictive Molecular markers to assess NAC response

Tumour 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 tumours without NAC, the 

second reason is that more aggressive tumours (tumours with a high proliferation rate) 

appear to be more susceptible to chemotherapy. Tumour down staging following NAC, 

especially a complete pathologic response (pCR, ypT0N0) is associated with a major 

survival improvement80. Although several efforts have been made by means of imaging 

Introduction

prior to RC to assess response to NAC, thus far, no tools can accurately predict pathologic 

response to NAC14. Recent research has focused on genome signatures and mutational 

profiling from TUR specimens to predict NAC response81,84. Recent findings suggest at least 

two distinctive sub-types: basal and luminal MIBC. These are similar to basal and luminal 

profiles found in breast cancer. Basal MIBCs have squamous and sarcomatoid features and 

portent a poor prognosis. Of note, these tumours appeared highly sensitive to cisplatin-

based chemotherapy81,84.  Luminal MIBCs are less aggressive than basal tumours. 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 

MIBC81,84. 

Some studies have identified individual DNA mutations associated with chemo-response. 

These include ERBB2 and ERCC2 mutations85,86. 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 progression are T-classification, presence of 

CIS and tumour grade. The main prognosticators for recurrence are tumour multiplicity, 

size and prior recurrences. The EORTC provides short-term and long-term progression 

and recurrence risk calculation for NMIBC, while the CUETO risk tables are preferred for 

NMIBC treated with BCG. Information from both models are implemented in 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-classification are next to LVI the most important prognosticators 

for survival. Although multiple additional prognostic 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 predictive value still has to be 

validated.
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OUTLINE OF THE THESIS

This thesis focuses on prognosis and treatment of invasive bladder cancer. Part I contains 

research on T1 bladder cancer (T1-BC), which invades the lamina propria, but is non 

muscle-invasive. Part II and Part III focus on muscle-invasive bladder cancer (MIBC).

As outlined in the previous chapter, non-muscle-invasive Ta BC can generally be managed 

with transurethral resection (TUR) and intravesical instillations with chemotherapy or 

Bacille Calmette-Guerin. T1-BC however, has higher recurrence, progression and mortality 

rates. T1-BC could therefore be regarded an transition entity from NMIBC to MIBC. TUR 

combined intravesical instillations or radical cystectomy (RC) are both treatment options, 

depending on the risk of progression to MIBC and metastatic disease. For NMIBC in 

general, several risk assessment models for progression have been created. The most 

important risk factors in these models are T-stage, WHO tumour grade, and presence of 

carcinoma in situ. Currently, the optimal WHO grade classification remains to be defined. 

In Part i: chapters 2 and 3, the applicability of grade classifications is explored in T1-BC. 

Despite extensive risk assessment models for NMIBC in general, prognostication of T1-

BC remains a challenge. Recent studies have focused on risk stratification by creating T1 

substage classifications. Although the prognostic value of these classifications had been 

demonstrated in several reports, the optimal T1 substaging system remains to be defined. 

This issue is addressed in chapters 2 and 4.

Standard treatment of MIBC consists of neoadjuvant chemotherapy (NAC) and radical 

cystectomy. Despite the survival benefit of NAC and RC to RC alone, NAC is only scarcely 

administered. Part ii: chapter 5 is a nationwide analysis of perioperative therapy use in 

the Netherlands. Possible reasons for this hesitancy include toxicity, and delay of RC. In 

chapter 6, toxicity of and response to three chemotherapy regimens were compared. 

Another limitation is that NAC is very inefficient as up to half of BC patients do not benefit 

from NAC. On the other hand,  a complete pathologic response (pCR, ypT0N0) to NAC 

is associated with a major survival improvement. Thus far, no tools can accurately predict 

pathologic response to NAC. Conventional CT and MR imaging are inadequate for response 

visualization. As previously described, FDG-PET/CT visualizes tumour metabolism 

instead of only morphological tumour characteristics. Therefore, FDG-PET/CT might be 

advanteous in tumour response analysis. chapter 7 was aimed to define the accuracy of 

FDG-PET/CT response analysis. Recent research has focused on genome signatures and 

mutational profiling from TUR specimens to predict NAC response, including chapter 8 of 

this thesis. Genomic markers are promising tools for the future and may ultimately improve 

patients selection for NAC.

RC consists of surgical removal of the bladder and prostate in men, and removal of the 

bladder and uterus / anterior vaginal wall / ovaries in women, combined with a bilateral 

Outline of the thesis

pelvic lymph node dissection (PLND). A urinary diversion is created by anastomosing 

the ureters to a bowel segment, usually the terminal ileum. RC is associated with a high 

morbidity and functional impairment. Alternatively to surgery, radiotherapy can be applied. 

Despite advancements in radiation techniques, radiotherapy is still regarded inferior to 

RC for MIBC. Interest in bladder-preserving therapy has led to multimodal approaches, 

which include extensive transurethral resection, followed by concurrent radiotherapy and 

drugs aimed at improving tumour radiosensitivity. Only few studies on these multimodal 

therapies exist, and the optimal radiosensitizer remains to be defined. In Part iii: chapter 

9, concurrent radiotherapy and panitumumab is explored as a bladder-preserving therapy. 

Other alternatives to RC are several sexuality-preserving techniques, including prostate-

preserving cystectomies (PSC) in men. Excellent functional outcomes have been achieved 

in previous studies on PSC. However, its safety is debated because of fear for irradical BC 

resection. chapter 10 the oncologic and functional outcomes of two prostate-sparing RC 

techniques are investigated in a selected group of male BC patients. Another fear of PSC 

is incidental prostate carcinoma. The standard work-up of PSC includes analysis of the 

prostate to exclude cancer. With the increased use of FDG-PET/CT imaging for BC staging, 

incidental FDG-avid lesions of the prostate are often found. The question arises if these 

lesions require thorough evaluation. chapter 11 questions the clinical relevance of these 

incidental prostatic lesions. 

As outlined in the previous chapter, PLND is a standard component of RC, because of 

staging and possibly therapeutic purposes. A trend has emerged to use the number 

of lymph nodes in pathology reports (lymph node count, LNC) as a surrogate for PLND 

extent and quality, as a high LNC has been associated with better survival. In chapter 12 

the associating between differences in LNC and survival is explored, if the same surgeons 

adhere to a standardized anatomical PLND template. 

Apart from oncological remission, possible complications of RC are in important focus of BC 

patient follow-up. These complications include strictures at the uretero-ileal anastomosis 

of the urinary diversion. These can cause infections and renal deterioration. Classically, 

treatment consists of open surgery with revision of the anastomosis. However, this is major 

surgery in patients who are likely to have adhesions because of prior RC. Alternatively, 

several endourological techniques have been developed. chapter 13 explores the efficacy 

and safety of these techniques.
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ABSTRACT

Purpose of review: 

Treatment of T1 urothelial bladder cancer (T1-BC) is challenging as risk assessment criteria 

for progression are lacking. Histological grade and T1 substage have been identified as 

important prognostic factors. Currently, no consensus exists regarding the optimal 

substaging and grading systems for T1-BC. We reviewed recent advances in the various 

grading and substaging systems and their clinical applicability.

Recent findings: 

Stratification by muscularis mucosae (MM) invasion is the most explored substaging 

system. Its prognostic value was established by 12/23 (52%) available studies. Importantly, 

MM identification varied substantially among pathologists. Substaging based on diameter 

of invasive carcinoma (T1 microinvasive and T1 extensive-invasive (T1m/e)) proved a more 

reproducible system with at least equal prognostic value. However, more study is needed 

to investigate inter-observer variation. For non-muscle-invasive BC grading, the 1973 and 

2004 WHO classifications both provide independent prognostic information. However, 

remarkably few studies have investigated their applicability in T1-BC only. The available 

reports suggest that the 1973 WHO classification is superior to WHO 2004.

Summary: 

If multi-center studies confirm the promising results of T1m/e substaging, it may be 

incorporated in the TNM classification system for urinary BC. More studies are warranted 

to define the optimal classification system for grade in T1-BC. 

Prognostic significance of substage and who classification systems in 
T1 urothelial carcinoma of the bladder
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INTRODUCTION

Up to 80% of bladder cancers (BC) are non-muscle invasive (NMI) at initial diagnosis1. The 

nature of NMI-BC is heterogeneous: Low grade, superficial (Ta) carcinomas rarely progress 

to life-threatening disease but require frequent endoscopic treatment and surveillance. 

Conversely, High grade/grade 3 NMI-BCs show significant progression and death rates.

Especially for T1-BC, which comprises 25% of NMI-BCs, discrimination of potentially 

progressive and fatal disease is challenging2, as 5-year progression rates vary between 

21% and 50%3,4. Conservative management leads to cancer specific mortality in up to 

34%4. Therefore, various experts recommend upfront radical cystectomy (RC) for all T1-

BCs4-6. On the other hand, RC is overtreatment for non-progressive T1-BC and associated 

with considerable morbidity and mortality7. Although risk factors for T1-BC progression 

have been explored extensively, no definitive criteria for RC timing exist8,9. 

For NMI-BC, risk assessment models for progression include presence of CIS, histological 

grade and T1-stage as the main prognostic factors10,11. However, the definition of 

histological grade is complicated by simultaneous use of several classification systems9. 

The assessment of T1-stage is complicated by a considerable inter- and intra-observer 

variability among pathologists12,13. Moreover, the prognostic value of current risk 

assessment models specifically for T1-BC is limited14,15. 

A recent meta-analysis concerning high-grade T1-BC reported substage, lympho-vascular 

invasion, CIS, size, age and adjuvant BCG treatment as important prognostic factors3. T1 

substage (T1a – T1c) was the most important prognostic variable. The main objective of 

this review was to analyze the prognostic significance of T1 substage and T1 grade. We also 

explored the reliability of the T1 diagnosis itself. 
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RELIABILITY OF STAGE T1

Pathological stage is the gold standard for diagnostic and prognostic purposes. Initial 

BC-stage is based on histological evaluation of endoscopic specimens, differentiating 

involvement of the lamina propria (LP, T1) from noninvasive papillary carcinoma (Ta) and 

invasion of the muscularis propria (MP) (≥T2). It is well known that T1-BC is upstaged 

to muscle-invasive in 27-51% patients at RC9. Possible explanations for staging errors 

based on TUR-specimens include thermal artifacts, tangential sectioning, absence of MP in 

specimens with tumour invasion, desmoplastic reactions, and the presence of nested cancer 

variants16,17. In order to improve T1-BC staging, several studies have explored the effect of 

pathological stage review. These studies report downstaging rates to Ta of 15-56% and 

upstaging rates to MI-BC of 0-17%13,18-23. As the reviewed stage was a strong prognostic 

factor, many studies advocate standard pathology review in T1-BC13,18,20-23. However, 

misinterpretation of tissue architecture does not fully explain all under staging at initial 

diagnosis. Another factor is incomplete resection. Therefore, others have investigated T1-

BC restaging by means of a second TUR. This resulted in upstaging to ≥pT2-BC in 2-30% of 

patients24,25. The EAU Guidelines now recommend a standard restaging TUR when T1-BC 

is diagnosed9. In addition, Herr et al. established the importance of MP inclusion in TUR-

specimens as a quality parameter24. They stratified T1-BC progression in 701 patients by 

the presence of MP in initial TUR specimens. If MP was present, 15% were upstaged to MI-

BC in the follow-up TUR as compared to 45% when the MP was absent24. The importance 

of deep resection was confirmed by Mariappan et al., who found that MP absence is 

associated with a high risk of early recurrence26. Hence, endoscopic resection for T1-BC 

without MP is regarded incomplete9. 

Although a second histological analysis or resection can improve stage accuracy, T1-BC 

remains a heterogeneous disease with variable clinical outcomes. In search for methods to 

stratify progression risk, several substaging systems have been developed.

T1 SUBSTAGE

Muscularis Mucosae invasion 

The most extensively studied substaging system for T1-BC is based on muscularis mucosae 

(MM) invasion. The MM is a discontinuous layer of smooth muscle bundles, situated 

approximately midway between the urothelium and the MP27,28. The MM is accompanied 

by a plexus of large vessels, running along the LP. We searched PubMed using the keywords 

“urinary bladder cancer”, “T1” and “substage”. Only English literature was selected, no time 

restrictions were applied. After exclusion of obvious duplications, we found 28 reports on 

the utility of the MM to predict T1-BC progression (table 1) 29-56. Originally developed as 

Prognostic significance of substage and who classification systems in 
T1 urothelial carcinoma of the bladder

a three-tier system29, the most investigated method is based on two stages; invasion above 

the MM (T1a) and invasion in or through the MM (T1b). The two-tier system was explored 

in 23 studies. Twelve showed a significant association between substage and progression 

on multivariate analysis, whereas 11 did not  (table 1). Between these studies, no evident 

differences existed regarding cohort sizes or inclusion criteria.

Table 1. 

reference

Younes et al.29

Hasui et al.30

Angulo et al.31

Platz et al.32

Holmang et al.33

Smits et al.34

Hermann et al.35

Cheng et al.36

Kondylis et al.37

Shariat et al.38

Bernardini et al.39

Sozen et al.40

Orsola et al.41

Andius et al.42

Mhawech-Fauceglia 

et al.43

Orsola et al.44

Bertz et al.45

Lee et al.46

Van Rhijn et al.47

Chang et al.48

Palou et al.49

year

1990

1994

1995

1996

1997

1998

1998

1999

2000

2000

2001

2002

2005

2007

2007

2010

2011

2012

2012

2012

2012

n

54

88

170

68

124

124

143

83

55

43

94

90

97

113

45

138

309

183

134

509

146

substaged 

(%)

93

100

58

88

93

93

100

54

89

100

100

56

88

93

NR

87

100

100

63

43

64

Follow up, 

yr

Median: 4.6

Mean: 6.5

Minimum: 1.5

Mean: 6.0

Minimum: 5.0

Minimum: 3.0

Mean: 4.7

Median: 5.2

Median: 5.9

Median: 5.7

Mean: 5.4

Mean: 5.7

Median: 4.3

Minimum: 15.0

Minimum: 3.0

Median: 1.7

Median: 4.1

Median: 3.0

Median: 6.4

Mean: 7.3

Median: 8.7

analysis

Uni

Multi

Multi

NS

Uni

Multi

Multi

NS

NS

NS

Multi

Multi

Multi

Uni

Multi

Uni

NS

Multi

Uni

Multi

NS

significant 

outcome

OS

P

R

NS

P

P

OS

NS

NS

NS

P

P, R

P

P

P

P

NS

P

P

P, OS, DSS

NS

Prognostic value

Data available on substaging in T1 bladder cancer: T1a/b/c or T1a/b. 12/23 studies on the two-tier T1a/b 

system showed a significant association with progression on multivariate analysis. In theory substage is 

based on identification of muscularis mucosae invasion. However, in practice, the substage identification 

rate (substaged (%)) is often based on identification of the associated large vessels due to absence of 

muscularis mucosae in TUR-samples.

system

T1a/b

T1a/b

T1a/b

T1a/b/c

T1a/b

T1a/b/c

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b/c

T1a/b

T1a/b/c
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We identified only one prospective study. In this study by Orsola et al.55, 111 patients with 

high grade T1b-BC received a second TUR after intravesical treatment, whereas 89 T1a-

BC patients were followed by cystoscopy. Although 5-year cancer specific survival (CSS) 

rates were high for both groups (99% for T1a-BC and 95% for T1b-BC), T1b-BCs showed 

a significantly higher progression rate than T1a (23.6% vs. 5.6%, P<0.01). Regarding the 

retrospective reports, the largest study was conducted by Rouprêt et al.50. Six different 

hospitals identified T1-BC substage in 587 patients, followed by central pathology review. 

Substage was significantly associated with recurrence free survival (RFS) (OR 1.28, 95%CI 

1.02-1.61) progression free survival (PFS) (OR 1.93, 95%CI 1.35-2.74) and CSS (OR 2.03, 

95%CI 1.22-3.39). Notably, the reported substage identification rate was 100% with 

central reclassification in only 16% of patients. Identification rates reported by other study 

groups however, were less convincing: For example, in a series of 170 samples substage 

could not be determined in up to 68% of TUR-specimens31. This variation could partly be 

attributable to the general challenges in histological evaluation of TUR-specimens. Another 

explanation is the discontinuous nature of the MM57. Although MM is identified in 94% of 

cystectomy specimens, in biopsy specimens this ranges from 12% to 83%27,58,59. Another 

explanation is that the MM may be present in several TUR-chips of a resection but not in 

the TUR chip with the invasion front of the tumour47. In order to improve substaging rates, 

the associated large vessels of the vascular plexus were proposed as a histologic substitute 

if the MM is absent34,37. However, the reliability of these vessels for substaging purposes 

has never been investigated. Furthermore, considerable topographical variations have 

Table 1. conTinued 

reference 

Rouprêt et al.50

Brimo et al.51

Olsson et al.52

Soukup et al.53

De Marco et al.54

Orsola et al.55

Patschan et al.56

year 

2013

2013

2013

2014

2014

2015

2015

n 

587

86

211

200

40

200

156

substaged 

(%)

100

74

100

88

100

100

99

Follow up, 

yr 

Median: 2.9

Median: 2.4

Median: 5.0

Median: 3.1

Median: 9.5

Median: 5.9

Median: 6.3

analysis 

Multi

Multi

NS

Multi

NS

Multi

NS

significant 

outcome 

P, R, DSS

P, R

NS

P,DSS

NS

P

NS

Prognostic value

NR= not reported, P = progression, R = recurrence, OS = overall survival, 

DSS = disease specific survival, uni = univariate analysis, multi = multivariate analysis, NS = not significant.

system

T1a/b

T1a/b

T1a/b

T1a/b

T1a/b/c

T1a/b

T1a/b

Prognostic significance of substage and who classification systems in 
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been described of both the MM and the vessels throughout the urinary bladder60. Only 

16/28 studies reported how many samples were truly substaged based on identification 

of MM invasion versus the large vessels29-31,34-37,39,40,45,47-51,54. These proportions varied 

substantially (range 32%-100%). This could be responsible for the fact that almost half of 

the studies did not find a significant prognostic value for T1a/b stage, especially in smaller 

cohorts. In conclusion, although the prognostic value of T1-BC substage based on MM 

invasion appears to be promising, a consensus among pathologists is lacking. Therefore, 

the WHO has never proposed to implement this substage system in the TNM classification 

system or clinical guidelines2,9. 

Tumour Depth and tumour diameter (microinvasive vs. extensive-invasive) 

To circumvent the problems with MM identification, two other histopathological features 

have been studied to improve T1-BC substage consistency and feasibility. First, Cheng et 

al. investigated tumour invasion depth of the LP and found a significant association with 

progression on univariate analysis36. Millimetric depth assessment was possible in all 83 

TUR samples (table 2). They proposed a cutoff invasion depth of 1.5 mm as the 5-year PFS 

rate for invasion beyond 1.5mm was 67% versus 93% for <1.5mm (p=0.009)36. We found 

only one other study investigating millimetric depth as a prognosticator (Table 2). This study 

by Brimo et al. confirmed a strong correlation between invasion depth and progression 

(HR 5.09 , 95%CI 2.16-11.95) among 86 patients51. Brimo proposed a threshold invasion-

depth of 3mm. Remarkably, the overall mean LP thickness reported in a previous study 

by Cheng et al. was 1.4 mm61, thus smaller than both proposed threshold values36,51. This 

suggests that either the deep invasive fragments harbor unrecognized muscle invasion, 

or that thickness of the LP varies significantly among patients and different regions in the 

bladder. Moreover, measurement of invasion depth can easily be affected by tangential 

TUR-sections and mucosal denudation due to BCG treatment. The thresholds proposed 

by Brimo and Cheng have not been validated by other studies.

 

Another relatively new substaging system was developed by van der Aa et al.62. This 

method is based on the diameter of the LP invasion. The authors stratified T1-BC into 

microinvasive (T1m) and extensive-invasive (T1e). T1m was defined as a single spot of 

invasion with a diameter ≤0.5mm (one high-power field). Specimens with a larger area of 

invasion or multiple micro-invasive areas were defined as T1e. We identified 8 retrospective 

studies on the T1m/e system (table 2). In all reports, the substage identification rate 

was 100%. In the smallest cohort (n=40) no prognostic value for T1m/e substage was 

detected54. All other studies, with cohort sizes varying from 53 to 509 patients, reported a 

significant association between T1m/e and progression on univariate63 and on multivariate 

analysis15,45,47,48,51,62. All were single-center reports, apart from the study by van Rhijn et 

al.47. In this two-center study, TUR specimens of 134 patients were reviewed for substage 

by one pathologist based on diameter (T1m/e) and MM invasion (Ta/b/c). T1e-BC was 

associated with progression (HR 3.0, 95% CI 1.5-5.9) and a shorter CSS (HR 2.7, 95% CI 

02
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1.1-6.8) on multivariate analysis. For T1a/b/c stage, no prognostic value was detected in 

multivariate analyses47. Moreover, MM could not be identified in 37% of tumours (tables 1 

and 2). Another head-to-head comparison between T1m/e and T1a/b stage was performed 

by Bertz et al.45. Among 309 patients, T1m/e stage was associated with recurrence (HR 

2.03, 95% CI 1.16-3.56) and progression (HR 3.38, 95% CI 1.66-6.87), whereas T1 a/b 

substage was not prognostic45. Substage based on tumour diameter was feasible in 100% 

of tumours, while MM could be identified in only 83% (tables 1 and 2). 

All authors used an invasion diameter of one microscopic high-power field (range 5-6 mm) 

as threshold value for T1m/e identification, except for Chang et al.48. They investigated the 

impact of other threshold values (0.5mm vs. 1.0mm vs. 1.5mm) among 509 patients and 

found comparable statistical results for all cutoff points.

  

In conclusion, substage determination based on millimetric depth of LP invasion has similar 

shortcomings to the system that uses the MM as orientation. T1m/e substage (based 

on tumour-diameter) proved a user-friendly and more consistent method, showing an 

identification rate of 100% in all reports. However, multi-center studies with pathology 

review are warranted to investigate inter-observer variation. If such studies confirm the 

initial promising reports, T1m/e may be incorporated in the TNM classification system for 

urinary BC.

NON-MUSCLE-INVASIVE BLADDER CANCER GRADE

An historical overview 

In addition to T1 stage and substage, histological grade is an important prognosticator 

for NMI-BC. The first official grading system for BC was adopted by the WHO in 197364. 

The 1973 WHO classification is a three-tier system, which defines Grades 1 to 3 (G1-3). 

G1-BC has minimal architectural abnormalities with little or no mitotic figures65. G3-BC 

demonstrates extreme nuclear abnormalities, disordered architecture, loss of polarity, 

and frequent mitotic activity. Although definitions of G1 and G3 tumours are explicit, G2 

remains a diagnosis of exclusion65. Hence, most of NMI-BC end up being classified as G2, 

“the default diagnosis”66,67. In 2004, the WHO adopted a new grade classification67,68. The 

2004 WHO classification system defines urothelial neoplasms of low malignant potential 

(LMP), low-grade (LG) urothelial BC and high-grade (HG) urothelial BC68. Taking into 

account only NMI-BCs, neither the 1973 nor the 2004 WHO system has been proven 

superior69, while both provide independent information regarding disease outcome70. 

For both WHO classifications attempts were made to increase prognostic value by creating 

four-tiered systems. Regarding the 1973 WHO system, G2 was divided in a/b categories, 

Prognostic significance of substage and who classification systems in 
T1 urothelial carcinoma of the bladder

also known as the modified Bergkvist criteria71. The HG category of the 2004 WHO system 

was originally divided in high-grade/G2 and high-grade/G3. This system was adopted by 

the WHO in 199972. However, neither of the four-tier grading systems are implemented 

in clinical guidelines due to the inherent increased observer variability compared to the 

three-tier systems73. 

Currently, the American Urological Association and the European Association of Urology 

advocate simultaneous use of the 1973 and the 2004 WHO classifications9,74,75. In practice, 

simultaneous use of both systems results in another four-tier classification. Although 

this combination of classifications is associated with a significant stepwise increase of 

progression in NMI-BC75, its prognostic value for T1-BC specifically is unclear. We have 

compared the different prognostic values of each existing grading system for T1-BC.

Prognostic value of different grading systems in T1 Bladder Cancer

We searched PubMed using the keywords “urinary bladder cancer” “T1” and “grade”, no 

Table 2. 

reference

Cheng et al.36

Brimo et al.51

Van der Aa et al.62

Bertz et al.45 

Van Rhijn et al.47

Chang et al.48

Brimo et al.51 

Nishiyama et al.63 

de Marco et al.54 

year

1999

2013

2005

2011

2012

2012

2013

2013

2014

n

83

86

53

309

134

509

86

79

40

substaged 

(%)

100

97

100

100

100

100

100

100

100

Follow up, 

yr

Median: 5.2

Median: 2.4

Median: 4.6

Median: 4.1

Median: 6.4

Mean: 7.3

Median: 2.4

Mean: 6.2

Median: 9.5

analysis

Uni

Multi

Multi

Multi

Multi

Multi

Multi

Uni

NS

system

Depth

Depth

T1m/e

T1m/e

T1m/e

T1m/e

diameter

T1m/e

T1m/e

significant 

outcome

P

P, R

P

P, R

P, DSS

P, R, OS, DSS

P

R, P

NS

Prognostic value

Data available on substaging in T1 bladder cancer based on tumour depth and tumour diameter (T1m/e). 

The substaging systems are significant prognosticators in all but the smallest cohort. All authors 

reported that substaging was feasible for all patients (substaged (%)) based on lamina propria invasion 

diameter and for 97-100% of patients based on lamina propria invasion depth.

P= progression, R = recurrence, OS = overall survival, DSS = disease specific survival, 

uni = univariate analysis, multi = multivariate analysis, NS = not significant
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time restrictions were applied. Many studies had to be excluded because they did not 

differentiate between Ta and T1-BC10,76. In total, 16 retrospective reports were found and 

analyzed, including 9 reports on the 1973 WHO classification (table 3) and 6 reports on 

the 2004 WHO classification (table 4)34,38,39,45-47,50,53,63,77-80. Most studies that compared the 

1973 and 2004 WHO classifications used retrospective data and did pathology review for 

the WHO 2004 classification78. Only two were real comparative studies47,48. 

The 1973 WHO classification was the most applied and examined grading system (table 3). 

For T1-BC, G1 disease is practically non-existent76. The reported prevalence of T1G2-BC 

is 25-60% and of T1G3-BC 28-71%38,39,45,47,50,53,77-79. Stratifying for G2 versus G3 disease, 

6/9 studies showed a significant difference in progression or CSS (table 3). The 3 studies 

that were not significant comprised relatively small cohorts38,47,77.

 

Regarding the 2004 WHO classification, only 1/4 studies identified grade as a prognostic 

factor for T1-BC progression (table 4). This could be explained by the fact that almost all 

T1 tumours, formerly graded G2 or G3 according to the 1973 WHO, were referred to the 

2004 WHO HG category75,81. Due to this grade shift less than 5% of T1-BCs were defined 

LG, resulting in a near one-tiered system78. The two available head-to-head comparisons 

between the 1973 and 2004 grading systems confirmed the superior prognostic value 

for the 1973 WHO classification in T1-BC47,78. Both studies did not detect any prognostic 

value for the 2004 WHO classification (table 4). One found a near-significant association 

between 1973 WHO grade and progression (p=0.081) among 134 patients47. The other 

study demonstrated a significantly better 10-year CSS rate for T1G2-BC (95.5%) than for 

T1G3-BC (77.8%, p<0.001) in 310 patients78. 

Regarding the two four-tier systems, we found only 3 studies that assessed the prognostic 

value for T1-BC (table 5). Andius et al. investigated both the modified Bergkvist criteria 

and the 1999 WHO classification system42. Although they found a significant association 

with progression for both systems on univariate analysis, no long-term prognostic value for 

grade could be detected on multivariate analysis42. Two other relatively large cohorts failed 

to identify the 1999 WHO classification as a prognosticator (table 5). While observer 

variability remains an issue, long-term results showed no improved prognostication unless 

combined with molecular markers73.

In conclusion, the 1973 WHO classification has been shown a significant prognosticator 

for T1-BC specifically. In contrast, the 2004 WHO classification appears to be inapplicable 

for T1-BC due to the low number of LG tumours. The creation of four-tier systems by 

dividing the G2 or the HG category failed to improve prognostic accuracy. 

Prognostic significance of substage and who classification systems in 
T1 urothelial carcinoma of the bladder

Table 3. 

Table 4. 

reference

Shariat et al.38 

Bernardini et al.39 

Kamel et al.77 

Otto et al.78 

Bertz et al.45 

Van Rhijn et al.47 

Roupret et al.50 

Soukup et al.53 

Pellucchi79  

reference

Smits et al.34

Kwak et al.80

Otto et al.78

Lee et al.46

Van Rhijn et al.47

Nishiyama et al.63

year

2000

2001

2006

2011

2011

2012

2013

2014

2015

year

1998

2004

2011

2012

2012

2013

n

43

94

105

310

309

134

587

166

291

n

124

68

310

183

134

79

Follow up, 

yr

Median: 5.7

Mean: 5.4

Median: 4.0

Median: 4.1

Median: 4.1

Median: 6.4

Median: 2.9

Median: 3.1

Median: 2.6

Follow up, 

yr

Minimum: 3.0

Median: 8.3

Median: 4.1

Median: 3.0

Median: 6.4

Mean: 6.2

analysis

NS

Uni

NS

Multi

Multi

NS

Multi

Multi

Multi

analysis

NS

Multi

NS

NS

NS

Uni

setting

SC

SC

SC

SC

SC

MC

MC

SC

SC

setting

MC

SC

SC

SC

MC

SC

significant 

outcome

NS

P

NS

DSS 

DSS

NS

P

P

P, R

significant 

outcome

NS

P, R

NS

NS

NS

R

Prognostic value

Prognostic value

Data available on the Who 1973 classification system for T1 bladder cancer. Please note that, overlap 

with other Tables is due to comparative studies. The differentiation between G2 and G3 provides higher 

prognostic value if compared with the WHO 2004 classification (Table 4)

Data available on the Who 2004 classification system for T1 bladder cancer. Please note that, comparative 

studies showed overlap with other Tables. Almost all T1 bladder cancers were high grade. This resulted 

in a loss of prognostic information compared with the WHO 1973 classification for grade.

SC= single center, MC=multicenter, P = progression, R = recurrence, uni = univariate analysis, 

multi = multivariate analysis, NS = not significant.

MC = multicenter, P = progression, R = recurrence, SC = single center

DSS = disease specific survival, multi = multivariate analysis, NS = not significant.
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CONCLUSIONS

Substaging is a promising method for progression risk assessment in T1-BC. The most 

extensively studied system stratifies by MM invasion (T1a/b). Although its prognostic value 

has been validated in several studies, an important limitation is inter-observer variability 

of MM identification. Due to a lack of consensus among pathologists, the T1a/b system 

has not been implemented in clinical guidelines. T1m/e stratification proved prognostic in 

multivariable analyses, user-friendly and a more consistent method to substage T1-BC. If 

the promising identification rates and low inter-observer variation are confirmed by multi-

center studies, the T1m/e classification may be incorporated in the TNM classification 

system for urinary BC.

Remarkably few studies have investigated the applicability of the WHO grading systems 

for T1-BC. While both WHO classifications provide independent information in NMI-BC, 

for T1-BC specifically, the 1973 WHO classification is a superior prognosticator to the 

2004 WHO system due to a low number of LG T1-BCs. The creation of four-tier grading 

systems by dividing the G2 or the HG category does not improve prognostic accuracy for 

NMI-BC in general, nor for T1-BCs specifically.

Table 5. 

reference

Andius et al.42

Olsson et al.52

Patschan et al.56

year

2007

2013

2015

n

121

211

167

Follow up, 

yr

Median: 15.0

Median: 5.0

Median: 6.5

analysis

Uni

Uni

NS

NS

setting

MC

MC

MC

Classification 

system

Mod. Bergkvist 

criteria

WHO 1999

WHO 1999

WHO 1999

significant 

outcome

P

P

NS

NS

Prognostic value

Data available on the 1982 classification, also known as the modified Bergkvist criteria, and the WHO 

1999 classification systems. Due to the restricted use of both systems, only few studies have looked at 

their prognostic significance for T1-BC. While observer variability remains an issue, the division of the G2 

and HG categories into four-tier systems failed to improve prognostic accuracy. 

MC=multicenter, P = progression,  uni = univariate analysis, NS = not significant.
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Chapter 2A

EXPERTS’ SUMMARY

In a recent multi-center study, Rouprêt et al. included 587 patients diagnosed with primary 

T1 non-muscle-invasive bladder cancer (NMIBC) between 1994 and 2010. Six French 

hospitals participated in this landmark study. Muscle in the specimen was required but a 

standard repeat resection was not. All T1 tumours were substaged as follows: Above or into 

(T1a) or beyond (T1b) the muscularis mucosa (MM), a thin layer within the lamina propria 

of the bladder. The prognostic value of substage was investigated. T1a was reported in 388 

(66%) patients and T1b in 199 (34%) patients. After central review, 94 (16%) cases were 

reclassified. Median follow-up was 35 months. The 5 year recurrence free survival (RFS), 

progression free survival (PFS) and cancer specific survival (CSS) were all significantly 

better for T1a cases compared to T1b. Cystectomy was required in 45 T1b patients (23%) 

and 54 T1a (14%) patients. Significant predictors in multivariable analyses for worse 

RFS were multiplicity, tumour-size ≥1cm and T1b. Significant predictors in multivariable 

analyses for worse PFS were tumour-size ≥1cm, T1b and grade 3. Significant predictors in 

multivariable analyses for worse CSS were T1b and higher age. The authors advocated the 

use of substage to assess prognosis of T1 NMIBC. 

EXPERTS’ COMMENTS

The stakes are high in T1 bladder cancer as standardized treatment is lacking. Conservative 

management with BCG may lead to progression and possibly death. On the other hand, 

radical cystectomy with obvious impaired quality of life may be overtreatment for non-

progressive T1 NMIBC. Hence, there is a need for an easy-to-use substaging system 

that provides useful prognostic information. Rouprêt et al. are not the first to investigate 

substage using the MM (T1ab). In fact, its prognostic value has been proven significant by 

several previous studies1.  However, the study by Rouprêt et al. is the largest study so far 

and the first multicenter study with central pathology review showing a highly significant 

prognostic value for T1 substage. This study provided a clear rationale that substage 

is important in T1 NMIBC. Nevertheless, T1a/b substage has been not been adopted in 

clinical guidelines or staging systems1,2. The main reason was lack of consensus among 

pathologists regarding the identification of the MM at the site of the invading front of 

the tumour. Indeed, T1a/b substaging rates ranged from 58% to 100% in 15 previously 

reviewed original reports1. In 2004, substage according to MM was rejected by the WHO 

as method to substage T1 NMIBC1,2. In a search to optimize feasibility and consistency of 

diagnostic methods, promising new approaches for T1 substage based on invasion-depth, 

invasion-diameter or invasion-multifocality, have recently been introduced1,3-5. Compared 

to traditional T1a/b substage, such a new system, distinguishing T1-micro-invasive (T1m) 

and T1-extensive-invasive (T1e) tumours has proven to be user-friendly and highly 

Words of wisdom

02
a

effective to predict prognosis in four independent studies with Canadian, German, Dutch 

and Taiwanese patients1,3-5. The next step may be a multicenter study with local pathology 

review to validate the four recent papers on this new T1m/e substaging system1,3-5. Such a 

joint effort between urologists and pathologists may have consequences for future TNM 

classification systems. 
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ABSTRACT

Objectives: 

To compare the prognostic value of the WHO1973 and 2004 classification systems for 

grade in T1 bladder cancer (T1-BC), as both are currently recommended in international 

guidelines.

Patients and Methods: 

Three uro-pathologists re-revised slides of 601 primary (first diagnosis) T1-BCs, initially 

managed conservatively (BCG) in 4 hospitals. Grade was defined according to WHO1973 

(G1-3) and WHO2004 (low-grade; LG and high-grade; HG). This resulted in lack of G1 

tumours, 188 (31%) G2 and 413 (69%) G3 tumours. LG were 47 (8%) vs 554 (92%) 

HG tumours. We determined the prognostic value for progression-free survival (PFS) 

and cancer-specific survival (CSS) in Cox-regression models and corrected for age, sex, 

multiplicity, size and concomitant CIS. 

Results: 

At a median follow-up of 5.9 years, 148 patients showed progression and 94 died of BC. 

WHO1973 G3 was negatively associated with PFS (Hazard ratio (HR) 2.1) and CSS (HR 

3.4), while WHO2004 grade was not prognostic. On multivariable analysis, WHO1973 

grade was the only prognostic factor for progression (HR 2.0). G3 tumours (HR 3.0), higher 

age (HR 1.03) and tumour size >3cm (HR 1.8) were all independently associated with 

worse CSS. 

Conclusion: 

The WHO1973 classification system for grade has strong prognostic value in T1-BC, 

compared to the WHO2004 system. Our results suggest that WHO1973 grade cannot be 

replaced by the WHO2004 classification in non-muscle-invasive BC guidelines.
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INTRODUCTION
 

At initial diagnosis, the majority of bladder cancers (BC) are non-muscle-invasive (NMIBC). 

NMIBCs generally have a good prognosis if treated with transurethral resection (TUR) 

and adjuvant intravesical chemotherapy or Bacillus Calmette-Guérin (BCG) instillations1. 

However, NMIBCs invading the lamina propria, which are classified as T1-BC, progress to 

MIBC in 21% to 50% of cases. Furthermore, 34% of T1-BC patients die from this disease2,3. 

These progression and mortality rates prove that T1-BC is a transition entity and add to 

the dilemma whether to perform upfront radical cystectomy (RC), which is the standard 

for non-metastatic MIBC, or to apply conservative adjuvant intravesical treatment, as is 

the first choice for NMIBC. 

 

In search for criteria to optimize RC timing for NMIBC, several prognostic factors for 

progression have been identified. Apart from tumour stage, these include presence of 

Carcinoma in situ (CIS) and, most importantly, tumour grade4,5. The first grading system 

was adopted by the World Health Organisation (WHO) in 1973 and divides urothelial-cell 

carcinomas in grades 1 to 3 (G1-3)6. In 2004, the WHO1973 grading system was replaced 

by a new classification. This classification identifies papillary urothelial neoplasia of low 

malignant potential (PUNLMP), low grade (LG) and high grade (HG) papillary urothelial 

carcinoma. The WHO2004 grading system divides tumours formally known as G1 

into PUNLMP and LG tumours. G2 tumours were classified as either LG or HG, and all 

G3 tumours as HG. Its purpose was to provide clear histologic criteria and to decrease 

inter-observer variability, which was described to reach 50%1. However, thus far, no clear 

advantages of the WHO2004 grading system have been demonstrated1,7. Therefore, the 

European Association of Urology (EAU) guidelines currently advise to use the WHO1973 

and WHO2004 classifications simultaneously, because neither of them has been proven 

superior over the other1. The American Urological Association (AUA) guidelines recommend 

the WHO2004 classification as the most widely accepted and utilized grading system in 

the United States8. The aim of this multi-centre study was to compare the prognostic value 

of WHO1973 and WHO2004 grading systems in T1-BC. 

03

The WHO 1973 classification system for grade is an important prognosticator in 
T1 non-muscle-invasive bladder cancer

03



70 71

Chapter 03

MATERIALS AND METHODS

Patients

Medical records and TUR slides of 601 patients treated for primary (first diagnosis) T1-BC 

in four university hospitals between 1983 and 2010 were reviewed. This cohort includes 

extended series from previously described individual studies9,10. A second TUR was 

performed if muscularis propria was absent and/or the initial resection was incomplete. 

A standard re-TUR was not obligatory. Further treatment was initially conservative and 

consisted of at least one BCG induction cycle of 6 intravesical instillations. Follow-up 

included cystoscopical examination and urinary cytology every 3-4 months in the first two 

years, followed by every 6-12 months if disease did not recur. Progression was defined as 

tumour invasion of the muscularis propria (≥T2) and/or lymph node/ visceral metastases 

on follow-up imaging. Progression-free survival (PFS) was defined as the time from initial 

TUR to progression or last progression-free follow-up. Cancer-specific survival (CSS) was 

defined as time from initial TUR to death of disease or last follow-up.

Pathology review

Tumours were confirmed to be T1, defined as invasion of BC into the lamina propria, at 

pathology review by six uro-pathologists in total. Next, two-center pathology review of the 

TUR samples was performed (TvdK reviewed slides from Toronto, Paris and Rotterdam, 

n=292 and AH reviewed slides from Regensburg, n=309) for tumour grade according to 

the WHO1973 and 2004 classification systems in two separate rounds. Furthermore, 

samples from Rotterdam (n=66) were reviewed twice by TvdK and GvL for each grading 

system, enabling intra- and interobserver variation analyses. Each pathologist was blinded 

for the clinical data, apart from the original T1 diagnosis. Samples were graded according 

to the WHO1973 classification as G1-3 and according to the WHO2004 classification as 

PUNLMP, LG or HG. 

Statistics

Tumour grade according to both classifications were individually correlated with other 

baseline characteristics using Pearson chi-square tests (sex, tumour-focality, tumour-

size and concomitant CIS) and Mann-Whitney U test (age). Progression-free survival and 

cancer-specific survival were estimated with the Kaplan-Meier method. PFS and CSS were 

individually compared between tumour grades defined according to both the WHO1973 

and WHO2004 classifications with a log-rank test and Cox regression analysis. On 

multivariable analysis, we corrected for patient age, sex, tumour focality, year of diagnosis, 

tumour size (>3cm vs. ≤3cm) and concomitant CIS. Year of diagnosis was categorized 

according to the following time frames: 1983-1990, 1991-2000 and 2001-2010 and 

according to 1983-2000 vs. 2001-2010.  All variables were entered in the model without 

forward or backward selection. Prognostic analyses were performed for the entire cohort, 

per pathologist and for each centers’ cohort individually. The odds of patients receiving 

The WHO 1973 classification system for grade is an important prognosticator in 
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RC was estimated in logistic regression models, which included the following variables: 

patient age, sex, tumour size, focality, CIS, progression, recurrence, WHO1973 grade 

and WHO2004 grade. WHO1973 grade and WHO2004 grade were also independently 

included in two different models, which contained all of the previously mentioned 

variables. Finally, κ-values were calculated for intra- and interobserver reproducibility of 

grade according to WHO1973 and WHO2004. The grade of concordance (κ-values) was 

defined as fair for 0–0.20, moderate for 0.21–0.45, substantial for 0.46–0.75 and almost 

perfect for 0.76–0.99. Analyses were conducted with SPSS software (version 22.0, SPSS 

Inc., Chicago, III., USA). P-values of <0.05 were regarded significant on two-sided analysis. 

RESULTS

Baseline tumour and patient characteristics are displayed in table 1. According to the 

WHO1973 system, 188 (31%) tumours were classified as G2 and 413 (69%) were G3. 

None of the slides were G1. According to the WHO2004 system, 554 (92%) tumours were 

HG, while 47 (8%) were LG. None of the slides were classified as PUNLMP. G3 tumours 

more often had concomitant CIS (40%) than G2 tumours (17%, p<0.001). Likewise, 

TUR specimens of HG tumours showed CIS more often (34%) than LG specimens (19%, 

p=0.040). None of the other baseline-characteristics were significantly correlated with 

either of the two WHO classifications (data not shown). 

Median follow-up was 5.9 (interquartile range (IQR); 3.3-9.0) years for patients alive at 

last follow-up. During follow-up, 148 (25%) patients progressed to MIBC and 142 (24%) 

underwent RC. Progression rates at 5 years follow-up for WHO1973 and 2004 are shown 

in table 2. Patients with G3 tumours had worse PFS than patients with G2 tumours on 

univariable (HR 2.1, 95%CI 1.4-3.2, p<0.001, figure 1a) and on multivariable analysis 

(Table 3). In univariable analyses for progression, CIS (p=0.029) and multifocality (p=0.041) 

were significant while size (p=0.060) showed a tendency towards significance. WHO1973 

grade was the only prognostic variable for progression on multivariable analysis (table 

3). The WHO2004 system was not prognostic for PFS on univariable (high-grade vs. low-

grade HR 1.98, 95%CI 0.9-4.2, p=0.077, figure 1b) nor on multivariable analysis (table 

3). Adding the WHO2004 classification to the multivariable WHO1973 Cox-regression 

model did not improve the prognostic value of the model (-2log likelihood 1688.1 vs. 

1688.2, p=0.821). Of note, year of T1-BC diagnosis was not significantly associated with 

PFS (p=0.239).

In total, 205 (34%) patients died during follow-up, of which 94 (16%) patients died of 

bladder cancer. CSS at 5 years follow-up was 78% for patients with G3 disease vs. 96% 

for G2 disease (p<0.001, figure 1c). This difference was also significant on multivariable 
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analysis (HR 3.2, 95%CI 1.7-5.7, p<0.001, table 4). In univariable analyses for CSS, CIS 

(p=0.003), size (p=0.001), age (p<0.001) and multifocality (p=0.030) were also significant.  

Additional prognostic factors for worse CSS in multivariable analysis were tumour size 

>3cm and older patient age (table 4). According to the WHO2004 classification, 5-years 

CSS was 83% for HG tumours vs 93% for LG tumours (p=0.292, figure 1d). This difference 

was not statistically significant on multivariable analysis (HR1.5, 95%CI 0.62-3.8, p=0.368) 

nor on univariable analysis (p=0.287). Again, adding WHO2004 grade to the WHO1973 

model did not improve its prognostic value (-2log likelihood 1022.8 vs. 1024.0, p=0.272). 

CSS was not significantly associated with year of T1-BC diagnosis (p=0.271).

RC was performed in 142 (24%) patients. Progressive patients aged >70 years were less 

likely to receive a RC than patients ≤70 years (43% vs. 69%, p=0.002). On multivariable 

analysis, predictors for receiving RC were lower age (age coefficient estimate; CE 0.95, 

p<0.001), CIS (CE 2.0, p=0.006) and progression (CE 7.1, p<0.001). 

Intra-observer reproducibility, assessed for the 66 cases from Rotterdam, was almost 

perfect for WHO1973 (κ 0.79-0.90) and moderate to substantial for WHO2004 

classification (κ 0.40-0.67). Inter-observer reproducibility ranged from moderate to 

substantial for both classification systems (WHO1973; κ 0.31-0.55 and WHO2004; κ 

0.23-0.41). Additionally, the proportion of LG and G2 tumours varied significantly among 

hospitals (table 5). Despite this difference in grade distributions, results regarding the 

prognostic value of the grading classifications were consistent for all cohorts. WHO1973 

was either a significant or borderline significant prognosticator for progression (Rotterdam 

cohort borderline) and DSS (Toronto, Paris and Rotterdam cohorts individually borderline) 

whereas WHO2004 was not prognostic in any cohort (data not shown). 

The WHO 1973 classification system for grade is an important prognosticator in 
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Table 1. 

Variable

age

sex

 Male

 Female

multifocality

 Solitary

 Multiple

tumour size

 ≤3 cm

 >3 cm

Cis

 Present 

 Absent

number of BCg instillations

 6

 7-12

 13-18

 >18

 ≥ 6, exact number  unknown 

Who1973 classification

 Grade 1

 Grade 2

 Grade 3

Who2004 classification

 Low-grade

 High-grade

Progression

 Yes

 No

Cystectomy

 Yes

 No

median (iQr)

71 (15)

n (%)

451 (75)

150 (25)

342 (57)

259 (43)

277 (46)

324 (54)

196 (33)

405 (68)

284 (47)

  87 (14)

38 (6)

47 (8)

145 (24)

0 (0)

188 (31)

413 (69)

47 (8)

554 (92)

148 (25)

453 (75)

142 (24)

459 (76)

Baseline tumour and patient characteristics of 601 primary T1 Bladder cancer patients treated with at 

least one induction cycle of 6 BCG instillations.
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Table 1.  conTinued

Variable

City

 Regensburg

 Paris

 Toronto

 Rotterdam

year of diagnosis

 1983-1990

 1991-2000

 2001-2010

n (%)

309 (51)

133 (22)

93 (15)

66 (11)

18 (3)

244 (40.6)

339 (56.4)

IQR; interquartile range, CIS; carcinoma in situ, BCG; Bacillus Calmette-Guérin, WHO; World Health 

Organization

Table 2. 

Progression-free percentage of all 601 patients with primary T1 bladder carcinoma at 3 years and 5 

years follow-up, stratified according to the WHO1973 and 2004 grading systems. All patients were initially 

treated with intravesical BCG induction therapy.

SE: standard error

Who1973

 Grade 2

 Grade 3

Who2004

 Low-grade

 High-grade

3-year PFs

% (se)

93.1 (2.0)

73.6 (2.4)

95.3 (3.3)

78.6 (1.9)

5-year PFs

% (se)

85.7 (3.2)

68.2 (2.7)

84.7 (6.5)

72.9 (2.2)

p-value

<0.001

=0.071

The WHO 1973 classification system for grade is an important prognosticator in 
T1 non-muscle-invasive bladder cancer

Figure 1

Median follow-up for the 601 primary T1 urothelial bladder tumours was 5.9 years. Progression-free survival 

was grouped according to a) the WHO1973 classification (grade 2 vs. 3, log-rank test p<0.001) and according 

to b) the WHO2004 (low-grade vs. high-grade, log-rank test p=0.077) classification. Cancer-specific survival 

was grouped according to c) the WHO1973 classification (grade 2 vs. 3, log-rank test p<0.001) and according 

to d) the WHO2004 classification (low-grade vs. high-grade, log-rank test p=0.292). 

a 

B
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0

2

2

0

0

188

413

47

554

G2

G3

Low-grade

High-grade

142

247

34

356

Patients at risk

Patients at risk

years

years

grade 2

grade 3

lg

hg

4

4

103

159

26

236

6

6

60

99

15

145

8

8

36

56

10

83

10

10

18

34

6

46

Progression-free survival

Progression-free survival
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Figure 1 conTinued
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Table 3. 

Multivariable analysis for possible prognosticators of progression-free survival of all 601 patients with 

primary T1 bladder carcinoma initially treated with intravesical BCG induction therapy. The models 

include baseline characteristics, combined with tumour grade according to either the WHO1973 or 

WHO2004 classification.

WHO1973, WHO1973 classification; WHO2004, WHO2004 classification; HR, Hazard ratio; 95%CI, 95% 

confidence interval; CIS, carcinoma in situ

*Because of the low number of patients diagnosed between 1983 and 1990 (n=18), in the multivariable 

analysis, year of diagnosis was entered in two categories: 1983-2000 vs. 2001-2010. A multivariable 

model with the three separate categories 1983-1990, 1991-2000 and 2001-2010, had similar results (data 

not shown).

Variable

Grade

Sex male vs female

Age

Multiple vs solitary

>3cm vs ≤3cm

CIS yes vs no

Year of diagnosis*

hr

2.0

0.98

0.995

1.3

1.3

1.2

1.2

hr

1.8

0.97

0.995

1.3

1.3

1.4

1.3

95%Ci

1.3-3.0

0.7-1.5

0.98-1.01

0.9-1.8

0.9-1.8

0.9-1.7

0.9-1.7

95%Ci

0.8-3.8

0.7-1.4

0.98-1.0

0.9-1.8

0.9-1.8

0.97-1.9

0.9-1.8

p

0.001

0.912

0.495

0.112

0.120

0.495

0.239

p

0.143

0.898

0.546

0.139

0.109

0.074

0.158

Who1973

grade 3 vs. grade 2

Who2004

high-grade vs. low-grade
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Table 4. 

Multivariable analysis for possible prognosticators of cancer-specific survival of all 601 patients with 

primary T1 bladder carcinoma initially treated with intravesical BCG induction therapy. The models 

include baseline characteristics, combined with tumour grade according to either the WHO1973 or 

WHO2004 classification.

WHO1973, WHO1973 classification; WHO2004, WHO2004 classification; HR, Hazard ratio; 95%CI, 95% 

confidence interval; CIS, carcinoma in situ

*Because of the low number of patients diagnosed between 1983 and 1990 (n=18), in the multivariable 

analysis, year of diagnosis was entered in two categories: 1983-2000 vs 2001-2010. A multivariable model 

with the three separate categories 1983-1990, 1991-2000 and 2001-2010, had similar results (data not 

shown).

Variable

Grade

Sex male vs female

Age

Multiple vs solitary

>3cm vs ≤3cm

CIS yes vs no

Year of diagnosis*

hr

3.2

1.03

1.03

1.5

1.9

1.3

0.8

hr

1.6

0.991

1.03

1.4

1.9

1.7

0.9

95%Ci

1.7-5.7

0.6-1.7

1.01-1.1

0.96-2.2

1.2-2.9

0.9-2.1

0.5-1.2

95%Ci

0.6-3.9

0.6-1.6

1.01-1.1

0.95-2.1

1.2-2.9

1.1-2.5

0.6-1.3

p

<0.001

0.900

0.003

0.074

0.006

0.178

0.271

p

0.334

0.972

0.002

0.085

0.006

0.015

0.535

Who1973

grade 3 vs. grade 2

Who2004

high-grade vs. low-grade

The WHO 1973 classification system for grade is an important prognosticator in 
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DISCUSSION

T1-BC is a distinctive NMIBC entity with a high risk of progression2,3. Prognosis highly 

depends on tumour grade. However, this prognostic value is based on studies using the 

WHO1973 grading system, while the WHO currently recommends the use of the 2004 

system4,5,7. To our knowledge, this is the largest multicentre study thus far to compare both 

classification systems for grade in T1-BC. In our cohort, 25% of patients progressed to 

MIBC and 16% died from BC. This emphasizes the potentially lethal nature of T1-BC and 

the urgent need for robust prognosticators. Our results demonstrated that the WHO1973 

classification is highly prognostic in T1-BC, whereas the WHO2004 classification is not. 

Consequently, our results indicate that WHO1973 grade cannot be replaced by the 

WHO2004 classification in clinical NMIBC guidelines.

The lack of prognostic value of the WHO2004 classification is most likely due to a lower 

number of T1-LG tumours, which resulted in a nearly one-tiered grading system (T1-LG, 

n=47, 8% vs. T1-G2, n=188, 31%). The criteria defined by the WHO in 2004 are most 

likely the cause for the shift of many G2 cases to HG. Research groups participating in this 

study have already had similar results in previous individual reports. Otto et al. described 

a T1-LG rate of 4% in their single centre cohort, while van Rhijn et al. reported 19% T1-LG 

tumours in their two-center cohort9,10. Neither found any prognostic value for the 2004 

classification9,10. However, their results could have been compromised by limited power due 

to relatively small sample sizes (van Rhijn et al. n=134, Otto et al. n=310). This is reflected 

by the fact that van Rhijn et al. did not find the WHO1973 system to be of prognostic 

value either10. Other retrospective series have similarly failed to show prognostic value 

Table 5. 

Distribution of tumour grades according to WHO1973 and WHO2004 per hospital.

Who1973

 Grade 2

 Grade 3

Who2004

 Low-grade

 High-grade

regensburg

n=309

89 (29)

220 (53)

0 (0)

309 (100)

Paris

n=133

28 (21)

105 (79)

12 (9)

121 (91)

toronto

n=93

37 (40)

56 (60)

17 (18)

76 (82)

rotterdam

n=66 (%)

34 (52)

32 (48)

18 (28)

48 (73)

p-value

<0.001

<0.001
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for the WHO2004 system in T1-BC, although all suffered from relatively small sample 

sizes (n=68-183) and none compared its prognostic value with WHO197311. The current 

findings in a large population among four academic hospitals confirm the ineffectiveness 

of the WHO2004 classification in T1-BC. On the contrary, WHO1973 has been reported 

a prognosticator for progression and CSS in several larger T1-BC cohorts (n=166 to 

n=587)9,12,13. These included only one comparative study by Otto et al., who, as previously 

mentioned, did not find the WHO2004 system to be of prognostic value9. It has been 

suggested that the three-tiered 1973 system is disadvantageous in T1-BC, because T1G1-

BC does not exist9,12. Indeed, we did not identify any G1 tumours, which virtually turned 

the 1973 classification in a two-tiered grading system with the majority of T1-BCs being 

G3 (69%). Nevertheless, in our cohort the WHO 1973 classification proved prognostic for 

progression and CSS in all our cohorts. 

We did not identify any other prognosticators for progression than WHO1973 grade. In 

NMIBC in general, predictors for progression other than stage and grade are presence 

of concomitant CIS and recurrence at first cystoscopy4,5. In our cohort, concomitant CIS 

was associated with both higher WHO1973 and WHO2004 grade and clinical outcome 

on univariable analyses. It is most likely that this has reduced the prognostic value of CIS to 

non-significant on multivariable analysis. As our aim was to identify prognosticators at initial 

diagnosis, we could not investigate the prognostic value of recurrence at first cystoscopy. 

Likewise, we did not include the number of BCG instillations in our multivariable analysis 

because this is, even more than recurrence at first cystoscopy, an indirect outcome measure 

of progression and survival. In our study, additional prognostic factors for CSS were 

tumour size >3 cm and patient age. The prognostic role for size was recently confirmed in 

a large international retrospective study with 2451 patients and a meta-analysis involving 

15215 patients14,15. The negative impact of age on CSS in the present study is remarkable. 

Previous literature has suggested that elderly patients have a poor immunologic response 

to intravesical BCG therapy for NMIBC16. However, this theory is not likely the prominent 

explanation for our findings because age was only associated with CSS and not associated 

with a higher risk of progression in our cohort. Rather, our results suggest that elderly 

patients received less effective treatment if progression occurred. A recent population-

based analysis from the United States showed that, although cystectomy use in elderly 

patients is increasing, still only 24% of MIBC patients >75 years receive RC17. The lower 

odds for older patients to receive RC were independent of comorbidity. Although we could 

not account for comorbidity, we also observed that increasing age was associated with 

lower odds of RC. We reported RC treatment in 43% of progressive patients older than 

70 years. This strengthens the hypothesis that urologists are hesitant in performing major 

surgery in elderly patients.  

Intra-observer variability appeared to be more favourable for WHO1973 than WHO2004 in 

our exploratory analyses using the Rotterdam cohort (n=66). Inter-observer reproducibility 

The WHO 1973 classification system for grade is an important prognosticator in 
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was only moderate to substantial for both WHO classification systems. Our observer 

variability in T1-BC is in line with results reported in previous literature on NMIBC1,18,19. 

Despite the description of histological criteria in the WHO2004 classification, studies 

thus far including the present one, have not reported a clear improved reproducibility of 

WHO2004 over the WHO1973 system1,18-20. Hence, our results on reproducibility in T1-

BC also oppose the replacement of WHO1973 by the 2004 classification. In addition, the 

differences in the distribution of tumour grades for both classification systems as shown in 

Table 5 are most likely the effect of mean grade differences between the two pathologists 

(TvdK and AH) involved in this review19. 

Our study is limited by several factors. First, our cohort comprises a long period of 

inclusion. As a consequence, patients did not receive a standard re-TUR, which is now 

recommended in T1-BC treatment1,8. However, we did correct for a complete TUR and 

muscle in the specimen to reduce the heterogeneity of our study cohort. Of note, Gontero 

et al. recently reported in a large study involving 2451 patients that a standard re-TUR did 

not reduce risk of progression or improve CSS in patients with muscle in the specimen and 

a complete TUR21. Secondly, the same pathologists evaluated the slides according to both 

the WHO1973 and 2004 classification systems and could therefore theoretically have 

been biased. However, we expect this effect to be minimal because pathologists graded the 

slides in two separate rounds and were blinded for all clinical data. In addition, we did not 

perform a central pathology review for all cases. However, we believe that, given the results 

of the review of the two uro-pathologists with around 300 cases per pathologist and the 

additional reviews of the Rotterdam cohort to assess intra- and inter observer variability for 

WHO 1973&2004, a formal central review will not change the most important message of 

our study that WHO1973 is preferred over WHO2004 for T1-BC prognostics. Subdivision 

of the microinvasive component in T1-BC seems to have prognostic significance in several 

studies2,10,15 and has recently been adopted as an option by clinical guidelines1. Further 

study of pathological T1 sub-stage against established variables may prove its additional 

value next to, for example, tumour grade. Strengths of our study include the large sample 

size, the multicenter and international setting and the fact that all patients had primary T1-

BC and were initially conservatively treated with intravesical BCG.

In the past, attempts to improve NMIBC prognostication have resulted in combining the 

WHO1973 and the later adopted as WHO2004 classifications into a four-tiered system. 

This classification was recommended by the WHO in 199922. The WHO1999 has better 

defined criteria than WHO1973. Furthermore, the WHO1999 combines the advantages 

of the WHO1973 and WHO2004 in NMIBC in general, without loss of stage categories in 

T1-BC specifically. However, a theoretical limitation is the increase in observer variability 

inherent to the addition of a fourth grade category. Although the WHO1999 system carried 

prognostic value in a few studies12,23, it has not been widely adopted, nor implemented in 

clinical guidelines1,8. In our T1-BC cohort, WHO2004 had no prognostic value, whereas 
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WHO1973 was a strong prognosticator for progression and CSS. Our results indicated 

that WHO1973 grade may be a useful tool in decision-making regarding T1-BC patient 

management. Combining the WHO1973 and WHO2004 systems did not significantly 

alter the prognostic value opposed to applying the WHO1973 alone, which suggests that 

the WHO1999 may be used in T1-BC with similar prognostic accuracy as WHO1973. 

Nevertheless, the WHO2004 grading system cannot replace the WHO1973 system as a 

prognosticator in T1-BC, nor can tumour grade be neglected in the management of T1-

BC. Therefore, based on the currently available evidence, we believe that the WHO1973 

system should still be recommended by clinical NMIBC guidelines, provided that clinicians 

use this grading system for decisions regarding T1-BC patient management.

The WHO 1973 classification system for grade is an important prognosticator in 
T1 non-muscle-invasive bladder cancer
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ABSTRACT

Background: 

Reliable prognosticators for T1 bladder cancer (T1-BC) are urgently needed. Objective: To 

compare the prognostic value of two sub-stage systems for T1-BC in patients treated by 

transurethral resection (TUR) and adjuvant Bacillus Calmette-Guérin therapy.

Design, setting, and participants: 

The slides of 601 primary T1-BCs from four institutes were reviewed by two uropathologists 

and sub-staged according to two classifications: Metric sub-stage according to T1micro-

invasive (T1m – lamina propria invasion <0.5 mm) and T1extensive-invasive (pT1e 

– invasion ≥0.5 mm), and according to invasion of the muscularis mucosae (MM) (T1a – 

invasion above or into MM / T1b). 

Outcome measurements and statistical analysis: 

Multivariable analyses for progression-free (PFS) and cancer-specific survival (CSS) 

were performed including sub-stage, size, multiplicity, carcinoma in situ, sex, age, WHO-

grade1973 and WHO-grade2004 as variables. 

Results: 

Median follow-up was 5.9 years (IQR 3.3-9.0). Progression to T2BC was observed in 148 

(25%) patients and 94 (16%) died of BC. The MM was not present at the invasion front 

in 135 (22%) of tumours. Slides were sub-staged as follows: 213 T1m and 388 T1e; 281 

T1a and 320 T1b. On multivariable analysis, T1m/e sub-stage and WHO1973 grade were 

the strongest prognosticators for PFS (HR 3.8 and HR 1.8) and CSS (HR 2.7 and HR 2.6), 

respectively. Other prognostic factors for CSS were age (HR 1.03), and tumour size (HR 

1.8). Sub-stage according to MM-invasion was not significant. Our study was limited 

by its retrospective design and that standard re-TUR was not performed if TUR was 

macroscopically complete and muscularis propria was present in resected specimens. 

Conclusions: 

Metric sub-staging of T1-BC was possible in all cases of 601 T1-BC patients and it was a 

strong independent prognosticator of both PFS and CSS.

03
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INTRODUCTION

In the western world, up to 80% of bladder cancers (BCs) are non-muscle-invasive at initial 

diagnosis1. Although the majority of non-muscle-invasive bladder cancers (NMIBCs) have 

an excellent prognosis, results of conservative management are influenced by several risk 

factors2,3. Known risk factors for progression are stage, presence of Carcinoma in Situ 

(CIS), and grade4,5. Most importantly, stage T1, defined as invasion of the lamina propria, 

increases the risk of progression and mortality. T1-BC progresses to muscle-invasive BC 

in up to 50% of cases and approximately one-third metastasizes6. Aggressive treatment by 

means of early radical cystectomy (RC) is recommended by many experts7. However, for 

those T1-BCs destined to be non-progressive, RC is overtreatment. Decision models for 

RC timing in T1-BC are currently lacking8,9. 

T1 sub-stage is a promising tool for predicting progression and mortality. Over the years, 

two sub-staging classifications have been developed. The first classification is based on 

presence of muscularis mucosae (MM) invasion. The MM is a small layer of smooth muscle 

fibers approximately midway in the lamina propria. Stage T1a is defined as invasion above 

the MM, and T1b as invasion beyond the MM10. The second classification, called metric 

sub-stage, is based on invasion diameter. T1micro-invasive (T1m) has been defined as a 

single spot <0.5mm invasion (within one high-power field, 400x), and T1extensive-invasive 

(T1e) as ≥0.5mm11. Both classifications have been investigated in several non-comparative 

studies and both have a strong prognostic value12-14. Therefore, their use is recommended 

by the 2016 World Health Organization (WHO) classification15. However, the optimal 

system to sub-stage T1 still remains to be defined2,15. In this multicenter study, we compared 

the prognostic value of the two T1-BC sub-staging systems.
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MATERIALS AND METHODS

Patients

Primary transurethral resection (TUR) slides were collected from 601 T1-BC patients at 

initial diagnosis that had been treated at one of four university hospitals between 1982 

and 2010. Treatment had initially been bladder sparing for all patients and included at 

least 6 intravesical BCG instillations. The patients received a re-TUR if the initial resection 

was incomplete or if muscularis propria was absent in the resected tissue. Follow-up was 

according to NMIBC guidelines and included cystoscopy and urinary cytology every 3 to 

4 months for 2 years, followed by every 6 to 12 months if disease did not recur. The study 

was approved by ethic review boards at each participating site. 

Pathology review

TUR-slides were reviewed and confirmed to be T1 urothelial carcinoma by six pathologists 

(AH, TvdK, EC, SB, RS and GvL). Next, two-center pathology review for grade and sub-

stage assessment was performed by TvdK (Toronto n=93, Paris n=133 and Rotterdam 

n=66 cohorts) and AH (Regensburg cohort, n=309). Slides were graded according to both 

WHO 1973 and 2004 classification systems and tumours were sub-staged according 

to two classification systems in two different rounds. Metric sub-stage was defined as 

T1micro-invasive (T1m) or T1extensive-invasive (T1e) according to <0.5mm or ≥0.5mm 

lamina propria invasion, respectively. Secondly, tumours were staged T1a or T1b defined 

as absence or presence of muscularis mucosae (MM) invasion, respectively. If MM was 

not identified, T1a/b sub-stage was estimated according to invasion of the MM-associated 

vascular plexus and/or the depth of the MM identified not at the invasion front. Pathologists 

were blinded for clinical data, apart from initial T1-BC diagnosis.

Statistics

T1 sub-stage classifications were correlated with patient age using the Mann-Whitney 

U test. The association with other baseline characteristics was tested using Pearson chi-

square tests. The primary endpoint was progression-free survival (PFS), defined as time 

from initial TUR to the moment of diagnosis of invasion of the muscularis propria (≥T2) 

and/or lymph node metastases and/or visceral metastases in follow-up. The secondary 

endpoint was cancer-specific survival (CSS) defined as time from initial TUR to death of 

disease or last follow-up. Both were estimated using the Kaplan-Meier Method. P-values 

of <0.05 were considered significant on two-sided analysis. We determined the prognostic 

value for metric T1 sub-stage and T1a/b sub-stage on multivariable cox-regression 

analyses. The following variables were included in the step-wise backward regression 

models comparison using likelihood-ratio tests and p>0.10 as covariate exclusion criterion: 

tumour size (>3cm vs. ≤3 cm), multiplicity, CIS, sex, age, WHO 1973 classification and WHO 

2004 classification. We used SPSS statistical software (version 22.0, SPSS Inc., Chicago, III, 

USA) for the analyses. 
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RESULTS

Baseline characteristics 

Baseline tumour and patient characteristics for the 601 included patients are displayed 

in table 1. The majority of T1-BCs were high-grade or Grade 3, 43% were multifocal and 

concomitant CIS was present in 1/3 of the tumours. According to metric sub-stage, 213 

(35%) tumours were staged T1m and 388 (65%) T1e. According to MM invasion, 281 

(47%) tumours were T1a and 320 (53%) were T1b. MM was identified at the invasion front 

in 466 (78%) T1-BCs. T1bBCs more often were WHO1973 Grade 3 than T1a tumours 

(74% vs. 63%, p=0.003) and WHO2004 high-grade (99% vs. T1a 84%, p<0.001). Likewise, 

T1eBCs more often were classified Grade 3 (T1e 74% vs. 59% T1m Grade 3, p<0.001) or 

high-grade (96% vs. 86%, p<0.001) than T1m tumours. Additionally, WHO1973 Grade 3 

and WHO2004 high-grade were significantly associated with presence of CIS (p<0.001 

and p=0.040, respectively). The correlation between T1a/b and T1m/e is displayed in table 

2. No other baseline characteristics were significantly correlated with T1a/b or T1m/e sub-

stage, or with each other. 

Sub-stage and Progression

Median follow-up was 5.9 years (Interquartile range, IQR 3.3-9.0) for patients alive at 

last follow-up. During follow-up, 148 (25%) patients had progressive disease and 142 

(24%) underwent RC. On univariable analysis, Metric and MM-based sub-stage were 

both significant prognosticators for PFS (Metric p<0.001 and MM p=0.005, figure 1a/b). 

Three- and five-year progression rates are displayed in table 3. On multivariable analysis, 

T1e stage was significantly associated with worse PFS (T1e vs. T1m; Hazard ratio (HR) 3.8, 

95% confidence interval (95%CI) 2.3-6.0, p<0.001). MM-based sub-stage did not have a 

significant prognostic value for progression and was excluded from the model (Chi-squared 

change 1.376, p=0.24).

Sub-stage and Cancer-specific Survival

In total, 205 (34%) patients died during follow-up, of which 94 (16%) patients died of 

bladder cancer. On univariable analysis, patients with T1eBC had worse CSS than T1m 

patients (p<0.001, figure 2a). CSS for T1b patients was borderline-significantly worse 

than for T1a patients (p=0.052, figure 2b). CSS at 3 and 5 years follow-up is displayed in 

table 4. On multivariable analysis, Metric sub-stage was significantly prognostic for CSS 

(T1e vs. T1m; HR 2.7, 95%CI 1.6-4.8, p<0.001), whereas MM-based sub-stage was not 

(chi-square change 0.927, p=0.33). 

 

Other prognostic factors for PFS and CSS

On multivariable analysis, apart from Metric sub-stage, the only other prognostic factor for 

progression was WHO1973 grade (Grade 3 vs. 2; HR 1.8, 95%CI 1.2-2.7, p=0.006). Factors 

associated with worse CSS were WHO1973 Grade3 (HR 2.6, 95%CI 1.4-4.7, p=0.002), 
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higher age (HR1.03, 95%CI 1.01-1.05, p=0.002), and tumour size >3cm (HR1.8, 95%CI 

1.2-2.9, p=0.008). Presence of concomitant CIS was borderline-significantly associated 

with worse CSS in the final Cox regression model (HR1.5, 95%CI 0.998-2.3, p=0.051). 

figure 3a/b displays PFS and CSS combining the two strongest prognostic factors: metric 

sub-stage and WHO1973 grade (PFS p<0.001 and CSS p<0.001). 

Table 1. 

Variable

age

sex

 Male

 Female

multifocality

 Solitary

 Multiple

tumour size

 ≤3 cm

 >3 cm

Cis

 Present 

 Absent

number of BCg instillations

 6

 7-12

 13-18

 >18

 ≥ 6, exact number  unknown 

Who1973 classification

 Grade 1

 Grade 2

 Grade 3

Baseline tumour and patient characteristics of the 601 T1 urothelial carcinomas of the bladder.

median (iQr)

71 (15)

n (%)

451 (75)

150 (25)

342 (57)

259 (43)

277 (46)

324 (54)

196 (33)

405 (68)

284 (47)

87 (14)

38 (6)

47 (8)

145 (24)

0 (0)

188 (31)

413 (69)
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Table 2. 

Table 1.  conTinued

Variable

Who2004 classification

 Low-grade

 High-grade

Progression

 Yes

 No

Cystectomy

 Yes

 No

t1a

t1b

t1m 

n= 213 (%)

137 (64)

76 (36)

t1e

n= 388 (%)

144 (37)

244 (63)

correlation between T1a/b substage and T1m/e substage

Pearson’s R=0.261, SE=0.039, p<0.001

n (%)

47 (8)

554 (92)

148 (25)

453 (75)

142 (24)

459 (76)
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Figure 1
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Progression-free survival

Progression-free survival of 601 patients with primary T1 urothelial carcinoma of the bladder grouped 

according to (A) metric sub-stage (T1e vs T1m, log-rank test p<0.001) and according to (B) MM invasion 

(T1b vs. T1a, log-rank test p=0.005) classification. Median follow-up was 5.9 years.
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Table 3. 

Table 4. 

t1m

t1e

t1a

t1b

t1m

t1e

t1a

t1b

metric substage

t1a/b substage

metric substage

t1a/b substage

3-year PFs

% (se)

94.7 (1.7)

71.8 (2.5) 

85.4 (2.3)

74.8 (2.7)

3-year Css

% (se)

95.4 (1.6)

88.9 (1.7)

92.1 (1.8)

90.3 (1.8)

5-year PFs

% (se)

89.1 (2.8)

65.5 (2.8)

77.6 (2.9)

70.6 (3.1)

5-year Css

% (se)

92.8 (2.2)

79.3 (2.5)

85.1 (2.6)

83.0 (2.5)

p-value

<0.001

0.005

p-value

<0.001

0.052

Progression-free percentages of 601 patients with primary T1 urothelial  carcinoma of the bladder at 3 

years and 5 years follow-up, stratified according to metric substage and substage based on MM invasion. 

All patients were initially treated with at least one cycle of intravesical BCG induction therapy.

Cancer-specific survival (CSS) percentages of all 601 patients with primary T1 urothelial carcinoma of 

the bladder at 3 years and 5 years follow-up, stratified according to metric substage and substage based 

on MM invasion. 

PFS, progression-free survival; SE, standard error

CSS, cancer-specific survival; SE, standard error
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Figure 2
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Cancer-specific survival of 601 patients with primary T1 urothelial carcinoma of the bladder grouped according to (A) metric sub-

stage (log-rank test p<0.001) and according to (B) MM invasion (T1b vs. T1a, log-rank test p=0.052)

(A) Progression-free survival and (B) cancer-specific survival of 601 patients with primary T1 urothelial carcinoma of the bladder grouped 

according to both metric substage and WHO 1973 grade. The 5-year progression-free proportion was 92.8% (SE = 3.5%) for T1mG2 

patients vs. 60.6% (SE = 3.4%) for T1eG3 patients, and 81.9% (SE = 3.4%) for patients with miscellaneous T1BC (log rank test p<0.001). 

The 5-year CSS proportion was 98.1% (SE=1.9%) for T1mG2 patients vs. 74.1% (SE = 3.1%) for T1eG2 patients, and 91.4% (SE = 2.3%) for 

patients with miscellaneous T1BC (log rank test p< 0.001)
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Figure 3
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DISCUSSION

There is an urgent need for prognosticators in T1-BC. Although Metric and MM-based 

sub-stage systems have been shown to be promising risk stratificators for progression, the 

optimal sub-staging method remains to be defined. To our knowledge, this is one of very 

few comparative studies to investigate T1 sub-staging, and thus far the largest13,16,17. Our 

results suggest that metric sub-stage is of superior prognostic value to sub-stage based on 

MM invasion both for progression and for CSS.

Our results illustrate that metric sub-stage is a strong prognosticator with 34% progression 

of T1e tumours vs. only 11% in T1m tumours. On multivariable analysis, patients with T1e 

BC were almost four times more likely to develop progressive disease and 2.7 times more 

likely to die from BC than patients with T1m disease. Our results are in line with previous 

literature, which reported significant prognostic value for Metric sub-stage in all but one 

small series (n=40)13. The prognostic value of T1 sub-stage according to MM invasion was 

limited to a 7% difference in 5-year progression between T1b and T1a sub-stage. Moreover, 

on multivariable analyses, this sub-stage system was not included in the final models based 

on inferior prognostic value. Our results confirmed findings of two previous head-to-head 

comparisons in smaller cohorts by research groups participating in this study16,17. Both 

found metric sub-stage a significant prognosticator on multivariable analysis, while sub-

stage based on MM invasion was not. 

A major limitation of sub-stage based on MM invasion is that the MM cannot always be 

identified at the invasion front. In our study, the MM identification rate was 78%. In previous 

literature, identification rates ranged from 32 to 100%13. A presumable explanation for 

this variability of this sub-staging rate is the discontinuous nature of the MM, combined 

with challenges when analyzing TUR specimens (including thermal artifacts and tangential 

sectioning)13. The criteria for metric sub-stage (less or ≥0.5mm lamina propria invasion) are 

straightforward and, both in our study and previous literature13, have resulted in a 100% 

sub-stage identification. 

Apart from metric sub-stage, WHO1973 grade was prognostic for progression and CSS in 

our study. Tumour grade is a well-known prognosticator in NMIBC4,5, and currently both 

WHO2004 and WHO1973 grade classifications are recommended in clinical guidelines2,3. 

In our T1-BC cohort, the WHO1973 classification had superior prognostic value to 

WHO2004 grade. This likely results from the low number of WHO2004 low-grade T1 

tumours (8%), turning the WHO2004 in a near one-tiered classification13,18. Combining 

metric sub-stage and WHO1973 grade as stratification factors resulted in highly 

discernible prognostic T1-BC groups. Please note that based on our results, no conclusions 

can be drawn regarding the optimal grading system for TaBC. Our results suggest that 

future prospective studies in T1-BC may discern the following treatment algorithm based 

Metric substage according to micro and extensive lamina propria invasion improves prognostics 
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on T1 sub-stage and Grade: T1m and G2; no re-TUR, T1e and G3; early cystectomy vs. re-

TUR if appropriate, and others; re-TUR with BCG if appropriate. Clearly, our results are to 

be considered hypothesis generating and ideally should be confirmed.

Other prognostic factors for CSS were age and tumour size. Tumour diameter is also a 

well-described prognosticator in NMIBC guidelines. Recently, a multicenter cohort study 

and a meta-analysis confirmed its negative impact on PFS and CSS for patients2,3,19,20. Both 

series also found that elderly patients had a higher risk of progression and death from 

T1-BC19,20. Although this may partly be explained by poor immunologic responses to BCG 

treatment in elderly patients21, in our series age was only associated with worse CSS and 

not with progression. In our cohort, only 43% of elderly patients (above 70 years of age) 

with progressive disease underwent RC vs. 69% of younger patients (p=0.002). Hence, the 

negative association between age and CSS in our series may be explained by underutilization 

of RC in the elderly group of patients. Finally, concomitant CIS is associated with a worse 

prognosis in NMIBC in general and in T1-BC4,5,19,20. In our cohort, the correlation between 

CIS and CSS was borderline significant. Yet, CIS was included in the final Cox regression 

model. This indicates that, despite its interaction with WHO1973 grade, presence of CIS 

increases the risk of death from T1-BC.

Our study is limited by its retrospective design and long period of inclusion. Consequently, 

standard re-TUR was not performed. Although current NMIBC guidelines recommend a 

second resection for all T1-BCs2,3, a recent large multicenter study suggested that this may 

not be necessary if muscle is present in the specimen of the primary TUR22. We excluded 

cases if muscularis propria was absent or if the TUR(s) was considered incomplete. We 

believe that the high PFS and CSS proportions for T1m tumours, and especially for T1mG2 

tumours, suggest that this subset of T1-BCs might not require standard re-TUR. In addition, 

we did not investigate inter- and intraobserver reproducibility among pathologist(s). 

However, we anticipate from previous study that T1m/e concordance among pathologists 

is high11. Future study with large cohorts are warranted to address this issue. Strengths of 

our study include the large number of patients, the multicenter setting and the fact that 

all reviewed slides were from primary (first diagnosis) TURs. Moreover, all patients were 

initially treated with at least six induction BCG instillations.  

Apart from MM-based and metric sub-stage, few other sub-stage classifications have 

been explored13. In 1999, Cheng et al. proposed depth of lamina propria invasion as a 

predictor for T1-BC progression23. Although results were significant with an invasion 

cutoff of ≥1.5mm, this has not been validated in other studies13,24. Similar to MM-based 

sub-stage, measuring depth of invasion may be prone to inter-observer variability, because 

of tangential TUR sections and varying lamina propria thickness throughout the bladder. 

Recently, Leivo et al. found the cumulative diameters of all invasive foci to be prognostic 

for progression with an optimal threshold of 2.3mm in a cohort of 118 patients25. In this 
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study, T1e also was a significant prognosticator. Our cut-off of 0.5mm is based on results 

by van der Aa et al., who proposed the metric sub-stage classification11. They chose this 

criterion for the practical reason that 0.5mm equals one high-power field (objective x40), 

which made it an easy-to-use and reproducible sub-stage system11. The optimal cut-off 

value remains to be determined. 

Taken together, metric sub-stage proved a user-friendly and strong prognosticator for 

progression and CSS. Sub-stage based on MM invasion was of inferior prognostic value. 

Metric sub-stage may therefore be incorporated in clinical and pathological non muscle-

invasive / T1-BC guidelines.

CONCLUSIONS

In this large multicenter study, sub-stage based on metric sub-stage proved to be a strong 

prognosticator for progression and CSS in T1-BC. MM-based sub-stage had inferior 

prognostic value and reproducibility. Our results indicate that metric sub-stage appears 

to be the optimal system to sub-stage T1-BC and may be requested by urologists to 

pathologists to orientate their treatment strategy. 

Metric substage according to micro and extensive lamina propria invasion improves prognostics 
in T1 bladder cancer

REFERENCES

1 van Rhijn BW, Burger M, Lotan Y, et al. Recurrence and progression of disease in non-muscle-invasive bladder 

 cancer: from epidemiology to treatment strategy. Eur Urol. 2009;56:430-42

2  Babjuk M, Bohle A, Burger M, et al. EAU Guidelines on Non-Muscle-invasive Urothelial Carcinoma of the 

 Bladder: Update 2016. Eur Urol. 2017;71:447-61

3  Chang SS, Boorjian SA, Chou R, et al. Diagnosis and Treatment of Non-Muscle Invasive Bladder Cancer: AUA/

 SUO Guideline. J Urol. 2016;196:1021-9

4  Fernandez-Gomez J, Madero R, Solsona E, et al. Predicting nonmuscle invasive bladder cancer recurrence and 

 progression in patients treated with bacillus Calmette-Guerin: the CUETO scoring model. J Urol. 

 2009;182:2195-203

5  Sylvester RJ, van der Meijden AP, Oosterlinck W, et al. Predicting recurrence and progression in individual 

 patients with stage Ta T1 bladder cancer using EORTC risk tables: a combined analysis of 2596 patients from 

 seven EORTC trials. Eur Urol. 2006;49:466-5; discussion 75-7

6  Orsola A, Werner L, de Torres I, et al. Reexamining treatment of high-grade T1 bladder cancer according to 

 depth of lamina propria invasion: a prospective trial of 200 patients. Br J Cancer. 2015;112:468-74

7  Stein JP, Penson DF. Invasive T1 bladder cancer: indications and rationale for radical cystectomy. BJU Int. 

 2008;102:270-5

8  van Rhijn BW, Liu L, Vis AN, et al. Prognostic value of molecular markers, sub-stage and European Organisation 

 for the Research and Treatment of Cancer risk scores in primary T1 bladder cancer. 

 BJU Int. 2012;110:1169-76

9 Xylinas E, Kent M, Kluth L, et al. Accuracy of the EORTC risk tables and of the CUETO scoring model to predict  

 outcomes in non-muscle-invasive urothelial carcinoma of the bladder. Br J Cancer. 2013;109:1460-6

10  Younes M, Sussman J, True LD. The usefulness of the level of the muscularis mucosae in the staging of invasive  

 transitional cell carcinoma of the urinary bladder. Cancer. 1990;66:543-8

11  van der Aa MN, van Leenders GJ, Steyerberg EW, et al. A new system for substaging pT1 papillary bladder  

 cancer: a prognostic evaluation. Hum Pathol. 2005;36:981-6

12  Chang WC, Chang YH, Pan CC. Prognostic significance in substaging ofT1 urinary bladder urothelial carcinoma  

 on transurethral resection. Am J Surg Pathol. 2012;36:454-61

13  Fransen van de Putte EE, Behrendt MA, Pigot GL, et al. Prognostic significance of substage and WHO  

 classification systems in T1 urothelial carcinoma of the bladder. Curr Opin Urol. 2015;25:427-35

14  Roupret M, Seisen T, Comperat E, et al. Prognostic interest in discriminating muscularis mucosa invasion (T1a  

 vs T1b) in nonmuscle invasive bladder carcinoma: French national multicenter study with central pathology  

 review. J Urol. 2013;189:2069-76

15  Humphrey PA, Moch H, Cubilla AL, et al. The 2016 WHO Classification of Tumours of the Urinary System and  

 Male Genital Organs-Part B: Prostate and Bladder Tumours. Eur Urol. 2016;70:106-19

16  Bertz S, Denzinger S, Otto W, et al. Substaging by estimating the size of invasive tumour can improve  

 risk stratification in pT1 urothelial bladder cancer-evaluation of a large hospital-based single-centre series.  

 Histopathology. 2011;59:722-32

17  van Rhijn BW, van der Kwast TH, Alkhateeb SS, et al. A new and highly prognostic system to discern T1 bladder  

 cancer substage. Eur Urol. 2012;61:378-84

0304



102 103

Chapter 04

18  Otto W, Denzinger S, Fritsche HM, et al. The WHO classification of 1973 is more suitable than the WHO  

 classification of 2004 for predicting survival in pT1 urothelial bladder cancer. BJU Int. 2011;107:404-8

19  Gontero P, Sylvester R, Pisano F, et al. Prognostic factors and risk groups in T1G3 non-muscle-invasive bladder  

 cancer patients initially treated with Bacillus Calmette-Guerin: results of a retrospective multicenter study of  

 2451 patients. Eur Urol. 2015;67:74-82

20 Martin-Doyle W, Leow JJ, Orsola A, et al. Improving selection criteria for early cystectomy in high-grade t1  

 bladder cancer: a meta-analysis of 15,215 patients. J Clin Oncol. 2015;33:643-50

21  Joudi FN, Smith BJ, O’Donnell MA, et al. The impact of age on the response of patients with superficial bladder  

 cancer to intravesical immunotherapy. J Urol. 2006;175:1634-9; discussion 9-40

22  Gontero P, Sylvester R, Pisano F, et al. The impact of re-transurethral resection on clinical outcomes in a large  

 multicentre cohort of patients with T1 high-grade/Grade 3 bladder cancer treated with bacille Calmette- 

 Guerin. BJU Int. 2016;118:44-52

23  Cheng L, Weaver AL, Neumann RM, et al. Substaging of T1 bladder carcinoma based on the depth of invasion  

 as measured by micrometer: A new proposal. Cancer. 1999;86:1035-43

24  Brimo F, Wu C, Zeizafoun N, et al. Prognostic factors in T1 bladder urothelial carcinoma: the value of recording  

 millimetric depth of invasion, diameter of invasive carcinoma, and muscularis mucosa invasion. Hum Pathol.  

 2013;44:95-102

25  Leivo MZ, Sahoo D, Hamilton Z, et al. Analysis of T1 Bladder Cancer on Biopsy and Transurethral Resection  

 Specimens: Comparison and Ranking of T1 Quantification Approaches to Predict Progression to Muscularis  

 Propria Invasion. Am J Surg Pathol. 2018;42:e1-e10

References

0304



parT: ii

MUSCLE-INVASIVE 
BLADDER CANCER: 
SYSTEMIC THERAPY
05. PerioPerative treatMent and radical cystectoMy For Bladder cancer  

 – a PoPulation Based trend analysis oF 10.338 Patients in the  

 netherlands 

 euroPean journal oF cancer 2016;54:18-26

06. neoadjuvant induction dose-dense Mvac For Muscle invasive Bladder  

 cancer: eFFicacy and saFety coMPared With classic Mvac and  

 geMcitaBine/cisPlatin

 World journal oF urology 2016;34(2):157-62

07.  Fdg-Pet/ct For resPonse evaluation oF invasive Bladder cancer  

 FolloWing neoadjuvant cheMotheraPy

 international urology and nePhrology 2017;49(9):1585-1591

08.  erBB2 Mutations characterize a suBgrouP oF Muscle-invasive  

 Bladder cancers With excellent resPonse to neoadjuvant  

 cheMotheraPy

 euroPean urology 2016;69(3):384-8

8a.  rePly to eliezer M. van allen, levi a. garraWay and jonathan e.     

 rosenBerg’s letter to the editor re: Floris h. groenendijK, jeroen de  

 jong, elisaBeth e. Fransen van de Putte, et al. erBB2 Mutations  

 characterize a suBgrouP oF Muscle-invasive Bladder cancers With  

 excellent resPonse to neoadjuvant cheMotheraPy

  euroPean urology 2015;68(2):e33-4



Title

107

05
PERIOPERATIVE 
TREATMENT AND 
RADICAL CYSTECTOMY 
FOR BLADDER CANCER 
– A POPULATION 
BASED TREND 
ANALYSIS OF 10.338 
PATIENTS IN THE 
NETHERLANDS
herMans tjn, Fransen van de Putte ee, horenBlas s, leMMens v, aBen K, van der 

heijden Ms, BeerePoot lv*, verhoeven rh*, van rhijn BWg*

* shared senior authorshiP

euroPean journal oF cancer 2016;54:18-26



108 109

Chapter 05

ABSTRACT

Background: 

In Europe, population-based data concerning perioperative treatment (PT) and 

radical cystectomy (RC) are lacking. We assessed temporal tends in PT (neoadjuvant 

chemotherapy (NAC), neoadjuvant radiotherapy (NAR), adjuvant chemotherapy (AC), 

adjuvant radiotherapy (AR)) and RC in the Netherlands and identified patients’ and hospital 

characteristics associated with PT. 

Methods: 

This nationwide, retrospective, population-based study included cTa/is, T1-4, N0-3, M0-1 

bladder cancer (BC) patients from the Netherlands Cancer Registry who underwent RC 

with curative intent between 1995 and 2013. PT-administration over time was compared 

with chi-square tests. Multivariable logistic regression analyses were performed to identify 

characteristics associated with PT usage. The sub-groups cT2-4N0M0 and cT2-4, N0 or 

NX, M0 or MX were separately analysed.

Results: 

In total, 10.338 patients met inclusion criteria. Eighty-six percent did not receive PT, 

7.0% received NAC (or induction chemotherapy (IC)), 3.2% NAR, 1.8% AC, and 2.1% 

AR. NAC usage increased from 0.6% in 1995 to 21.2% in 2013 (p<0.001), application 

of NAR decreased from 15.1% to 0.4% (p<0.001). Usage of AC and AR in 2013 was 

<1.5%. Comparable temporal trends were found in 6032 patients staged cT2-4N0M0.  

Multivariable logistic regression analysis revealed that younger age, ≥cT3, ≥cN1 and 

treatment in academic / teaching hospitals were associated with NAC or IC (all p<0.05). 

Conclusions: 

The increase in NAC administration in the Netherlands reflects a slow but steady adoption 

of evidence based guidelines over the last two decades. Considerable variability in patients’ 

and hospital characteristics in the likelihood of receiving NAC exists. Conversely, NAR, AR 

and AC are hardly administered anymore. 

03
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INTRODUCTION

Over the last 30 years, no groundbreaking improvements in bladder cancer (BC) stage-

specific survival have been made, which might reflect the limitations of local therapy alone, 

i.e. radical cystectomy (RC) or external-beam radiation1. Potential resources to improve 

survival in muscle invasive bladder cancer (MIBC) include the addition of perioperative 

radiotherapy or cisplatin-based combination chemotherapy (CBCC) to RC2-4.

In MIBC, neoadjuvant radiotherapy (NAR) and adjuvant radiotherapy (AR) decrease risk 

of local recurrence by downsizing the primary tumour and sterilization of microscopic 

residues. However, no high quality data exists to support an additive value in terms of 

survival2-5. Survival data regarding neoadjuvant chemotherapy (NAC) are more robust4,6. 

Two large randomized controlled trials (RCT) assessed CBCC prior to RC or radiotherapy 

vs. local therapy alone for cT2-T4a, N0 or NX, M0 or MX BC. They reported an overall 16-

33% risk-of-death reduction, corresponding to an increase in 10-year survival from 30% 

to 36%. Cancer-specific death risk was also significantly reduced by 17-66%7,8. A third 

NAC trial found that the combination of complete downstaging (CD) (ypT0N0) and NAC 

was associated with a 31.1% absolute risk-of-death reduction at 5-year compared with 

CD controls (pT0N0)9. Evidence for adjuvant chemotherapy (AC) in MIBC is conflicting. A 

recent meta-analysis of limited quality trials showed a disease-free survival improvement 

of 34%. The benefit was most apparent in patients treated with CBCC and with nodal 

involvement3. Recent analyses of the National Cancer Data Base registry in the United 

States showed an increase of NAC use for localized and locally advanced node negative 

BC from 10% in 2006 to 21% in 2010. The use of AC remained stable at 21%10. Currently, 

population-based data in Europe are not available. A feasibility questionnaire study among 

major European centers in 2012 reported that 9 to 22% of patients scheduled for RC were 

considered for NAC11. Multimodal therapy, predominantly with neoadjuvant CBCC, can be 

considered state of the art and is recommended in contemporary guidelines. It is possible to 

administer CBCC in 50-70% of patients and approximately 90% complete ≥3 cycles6,12-14. 

Nevertheless, its utilization has only slowly gained acceptance among clinicians.              

We assessed the use of perioperative treatment (PT) with nationwide population-based, 

Netherlands Cancer Registry data of 10.338 patients who underwent RC with curative 

intent between 1995 and 2013. Furthermore, patients’ characteristics and hospital 

characteristics associated with the administration of PT were evaluated.
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PATIENTS AND METHODS

Netherlands Cancer Registry

The nationwide population-based Netherlands Cancer Registry (NCR) includes all newly 

diagnosed malignancies. Notification is obtained from the national network and registry of 

histopathology and cytopathology in the Netherlands (PALGA) and the National Registry 

of Hospital Discharge Diagnosis15. Independent and trained registration assistants from 

the NCR collect data on patient, tumour and treatment characteristics from patient files. 

Topography and morphology are coded according to the International Classification 

of Diseases for Oncology (ICD-O) and tumour stage is coded according to the tumour, 

node, and metastasis system (TNM) classification16. For this particular study period (1995 

– 2013), we converted older TNM versions to the most recent version, the 7th TNM-

classification system17.

Patients

From the NCR, all patients who were diagnosed with BC and underwent RC with curative 

intent (cTa/is, cT1-4, cN0-3, cM0-1 (M1: only in case of retroperitoneal lymphadenopathy, 

ICD-O C48.0)) as primary treatment between 1995 and 2013 were selected (N = 10.338). 

Patients who underwent partial cystectomy or salvage procedures were excluded. PT 

modalities were categorized into NAC (or induction chemotherapy (IC) if cN1-3 of cM1 

disease), NAR, AC, AR and no PT. Specifications of particular chemotherapeutic agents; 

number of treatment cycles, and radiation dose and fractionation are not registered in the 

NCR. Hospitals were categorized into non-teaching, teaching, university hospital and the 

Netherlands Cancer Institute (NCI), the tertiary oncology center in the Netherlands.

Statistical Analyses

Temporal trends of PT were calculated as the proportion of patients who annually underwent 

NAC (including IC), NAR, AC, AR or no PT. Chi-square tests were performed to compare 

rate of administration over time periods and between type of hospital. Multivariable logistic 

regression analyses on the usage of PT were performed to determine the odds of gender, 

age, period of diagnosis, cTNM-stage, histology, tumour grade (WHO 1973) and type of 

hospital in which patients underwent RC. Statistical analyses were performed with SPSS 

statistical software (version 19.0; SPSS Inc., Chicago, III., USA). P-values were considered 

statistically significant at <0.05. 

RESULTS

We analysed the usage of PT in 10.338 patients who underwent RC for BC with curative 

intent. Of the entire cohort, 8936 (86%) patients did not receive any form of PT. In total 

Perioperative treatment and radical cystectomy for bladder cancer - a population based trend 
analysis of 10.338 patients in the Netherlands

725 (7.0%) patients received NAC (or IC), 330 (3.2%) NAR, 183 (1.8%) AC, and 218 (2.1%) 

AR. Fifty-four (0.5%) patients received more than one form of PT. Patient characteristics 

are shown in table 1. The administration of NAC (including IC) increased from 0.6% in 

1995 to 21% in 2013 (p<0.001), whereas the application of NAR decreased from 15% to 

0.4% (p<0.001). The usage of AC and AR in 2013 was less than 1.5%. figure 1 displays 

the results of our temporal trend analyses for the total study population. Sub analysis of 

patients staged cT2-4 N0-X M0-X (n=7295) and cT2-4 N0 M0 (N=6032) revealed that 

18.6% of the latter groups was treated with NAC in 2013, whereas the application of 

NAR, AR and AC was ≤1%, figures 2 and 3. In patients with pT3-4 and/ or pN1-3 disease 

(N=5545), AC was administered in 3.1% during total study period and in 1.9% in 2013.  

Multivariable logistic regression analysis showed that females, younger patients and 

patients with more advanced stages of disease ≥cT3 (compared with T2), ≥cN1, cM1 

(retroperitoneal lymphadenopathy) were more likely to receive NAC or IC, table 2. 

Urothelial Cancer (UC) was present in 9527 (92%) patients. Compared to patients with 

UC, those diagnosed with adenocarcinoma or squamous cell carcinomas were less likely 

to receive NAC. Conversely, those diagnosed with small cell carcinoma or sarcomas 

were more likely to receive NAC, table 2. RC was most often performed in non-teaching 

hospitals (45%). Overall, when RC was performed in non-teaching hospitals the odds 

of receiving NAC decreased. The highest rate of NAC administration was in academic 

hospitals and especially in the NCI (table 2). In 2013, NAC or IC administration had 

increased to 20% at non-teaching hospitals, 24% at academics hospitals and 49% at the 

NCI, while administration in teaching hospitals stayed behind with 18% (p=0.001). Results 

of multivariable regression analyses for cT2-4, N0 or NX, M0 or MX and cT2-4 N0 M0 

BC patients were comparable, table 2. In cTany N1-3 and/ or M1 BC patients  (N=892), 

IC was administered in 31% and the rate of administration was highest at the NCI, table 

2. In patients with cT2-4 N0 M0 BC, NAR was significantly associated with earlier year 

of diagnosis and treatment in other than non-teaching hospitals. In patients with pT3-4 

and/ or pN1-3 disease, AC was significantly more administered in younger patients (<75 

year), patients with higher pN stages (pN2-3), and those with small cell carcinomas. AR 

was significantly more administered in earlier time cohorts, younger patients (<75 year), 

patients with pT4 and pN1 disease, those with adeno- and squamous cell carcinomas and at 

the NCI. For NAR, AC and AR, other patients’ characteristics, besides the aforementioned, 

were not significantly associated with its usage (data not shown).
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Table 1. Table 1.  conTinued

Patient characteristics of 10.338 bladder cancer patients retrieved from the Netherlands Cancer Registry 

who underwent radical cystectomy with curative intent with or without perioperative treatment between 

1995 and 2013. Please note that 54 patients underwent RC and had two forms of perioperative treatment. 

Therefore the sum of patients in subgroups does not equal total study population. Tumour grade was 

according to the WHO 1973 classification system.  Tumour, node and metastasis status was according to 

the 7th TNM-classification system.

AC, Adjuvant chemotherapy; AR, Adjuvant radiotherapy; NAC, Neoadjuvant chemotherapy (including 

induction chemotherapy in cN1-3 or cM1 disease); NAR, Neoadjuvant radiotherapy; NCI-AVL, Netherlands 

Cancer Institute- Antoni van Leeuwenhoek hospital; RC: radical cystectomy

gender

 Male

 Female

age at diagnosis

 0-44 

 45-59

 60-74 

 75+

Period of diagnosis

 1995-1999

 2000-2004

 2005-2009

 2010-2013

Clinical t-stage

 cTa / cTis

 cT1

 cT2

 cT3

 cT4

 cTx 

Clinical n-stage

 cN0

 cN1

 cN2

 cN3

 cNx

Clinical m-stage

 cM0

 cM1

 cMx

all

n= 10338

7753 (75.0)

2582 (25.0)

293 (2.8)

2220 (21.5)

5863 (56.7)

1956 (18.9)

1969 (19.0)

2370 (22.9)

3037 (29.4) 

2962 (28.7)

219 (2.1)

1015 (9.8)

6239 (60.4)

1174 (11.4)

691 (6.7)

1000 (9.7)

7784 (75.3)

464 (4.5)

405 (3.9)

19 (0.2)

1666 (16.1)

9619 (93.0)

39 (0.4)

680 (6.6)

rC only

n= 8936

6726 (75.3)

2210 (24.7)

209 (2.3)

1812 (20.3)

5093 (57.0)

1822 (20.5)

1652 (18.5)

2103 (23.5)

2722 (30.5)

2459 (27.5)

213 (2.4)

962 (10.8)

5526 (61.8)

875 (9.8)

420 (4.9)

920 (10.3)

6934 (77.6)

318 (3.6)

196 (2.2)

9 (0.1)

1479 (16.6)

8324 (93.2)

11 (0.1)

601 (6.7)

rC + nar

n= 330

251 (76.1)

79 (23.9)

17 (5.2)

77 (23.3)

191 (57.9)

45 (13.6)

205 (62.1)

84 (25.5)

29 (8.8)

12 (3.6)

4 (1.2)

19 (5.8)

205 (62.1)

42 (12.7)

33 (10.0)

27 (8.2)

261 (79.1)

9 (2.7)

7 (2.1)

1 (0.3)

52 (15.8)

306 (92.7)

0 (0.0)

24 (7.3)

rC + naC

n= 725

533 (73.5)

192 (26.5)

43 (5.9)

217 (29.9)

400 (55.2)

65 (9.0)

28 (3.9)

90 (12.4)

175 (24.1)

432 (59.0)

2 (0.3)

20 (2.8)

358 (49.4)

201 (27.7)

130 (17.9)

14 (1.9)

381 (52.6)

110 (15.2)

161 (22.2)

7 (1.0)

66 (9.1)

673 (92.8)

26 (3.6)

26 (3.6)

rC + ar

n= 218

147 (67.4)

71 (32.6)

9 (4.1)

57 (26.1)

128 (58.7)

24 (11.0)

73 (33.5)

56 (25.7)

63 (28.9)

26 (11.9)

0 (0.0)

7 (3.2)

80 (36.7)

35 (16.1)

69 (31.7)

27 (12.4)

148 (67.9)

12 (5.5)

18 (8.3)

0 (0.0)

40 (18.3)

198 (90.8)

2 (0.9)

18 (8.3)

rC + aC

n= 183

129 (70.5)

54 (29.5)

17 (9.3)

85 (46.4)

78 (42.6)

3 (1.6)

24 (13.1)

55 (30.1)

61 (33.3)

43 (23.5)

0 (0.0)

7 (3.8)

105 (57.4)

28 (15.3)

29 (15.8)

14 (7.7)

89 (48.6)

20 (10.9)

35 (19.1)

2 (1.1)

37 (20.3)

168 (91.8)

2 (1.1)

13 (7.1)

P value

0.202

<0.001

<0.001

<0.001

<0.001

<0.001

all

n= 10338

114 (1.1)

985 (9.5)

8584 (83.0)

665 (6.3) 

9527 (92.2)

428 (4.1)

151 (1.5)

116 (1.1)

46 (0.4)

70 (0.7)

4636 (44.8)

2839 (27.5)

1169 (11.3)

473 (4.6)

1221 (11.8)

rC only

n= 8936

108 (1.2)

898 (10.0)

7387 (82.7)

543 (6.1)

8249 (92.3)

384 (4.3)

124 (1.4)

79 (0.9)

39 (0.4)

61 (0.7)

4150 (46.4)

2421 (27.1)

970 (10.9)

280 (3.1)

1115 (12.5)

rC + nar

n= 330

0 (0.0)

31 (9.4)

279 (84.5)

20 (6.1)

305 (92.4)

13 (3.9)

9 (2.7)

0 (0.0)

2 (0.6)

1 (0.3)

130 (39.1)

121 (36.7)

27 (8.2)

36 (10.9)

17 (5.2)

rC + naC

n= 725

3 (0.4)

31 (4.3)

626 (86.3)

65 (9.0)

680 (93.8) 

7 (1.0)

5 (0.7)

24 (3.3)

4 (0.6)

5 (0.7)

205 (28.3)

218 (30.1)

122 (16.8)

142 (19.6)

38 (5.2)

rC + ar

n= 218

2 (0.9)

16 (7.3)

187 (85.8)

13 (6.0)

183 (83.9)

19 (8.7)

12 (5.5)

1 (0.5)

1 (0.5)

2 (0.9)

89 (40.8)

44 (20.2)

27 (12.4)

25 (11.5)

33 (15.1)

rC + aC

n= 183

1 (0.5)

10 (5.5)

155 (84.7)

17 (9.3)

160 (87.4)

6 (3.3)

3 (1.6)

12 (6.6)

1 (0.5)

1 (0.5)

78  (42.6)

47 (25.7)

30 (16.4)

8 (4.4)

20 (10.9)

P value

<0.001

<0.001

<0.001

tumour grade

 Grade 1

 Grade 2

 Grade 3

 Gx

tumour histology

 Urothelial 

 carcinoma

 Squamous cell 

 carcinoma
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DISCUSSION

In this population-based trend analysis, we evaluated patterns of perioperative care for BC 

in the Netherlands. Our results show important PT-shifts over the last two decades. The 

increase in NAC administration and decrease in NAR, AR and AC administration reflect a 

slow but steady adoption of evidence-based guidelines in current clinical practice.

Based on mainly outdated and low quality data, the role of NAR and AR in improving 

survival is limited and currently not recommended2,18. In the Netherlands, application of 

NAR and AR has diminished to less than 1% in 2013. It is remarkable that in our study 

NAR was the preferred PT before 2000. An explanation for this might be that the landmark 

study of Grossman et al.7 on the use of NAC was first published in 2003. Although RCT’s 

are not available, prospective studies show that bladder preserving multimodal therapy for 

MIBC with modern and advanced radiotherapy techniques can reach results similar to RC 

alone19,20. To date, some also state that current radiotherapy techniques may accomplish 

similar improvements in the neoadjuvant and adjuvant setting21. Indeed, Granfors et al. 

retrospectively re-evaluated the role of NAR in modern time22. In 187 consecutive patients 

treated for cT1-3 BC they showed CD (pT0) in 7 of 97 (7%) patients treated with immediate 

RC versus CD in 51 of 90 (57%) patients treated with RC following NAR. This effect was 

especially apparent in cT3 tumours (CD in 0% vs. 56%) and resulted in a significant longer 

cancer-specific survival22.  It has to be noted that results accomplished by multimodal 

bladder preserving therapies with CBCC and especially modern radiotherapy techniques 

are not easily translated to patients treated with RC and perioperative radiotherapy. In the 

latter group therapy will remain local and micro metastatic disease will be left untreated 

without CBCC. Moreover, current guidelines do not recommend standard use of NAR or 

AR18.

In our nationwide study, the administration of AC decreased to 1,1% in 2013. The EORTC 

30994 trial, as other RCT’s on AC, did not show improved overall survival for immediate 

versus deferred chemotherapy in patients with pT3-4 or N1-3 M0 BC3,23. Although the trial 

was limited of power due to slow and low recruitment of patients (284 of 660 planned), 

progression-free survival at 5-year was 48.8% vs. 29.5% for those who did and did not have 

immediate AC, respectively. This translated into a substantial median progression-free 

Perioperative treatment and radical cystectomy for bladder cancer - a population based trend 
analysis of 10.338 patients in the Netherlands

survival benefit of 2.0 years23. A major concern on AC is that at least one third of the 

patients who underwent RC is not able to receive AC due to postoperative problems, 

such as a decreased performance status or deterioration of renal function14. In contrast 

with our nationwide data, it is remarkable that recent analyses of the National Cancer 

Data Base registry in the United States showed that the use of AC remained stable at 

21%10. Altogether, the application of AC still leaves room for debate. In current guidelines 

administration can be considered in (upstaged) patients with pT3-4 and/or pN1-3 disease 

in whom NAC was not given18. 

Our population-based results show that NAC is increasing used in all types of hospitals 

with an overall increase from 0.6% in 1995 to 21% in 2013. This is in line with recent results 

from analysis of the National Cancer Data Base registry in the US conducted by Reardon 

et al.10. They reported a NAC administration rate of 21% for cT2-4 N0 M0 BC in 2010. 

Their inclusion criteria for the application of NAC are in line with current guidelines18. 

In our cohort, 5.9% of patients with cT2-4 N0 M0 BC received NAC (18.6% in 2013). 

Administration was not restricted to cN0M0 disease as 31.3% of patients with cN1-3 and/ 

or cM1 BC received NAC. In cT2-4 N0 M0 BC, NAC is associated with a lower incidence 

of occult metastases at time of RC24, which therefore might also reduce additional 

micro metastatic disease in cN1-3 or cM1 BC patients. In a group of patients with cN1-

3 disease, induction chemotherapy resulted in a complete pathological nodal response 

in 48%25. Beneficial effects regarding survival for this subgroup of patients are however 

unknown (no RCT’s available) and application may therefore be questioned. Another point 

to consider is the treatment of elderly with MIBC. A recent study suggests that RC may 

be underutilized in elderly patients26. On top of this, our study and the study results of 

Reardon et al.10 show that also the probability of NAC administration in elderly patients was 

very low. However, Bamias et al. showed that elderly patients fulfilling inclusion criteria for 

chemotherapy in locally advanced, metastatic, or recurrent BC equally tolerate platinum-

based chemotherapy regimens compared to younger patients27. In 2013, we found a slightly 

higher administration rate of NAC in academic hospitals. The current encouragement of 

MIBC care centralization by both experts and governments might therefore become more 

prominent in the future if substantial differences in guideline adherence persist26,28.

Compared to the administration rate of guideline recommended perioperative 

chemotherapy in other malignancies, the administration rate in BC patients is considerably 

less. For example, in the Netherlands administration rate of adjuvant chemotherapy in 

stage III colon cancer (node positive) exceeds 60%, while efficacy considering survival 

seems to be comparable29,30. Conversely, MIBC patients are in general older and renal 

function is often impaired due to poor general health, tobacco abuse and hydronephrosis. 

Thereby, since optimal tools for patient selection and response prediction are currently 

not available, a substantial part of patients will be overtreated (estimated to be 50%) and 

exposed to significant toxicity7,9. Studies on the potential negative oncological impact of 

CI, Confidence interval; IC, Induction chemotherapy; NAC, Neoadjuvant chemotherapy; 

NCI-AVL, Netherlands Cancer Institute-Antoni van Leeuwenhoek hospital; OR, Odds Ratio; Ref., Referent. 

WHO, World Health Organisation; TNM, tumour, node and metastasis system classificatoin

Table 2. 
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delay of RC due to NAC are lacking. Grossmann et al. reported no difference in overall 

survival for patients in the NAC group vs. controls who both had residual disease after 

RC7. Apart from an overall survival benefit for NAC in cT2-4 N0 M0 BC, further studies 

are needed to explore the impact of negative effects in non-responders and to identify 

reliable tools for predicting treatment response. Current limitations might be overcome by 

molecular BC characterization, advanced modality imaging and testing new and less toxic 

systemic treatments in a randomized fashion31-33.

Important limitations of our study are the lack of information on the chemotherapeutic 

regimens administered, the number of administered treatment cycles and absence of 

radiation dose and fractionation and a substantial amount of patients staged cTx, cNx or 

cMx. We acknowledge that the PT-application rates may be underestimated and failure 

rates after NAC and/ or NAR are unknown since we could not assess the number of patients 

who did not undergo scheduled RC due to progression during neo-adjuvant therapy 

or other reasons. Information on comorbidities and performance status were also not 

available in the NCR and limit current analyses. The effect of these patient characteristics 

on the administration of NAC could therefore not be assessed. Furthermore we have to 

address that this study reflects solely on patterns of care in the Netherlands. Results can be 

indicative for patterns of care in Europe, but cannot easily be generalized. Finally, changes 

regarding positive nodal stage classification over time were accepted since relevance of 

sub-staging for this particular study is low. These changes include the lack of N3-stage 

before 2002 and the changed definition for N3-stage from metastases in lymph node >5cm 

to lymph node metastases to the common iliac nodes in 2010.  

CONCLUSIONS

This nationwide, population-based trend analysis displays important shifts in perioperative 

care for MIBC in the Netherlands over the last two decades. The increase in NAC 

administration reflects a slow but steady adoption of evidence-based guidelines in current 

clinical practice. NAC is especially administered in younger patients, those with extravesical 

disease and in academic hospitals or comprehensive cancer centers.  NAC application may 

be further increased, but the optimal rate remains unknown. To date, NAR, AR and AC are 

hardly administered anymore in the Netherlands. 

Perioperative treatment and radical cystectomy for bladder cancer - a population based trend 
analysis of 10.338 patients in the Netherlands

REFERENCES
 

1. Zehnder P, Studer UE, Skinner EC, et al. Unaltered oncological outcomes of radical cystectomy with extended  

 lymphadenectomy over three decades. BJU Int 2013;112:51-8

2.  Huncharek M, Muscat J, Geschwind JF. Planned preoperative radiation therapy in muscle invasive bladder  

 cancer; results of a meta-analysis. Anticancer res  1998;18:1931-4

3.  Leow JJ, Martin-Doyle W, Rajagopal PS, et al. Adjuvant chemotherapy for invasive bladder cancer: a 2013  

 updated systematic review and meta-analysis of randomized trials. Eur Urol 2014;66:42-54

4.     Advanced Bladder Cancer Meta-analysis C. Neoadjuvant chemotherapy in invasive bladder cancer: update  

 of a systematic review and meta-analysis of individual patient data advanced bladder cancer (ABC) meta- 

 analysis collaboration. Eur Urol 2005;48:202-5 

5.   Zaghloul MS, Awwad HK, Akoush HH, Omar S, Soliman O, el Attar I. Postoperative radiotherapy of carcinoma  

 in bilharzial bladder: improved disease free survival through improving local control. Int J Radiat Oncol Biol  

 Phys 1992;23:511-7

6.   Zargar H, Espiritu PN, Fairey AS, et al. Multicenter assessment of neoadjuvant chemotherapy for muscle- 

 invasive bladder cancer. Eur Urol 2015;67:241-9

7.   Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant chemotherapy plus cystectomy compared with  

 cystectomy alone for locally advanced bladder cancer N Engl J Med 2003;349:859-66

8.   International Collaboration of T, Medical Research Council Advanced Bladder Cancer Working P, European  

 Organisation for R, et al. International phase III trial assessing neoadjuvant cisplatin, methotrexate, and  

 vinblastine chemotherapy for muscle-invasive bladder cancer: long-term results of the BA06 30894 trial. J Clin  

 Oncol 2011;29:2171-7

9.        Rosenblatt R, Sherif A, Rintala E, et al. Pathologic downstaging is a surrogate marker for efficacy and increased  

 survival following neoadjuvant chemotherapy and radical cystectomy for muscle-invasive urothelial bladder  

 cancer. Eur Urol 2012;61:1229-38.

10.   Reardon ZD, Patel SG, Zaid HB, et al. Trends in the use of perioperative chemotherapy for localized and locally  

 advanced muscle-invasive bladder cancer: a sign of changing tides. Eur Urol 2015;67:165-70

11.   Burger M, Mulders P, Witjes W. Use of neoadjuvant chemotherapy for muscle-invasive bladder cancer is low  

 among major European centres: results of a feasibility questionnaire. Eur Urol 2012;61:1070-1

12. Thompson RH, Boorjian SA, Kim SP, et al. Eligibility for neoadjuvant/adjuvant cisplatin-based chemotherapy  

 among radical cystectomy patients. BJU Int 2014;113:17-21

13.   Canter D, Viterbo R, Kutikov A, et al. Baseline renal function status limits patient eligibility to receive  

 perioperative chemotherapy for invasive bladder cancer and is minimally affected by radical cystectomy.  

 Urology 2011;77:160-5

14.   Donat SM, Shabsigh A, Savage C, et al. Potential impact of postoperative early complications on the timing of  

 adjuvant chemotherapy in patients undergoing radical cystectomy: a high-volume tertiary cancer center  

 experience. Eur Urol 2009;55:177-85

15.  Casparie M, Tiebosch AT, Burger G, et al. Pathology databanking and biobanking in The Netherlands, a central  

 role for PALGA, the nationwide histopathology and cytopathology data network and archive. Cell Oncol  

 2007;29:19-24

16.  Fritz A PC, Jack A. International classicification of disease for oncology. 3rd World Health Organization.  

0305



122 123

Chapter 05

 Geneva. 2000

17. Sobin LH, Gospodarowicz GM, Wittekind C. TNM atlas. 7th: Wiley-Blackwell; 2009.

18. Witjes JA, Compérat E, Cowan NC, et al. EAU guidelines on muscle-invasive and metastatic bladder cancer:  

 summary of the 2013 guidelines. Eur Urol 2014;65:778-92.

19.    Rodel C, Grabenbauer GG, Kuhn R, et al. Combined-modality treatment and selective organ preservation in  

 invasive bladder cancer: long-term results. J Clin Oncol 2002;20:3061-71

20.      Oh KS, Soto DE, Smith DC, Montie JE, Lee CT, Sandler HM. Combined-modality therapy with gemcitabine and  

 radiation therapy as a bladder preservation strategy: long-term results of a phase I trial. Int J Radiat Oncol Biol  

 Phys 2009;74:511-7

21.  Zaghloul MS. The need to revisit adjuvant and neoadjuvant radiotherapy in bladder cancer. Expert Rev  

 Anticancer Ther 2010;10:1527-8

22.   Granfors T, Tomic R, Ljungberg B. Downstaging and survival benefits of neoadjuvant radiotherapy before  

 cystectomy for patients with invasive bladder carcinoma. Scand J Urol Nephrol 2009;43:293-9

23.     Sternberg CN, Skoneczna I, Kerst JM, et al. Immediate versus deferred chemotherapy after radical cystectomy  

 in patients with pT3-pT4 or N+ M0 urothelial carcinoma of the bladder (EORTC 30994): an intergroup, open- 

 label, randomised phase 3 trial. Lancet Oncol 2015;16:76-86

24.   Mertens LS, Meijer RP, Meinhardt W, et al. Occult lymph node metastases in patients with carcinoma invading  

 bladder muscle: incidence after neoadjuvant chemotherapy and cystectomy vs after cystectomy alone. BJU Int  

 2014;114:67-74

25.   Zargar-Shoshtari K, Zargar H, Lotan Y, et al. A multi-institutional analysis of outcomes in patients with clinically  

 node positive urothelial bladder cancer treated with induction chemotherapy and radical cystectomy. J Urol  

 2016;195(1):53-9

26.  Goossen-Laan CA, Leliveld AM, Verhoeven RH, et al. Effects of age and comorbidity on treatment and survival  

 of patients with muscle-invasive bladder cancer. Int J Cancer 2014;15;135(4):905-12

27.  Bamias A, Efstathiou E, Moulopoulos LA, et al. The outcome of elderly patients with advanced urothelial  

 carcinoma after platinum-based combination chemotherapy. Ann Oncol 2005;16:307-13

28. Goossens-Laan CA, Visser O, Wouters MW, et al. Variations in treatment policies and outcome for bladder  

 cancer in the Netherlands. Eur J Surg Oncol 2010 Suppl;36;100-7

29.  Moertel CG, Fleming TR, Macdonald JS, et al.  Intergroup study of fluorouracil plus levamisole as adjuvant  

 therapy for stage II/Dukes’ B2 colon cancer. J Clin Oncol 1995;13:2936-43

30.   van den Broek CB, Bastiaannet E, Dekker JW, et al. Time trends in chemotherapy (administration and costs)  

 and relative survival in stage III colon cancer patients - a large population-based study from 1990 to 2008. Acta  

 Oncol 2013;52:941-9

31.  Chakiba C, Cornelis F, Descat E, et al. Dynamic contrast enhanced MRI-derived parameters are potential  

 biomarkers of therapeutic response in bladder carcinoma. Eur J Radiol 2015;84:1023-8

32.   Powles T, Eder JP, Fine GD, et al. MPDL3280A (anti-PD-L1) treatment leads to clinical activity in metastatic  

 bladder cancer. Nature 2014;515:558-62

33.   Groenendijk FH, de Jong J, Fransen van de Putte EE, et al. ERBB2 Mutations Characterize a Subgroup of Muscle- 

 invasive Bladder Cancers with Excellent Response to Neoadjuvant Chemotherapy. Eur Urol 2016;69(3):384-8

References

0305



06

NEOADJUVANT 
INDUCTION DOSE-
DENSE MVAC FOR 
MUSCLE-INVASIVE 
BLADDER CANCER: 
EFFICACY AND 
SAFETY COMPARED 
WITH CLASSIC MVAC 
AND GEMCITABINE/
CISPLATIN
Fransen van de Putte ee, Mertens ls, Meijer rP, van der heijden Ms,  Bex a; 

van der Poel hg, Kerst jM, BergMan aM, horenBlas s, van rhijn BWg

World journal oF urology 2016;34(2):157-62



126 127

Chapter 06

ABSTRACT

Purpose: 

To investigate the efficacy and safety of neoadjuvant induction dose-dense MVAC (dd-

MVAC) for muscle-invasive bladder cancer (MIBC). Results of the 2-weeks-per-cycle 

regimen were compared with classic MVAC (4 weeks per cycle) and gemcitabine/cisplatin 

(GC, 3 weeks per cycle).

Methods: 

We included 166 patients with non-organ confined MIBC, who received neoadjuvant 

induction dd-MVAC (80), classic MVAC (35) or GC (51) between 1990 and 2014. Complete 

pathological response (pCR) was defined as no evidence of residual tumour in cystectomy 

and lymphadenectomy specimens (ypT0N0). pCR and toxicity rates were compared among 

regimens.

Results: 

pCR was found in 29% of dd-MVAC treated patients, which was not significantly different 

from classic MVAC (20%, p=0.366) and GC (32%, p=0.845). Grade 3-4 toxicity rates related 

to dd-MVAC and GC (44%) were similar (p=0.202), whereas the toxicity rate for classic 

MVAC (55%) was significantly higher than for dd-MVAC (32%) uncorrected (p=0.026) and 

corrected for patient and tumour characteristics (OR 2.84, p=0.037). 

Conclusions: 

Neoadjuvant induction dd-MVAC resulted in pathological response rates similar to classic 

MVAC and GC treatment in patients with non-organ confined MIBC. The shorter cycle 

duration compared with classic MVAC and GC and the significantly lower toxicity rate 

compared with classic MVAC indicate that dd-MVAC should be the preferred option for 

neoadjuvant induction treatment. 

03
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INTRODUCTION

Platinum-based neoadjuvant induction chemotherapy (NAIC) and radical cystectomy 

for muscle-invasive bladder cancer (MIBC) are associated with a 5-8% absolute 5-year 

survival benefit compared to radical cystectomy alone1-3. However, despite implementation 

in guidelines, NAIC is not widely used in clinical practice4-6. Potential reasons for this 

underutilization include concerns regarding treatment-related toxicity and delay of 

surgery. 

Most studies on NAIC have used the combination of methotrexate, vinblastine, doxorubicin 

and cisplatin (MVAC), which is administered in cycles of 28 days. In 1993, dose-dense MVAC 

was developed (dd-MVAC). This 2-weeks-per-cycle regimen is supported by a granulocyte 

colony-stimulation factor (G-CSF), enabling duplication of cisplatin and doxorubicin dose-

intensities7. In the metastatic setting, dd-MVAC has a more favorable toxicity profile than 

classic MVAC, with fewer dose-delays and higher response rates8. In the neoadjuvant or 

induction setting, the two regimens have never been compared. 

The purpose of this study was to assess efficacy and safety of neoadjuvant induction dd-

MVAC for MIBC. We compared results with classic MVAC and another commonly used 

chemotherapy combination for MIBC; gemcitabine and cisplatin (GC).

MATERIALS AND METHODS
 

Patients

We identified 166 consecutive patients with cT3-4a and/or regional (N+) and/or para-

aortal/paracaval node positive (M+) urothelial carcinoma of the bladder, who were treated 

with cisplatin-based NAIC at our tertiary cancer institute since February 1990. At our 

hospital, patients with ≤cT2 MIBC without lymphovascular invasion do not receive NAIC 

as they are  considered low risk patients9. Patients with visceral metastases or lymph node 

metastases above the diaphragm were treated with palliative chemotherapy only, and 

therefore not included in this study. Clinical data were extracted from our prospectively 

maintained institutional genito-urinary cancer database. From February 1990 until 

January 2001 only classic MVAC was administered. In January 2001, dd-MVAC was 

introduced in our hospital. Since then, patients were treated with dd-MVAC or GC. The 

decision for NAIC was always made in multidisciplinary consultation. Patients with WHO 

performance status >1, creatinine clearance <60ml/min, grade ≥2 audiometric hearing loss 

or NYHA class III heart failure were deemed unfit for NAIC as defined by Galsky et al.10. In 

our hospital, dd-MVAC was the preferred NAIC. Definitive selection of NAIC treatment 

was at the discretion of the medical oncologist. 
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Pretreatment staging

Pretreatment tumour classification included physical examination, cystoscopy, laboratory 

studies and at least abdominal computed tomography (CT) and chest X-ray. Classification 

was performed according to the TNM system developed by the International Union 

Against Cancer  (UICC)11. Pathologically enlarged lymph nodes (LN) >10mm in shortest 

diameter or with strong FDG uptake on positron emission tomography/CT (PET/CT) were 

considered malignant. LN involvement was confirmed by fine needle aspiration or pelvic 

lymph node dissection (PLND) in 72% of these cases. 

Chemotherapy

dd-MVAC, classic MVAC and GC were administered in cycles of 14, 28 and 21 days, 

respectively. Details on NAIC regimens are displayed in table 1. For each cycle of dd-

MVAC, pegfilgrastim was administered 24 to 48 hours after completion of chemotherapy. 

All patients received at least two cycles of NAIC, 146 (88%) patients completed 4 cycles. 

For each regimen, the number of patients who did not complete four cycles of NAIC due to 

adverse events are shown in table 2.

Pathologic response 

Response was assessed for all 166 patients who had started NAIC. The decision to perform 

consolidating surgery was based on restaging and repeat multidisciplinary discussion after 

two cycles of chemotherapy. If progression (cPD) or persistent retroperitoneal lymph node 

metastases (M+) were observed at restaging (new suspect lesions on CT or PET/CT images), 

cystectomy was not performed. These patients were registered as non-responders. For all 

other patients, pathological response was determined based on cystectomy and PLND 

specimens. PLND was performed according to a standardized template, including nodal 

tissue between the genitofemoral nerve, obturator fossa, along the internal iliac artery 

and along the common iliac artery, including the triangle of Marcille, up to the crossing of 

the ureter. In addition, if supraregional (retroperitoneal, M1) lymph node metastases had 

been diagnosed before NAIC administration, a retroperitoneal lymph node dissection was 

performed. Complete pathologic response (pCR) was defined as no evidence of residual 

tumour (ypT0N0). Partial response (pPR) was defined as the absence of residual muscle-

invasive cancer and pathological lymph nodes <ypT2N0. 

Toxicity

Toxicity data were retrospectively reviewed for the period between start of NAIC and 

cystectomy and scored according to the Common Terminology Criteria for Adverse Events 

4.0. Toxicity registration lacked for one patient treated with dd-MVAC, six patients treated 

with classic MVAC, and twelve patients treated with GC. 

Statistical Analyses

Patient and tumour characteristics of NAIC cohorts were compared using Mann Whitney 

Neoadjuvant induction dose-dense  MVAC for muscle-invasive bladder cancer: efficacy and safety 
compared with classic MVAC and   gemcitabine/cisplatin

U test, Pearson chi-square and Fisher exact test. Response rates and toxicity rates were 

compared using the Fisher exact test. Binary logistic regression was performed to assess 

regimen odds ratios (ORs) with 95% confidence intervals (95%CI) corrected for cT-stage, 

cN-stage, cM-stage and gender. Logistic regression for therapy-related toxicity included cT-

stage, cN-stage, cM-stage, gender and age-adjusted Charlson Comorbidity Index (ACCI). 

ACCI calculations did not include scores for MIBC and were grouped into levels: 0-1, 2-3 

and 4-5. Statistical analyses were performed with SPSS statistical software (version 19.0; 

SPSS Inc., Chicago, III., USA). P-values were considered significant at <0.05 on two-sided 

analysis.

Table 1. 

Administration schedules for classic Methotrexate, Vinblastine, Doxorubicin and Cisplatin (MVAC), dose 

dense MVAC (dd-MVAC) and Gemcitabine/Cisplatin (GC).

classic mVaC:

 Methotrexate

 Vinblastine

 Doxorubicine

 Cisplatin

dd-mVaC:

 Methotrexate

 Vinblastine

 Doxorubicine

 Cisplatin

 Pegfilgrastim

gC:

 Gemcitabine

 Cisplatin

Dose

30 mg/m2

3 mg/m2

30 mg/m2

70 mg/m2

30 mg/m2

3 mg/m2

30 mg/m2

70 mg/m2

6 mg

1000mg/ m2

70mg/ m2

Days

1,15,22

2,15,22

2

2

1

2

2

2

3

1,8

1

Cycle

Every 28 days

Every 14 days

Every 21 days
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Table 2. 

Baseline patient and tumour characteristics of the dd-MVAC vs. the classic MVAC group* and dd-MVAC 

vs. the GC group**. All included patients with ≤cT2 disease were staged cN+.

Abbreviations: ACCI, age-adjusted Charlson Comorbidity Index

*ddMVAC versus classic MVAC, **ddMVAC versus GC

Variable

age

 Mean (SD)

sex

 male (%)

 female

aCCi

 0-1 (%)

 2-3

 4-5

ct

 ≤2 (%)

 3

 4

cn

 0 (%)

 1

 2-3

cm

 0 (%)

 1

Completed 4 cycles

 yes (%)

 no

dd-mVaC

n=80 

57 (8)

60 (75)

20 (25)

39 (48.8)

37 (46.3)

4 (5.0)

25 (31.3)

30 (37.5)

25 (31.3)

19 (23.8)

20 (25.0)

41 (51.3)

66 (82.5)

14 (17.5)

72 (90)

8 (10)

classic mVaC

n=35 

59 (9)

26 (74.3)

9 (25.7)

15 (42.9)

17 (48.6)

3 (8.6)

15 (42.9)

6 (17.1)

14 (40.0)

8 (22.9)

10 (28.6)

17 (48.6)

30 (85.7)

5 (14.3)

28 (80)

7 (20)

gC

n=51

63 (8)

36 (70.6)

15 (29.4)

15 (29.4)

29 (56.9)

7 (13.7)

11 (21.5)

25 (49.0)

15 (29.4)

25 (49.0)

12 (23.4)

14 (27.5)

44 (86.3)

7 (13.7)

46 (90.2)

5 (9.8)

p-value*

0.293

0.554

0.654

0.169

0.922

0.448

0.227

p-value**

<0.001

0.578

0.042

0.198

0.015

0.632

0.971

Neoadjuvant induction dose-dense  MVAC for muscle-invasive bladder cancer: efficacy and safety 
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RESULTS

A total of 166 patients with a mean age of 60 (SD 9) years received dd-MVAC (n=80), GC 

(n=51) or classic MVAC (n=35). Patient and tumour characteristics are displayed in table 

2. Baseline characteristics did not differ between dd-MVAC patients and classic MVAC 

patients. Compared with GC, patients treated with dd-MVAC were relatively younger, had 

lower ACCI scores and more advanced lymph node involvement. 

table 3 lists response rates for all chemotherapy regimens. Eight patients did not undergo 

definitive surgery because of cPD at clinical restaging. cPD-rates did not differ significantly 

between chemotherapy groups (8.6% classic MVAC vs. 3.8% dd-MVAC vs. 3.9% GC, 

p=0.511). Pathologic response rates did not differ significantly among NAIC-regimens 

either. Multivariable analysis showed no association between chemotherapy regimen and 

pCR (p=0.654) or pPR (p=0.852). No other clinical factors were associated with pCR or 

pPR as well (data not shown). 

Overall, 20 (12%) patients did not complete four cycles NAIC due to adverse events (table 

2). There were no treatment related deaths and none of the patients were deprived from 

definitive surgery due to adverse events. High-grade (grade 3-4) toxicity occurred in 25 

(31.7%) dd-MVAC patients. The high-grade toxicity rate related to classic MVAC was 

55.2%, which was significantly higher on both univariable (p=0.026) and multivariable 

analysis (OR 2.84, 95%CI 1.07-7.56, p=0.037). The most common high-grade toxicity 

related to classic MVAC was febrile neutropenia (20.7%). After the introduction of dd-

MVAC, febrile neutropenia was reduced to 7.6% (p=0.081). For patients treated with GC, 

the incidence of high-grade toxicity (43.6%) tended to be higher than dd-MVAC. However, 

this difference was not significant on univariable (p=0.202) or multivariable analysis (GC 

vs. dd-MVAC: OR 1.31, 95%CI 0.53-3.22, p=0.559). The only factor that predicted toxicity 

on multivariable analysis was ACCI (p=0.050 – borderline significant). The main adverse 

events related to classic MVAC, dd-MVAC and GC are displayed in table 4.  
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DISCUSSION

Currently, available data on efficacy and tolerability of dd-MVAC are largely based 

on reports in the palliative setting8,12-14. The present study was conducted in order 

to investigate the efficacy and safety of neoadjuvant dd-MVAC, resulting in evident 

pathological downstaging in patients with locally advanced and/or node positive urothelial 

MIBC. Moreover, dd-MVAC related high-grade toxicity was significantly lower than related 

to classic MVAC.

The benefit of palliative dd-MVAC over classic MVAC for metastatic urothelial tract tumours 

has been established for over a decade. A randomized, multicenter study by Sternberg et 

al.8 has shown that, apart from the shorter treatment duration, dd-MVAC establishes longer 

progression free survival and better overall response than classic MVAC. Overall survival 

however, which was the main interest of the study, did not differ significantly between 

dd-MVAC (15.5 months) and classic MVAC (14.1 months, p=0.122)8. In the neoadjuvant 

or induction setting there is limited data on dd-MVAC. Recently, two prospective studies 

investigated efficacy and safety of neoadjuvant induction dd-MVAC in patients with cT2-4 

N0-1 M0 bladder cancer12,13. In a study conducted by Plimack et al., 40 patients received 

three cycles of dd-MVAC12. A pCR rate was established of 38%. Choueiri et al. found a pCR 

rate of 26% among 39 patients treated with four cycles of dd-MVAC13. As pathological 

downstaging after NAIC is strongly associated with improved survival, efficacy results of 

these studies were promising15,16. However, both studies lacked response comparison with 

classic MVAC. Our pCR rate of 29% is similar to the one reported by Choueiri et al.13, but 

considerably lower than that reported by Plimack et al.12. This difference may be explained 

by the large subset of patients staged with organ-confined MIBC in their study compared 

with the current study (36% and 0%, respectively). To our knowledge, our study is the first 

where pCR rates are directly compared between neoadjuvant dd-MVAC and classic MVAC 

with a similar pCR rate for dd-MVAC. Translating from the metastatic setting, these results 

correspond with the similar efficacy for both regimens demonstrated by Sternberg et al.8.

Our second objective was to investigate the safety of dd-MVAC. Tolerability was better for 

dd-MVAC than classic MVAC. This difference was mainly attributable to a lower incidence of 

febrile neutropenia. This in line with results in the palliative setting. In the randomized controlled 

trial by Sternberg et al., including 263 patients with metastatic urothelial tract carcinoma, a 

significantly lower incidence of neutropenic fever was observed in patients receiving dd-MVAC 

(10%) than classic MVAC (26%)8. The more favorable toxicity profile is possibly related to bone 

marrow support with G-CSF administered after each dd-MVAC cycle. 

The dd-MVAC-induced high-grade toxicity rate in our study was 31.6%. This is considerably 

higher than the toxicity incidence of 10-12% reported in the two prospective neoadjuvant 

dd-MVAC studies12,13. However, our results are in line with dd-MVAC tolerability observed 

Table 3. 

Table 4. 

Pathological response rates of the dd-MVAC group vs. the classic MVAC group* and of dd-MVAC vs. the GC group**.

Grade 3-4 toxicity rates of the dd-MVAC groups vs. the classic MVAC* group and of dd-MVAC vs. the GC 

group**. Toxicity data were available for 147/166 (89%) patients.

*ddMVAC versus classic MVAC, **ddMVAC versus GC

Abbreviations: pCR, pathologic complete response; pPR, pathologic partial response; pSD, pathologic 

stable disease; PD, progressive disease at clinical restaging.

*ddMVAC versus classic MVAC, **ddMVAC versus GC

pCR (%)

pPR (%)

pSD (%)

cPD (%)

dd-mVaC

n=80

23 (28.8)

7 (8.8)

47 (58.8)

3 (3.8)

toxicity

Grade 3-4 toxicity, n (%)

Febrile neutropenia, n (%)

Sepsis

Renal failure

Gastrointestinal 

Fatigue

Thromboembolic events

Anemia

Trombocytopenia

Neutropenia

Neurological

dd-mVaC

n=79

25 (31.6)

6 (7.6)

7 (8.9)

3 (3.8)

5 (6.3)

2 (2.5)

2 (2.5)

2 (2.5)

2 (2.5)

0 (0.0)

1 (1.3)

classic mVaC

n=29

16 (55.2)

6 (20.7)

3 (10.3)

2 (6.9)

2 (6.9)

3 (10.3)

0 (0.0)

1 (3.4)

0 (0.0)

1 (3.4)

0 (0.0)

gC

n=39

17 (43.6)

0 (0.0)

5 (12.8)

3 (7.7)

1 (2.6)

0 (0.0)

5 (12.8)

1 (2.6)

0 (0.0)

2 (5.1)

1 (2.6)

p-value*

0.026

0.081

>0.999

0.609

>0.999

0.1189

>0.999

>0.999

>0.999

0.269

>0.999

p-value**

0.202

0.176

0.528

0.395

0.662

0.554

0.039

>0.999

0.554

0.107

>0.999

classic mVaC

n=35 

7 (20.0)

7 (20.0)

18 (51.4)

3 (8.6)

gC

n=51

16 (31.4)

6 (11.8)

27 (52.9)

2 (3.9)

p-value*

0.366

0.800

p-value**

0.845

0.520
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by Blick et al.14. They reported high-grade toxicities in 26% of 34 retrospectively analyzed 

patients who had received 3-4 cycles dd-MVAC followed by surgery or radiotherapy. There 

are no evident differences in inclusion criteria or treatment schedules between the two 

prospective studies and our cohort. However, the retrospective nature of our study might 

reflect the more real-world tolerability of dd-MVAC.  

GC has become a commonly used NAIC for MIBC6, yet prospective data supporting 

neoadjuvant or induction GC are lacking. Its use is mainly supported by a comparable 

efficacy to classic MVAC and a better toxicity profile reported in the palliative setting17,18. 

Our results demonstrate an equivalent percentage of complete responders in dd-MVAC 

and GC treated patients. However, in our study patients treated with GC were more 

likely to be staged N0 before NAIC treatment, suggesting a higher efficacy for dd-MVAC. 

On the other hand, similar response rates for MVAC and GC are supported by findings 

of a recent multicenter study in 935 patients who had received NAIC for MIBC19. The 

reported responses did not differ between MVAC and GC, although pCR rate for more 

advanced disease did show a trend toward favoring MVAC. In that study, dose densities 

of MVAC were not defined. In addition, patients who did not complete NAIC or surgical 

therapy were not included and tolerability was not assessed. We observed no significant 

difference in tolerability between GC and MVAC, although comparison was confounded 

by a higher ACCI score in the GC group. We believe that dd-MVAC would be the preferred 

option, because of the faster 2-weeks-per-cycle schedule than the 3-weeks-per-cycle GC 

schedule. For definitive answers regarding the superiority of dd-MVAC or GC, ongoing 

randomized studies will have to be awaited. 

Our study has several limitations inherent to study design, including the difference in cohort 

sizes and the possible underestimation of toxicity due to retrospective analysis. The most 

important limitation is a cohort bias due to the historic nature of the classic MVAC group. 

The development of new therapies, other than G-CSF, could have improved treatment 

tolerability over time. The introduction of the antiemetics Granisetron, Ondansetron 

and Aprepitant for example, could have affected gastrointestinal toxicity. Regarding the 

incidence of neutropenic fever however, which was the main factor contributing to the 

difference in toxicity, G-CSF was the only prophylactic measure introduced in our clinic. We 

therefore regard G-CSF largely responsible for the more favorable toxicity profile of dd-

MVAC. In addition, the accuracy of cN staging could have been improved by the introduction 

of PET/CT imaging at our hospital in 2010. Another limitation is a selection bias of patients 

treated with dd-MVAC versus GC at our hospital. Although stringent selection criteria for 

both regimens were identical, the GC population partly consisted of patients considered 

more susceptible to treatment related toxicity. This was also reflected in ACCI scores. As 

for both regimens 90% of patients completed 4 cycles of NAIC, the effect on response is 

likely minimal. However, comparing toxicity rates is difficult. We therefore included ACCI 

score in the multivariable analysis model. In this model, toxicity was indeed associated with 

Neoadjuvant induction dose-dense  MVAC for muscle-invasive bladder cancer: efficacy and safety 
compared with classic MVAC and   gemcitabine/cisplatin

higher ACCI scores (borderline-significant), but not with dd-MVAC versus GC.  

The curative intent of induction chemotherapy for patients with pathologically enlarged 

lymph nodes is subject to debate as pelvic lymph node metastases are considered 

a sign of systemic dissemination20. At our hospital, patients with regional and/or 

retroperitoneal lymph node metastases are considered candidates for neoadjuvant/

induction chemotherapy followed by surgery as pCR can still be established in 26.8%, with 

a significant subsequent survival benefit21,22. Our results confirm a considerable response 

rate in a population with predominantly lymph node positive patients. Administration of 

dd-MVAC resulted in response rates similar to classic MVAC and GC, despite the fact that 

dd-MVAC patients initially had more advanced disease than GC-patients. The shorter time 

needed to complete NAIC and the significantly lower toxicity rate compared with classic 

MVAC suggest that dd-MVAC is the treatment of choice in the neoadjuvant setting. We 

eagerly await results of ongoing randomized controlled trials comparing dd-MVAC and GC 

to provide more definitive answers.
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ABSTRACT

Purpose: 

We investigated the accuracy of FDG-PET/CT response identification following 

neoadjuvant or induction chemotherapy (NAIC) for invasive bladder cancer (BC), as to 

better select patients for radical cystectomy (RC). 

Methods: 

Between 2010 and 2014, 37 cT1-4N1-3 BC patients received a FDG-PET/CT before and 

after NAIC followed by RC. Metabolic lymph node (LN) response was evaluated according 

to EORTC recommendations. Additionally, primary tumour response was evaluated 

for 23 patients by means of delayed pelvic imaging after forced diuresis. Gold standard 

was response on pathological analysis of RC specimens. Response was defined as partial 

response (pPR, any pathologic down staging) or complete response (pCR, <ypT1N0). 

Cancer specific survival (CSS) was correlated with pCR and metabolic CR. 

Results: 

Twenty-four cN+ patients achieved LN pCR. FDG-PET/CT identified pCR with 67% 

sensitivity and 46% specificity. Primary tumour response was evaluable for 17/23 patients, 

of whom 12 were responders. Tumour downstaging (pPR or pCR) was identified with 83% 

sensitivity and 80% specificity. Tumour pCR was detected with 70% sensitivity and 71% 

specificity. pCR of overall disease (primary tumour and LNs, n=17) was detected with 67% 

sensitivity and 75% specificity. CSS was positively associated with pathologic CR (HR 0.16, 

p=0.027), but not with metabolic CR (HR 0.560, p=0.612).

Conclusion: 

FDG-PET/CT can accurately distinguish primary tumour downstaging from non-response, 

which suggests that response monitoring (in cN0 patients) might be used to adjust 

neoadjuvant treatment. pCR identification is less accurate, especially for LN metastases, 

which suggests that FDG-PET/CT cannot be used to select patients for RC. 

03
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INTRODUCTION

Platinum-based neoadjuvant chemotherapy (NAC) followed by radical cystectomy (RC) is 

currently standard of care for muscle-invasive bladder cancer (BC)1. Pathologic complete 

response (pCR) following NAC is a strong predictor of survival2. Even if lymph node (LN) 

metastases were present at initial staging, pCR following induction chemotherapy (IC) is 

associated with a 5-year cancer-specific survival of up to 64%3,4. However, patients with 

persisting LN metastases (ypN+) have a dismal prognosis with questionable indication for 

cystectomy3,5,6. On the other hand, non-responders with organ-confined disease at initial 

staging might benefit from direct RC rather than NAC. Early identification of response to 

neoadjuvant and/or induction chemotherapy (NAIC) is therefore warranted. Currently, no 

adequate non-invasive tools to evaluate BC response to NAIC exist1.

18F-2-fluoro-2-deoxy-D-glucose positron emission tomography with computed 

tomography (FDG-PET/CT) has proven to be a reliable method for monitoring response 

to chemotherapy in various cancer types7. It is suggested that PET/CT can identify tumour 

response more accurately than conventional imaging, because of visualization of early 

alterations in metabolism that occur before morphological changes become visible7. A 

recent pilot study from our group has suggested that FDG-PET/CT response identification 

is feasible for LN metastases of BC8. Evaluation of the primary tumour was impaired by 

renal FDG excretion8.

The purpose of this study was to establish feasibility and accuracy of FDG-PET/CT response 

identification for BC following NAIC. We investigated response of any LN metastases 

diagnosed prior to NAIC, and of the primary tumour. To visualize the primary tumour, we 

used delayed pelvic imaging after forced diuresis9.
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PATIENTS AND METHODS

Patients and NAIC 

We prospectively collected a consecutive series of 68 cT1-4N0-3 primary urothelial cell 

BC patients who received FDG-PET/CT imaging before and after NAIC, followed by RC 

between February 2011 and August 2014. At initial staging, 37 patients were diagnosed 

with cN+ disease and 31 patients with cN0 disease. Twenty-three/68 patients had also 

received delayed pelvic imaging to visualize the primary tumour (cN+ n=13, cN0 n=10). 

Twenty-one cN0 patients had not received delayed pelvic imaging and were therefore 

excluded from response analysis. Analyses were done retrospectively. At our hospital, 

NAIC is considered if one or more of the following criteria are met: palpable mass at 

physical exam, ≥cT3 classification on imaging, lymphovascular invasion in transurethral 

resection specimens, hydro-ureteronephrosis, prostate invasion, or retroperitoneal 

nodal involvement. Fine needle aspiration of suspicious LNs is performed if this is the 

only indication for NAIC. Patients with visceral metastases or LN metastases beyond 

the retroperitoneum (mediastinal, supraclavicular etc.) are treated with palliative 

chemotherapy, and are not included in this study. The decision to administer NAIC was 

always made at multidisciplinary rounds. 

Pretreatment Staging

Pretreatment staging included physical examination, cystoscopy, laboratory studies, 

abdominal and chest contrast enhanced CT (CECT) and whole body FDG-PET/CT. Disease 

was classified according to the International Union Against Cancer (UICC) TNM system10. 

LNs were considered malignant in case of pathological enlargement (>10mm in shortest 

diameter) on CT and increased FDG uptake on PET/CT. LN metastases were confirmed 

with fine needle aspiration in 40% of these patients. In the remaining cases, malignant LNs 

at RC or changes indicative of disease eradication (e.g. fibrosis or chronic inflammatory cell 

infiltrate) were regarded as confirmation of pre-treatment LN involvement.

Chemotherapy

NAIC consisted of 4-6 cycles platinum-based combination therapy. The choice of 

chemotherapy regimen (accelerated methotrexate, vinblastine, doxorubicin and cisplatin 

or gemcitabine/cisplatin) was left to the discretion of the medical oncologist. As defined by 

Galsky et al.11, patients with WHO performance status >1, creatinine clearance <60ml/min, 

grade ≥2 audiometric hearing loss or NYHA class III heart failure were deemed unfit for 

cisplatin-based chemotherapy and received gemcitabine/carboplatin NAIC. None of the 

patients received adjuvant chemotherapy after surgery.

Surgery

Consolidating RC consisted of surgical removal of the bladder and pelvic LNs according to 

a standardized surgical template used by all the urologists who perform RC in our hospital. 

FDG-PET/CT for response evaluation of invasive bladder cancer following 
neoadjuvant chemotherapy

This template includes LNs between the genitofemoral nerve, obturator fossa, along the 

internal iliac artery, including the triangle of Marcille, and along the common iliac artery, up 

to the crossing of the ureter. In addition, if supra-regional (retroperitoneal) LN metastases 

had been diagnosed before NAIC administration, a retroperitoneal LN dissection was 

performed. Pathologic response was determined based on cystectomy and LN dissection 

specimens and served as the gold standard for metabolic response comparison. Pathologic 

complete response (pCR) was defined as no evidence of residual invasive tumour 

(<ypT1N0). Partial response (pPR) was defined as any down staging from baseline (e.g. 

cT3N0 to ypT2N0, or cT2N2 to ypT2N1). 

FDG-PET/CT imaging 

FDG-PET/CT response imaging was performed 1-2 weeks after the last cycle of NAIC. The 

imaging protocol was as previously described8. In brief, patients received oral prehydration 

and were requested to fast for at least 6 hours prior to PET/CT imaging. A dose of 190-

240 MBq FDG was administered intravenously. PET/CT imaging from groins to skull base 

was commenced 1 h post-injection, on a Gemini TF-II integrated PET/CT scanner (Philips, 

Amsterdam, the Netherlands), in supine position with arms above the head. Delayed 

pelvic imaging was performed as previously described9; briefly, ninety minutes after FDG 

injection, patients received 20 mg of furosemide intravenously and an extra oral intake of 

500 mL water. They were asked to void frequently. Patients did not receive a transurethral 

catheter. Pelvic PET/CT imaging was then performed 3.5 h after FDG injection. Delayed 

imaging covered a range of 2 bed positions centered at the location of the bladder. PET 

images were attenuation corrected and anatomically correlated to low dose CT images. 

As previously described by our group8, the initial protocol also comprised CECT response 

analysis. However, this was aborted based on preliminary study results. CECT response 

analysis was therefore not included in this study.

Metabolic Response Evaluation

An experienced nuclear medicine physician (EV) reviewed PET/CT images acquired before 

and after NAIC and evaluated them semi-quantitatively. The nuclear medicine physician 

was blinded for patient data, including histopathology results. Metabolic tumour activity 

was quantified using the maximum standardized uptake value (SUVmax). SUVmax  was 

measured in volumes of interest (VOIs) around the primary tumour and suspicious lymph 

nodes. VOIs were drawn by the nuclear medicine physician at identical positions for pre- 

and post-NAIC images. Nodal response was evaluated according to recommendations of 

the European Organization for Research and Treatment of Cancer (EORTC) PET study 

group12. Images were considered eligible for primary tumour analysis if lesion SUVmax was 

at least 50% higher than urinary SUVmax.

Data Analysis

PET/CT metabolic LN and primary tumour responses were compared with pathologic 
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responses in RC specimens. For example, if a patient had mCR on PET/CT imaging and a 

pCR in RC specimens, the metabolically predicted response was regarded true positive. 

If a patient had a mCR on PET/CT, but not in RC specimens, the metabolically predicted 

response was regarded false positive. We calculated measures of diagnostic accuracy 

for identification of down staging and of pCR. To identify primary tumour response, 

we determined an optimal SUVmax reduction cut-off value using receiver operating 

characteristic (ROC) analysis with a predetermined specificity of ≥80%. Cancer-specific 

survival (CSS) Kaplan-Meier curves were plotted for pathologic and metabolic response 

groups and compared with the log rank test. On multivariable cox regression analysis we 

investigated the prognostic value (CSS) of pCR and metabolic CR, corrected for cTNM 

classification prior to NAIC treatment. P-values were considered significant at <0.05 on 

two-sided analysis.

RESULTS

In total, 47 cT1-4N0-3 BC patients were included for response analysis with a median age 

of 65 years. Patient and tumour characteristics are displayed in table 1. At initial staging, 

37/47 patients were diagnosed with cN+ disease. After IC, 24 cN+ patients achieved a 

pCR of all lymph node metastases and 30 cN+ patients had any downstaging. FDG-PET/CT 

correctly identified 28/30 (93.3%) responders from non-responders. pCR of lymph nodes 

metastases was correctly predicted in 16/24 (66.7%) patients (figure 1, table 2). 

Delayed pelvic imaging was performed in 23 patients to assess primary tumour response 

(cN+ n=13 and cN0 n=10). Tumour visualization was not possible for 6/23 patients. Of 

these patients, 4 had tumour involvement of the bladder neck and/or prostatic urethra and 

2 patients had high residual FDG activity in their urine. Of the 17 remaining tumours, 12 had 

any pathologic down staging, and 10 achieved a pCR. ROC analysis for PET/CT response 

prediction resulted in an area under the curve of 0.717 (standard error, SE 0.162, 95%CI 

0.399-1.00). An optimal cut-off of 52% SUVmax reduction resulted in correct identification 

of 10 (83.3%) responders. pCR was correctly identified in 7 (70.0%) patients (figure 2). 

Diagnostic values for primary tumour response identification are displayed in table 2.

Overall disease response (primary tumour and any LN metastases) was assessed for all 17 

patients who had an evaluable primary tumour on delayed pelvic imaging (cN+ n= 8 and 

cN0 n= 9). At RC, 13/17 patients had pathologic down staging of overall disease, and 9/17 

had a pCR. PET/CT correctly distinguished 12 (92.3%) responders from non-responders 

and 6 (66.7%) complete responders. The corresponding diagnostic values are displayed in 

table 2. 

FDG-PET/CT for response evaluation of invasive bladder cancer following 
neoadjuvant chemotherapy

Median follow-up for all patients was 34 (interquartile range 26-43) months. Patients 

with overall disease pCR had a significantly better CSS on univariable (HR 0.16, 95%CI 

0.03-0.82, p=0.027) and multivariable (HR 0.16, 95%CI 0.03-0.80, p=0.026) analysis than 

non-pCR patients. Metabolic CR of overall disease on PET/CT was not associated with 

an improved CSS on univariable (HR 0.560, 95%CI 0.06-5.44, p=0.612) or multivariable 

analysis (HR 0.01, 95%CI 0.00-3.13x1026, p=0.877).

Table 1. 

Baseline patient and tumour characteristics. All patients (n= 47) underwent FDG-PET/CT imaging before 

and after neoadjuvant or induction chemotherapy (NAIC), followed by radical cystectomy. Patients with 

≤cT2 disease all had lymph node metastases at staging prior to NAIC.

Variable

age 

sex

 male

 female

ct

 ≤2

 3

 4

cn

 0

 1

 2-3

histology

 UC only

 UC with variant*

naiC regimen

 MVAC

 Gemcitabine/cisplatin

 Gemcitabine/carboplatin

median (iQr)

65 (13)

n (%)

36 (77)

11 (23)

7 (15)

26 (55)

14 (30)

10 (21)

15 (32)

22 (47)

63 (97)

2 (3)

14 (30)

17 (36)

16 (34)
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Table 1.  conTinued

Variable

number of naiC cycles

 3**

 4

 5-6

ypt

 <1

 1

 ≥2

ypn

 0

 1

 2-3

n (%)

1 (2)

44 (94)

2 (4)

23 (49)

1 (2)

23 (49)

33 (70)

9 (19)

5 (11)

SD, standard deviation; UC, urothelial carcinoma; NAIC, neoadjuvant/induction chemotherapy; MVAC, 

methotrexate, vinblastine, doxorubicin and cisplatin

*One tumour transurethral resection specimen contained focal small cell carcinoma, and one specimen 

contained sarcomatoid variant histology. 

**This patient had to terminate NAIC early because of extensive toxicity.

Table 2. 

Diagnostic accuracy of FDG-PET/CT for pathologic partial response and pathologic complete response 

identification of the primary tumour (n=17), lymph node metastases (n=37), and overall disease (n=17).

pPR

pCR

pPR

pCR

pPR

pCR

Primary tumour, n=17

Lymph nodes, n=37

Overall disease, n=17

mr/pr

10/12

7/10

28/30

16/24

12/13

6/9

sensitivity

83 (51-97)

70 (35-92)

93 (76-99)

67 (45-84)

92 (62-100)

67 (31-91)

specificity

80 (30-99)

71 (30-95)

43 (12-80)

46 (20-74)

75 (21-99)

75 (36-96)

Positive 

Predictive Value

90 (57-100)

78 (40-96)

88 (70-96)

70 (47-86)

92 (62-100)

75 (36-96)

negative 

Predictive Value

67 (24-94)

63 (26-90)

60 (17-93)

43 (19-70)

75 (22-99)

67 (31-91)

FDG-PET/CT for response evaluation of invasive bladder cancer following 
neoadjuvant chemotherapy

Values are depicted as % (95% confidence interval).

mR, metabolic response; pR, pathologic response

pPR, pathologic partial response: any downstaging from baseline, including complete response

pCR, pathologic complete response: no evidence of residual invasive tumour
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DISCUSSION

FDG-PET/CT imaging can accurately predict response to chemotherapy for various 

cancer types7. In metastatic bladder cancer, promising results have been reported for 

early metabolic response evaluation of palliative chemotherapy13. The current study was 

performed to establish the accuracy of FDG-PET/CT response identification following 

NAIC. Our results show that: 1. FDG-PET/CT can accurately distinguish primary tumour 

down staging from non-response, which suggests that response monitoring could be used 

to adjust NAC. 2. The negative predictive value for pCR identification is low, especially in 

LNs. This indicates that in many cases of persistent nodal FDG activity on PET/CT following 

NAIC, RC specimens revealed a pCR. Therefore, based on these results, FDG-PET/CT 

cannot be used to select patients for RC. 

Figure 2

Transverse low-dose CT, delayed 18F-FDG-PET/CT and 18F-FDG-PET of a 58 year old male patient before 

and after neoadjuvant chemotherapy because of a cT4aN0M0 bladder carcinoma. 18F-FDG-PET/CT 

showed a complete metabolic response of the primary tumour, which was confirmed at histopathological 

evaluation of radical cystectomy specimens (ypT0N0). 

FDG-PET/CT for response evaluation of invasive bladder cancer following 
neoadjuvant chemotherapy

To prevent overtreatment of chemo-resistant BC, conventional CT and magnetic 

resonance imaging (MRI) have been unsuccessfully explored as options to monitor 

response to NAC8,12,14. The main limitation of these imaging modalities is that, in contrast 

to PET/CT, viable tumour cannot be distinguished from benign fibrotic tissue. Because of 

this distinction, PET/CT has been proven an accurate method for initial BC staging15-17, and 

may also be more accurate for NAC response evaluation. We could predict primary tumour 

down staging with 83% sensitivity and 80% specificity. These results, although preliminary, 

suggest that FDG-PET/CT is a useful tool to monitor response to NAC. Further research 

is warranted to investigate if earlier imaging (e.g. after 2 cycles) can be used to predict 

response with similar accuracy. FDG-PET/CT might then aid in deciding to continue or 

abort NAC.

For cN+ disease, RC following IC is subject to debate as LN metastases portend a poor 

survival with or without cystectomy18. In previous literature, 48% of cN+ patients had 

nodal pCR (ypN0) following IC4. At a median follow-up of 20 months, the corresponding 

median overall survival was 71 months opposed to 13 months for patients with persisting 

LN metastases4. Therefore, accurate pCR identification might aid in selecting patients for 

Figure 1

Transverse low-dose CT, delayed 18F-FDG-PET/CT and 18F-FDG-PET of a  63 year old female patient 

before and after induction chemotherapy because of a cT2 bladder carcinoma with bilateral para-ilia 

(N2) and para-aortal (M1) lymph node metastases. These images show a parailia lymph node metastasis 

adjacent to the left ureter (arrow). 18F-FDG-PET/CT showed a complete metabolic response of the lymph 

node metastases, while histopathological evaluation of radical cystectomy specimens revealed residual 

disease (ypT0N2M1). 
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RC. Patients with persisting LN metastases could be offered alternative treatment. For 

this purpose, our group has recently explored FDG-PET/CT response identification in a 

small set of cN+ patients8. Although renal FDG-excretion impaired visualization of primary 

bladder tumours, results for predicting nodal pCR were promising. In our extended cohort, 

we identified down staging of overall disease (primary tumour and any LN metastases) 

following NAIC with 92% sensitivity and 75% specificity. However, the negative predictive 

value for nodal pCR was low. In other words, in many cases of persistent nodal FDG 

activity, RC specimens revealed a pCR. Furthermore, whereas overall pCR was associated 

with a significant CSS benefit over non-pCR patients, metabolic CR on PET/CT was not. 

We therefore believe that, until the advent of better predictors of survival, RC should be 

offered to all IC patients, unless progressive disease is observed.

Can PET/CT response identification be improved? An important limitation of FDG-PET/

CT was the presence of residual urinary FDG activity, despite delayed imaging after forced 

diuresis. This impaired visualization of 6 primary tumours, including all 4 tumours located 

in the bladder neck or prostatic urethra, suggesting that FDG-PET is hampered for tumour 

evaluation at this location. Also, low urinary FDG background activity may have affected 

response identification for evaluable tumours. Other radiotracers for BC PET/CT imaging 

have been explored, but thus far no non-urinary excreted tracers with high BC uptake are 

clinically available19,20. Another limitation is low PET resolution. As PET techniques are still 

evolving, increased resolution might improve response identification in the future. 

The timing of response analysis can be debated. A known limitation of early FDG-PET/CT 

imaging is false-positive pCR identification, presumably due to a transient suppression of 

tumour metabolic activity21. A retrospective analysis on seminomas showed that timing 

of PET/CT at ≥6 weeks following chemotherapy radically improved diagnostic accuracy 

of residual disease22. However, both the optimal timing and its importance for diagnostic 

accuracy is tumour- and treatment-specific22. In metastatic bladder cancer, a metabolic 

response on FDG-PET following 2 cycles of palliative chemotherapy has been reported 

as significantly associated with progression-free and overall survival13. To our knowledge, 

the effect of PET/CT timing for the detection of pathologic response in bladder cancer 

has not been investigated. We chose to perform imaging as early as one to two weeks 

following the last cycle of NAIC for the practical reason not to delay RC, but a longer period 

between NAIC completion and response analysis might improve its specificity and positive 

predictive value.

Our study has several limitations. Although data were prospectively collected and response 

analysis was performed according to a uniform protocol, patients receiving different NAIC 

regimens were included. Strengths of the study are that 94% of patients received 4 cycles of 

chemotherapy and that LND was done according to a standardized template. Additionally, 

40% of LNs suspicious for metastases were cytologically confirmed prior to NAIC. The 

FDG-PET/CT for response evaluation of invasive bladder cancer following 
neoadjuvant chemotherapy

presence of initially false-positive LNs could have enhanced pCR identification. However, 

we expect this effect to be minimal as the specificity of FDG-PET/CT for LN metastases 

was 95% in a recent meta-analysis17. Furthermore, only patients with histological signs at 

RC of pre-treatment LN involvement were considered te be cN+ prior to NAIC. For now, 

our results suggest that FDG-PET/CT following NAIC is a sensitive method to distinguish 

responders from non-responders. If results are similar for early evaluation during NAIC, 

FDG-PET/CT might be a valuable tool for early therapy adjustment. 

CONCLUSION

Our results suggest that FDG-PET/CT can accurately distinguish primary tumour down 

staging from non-response. Response monitoring in cN0 patients might therefore aid in 

deciding to continue or abort NAC. pCR identification is less accurate, especially for lymph 

node metastases, which indicates that FDG-PET/CT cannot be used to select patients for 

RC. This is also reflected in cancer specific survival results. 0307
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ABSTRACT

A pathologic complete response to neoadjuvant platinum-containing chemotherapy (NAC) 

is a strong prognostic determinant for patients with muscle-invasive bladder cancer 

(MIBC). Despite comprehensive molecular characterization of bladder cancer, associations 

of molecular alterations with treatment response are still largely unknown. We selected 

pathologic complete responders (ypT0N0; n=38) and non-responders (ypT>2; n=33) from 

a cohort of high-grade MIBC patients treated with neoadjuvant chemotherapy. DNA was 

isolated from pre-chemotherapy tumour tissue and used for next-generation sequencing 

of 178 cancer-associated genes (discovery cohort) or targeted sequencing (validation 

cohort). We found that nine out of 38 complete responders had erb-b2 receptor tyrokinase 

2 (ERBB2) missense mutations, whereas none of 33 non-responders had ERBB2 mutations 

(p = 0.003). ERBB2 missense mutations in complete responders were mostly confirmed 

activating mutations. ERCC2 missense mutations, recently found associated with response 

to NAC, were more common in complete responders, however this association did not 

reach statistical significance in our cohort. We conclude that ERBB2 missense mutations 

characterize a subgroup of MIBC patients with excellent response to NAC.

03
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A pathologic complete response to neoadjuvant platinum-containing chemotherapy (NAC) 

is associated with superior clinical outcome in patients with muscle-invasive bladder 

cancer (MIBC)1-3. No molecular markers or baseline clinical characteristics that can predict 

the response to NAC are clinically validated. In the present study, we found an unexpected 

association between mutations in the erb-b2 receptor tyrosine kinase 2 (ERBB2) gene, 

also known as HER2, and complete response to chemotherapy.

We collected pre- and post-chemotherapy specimens from 110 prospectively registered 

MIBC patients treated with NAC. Good quality DNA from the pre-treatment transurethral 

resection specimens was available for 94 patients. In this cohort, we identified 38 

pathologic complete responders (ypT0N0), 23 partial responders (ranging from a minor 

response to a near-complete response) and 33 non-responders (higher than ypT2) to NAC. 

Full study methods are described in supplementary Patients and Methods. No significant 

differences in baseline clinical characteristics were identified between the three groups 

(supplementary table 1). Complete responders had a superior recurrence-free and 

cancer-specific survival compared to non-responders, whereas the partial responders had 

an in-between survival (p < 0.001; supplementary figure 1). 

We sequenced 178 cancer-associated genes (supplementary table 2) on pre-treatment 

tumour DNA from 16 complete responders and 16 non-responders (discovery cohort). 

Genes with a differential mutation frequency in complete responders compared with non-

responders were identified by contrasting analysis (figure 1a). ERBB2 had the highest 

enrichment for mutations in complete responders (figure 1a and 1b). We therefore tested 

the association between ERBB2 mutations and chemotherapy sensitivity in a validation 

cohort consisting of the remaining 22 complete responders and 17 non-responders to 

NAC in our patient series. We identified another five ERBB2 missense mutations in four 

complete responders and none in the non-responders. Taken together, we identified 

ERBB2 missense mutations in nine of the 38 complete responders (24%) and in none of 

the 33 non-responders to NAC (p = 0.003; Figure 2). 

Five of the 10 identified ERBB2 missense mutations cluster at amino acid 310 in the 

extracellular domain (figure 1c; supplementary table 3). The S310 position is also a 

mutational hotspot in the The Cancer Genomic Atlas (TCGA) urothelial bladder cancer 

cohort because approximately 40% of all ERBB2 missense mutations cluster at this 

position (TCGA Data Portal; http://cancergenome.nih.gov). Previous functional studies 

on ERBB2 mutations have shown S310F, D769H, and V8421 variant identified here 

are activating mutations that support cellular transformation4,5. To our knowledge, the 

R678L and V777M mutations have not been functionally characterized. However, a 

different amino acid substitution at the same V777 position was found to be activating5. 

It was recently reported that micropapillary urothelial carcinomas carry a high frequency 

(40%) of activating extracellular domain ERBB2 mutations6. We therefore reviewed all 



158 159

Chapter 08

our ERBB2-mutant urothelial carcinomas (UC). None of these had micropapillary variant 

histology. 

 

We confirmed the association between ERBB2 missense mutations and responsiveness to 

platinum-containing chemotherapy in the recently published MIBC dataset of Van Allen et 

al.7. In this external validation cohort, all three patients with an ERBB2 missense mutation 

responded to NAC7. In addition, they reported a fourth complete responder who had an 

ERBB2 mutation with an allelic fraction of 0.04. 

ERBB2 missense mutations are significantly enriched in the chemotherapy responders 

from our cohort and the Van Allen et al. cohort7 compared with the unselected TCGA 

cohort (8% in TCGA; p = 0.02; figure 1d). Conversely, we found that ERBB2 missense 

mutations were significantly depleted in the non-responder cohorts compared to the 

unselected TCGA cohort (p = 0.02; figure 1d).

Having found an association between ERBB2 missense mutations and platinum-response, 

we next tested the association of ERBB2 amplification with platinum-response. ERBB2 

amplifications were identified in complete responders as well as in non-responders and 

were not associated with response to NAC (p = 0.52; figure 2). ERBB2 amplification was 

always accompanied by protein overexpression. In four patients, amplification of ERBB2 

was found in combination with a missense mutation in ERBB2. Strikingly, in all of these 

cases, the ERBB2-mutant allele was found amplified, stressing once more the relevance of 

ERBB2 mutations for MIBC oncogenesis.

Van Allen et al. recently reported that missense mutations in ERCC2, a nucleotide excision 

repair gene, were selectively present in 9 of 25 MIBC patients with complete response 

to cisplatin-containing NAC, whereas ERCC2 missense mutations were absent in 25 non-

responders7. In our discovery cohort, we found six ERCC2 missense mutations present 

in four complete responders and in two non-responders (figure 1b). Sanger sequencing 

of the post-chemotherapy resistant tumours of the two ERCC2-mutant non-responders 

demonstrated in both cases that the ERCC2 missense mutation was still present in the 

post-chemotherapy resistant tumour (figure 1e-f), indicating that the mutation was not 

counter-selected during chemotherapy. In our validation cohort, we identified ERCC2 

missense mutations in two tumour samples from 22 complete responders and in none of 

the 17 non-responders. In total, 6 somatic ERCC2 missense mutations were identified 

in 38 complete responders (16%) and 2 in 33 non-responders (6%) (p = 0.27; figure 2; 

supplementary table 4). Five of the six ERCC2 mutations in complete responders were 

present in patients with wild type, non-amplified ERBB2 (figure 2).

Finally, we also sequenced ERBB2 and ERCC2 in the pre-treatment TUR specimens from 

the remaining group of 23 patients who had responses to NAC ranging from a minor 

response to a near-complete response. We identified two ERBB2 missense mutations in 

tumours from patients with a partial response. Both patients are still alive for more than 

10 years after NAC without any signs of disease recurrence (supplementary table 5). 

This supports our finding that ERBB2 missense mutations are associated with favourable 

response to NAC. We identified four tumours (17%) with an ERCC2 missense mutation in 

the remaining group of patients. Two of these patients are alive without signs of disease 

recurrence and two patients died due to distant recurrences (supplementary table 5).

Responses to NAC can also be plotted as complete response versus non-complete 

response, as shown in Supplementary figure 2. In this comparison, ERBB2 mutations are 

strongly associated with response (p=0.006), whereas ERCC2 mutations are not.

suppleMenTarY Table 1. 

Clinical characteristics stratified by response to neoadjuvant chemotherapy

median age, years (iQr)

Female sex, n (%)

Clinical tnm staging, n (%) 

 T2

 T≥3

 N0

 N1

 N>1

 M0

 M12

tur histology, n (%)

 Urothelial cell

 Other

neoadjuvant chemotherapy 

regimen, n (%)

 MVAC

 Gemcitabine/cisplatin

Complete 

responders 

(n=38)

58 (14.0)

8 (21.1)

11 (28.9)

27 (71.0)

16 (42.1)

5 (13.2)

17 (44.7)

34 (89.5)

4 (10.5)

38 (100,0)

0 (0.0)

25 (65.8)

8 (21.1)

non-

responders 

(n=33)

63 (15.6)

8 (24.2)

8 (24.2)

25 (75.8)

11 (33.3)

10 (30.3)

12 (36.4)

31 (93.9)

2 (6.1)

32 (97.0)

1 (3.0)

18 (54.5)

7 (21.2)

Partial 

responders

(n=23)

61 (14.6)

7 (30.4)

7 (30.4)

16 (69.6)

7 (30.4)

9 (39.1)

7 (30.4)

19 (82.6)

4 (17.4)

23 (100.0)

0 (0.0)

11 (47.8)

6 (26.1)

p-value1

0.80

0.72

0.88

0.22

0.36

0.62

ERBB2 mutations characterize a subgroup of muscle-invasive bladder cancers with excellent
response to neoadjuvant chemotherapy
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suppleMenTarY Table 1.  conTinued

 Gemcitabine/carboplatin

median no. of chemotherapy 

cycles (iQr)

Patients with recurrence, n (%)

mean length of follow-up,

 years (95%Ci)

Complete 

responders 

(n=38) 

5 (13.2)

4.0 (0.0)

12 (31.6)

13.4 (10.4-16.3)

non-

responders 

(n=33) 

8 (24.2)

4.0 (0.0)

27 (81.8)

1.9 (1.1-2.7)

Partial 

responders

(n=23) 

6 (26.1)

4.0 (0.0)

12 (52.2)

10.1 (6.0-14.1)

p-value1

<0.001

<0.001

supplementary table 1 – Clinical characteristics stratified by response to neoadjuvant chemotherapy 
1 Age and number of chemotherapy cycles were compared using the Mann-Whitney U test. Gender, 

clinical staging, histology, neoadjuvant chemotherapy regimen and recurrence were compared using the 

Fisher’s exact test.
2 M1: nodal metastases above the common iliac arteries, but below the diaphragm

IQR = interquartile range; TUR = transurethral resection; MVAC = methotrexate, vinblastine, doxorubicin 

and cisplatin.

ERBB2 mutations characterize a subgroup of muscle-invasive bladder cancers with excellent
response to neoadjuvant chemotherapy

Figure 1.

Gene enrichment analysis of mutated genes in complete responders and non-responders. (A) volcano 

plot of effect size (log-odds-ratio) and significance (-log10 p-value) of the 25 genes mutated in more than 

two samples. Mutated genes enriched in responders are labeled green and mutated genes enriched 

in non-responders are labeled red. (B) Pyramid plot showing the number of mutated samples in 16 

complete responders in green and the number of mutated samples in 16 non-responders in red. (C) Plot 

showing the distribution of ERBB2 missense mutations identified in this study by target enrichment NGS 

(dark blue circles) or Sanger sequencing (orange circles). ERBB2 missense mutations cluster at the S310 

position in the extracellular domain and in the tyrosine kinase domain (TKD). (D) Graph showing that 

ERBB2 missense mutations are significantly enriched in responders and significantly depleted in non-

responders to NAC, compared to the unselected TCGA urothelial bladder cancer cohort (*p < 0.05). (E, 

F) Sequencing results from two ERCC2-mutant non-responders showing the ERCC2 missense mutation 

(E86Q and S44L) in DNA isolated from the pre-treatment TUR and post-treatment cystectomy, but not in 

the germline DNA. This demonstrates that these somatic ERCC2 mutations were not counter-selected 

during chemotherapy.

Abbreviations: NGS, next-generation sequencing; TCGA, The Cancer Genome Atlas; TKD, tyrosine kinase 

domain; TM, transmembrane domain; TUR, transurethral resection
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suppleMenTarY Figure 1.

A) Kaplan-Meier analysis of recurrence-free survival in responders and non-responders to neoadjuvant 

chemotherapy. (B) Kaplan-Meier analysis of cancer-specific survival in responders and non-responders 

to neoadjuvant chemotherapy.
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Our findings indicate that ERBB2 missense mutations could assist in selecting patients 

responding to NAC. Furthermore, these results suggest that HER2-directed therapies for 

ERBB2 mutant bladder cancers are unlikely to replace chemotherapy in the neoadjuvant 

setting, since these tumours have highly favorable responses to neoadjuvant platinum-

containing chemotherapy. However, despite of a pathologic complete response to NAC, three 

of the eleven patients with ERBB2-mutant MIBC developed a distant recurrence. These 

patients may benefit from ERBB2 tyrosine kinase inhibitors, alone or in combination with 

chemotherapy. In contrast to the findings of Van Allen et al., we showed that the presence of 

an ERCC2 mutation does not always confer sensitivity to platinum-based therapy. 

A possible limitation of this study is the heterogeneity of our cohort. Patients were treated 

with different platinum-containing chemotherapy regimens: MVAC, gemcitabine/cisplatin 

or gemcitabine/carboplatin. Although evidence for the benefit of gemcitabine/carboplatin 

in the neo-adjuvant setting in terms of cancer-specific or overall survival is lacking, 

pathological complete response rates appear to be similar8. Our cohort also contained 

more advanced cases than most neo-adjuvant studies in bladder cancer. However, these 

patients reflect common clinical practice, as many clinics would specifically treat this high-

risk patient group with chemotherapy, followed by resection if possible.

In conclusion, we found that ERBB2 missense mutations in MIBC are associated with an 

excellent response to NAC.

ERBB2 mutations characterize a subgroup of muscle-invasive bladder cancers with excellent
response to neoadjuvant chemotherapy

ERBB2 and ERCC2 mutation frequency in complete responders vs. non-complete responders. CR, 

complete responder; ns, non-significant
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SUPPLEMENTARY PATIENTS AND METHODS

Patients and samples

The study population consisted of 110 prospectively registered patients who received 

neoadjuvant, platinum-containing combination chemotherapy (NAC) between 1992-2014 

for cT2N1-3M0-1 or cT3-4N0-3M0-1, high-grade, muscle-invasive bladder cancer and 

who had pre-chemotherapy tissue available. Patients with M1-disease had supraregional 

lymph nodes below the diaphragm that were considered surgically resectable, as has 

been published before1. All patients received at least two cycles of a platinum-containing 

chemotherapy combination: MVAC (methotrexate/vinblastine/adriamycin/cisplatin), 

gemcitabine/cisplatin or gemcitabine/carboplatin. After two cycles of chemotherapy, 

patients were restaged. In cases of clear progressive disease, chemotherapy was 

discontinued. Following NAC, eligible patients underwent radical cystectomy; other 

patients received palliative or curative radiotherapy. Formalin-fixed paraffin-embedded 

(FFPE) tumour blocks from the pre-chemotherapy diagnostic transurethral resection 

(TUR) were collected from referring hospitals for tissue microarray (TMA) assembly and 

DNA isolation. Clinical data were obtained from the prospectively maintained NKI-AVL 

Genitourinary Clinical Database. Collection and use of tissue specimens was approved by 

the translational research board of the institute (study registration CFMPB104).

Identification of “responders” and “non-responders” to NAC

From this cohort, we identified 40 patients with a pathologic complete response to NAC 

(“responders”) at cystectomy and 33 patients with ypT>2 after NAC (“non-responders”). 

Pathologic complete response (pCR) was defined as no residual invasive cancer in both 

cystectomy and lymph nodes after NAC. Patients with carcinoma in situ, in the absence of 

an invasive component and no positive lymph nodes, were considered pCR.

Target enrichment NGS of 178 cancer-associated genes

Target enrichment DNA next-generation sequencing was performed with a custom 

SureSelect XT2 bait library (Agilent Technologies) covering a selected panel of 178 genes, 

consisting of (indirect or direct) clinically relevant genes including all frequently mutated 

genes in bladder cancer (supplementary table 2). Slides were cut from FFPE blocks 

(10x10μM) and DNA was isolated from pre-selected areas with >50% tumour cells using 

the QIAamp DNA mini kit (Qiagen). Concentration of double-stranded DNA (dsDNA) 

was measured using a fluorometric-based assay and 100ng-1ug dsDNA was used as 

input for SureSelect XT2 library preparation (Agilent Technologies). Captured libraries 

were sequenced on the Illumina HiSeq2000 platform with a paired-end 51-basepair read 

protocol. Sequence reads were aligned to the human reference genome (hg19) using the 

BWA backtrack algorithm2. Variants were called using GATK Unified Genotyper3. The 

list of variants was then filtered to focus on variants affecting protein function using the 

impact prediction of SnpEff (e.g. low impact variants are not considered). To further filter 

ERBB2 mutations characterize a subgroup of muscle-invasive bladder cancers with complete 
response to neoadjuvant chemotherapy

out likely germline variants, all variants not reported in COSMIC but with annotation in 

dbSNP or EVS or exome sequencing data of 2000 healthy controls from the Netherlands 

were filtered from the list. Finally, the list of variants was manually curated for obvious false 

positives (e.g. variants not reported previously that occurred with high allele frequency).

ERBB2 and ERCC2 Sanger sequencing in the validation cohort

Pre-treatment tumour DNA from responders and non-responders was analyzed for 

missense mutations in ERBB2 and ERCC2. PCR primers were designed to amplify 

regions containing common mutation sites in 7 exons of ERBB2 and 9 exons around the 

helicase domains of ERCC2 (supplementary table 6). PCR products were generated in 

a 25μl reaction mixture containing 30ng gDNA and 1U Platinum Taq polymerase (Life 

Technologies). Agarose gel electrophoresis confirmed that the PCR products were of 

expected size and ExoSAP-IT (Affymetrix) was used for PCR cleanup. PCR products 

were capillary sequenced using the Big Dye Terminator V3.1 Sequencing Kit (Applied 

Biosystems). Sequences were compared with the reference sequence (NM_00448 for 

ERBB2 and NM_000400 for ERCC2). Sanger sequencing of germline DNA (isolated from 

serum, whole blood or normal tissue) verified all ERBB2 and ERCC2 mutations, identified 

by either target enrichment NGS or Sanger sequencing, as somatic.

ERBB2 SISH

Single-probe ERBB2 silver-enhanced in situ hybridization (SISH) was performed with 

the BenchMark Ultra autostainer (Ventana, Roche) on a TMA consisting of triplicate core 

samples (0.6mm) from the pre-treatment TUR of all MIBCs selected for this study. Single-

probe ERBB2 SISH was performed with the BenchMark Ultra autostainer (Ventana, Roche). 

Paraffin sections (3 μm) were heated at 75 °C for 30 minutes and then deparaffinized in the 

instrument. Sections were treated for 8 minutes with ISH Protease 3 (cat.no. 5273331001, 

Ventana, Roche) for epitope retrieval. Sections were hybridized for 6 hours with the 

INFORM DNP-labeled HER2 DNA probe (cat.no. 5273439001, Ventana, Roche). After 

hybridization, appropriate stringency wash-steps (three times 8 minutes) were performed 

followed by incubation with Rabbit anti-DNP (cat.no. 5273447001, Ventana, Roche) for 32 

minutes. The HER2 probe was visualized using the UltraView SISH Detection Kit (Ventana, 

Roche) and sections were counterstained with haematoxylin. The detection kit contains a 

goat anti-rabbit antibody conjugated to horseradish peroxidase used as the chromogenic 

enzyme. The silver precipitation is deposited in the nuclei and a single copy of the ERBB2 

gene is visualized as a black dot. Tumours were scored as amplified when the average 

ERBB2 copy number in >10% of the tumour cells was >6/cell which is in accordance with 

the ASCO/CAP guidelines for ERBB2 testing in breast cancer4.

ERBB2 copy number determined by low-pass WGS 

DNA libraries, prepared with the SureSelect XT2 library preparation kit (Agilent 

Technologies), were sequenced on the Illumina HiSeq2000 platform with a single-read 
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51-basepair protocol. Sequence reads were aligned to the reference genome using the 

BWA backtrack algorithm2. BEDTools5 was used for counting the reads into 20kb non-

overlapping bins and calculating the GC-content of those bins. The mappability value of 

each bin is precomputed by summarizing the alignment results of all possible 51mers 

from the reference sequence. Read counts for each bin are corrected for GC-bias using 

non-linear loess fit. Only bins with mappability >0.8 plus and bins from autosomes are 

used for this fit. After GC-correction, a linear model that intercepts zero is used to fit the 

mappabiltity data to the corrected read counts. The slope of this fit, multiplied with the 

mappability value for each bin, provides the bin’s reference value that is used to calculate 

the final log2 copy number ratios for each sample. Bins overlapping blacklisted regions 

defined by ENCODE6, as well as bins with a mappability <0.2 are excluded from the final 

dataset. Output files were imported and analyzed using Nexus Copy Number 7.5 software 

(BioDiscovery), which applies the FASST2 segmentation algorithm for calling copy number 

alterations.

ERBB2 immunohistochemistry

Immunohistochemical ERBB2 staining was performed on the TMA with the BenchMark 

Ultra autostainer (Ventana, Roche). Immunohistochemical staining was performed with 

the BenchMark Ultra autostainer (Ventana, Roche). Paraffin sections (3 μm) were heated 

at 75 °C for 30 minutes and then deparaffinized in the instrument. Sections were treated 

with Cell Conditioning 1 buffer (Ventana, Roche) for 36 minutes followed by 12 minutes 

incubation with the primary PATHWAY anti-HER-2/neu antibody (Clone 4B5, cat.no. 

5278368001, Ventana). Bound primary antibody was detected using the UltraView 

Universal DAB Detection Kit (Ventana, Roche) and slides were counterstained with 

haematoxylin. Scoring was performed by an experienced genitourinary pathologist (JJ) 

using a 0-3 scoring system for membrane staining intensity, in accordance with the ASCO/

CAP guidelines for ERBB2 testing in breast cancer4.

ERBB2 mutation and amplification frequency in other cohorts

ERBB2 mutation frequency in the TCGA urothelial bladder cancer dataset was 

determined using the TCGA data portal (http://cancergenome.nih.gov; downloaded Sept 

1, 2014). ERBB2 mutation frequency in the study of Van Allen et al. was obtained from the 

supplemental information of their published manuscript7. ERBB2 amplification frequency 

in the TCGA urothelial bladder cancer dataset and the MSKCC bladder cancer dataset8 

was obtained from the cBioPortal for Cancer Genomics (http://cbioportal.org; accessed 

Aug 30, 2014)9.

Statistical analyses

Association between mutations in an individual gene and response to NAC was tested with a 

Fisher’s exact test. For the analysis of NGS on 178 genes, we corrected all tests for multiple 

testing with Benjamini-Hochberg method. Statistical analyses were performed with 

ERBB2 mutations characterize a subgroup of muscle-invasive bladder cancers with complete 
response to neoadjuvant chemotherapy

Bioconductor software10 and GraphPad Prism software version 6. Differences in clinical 

characteristics between responders and non-responders were tested using the Mann-

Whitney U test or the Fisher’s exact test. Kaplan-Meier analysis with log-rank statistics 

was used for survival analysis (SPSS software version 22, IBM). Cancer-specific survival 

was measured from the date of NAC start to the date of death-of-cancer. Recurrence-

free survival was measured from the date of NAC start to the date of disease recurrence. 

Results were considered statistically significant with P < 0.05 (two-tailed).

suppleMenTarY Table 2. 

178 gene panel for target enrichment NGS

ABCC1

ABCG2

ABL1

ABL2

AEG1

AKT1

AKT2

AKT3

ALK

APC

AR

AREG

ARID1A

ATM

ATR

AURKA

AURKB

AURKC

AXL

BCL2

BCL2L11

BCR

BIM

BIRC5

BRAF

BRCA1

BRCA2

CCND1

CCNE1

CDA

CDH1

CDK4

CDK6

CDK8

CDKN2A

CENPE

CHEK1

CHEK2

COMT

CREBBP

CSF1R

CTNNB1

CYP2C19

CYP2C9

CYP2D6

CYP3A4

DCK

DDR1

DDR2

DPYD

DUSP4

DUSP6

EGFR

EML4

EP300

EPCAM

EPHA3

EPHA5

EPHA7

EPHB1

EPHB6

ERBB2

ERBB3

ERBB4

ERCC1

ERCC2

ERCC4

EREG

ERG

ESR1

ESR2

EZH2

FBXW7

FGFR1

FGFR2

FGFR3

FGFR4

FLT1

FLT3

FLT4

GNAQ

GNAS

GRB7

GSTM1

GSTP1

HDAC2

HDAC9

HGF

HRAS

IDH1

IDH2

IGF1R

IGF2

INPP4A

INPP4B

JAK2

JAK3

KDM6A

KDR

KEAP1

KIT

KRAS

LRP2

MAP2K1

MAP2K4

MAP3K1

MCL1

MDM2

MED12

MET

MIK67

MLH1

MLL

MLL2

MLL3

MSH2

MSH6

MYC

MYCN

NF1

NF2

NRAS

OCT2

PALB2

PAX5

PDCD1

PDGFRA

PDGFRB

PDL-1

PGR

PIK3CA

PIK3R1

PIK3R3

PMS2

POLE

PSMC2

PTEN

PTK2

RAF1

RB1

RECQL

RET

ROS1

RRM1

RSPO2

RSPO3

RUNX1

RUNX1T1

SIRT2

SMAD2

SMAD4

SMARCA4

SMARCB1

SMO

SOX2

SRC

STK11

TCF7L2

TERT

TGFBR1

TGFBR2

TMPRSS2

TNK2

TOP1

TOP2A

TP53

TPMT

TSC1

TSC2

TYMP

TYMS

UGT1A1

VEGFA

VEGFB

VHL

YES1

YWHAZ

ZAP70
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suppleMenTarY Table 3. 

Summary of all identified somatic ERBB2 missense mutations

Abbreviations: CR, complete responder; CBS, coding DNA sequence; MT, mutant; WT, wild-type; NGS, 

next-generation sequencing; N/A, not applicable

Patient iD

9013

CF0943

CF0945

CF1005

CF0955

9013

CF3122

CF3097

CF0940

CF0977

Cohort

CR

CR

CR

CR

CR

CR

CR

CR

CR

CR

Chemotherapy 

regimen

G/Carboplatin

G/Carboplatin

MVAC

MVAC

MVAC

G/Carboplatin

G/Carboplatin

G/Cisplatin

MVAC

MVAC

methods

Sanger

NGS

NGS

NGS

Sanger

Sanger

Sanger

Sanger

NGS

NGS

mutation 

(CDs)

c.917C>T

c.929C>T

c.929C>T

c.929C>T

c.929C>T

c.929C>T

c.2033G>T

c.2305G>C

c.2329G>A

c.2524G>A

Protein 

change

p.T306M

p.S310F

p.S310F

p.S310F

p.S310F

p.S310F

p.R678L

p.D769H

p.V777M

p.V842I

germline 

Dna source

Whole blood

Serum

Serum

Serum

Normal tissue

Whole blood

Serum

Serum

Normal tissue

Serum

Confirmed 

somatic

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Fraction 

mt/Wt 

reads

N/A

0.22

0.64

0.34

N/A

N/A

N/A

N/A

0.30

0.52
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suppleMenTarY Table 4. 

suppleMenTarY Table 5. 

Patient iD

CF0950

CF1005

CF1000

CF0949

CF0982

CF3098

CF0959

CF0979

Patient iD

CF0972

CF0992

CF0954

CF0963

CF1006

CF3119

Cohort

Non-

responder

CR

CR

CR

CR

CR

CR

CR

tnm

pre-chemo

cT4pN2M0

cT2N1M0

cT3N0M0

cT4N0M0

cT4pN2M0

cT3N1M0

Chemotherapy 

regimen

G/Carboplatin

MVAC

G/Carboplatin

MVAC

MVAC

G/Cisplatin

MVAC

MVAC

Chemo 

regimen

MVAC

MVAC

MVAC

G/Cisplatin

MVAC

G/Cisplatin

methods

NGS

NGS

NGS

NGS

NGS

Sanger

Sanger

NGS

ptnm 

post-chemo

ypT2NxM0

ypT0N1M0

ypT1N0M0

ypT0N1M0

ypT1NxM0

ypT2N1M0

mutation 

(CDs)

c.131C>T

c.215A>G

c.256G>C

c.713A>G

c.713A>G

c.713A>G

c.769G>A

c.1451C>T

response

Partial

Partial

Partial

Partial

Partial

Minor

Protein 

change

p.S44L

p.Y72C

p.E86Q

p.N238S

p.N238S

p.N238S

p.D257N

p.T484M

rFs

(months)

>240

>134

>160

42 (distant rec.)

7 (distant rec.)

>28

gene 

ERBB2

ERBB2

ERCC2

ERCC2

ERCC2

ERCC2

germline 

Dna source

Serum

Serum

Serum

Serum

Serum

Serum

Normal tissue

Serum

mutation 

(CDs)

c.929C>T

c.929C>A

c.131C>T

c.136A>G

c.160G>A

c.347G>C

Confirmed 

somatic

Y

Y

Y

Y

Y

Y

Y

Y

Protein 

change

p.S310F

p.S310Y

p.S44L

p.T46A

p.A54T

p.C116S

Fraction 

mt/Wt 

reads

0.42

0.21

0.32

0.25

0,34

N/A

N/A

0.33

germline 

Dna source

Serum

Normal tissue

Normal tissue

Serum

Serum

Serum

Summary of all identified somatic ERCC2 missense mutations

Abbreviations: CR, complete responder; CBS, coding DNA sequence; MT, mutant; WT, wild-type; NGS, 

next-generation sequencing; N/A, not applicable

Summary of ERBB2 and ERCC2 missense mutations in partial responders (n = 23)

RFS = recurrence-free survival; CDS = coding DNA sequence

suppleMenTarY Table 6. 

Primer sequence

Forward: 5’-ACGGTAATGCTGCTCATGGT

Reverse: 5’-GCTTGCTGCACTTCTCACAC

Forward: 5’-CTAGCCCTCAATCCCTGACC

Reverse: 5’-GGCTGGGAGGACTTCACC 

Forward: 5’-GATGCGGATCCTGAAAGAGA

Reverse: 5’-TCCCTTCTCCGCTGTAACTG

Forward: 5’-CCCACGCTCTTCTCACTCAT

Reverse: 5’-AGAGACCAGAGCCCAGACCT

Forward: 5’-GCTGTGGTTTGTGATGGTTG

Reverse: 5’-TCCCGGACATGGTCTAAGAG

Forward: 5’-TACATGGGTGCTTCCCATTC

Reverse: 5’-TCTGCTCCTTGGTCCTTCAC

Forward: 5’-CTCCCCACAACACACAGTTG

Reverse: 5’-AGCTCTCATCCTCCCTCCAG

exon 1

8

17

18

19

20

21

22

amino acids covered

aa. 302 - 335

aa. 650 - 695

aa. 714 - 736

aa. 737 - 769

aa. 770 - 810

aa. 832 - 887

aa. 888 - 908

Primers for ERBB2 and PCR amplification

1 NM_00448
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Primer sequence 

Forward: 5’-GAGGGGACGGGAACTGAC

Reverse: 5’-ATCCAGACGTCCTGCAATCT

Forward: 5’-CCTGCTGTTCTGAGTTGGTG

Reverse: 5’-TTGTCTGCCTTTACGGGTTC

Forward: 5’-AGAGTGAGTGATGCGCTGAA

Reverse: 5’-ACCAATAGGGCCTAGGGAAC

Forward: 5’-GAAGCTGGGGAAGAGACTGG

Reverse: 5’-GCAAGGAGAAGGAACAGGTG

Forward: 5’-CAGTGTGGCCAGGGGTAG

Reverse: 5’-GCAAGGAGAAGGAACAGGTG

Forward: 5’-CCAGCCCCTCTGAGTGAG

Reverse: 5’-CCTGGGGACAAGTCAGACAG

Forward: 5’-GTCCCCTCCTAGTCCCTGAC

Reverse: 5’-CCCTAGCCTCTCCCACTCAC

Forward: 5’-AGTGTCGCCCTGGAGAAGTA

Reverse: 5’-GAGCTCTGGGAAGACACCTG

Forward: 5’-CCAGCTTCTCATCCTCCGTA

Reverse: 5’-CTGGGAAATGAACGGGAAAC

exon 1 

2

3

4

5

8

9

15

19

21

amino acids covered

aa. 3 - 35

aa. 36 - 61

aa. 62 - 82

aa. 83 - 120

aa. 199 - 239

aa. 240 -271

aa. 460 - 493

aa. 587 - 610

aa. 635 - 682

Primers for ERCC2 PCR amplification

1 NM_000400

suppleMenTarY Table 6.  conTinued
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In our recent study, we found a significant association between ERBB2 mutations and 

excellent response to NAC1. ERBB2 mutations correlated with response to both cisplatin-

based and carboplatin-based NAC. Interestingly, Van Allen et al.2 also found in a cisplatin-

based NAC cohort (n = 50) that all patients with an ERBB2 mutation had a pathologic 

complete response (pCR) to NAC, although this association did not reach statistical 

significance. Van Allen et al. found a stronger association between ERCC2 missense 

mutations and pCR to cisplatin-based NAC2. Therefore, we further investigated our 

cohort for the association between ERCC2 mutations and response to NAC.

In our study1, we reported that ERCC2 mutations were enriched in complete responders 

to NAC. However, this association did not reach statistical significance in our cohort1. In 

their letter, Van Allen et al.3 take particular issue with the inclusion of patients treated 

with carboplatin-based NAC in our cohort. Indeed, a benefit in terms of recurrence-

free or overall survival of carboplatin-based NAC has not been adequately studied. 

Nevertheless, in a study by Mertens et al.4, the percentage of complete responders was 

similar for carboplatin- and cisplatin-based NAC. In addition, the biological mechanism of 

action of carboplatin is similar to that of cisplatin5. The percentage of patients with pCR to 

carboplatin in our study was 26% (5/19), which is within the pCR range for cisplatin-treated 

patients6. Nevertheless, we agree with Van Allen et al. that the benefit of carboplatin-based 

chemotherapy has not been validated in a randomized clinical trial.

In response to the letter by Van Allen et al.3, we analyzed our cohort after exclusion 

of patients treated with carboplatin-based NAC. ERCC2 mutations were found in six 

complete responders, four partial responders, and no non-responders (Fisher exact test: 

complete vs no response, p = 0.03; complete vs non-complete response, p = 0.32). In our 

cisplatin-based NAC cohort, ERBB2 missense mutations were present in six complete 

responders, one partial responder and 0 non-responders (Fisher exact test: complete vs 

no response, p = 0.03; complete vs non-complete response, p = 0.04; table 1). The four 

ERCC2-mutant (cT3–4N0–2) patients who did not reach a complete response comprised 

two patients with an excellent pathologic partial response and two patients with node-

positive disease after cisplatin-based NAC, as described in Supplementary Table 5 of our 

report1. During follow-up, two patients had recurrent disease at 7 and 42 months, and two 

patients were still disease-free at 28 and 160 months. Taken together, we believe that the 

data justify our cautionary note that ERCC2 mutations do not always predict a favorable 

response to platinum-containing NAC. Both ERBB2 and ERCC2 mutations should be 

further investigated as predictive biomarkers for pCR to NAC. Considering the limited 

size of the cohorts in our study and that of Van Allen et al.2 and the large number of genes 

tested, spurious associations are still possible. We therefore fully agree with Van Allen et 

al.3 that further studies should lead to final conclusions regarding the usefulness of ERBB2 

and ERCC2 as predictive biomarkers for response to platinum-based NAC.
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Table 1. 

Cohort of Groenendijk et al.1 after exclusion of gemcitabine/carboplatin neoadjuvant chemotherapy 

patients (n = 75)

ERBB2 and ERCC2 missense mutations were both significantly enriched in complete responders 

compared to non-responders (p = 0.03 and p = 0.03, respectively). When taking partial responders into 

consideration, ERBB2 mutations were still significantly associated with complete versus non-complete 

response (p = 0.04), whereas ERCC2 mutations were not (p = 0.32).

erBB2 

mutations

erCC2 

mutations

total, n

7

10

Complete 

responders, n (%)

6 (85.7)

6 (60.0)

Partial responders, 

n (%)

1 (14.3)

4 (40.0)

nonresponders,

n (%)

0 (0)

0 (0)
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ABSTRACT

Purpose: 

In this prospective study we evaluated safety and efficacy of concurrent radiotherapy and 

panitumumab following neoadjuvant/induction chemotherapy (ICT) and pelvic lymph node 

dissection (PLND) as a bladder preserving therapy for invasive bladder cancer (BC). 

Materials & Methods: 

Patients with cT1-4N0-2M0 bladder cancer were treated with PLND and 4 cycles of 

platinum-based ICT, followed by a six-and-half-week schedule of weekly panitumumab (2.5 

mg/kg) and concurrent radiotherapy to the bladder (33x2 Gy)(RT/P). As primary objective, 

RT/P toxicity was compared to a historical control toxicity rate for concurrent cisplatin/

radiotherapy (<35% of patients with Grade 3-5 toxicity). A sample size of 31 patients was 

estimated. Secondary end-points included complete remission (CR) at 3 months follow-up, 

bladder preservation rate, EGFR expression and RAS mutational status.  

Results: 

Thirty-eight patients were initially included, of whom 34 were staged cN0. After PLND, 7 

(21%) patients were upstaged to pN+. Thirty-one out of 38 patients started RT/P. During 

RT/P, 5 patients (16%, 95% Confidence Interval, 95%CI 0-31%) experienced systemic or 

local grade 3-4 toxicity. Four patients did not complete treatment due to adverse events. 

CR was achieved in 29/31 patients (94%, 95%CI 83-100%). With a median follow-up of 34 

months, 4 patients had a local recurrence for which 3 patients (10%) underwent  salvage 

cystectomy. Two tumours had an EGFR- or RAS-mutation while 84% had positive EGFR 

expression.

Conclusions: 

RT/P following ICT and PLND has a non-inferior safety profile to the historical profile 

of concurrent cisplatin/radiotherapy. The high CR and bladder preservation rates are 

promising and warrant further study.
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INTRODUCTION

Radical cystectomy (RC) with bilateral pelvic lymph node dissection (PLND) is the standard 

treatment for muscle-invasive bladder cancer (MIBC)1. Reported overall 5-year survival 

following RC alone is between 45% and 66%2,3. The addition of cisplatin-based neoadjuvant 

chemotherapy improves survival with 5-8%4-6. RC is associated with considerable morbidity 

and a long period for recovery7. Therefore, interest in bladder preserving alternatives has 

led to the use of radiotherapy, especially for patients who are unfit for surgery. Although 

not compared in a randomized trial, outcomes of external beam radiotherapy alone appear 

inferior to RC, with cancer-specific survival rates reported between 20% and 54%1,8. The 

addition of chemotherapy seems to improve locoregional tumour control8. However, 11-

40% of patients still have to undergo salvage cystectomy8-13. More effective approaches 

are therefore needed. 

A relatively new approach for radiotherapy sensitization is inhibition of the epidermal 

growth factor receptor (EGFR). EGFR is a member of the ERBB receptor tyrosine kinase 

family, which regulates cell proliferation, apoptosis, angiogenesis and metastasis. EGFR 

activation can lead to radio-resistance through downstream cascades, including the 

RAS pathway14. Overexpression of EGFR has been described in various cancers16. EGFR 

inhibition has been reported to enhance response to radiotherapy in head and neck, lung 

and breast cancer15,16. The receptor is often overexpressed in MIBC and overexpression is 

associated with poor outcome17,18. Moreover, EGFR status can predict local response to 

radiotherapy17. 

PLND improves nodal staging and possibly provides therapeutic resection of affected 

lymph nodes19. Therefore, PLND provides information on prognosis and could possibly 

improve outcome in bladder preserving treatment. However, previous chemoradiation 

trials for MIBC did not include PLND. Instead, regional lymph nodes were sometimes 

included in the radiation field9,10.

We therefore explored the interaction of radiotherapy and panitumumab, a human 

monoclonal antibody with high EGFR affinity, following PLND and neoadjuvant or induction 

chemotherapy (ICT) as a bladder-preserving option for MIBC. The primary aim of this 

prospective study was to explore safety of concurrent radiotherapy and panitumumab 

(RT/P). Secondary objectives were clinical response and bladder preservation. Prognostic 

and predictive value of tumour EGFR expression and EGFR and RAS (KRAS, HRAS, NRAS) 

mutational status were analyzed.
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MATERIALS AND METHODS

Patient Eligibility

Patients with cT2-T4aN0M0 or cT1-4aN1-2M0 bladder carcinoma, adequate bladder 

function (functional capacity ≥100cc, voiding frequency ≤1/hr) and no hydronephrosis 

were eligible for inclusion. Other criteria included creatinine clearance > 50mL/min, 

Karnofsky performance ≥70 and neutrophils ≥ 1.5 x 109/L. Because of the potential 

treatment-related cardio toxicity of platinum-based chemotherapy, patients with clinically 

significant cardiovascular morbidity ≤ 1 year before screening were excluded20. This 

study has been carried out in accordance with The Code of Ethics of the World Medical 

Association. Written approval was obtained from each patient before therapy initiation. 

This study was approved by the local institutional review board and recorded in the 

Netherlands Trial Registry (NTR3157), 

http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=3157.

Pretreatment staging and ICT

Pretreatment staging included physical examination, transurethral resection of macroscopic 

tumour tissue, laboratory studies and imaging (at least abdominal/pelvic and chest 

computed tomography, CT). Lymph nodes with short-axis diameter of > 1 cm or with FDG 

uptake on positron emission tomography (PET)/CT were considered malignant, and were 

confirmed by a CT-guided fine needle aspiration biopsy. Patients with no suspicious Lymph 

nodes (T2-T4aN0) underwent PLND. In case of pN0-1 disease, patients were treated with 

4 cycles of cisplatin-based ICT, followed by RT/P. Patients with cN1-2 at primary staging 

first received ICT followed by PLND. For these patients ypN0-1 was required for RT/P. 

Patients deemed unfit for cisplatinum were treated with carboplatin-based ICT. Further 

details are discussed in supplementary material. 

Radiotherapy and panitumumab

Radiotherapy was initiated within four weeks after completion of ICT or PLND. In a six-and-

half-week schedule, 66 Gy was administered in 33 fractions of 2 Gy. Seven weekly doses 

of panitumumab 2.5 mg/kg were concurrently administered, which has been established 

as the optimal weekly dose in previous clinical studies16,22. (further details on RT/P are 

discussed in supplementary material).

Toxicity, Complications and Response

Acute toxicity was recorded at least every two weeks from ICT start until 30 days after RT/P 

completion. Toxicities were graded according to the National Cancer Institute Common 

Toxicity Criteria (NCI-CTC) version 4.023. Complications following PLND were registered 

according to the Clavien Dindo Classification of surgical complications24. Clinical response 

was assessed by cystoscopy (and biopsy or resection if indicated) at 3 months, followed 

by every 3 months and abdominal/pelvic CT at  6 months follow-up, followed by every six 

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

months. After 2 years follow up, patients were followed according to MIBC guidelines1. 

Complete remission (CR) was defined as ycT0N0M0 (details in supplementary material).

Exploratory analysis

Before treatment, representative paraffin-embedded tumour samples were collected 

for EGFR immunostaining and mutation analysis by next generation sequencing (NGS) 

of hotspot-regions in 48 genes, including EGFR, HRAS, KRAS and NRAS (details in 

supplementary material).

Statistics

The primary endpoint, grade 3-5 acute toxicity rate was defined as the fraction of patients 

that experienced at least one grade ≥3 toxicity of any type during RT/P. RT/P safety profile 

was considered non-inferior to concurrent radiotherapy and cisplatin if the one-sided 95% 

confidence interval (95%CI) around the grade ≥3 toxicity rate was entirely below 35%12. 

This was tested using one-sided exact binominal analysis. We calculated a sample size of 

31 patients to estimate non-inferiority with 80% power. Initially, 38 patients were enrolled 

to account for potential exclusions. Efficacy was tested with two-sided exact binominal 

analysis against a hypothetical CR rate of 78%. This was the upper 95%CI boundary of 

the historical cisplatin/radiotherapy-related CR rate12. Further details are described in 

supplementary material. 

RESULTS

Between August 2011 and March 2015, 38 patients were enrolled in this prospective 

study. At PLND before ICT, 7 (21%) out of 34 cN0 patients were upstaged, of whom 3 

patients (>pN1) were excluded (figure 1). Additionally, 3 (75%) out of 4 cN+ patients still 

had LN metastases at PLND following ICT, one of whom (ypN > 1) was excluded (table 1 

and figure 1). In total, 7 patients were excluded before RT/P administration (figure 1). Of 

the excluded patients, 4 developed distant metastases for which they received palliative 

treatment and 2 patients underwent RC. One patient refused further treatment and was 

lost to follow-up. The characteristic of the 31 included patients are summarized in table 1. 

Toxicity

In total, 27/31 (87%) patients completed all subsequent treatments (ICT, PLND and RT/P). In 3 

patients ICT was terminated after 3 cycles, because of ototoxicity (n=2) and an infected lymphocele 

(n=1). All patients completed radiotherapy without radiation dose reductions. Panitumumab was 

discontinued after 2 cycles in 1 patient because of a pulmonary embolism (grade 4 adverse event). 

In 2 patients, 1 cycle of panitumumab was omitted because of skin toxicity (grade 3). One patient 

had a treatment delay at his own request following multiple grade 1-2 toxicities. 

0309
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table 2 shows acute adverse events during RT/P within and outside the radiation field. Five 

patients (16.1%, 95%CI 0.0-31.0%) experienced a grand total of 5 grade 3-4 adverse events 

during RT/P: Three patients had grade 3 systemic rash, 1 patient experienced a syncope and 

1 patient developed a pulmonary embolism. The 16% (95%CI 0-31%) grade 3-4 toxicity 

was a significantly lower rate than the pre-specified margin of 35% (p=0.018). During the 

whole treatment course (from start ICT to one month after therapy completion), 8 patients 

(25.8%, 95%CI 0.0-41.8%) experienced a grand total of 10 grade 3-4 adverse events (table 

3). There were no treatment related deaths. 

Complications following PLND

After PLND, 7 (23%) of the 31 included patients had 11 Clavien 3a complications. All were 

symptomatic or infected lymphoceles. One patient underwent repeated surgery because 

of a retroperitoneal hematoma (Clavien 3b). This patient had received anticoagulant 

treatment because of a pulmonary embolism. No grade 4 or 5 complications occurred. 

Survival, local control and bladder preservation

CR was achieved in 29/31 patients (94%, 95%CI 79-99%). This was significantly higher 

than the preestimated proportion of 78% (p=0.047). Two patients had residual TaG1 BC 

at cystoscopy and subsequent transurethral resection (TUR), one received  mitomycin 

instillations. Both patients were disease free at 20 months and 35 months follow-up 

following TUR, respectively.

Median follow-up was 34 (95% CI 20 – 47; interquartile range 21-45) months. Overall 

survival, recurrence-free survival, local recurrence-free interval and bladder-intact 

interval curves are displayed in figure 2. Ten patients had recurrent disease, all within 

36 months, of which 5 were located in the bladder. Local recurrences included one CIS, 

which was treated with BCG instillations (disease-free at 14 months following biopsy), 3 

patients had a salvage cystoprostatectomy because of invasive cancer (ypT1G3, ypT4bG3 

and ypT4aG3) and one patient died after developing both an invasive local recurrence and 

adrenal metastasis at 6 months follow-up. Four patients had distant metastases without a 

local recurrence of which 2 were located in pelvic lymph nodes. Finally, four patients died 

of bladder cancer. 

Exploratory endpoints

EGFR immunohistochemistry was performed on tumour material of all patients (n=31). 

EGFR staining was positive in 26 (84%) patients (24/29 CR and 2/2 non-CR patients, 

figure 3). Four/5 patients with CR after completion of the treatment sequence and 

negative EGFR staining already had had a CR following ICT (stage had ranged from cT1N1 

to cT4N1 prior to ICT). Mutational status could be analysed in 25 patients (6 samples had 

poor quality DNA). We identified one EGFR mutation and one NRAS mutation (located at 

p.G13R), both in patients with a CR (figure 3). No other RAS mutations were identified. 

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

Figure 1. 

Treatment flow chart. Patients with cN0 disease underwent lymph node dissection before neoadjuvant 

or induction chemotherapy (pN0-1 allowed for inclusion). Patients with cN1-2 disease received induction 

chemotherapy before lymph node dissection (ypN0-1 allowed for inclusion). Seven patients were excluded 

before radiation/Panitumumab therapy.

treatment Path a treatment Path B

cT1-4a Bladder Cancer Patients

n=38

Panitumumab + Radiotherapy

n=31

Follow-up:

Cystoscopy + CT imaging

cT2-4aN0, n=34 cT1-4aN1-2, n=4

Pelvic Lymph Node

Dissection

4 Cycles

Chemotherapy

4 Cycles

Chemotherapy

Pelvic Lymph Node

Dissection

>pN1, n=3

Progressive

Disease, n=1

> pN1, n=1

Refused futher

Treatmens, n=1

Dysfunctional

Bladder, n=1
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Table 1. 

Patient and Tumour characteristics of the 31 patients who completed multi-modality (ICT/PLND/RT) 

treatment for invasive bladder cancer.

Variable

age

 Median (rage)

sex

 Male

 Female

Karnofsky index

 Median (IQR)

ct

 1*

 2

 3

 4

Chemotherapy regimen

 MVAC

 Gem/cis

 Gem/carbo

number of cycles

 3**

 4

pn†

 0

 1

ypn††

 0

 1

n=31

61 (41-75)

n (%)

28 (90)

3 (10)

95 (18)

1 (3)

13 (42)

15 (48)

2 (7)

14 (45)

11 (36)

7 (23)

3 (10)

28 (90)

n=28

24 (77)

4 (14)

n=3

1 (3)

2 (6)

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

Table 1.  conTinued

*This patient was staged cT1N1 (cN1 confirmed with fine needle aspiration)

**These patients did not complete 4 cycles of ICT because of toxicity

†based on PLND specimens before ICT

† †based on PLND specimens after ICT

MVAC, methotrexate, vinblastine, doxorubicin, and cisplatin; Gem/cis, gemcitabine and cisplatin; Gem/

carbo, gemcitabine and carboplatin.

0309
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adverse event

outside the radiation field 

infection 

Fever unknown origin 

injection site reaction

grand total 

outside the radiation field

adverse event

within the radiation field 

gastrointestinal

 Diarrhea

 Constipation

 Proctitis

urinary tract

 Bladder spasm

 Urinary frequency

 Hematuria

 Urinary retention

total

within the radiation field

granD total

grade 1-2,

n 

1

2

1

118

grade 1-2,

n

11

1

2

6

9

1

2

32

150

grade 3,

n 

0

0

0

4

grade 3,

n

0

0

0

0

0

0

0

0

4

grade 4,

n 

0

0

0

1

grade 4,

n

0

0

0

0

0

0

0

0

1

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

AST, Aspartate transaminase; ALT, Alanine transaminase; AF, Alkaline phosphatase; GGT, Gamma-

glutamyl transferase

Table 2. Table 2. conTinued

Adverse events during radiation/panitumumab therapy outside and within the radiation field.

adverse event

outside the radiation field

Cutaneous 

 Rash

 Acneiform rash

 Pruritus

 Alopecia

 Photosensitivity

 Epistaxis

 Dry skin

 Eczema

 Wound healing

 Nail ridging

generalized

 Fatigue

 Cough

 Syncope

thromboembolic

 Pulmonary embolism

gastrointestinal

 Mucositis

 Nausea

laboratory investigations

 Anemia

 Leukocytopenia

 Neutropenia

 Thrombocytopenia

 Increased AF

 Increased AST

 Increased ALT

 Increased GGT

 Renal dysfunction

 Hypomagnesaemia

 Hypocalcemia

grade 1-2,

n

6 

14

5

3

1

1

19

1

1

1

8

2

0

0

2

1

0

5

1

6

4

8

3

1

0

20

1

grade 3,

n

1

1

1

0 

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

grade 4,

n

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0
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adverse event 

urinary tract

 Urinary frequency

 Bladder spasm

 Hematuria

 Urinary retention

 Urinary tract pain

laboratory investigations

 Anemia

 Leukocytopenia

 Neutropenia

 Thrombocytopenia

 Increased AF

 Increased AST

 Increased ALT

 Increased GGT

 Renal dysfunction

 Hypomagnesaemia

 Hypocalcemia

neuropathy

hearing

infection 

Fever unknown origin 

injection site reaction

allergic reaction

grand total

Table 3. conTinued

grade 1-2,

n 

12

6

1

2

2

26

12

3

12

5

9

6

3

6

24

1

4

2

3

4

2

0

257

grade 3,

n 

0

0

0

0

0

1

1

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

8

grade 4,

n

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

DVT, deep venous thrombosis; PE, pulmonary embolism; AST, Aspartate transaminase ; ALT, Alanine 

transaminase; AF, Alkaline phosphatase ; GGT, Gamma-glutamyl transferase

All thromboembolic events occurred >1 months following pelvic lymph node dissection and were 

therefore registered as adverse events related to systemic treatment.

adverse event

Cutaneous

 Rash

 Acneiform rash

 Pruritus

 Flushing

 Alopecia

 Dry skin

 Epistaxis

 Photosensitivity

 Eczema

 Wound healing

 Nail ridging

generalized

 fatigue

 Headache

 Myalgia

 Syncope

 Cough

thromboembolic 

 DVT

 PE

gastrointestinal

 Mucositis

 Diarrhea

 Nausea

 Constipation

 Anorexia

 Reflux

 Proctitis 

grade 1-2,

n

6

16

6

1

6

22

1

1

1

1

1

18

1

2

0

2

3

0

2

13

2

3

1

1

2

grade 3,

n

1

1

1

0

0

0

0

0

0

0

0

0

0

0

1

0

0

1

0

0

0

0

0

0

0

grade 4,

n

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

Table 3.

Adverse events during the whole treatment sequence (from start chemotherapy to 1 month after therapy 

completion)
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Patients at risk

Patients at risk

recurrence-free survival (%)

local recurrence-free interval

months
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6

8
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0

1
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9
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0
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D

%
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31Patients at risk

Bladder-intact interval

months

20

20

40

9

50

2

30

14

60

0

10

29

Figure 2. conTinued Figure 2. 

Overall survival (a), Recurrence-free survival* (b), local recurrence-free interval* (c) and bladder-intact interval** (d), following 

neoadjuvant/induction chemotherapy, pelvic lymph node dissection and radiation/Panitumumab therapy (n=31). At 3 years follow-

up, the recurrence-free proportion was 54% (95% CI: 34% - 74%), the local recurrence-free proportion was 72% (95% CI: 54% - 

91%), and the bladder-intact proportion was 86% (95% CI 71% - 100%).

* The two cases of TaG1 residual disease were counted as a recurrence in both analyses

**No cystectomy performed for local recurrence nor for finadequate bladder function.
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Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer

DISCUSSION

In this prospective study, we evaluated RT/P tolerability following ICT and PLND. Grade 

3-4 toxicity occurred in 16% (95%CI 0-31%) of patients during RT/P and in 26% during 

entire treatment (start ICT until 1 month after RT/P completion). After completion of 

the treatment sequence, 94% of patients had a CR. At 3 years follow-up 14% of patients 

required a salvage cystectomy. This suggests that RT/P is a safe and effective local therapy 

for invasive bladder cancer after ICT and PLND. 

Several chemotherapy regimens have been explored as radiosensitizers for MIBC. These 

include cisplatin-based chemotherapy, low-dose gemcitabine, tumour hypoxia-reducing 

drugs and 5-fluorouracil combined with mitomycin8,10. Although no survival advantages 

have been demonstrated, multimodality treatment with 5-fluorouracil/mitomycin resulted 

in a superior locoregional control of bladder cancer over radiotherapy alone in one phase 

3 trial8. However, the most actively applied multi modality treatment for MIBC is the 

combination of radiotherapy and cisplatin, which has an acceptable toxicity-profile12,25,26. 

We therefore used RT/cisplatin tolerability reported in previous literature as a non-

inferiority boundary for RT/P. Concurrent cisplatin-based chemotherapy and radiotherapy 

causes acute grade 3-4 toxicity in 16%-42% of patients25,26. Our margin of 35% grade 3-4 

toxicity is based on a recent phase 2 study by Gogna et al. on radiotherapy combined with 

cisplatin as single-agent, without administration of ICT or adjuvant chemotherapy13. 

Our results show a non-inferior safety profile for RT/P. The CR rate in our cohort (94%) 

is higher than the 70% reported by Gogna et al. and at the high end of the range reported 

in other chemoradiation studies, regardless whether ICT or adjuvant chemotherapy 

was administered (60%-93%)10,25. We also found bladder intact proportion (86%) 

that is in the higher end of the range (60% - 89%) of proportions previously reported for 

trimodality therapies8,13. We acknowledge that pathologic response is an indirect measure 

for treatment efficacy and a larger cohort size and longer follow-up are required to draw 

conclusions from survival and recurrence results. Nevertheless, our results are promising. 

Ultimately, comparative studies are necessary to compare the role of panitumumab to 

other trimodal therapies, especially as most studies lack NAC/IC and PLND.

In contrast to other bladder preserving protocols, the multimodality treatment described 

here included a PLND, as is the standard for RC1. The procedure was complicated by 

symptomatic lymphoceles in 23% of patients, which is considerably more than in RC 

patients27. The high rate of lymphoceles might be the result of possible intraperitoneal 

drainage and reabsorption following RC opposed to encapsulation by an intact 

retroperitoneal border following PLND only. This should caution the surgeon to carefully 

ligate lymph ducts when performing PLND in this setting. Nevertheless, no life-threatening 

complications or long-lasting disabilities occurred. The fact that 21% of patients initially 

included as cN0 were upstaged to pN+ underlines the superior sensitivity of pathologic 
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staging (PLND) over current imaging modalities. Our results do not confirm nor exclude a 

therapeutic effect of PLND in organ-preserving BC treatment. During follow-up, 5 patients 

developed distant recurrences, despite PLND. This is comparable to results in RC cohorts, 

in which a high number of distant recurrences are described, even in pN0 patients2,3. This 

is likely the result of micrometastasis and reflects the aggressive nature of invasive BC. 

However, an increase in nodal stage worsens prognosis drastically1. Given the advanced 

patient selection for curative treatment, we believe that PLND prior to chemoradiation 

deserves further study. 

This is the first study to explore EGFR inhibiton as a radio sensitizer for bladder cancer. 

Thus far, most experience with concurrent EGFR inihibition and radiotherapy has been 

gained for locally advanced head and neck cancer28. A phase I study by Wirth et al. described 

an acceptable toxicity profile of a weekly dose of 2.5mg/kg Panitumumab for RT/P in head 

and neck cancer patients22. This has previously been demonstrated to be the optimal dose 

in both clinical safety studies and for EGFR occupancy16. When compared with RT/P for 

head and neck cancer, the incidence of systemic grade 3-4 toxicity was slightly higher in our 

cohort (16% vs. 13%)22, while local grade 3-4 adverse events were described more often in 

head and neck cancer. For example, 83% of patients had grade 3-4 mucositis22. At a median 

follow-up of 34 months, long-term radiation effects cannot be excluded. 

Immunohistochemistry results in BC literature have suggested that MIBC might be highly 

susceptible to EGFR inhibition17,18. The high EGFR expression, few RAS mutations and 

high response rates in our cohort support these findings. 

Five patients had a CR despite negative EGFR expression. Of these patients, 4 (13%) had 

already achieved a CR following ICT. All four patients were still disease-free at last follow-

up (results not shown). These results are in line with previous literature showing a survival 

benefit for ICT in BC, and following CR in particular4-6. However, a beneficial effect of 

Panitumumab in these patients cannot be excluded, as preclinical studies have shown that 

initially EGFR-negative tumours can upregulate EGFR during radiotherapy as an aquired 

resistance mechanism29. Overall toxicity of the full treatment schedule (4 cycles of ICT 

and 6.5 cycles of RT/P) was acceptable. Only 4 patients did not complete the treatment. 

Therefore we conclude that the addition of platinum-based ICT to RT/P appears feasible. 

CONCLUSION
Safety and efficacy results of RT/P following ICT and PLND for MIBC are promising. 

Further study, including biomarker analysis, is needed to investigate if RT/P following ICT 

and PLND has a benefit over combinations of radiotherapy and chemotherapy, either in all, 

or in a subset of MIBC patients. 

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer
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Supplementary materials and methods

SUPPLEMENTARY MATERIALS AND METHODS

Pelvic lymph node dissection (PLND) 

and neoadjuvant/induction chemotherapy (ICT)

PLND was performed according to a standardized anatomical template, which included 

all LNs between the genitofemoral nerve, obturator fossa, along the internal iliac artery, 

including the triangle of Marcille, and along the common iliac artery, up to the crossing of 

the ureter.

ICT consisted of 4 cycles of dose-dense methotrexate, vinblastine, doxorubicin and 

cisplatin in a 2-weekly schedule (day 1 methotrexate 30mg/ m2; day 2 vinblastine 3 mg/

m2, doxorubicin 30 mg/m2, cisplatin 70 mg/m2; day 3 pegfilgrastim 6 mg) or gemcitabine/

cisplatin in a 3-weekly schedule (cisplatin 70 mg/m2 day 1 and gemcitabine 1,250 mg/m2 

day 1 and 8). Patients deemed unfit for cisplatin-based IC were treated with 4 cycles of 

gemcitabine/carboplatin in a 3-weekly (carboplatin AUC5 day 1 and gemcitabine 1,000 

mg/m2 day 1 and 8) schedule. After the inclusion of 5 patients, standard low-molecular-

weight heparin prophylaxis was introduced because of severe thromboembolic events. 

Radiotherapy

Radiotherapy treatment volumes comprised the total bladder and visible tumour for 

multifocal bladder cancer. For solitary tumours, partial bladder radiation was applied after 

tumour boundary demarcation with cystoscopic lipiodol injections21. For whole bladder 

radiation, target volume was expanded with 2.0 cm in cranial direction, 1.5 cm in dorsal and 

ventral direction and 1.0 cm in other directions. For partial bladder radiation, target volume 

was uniformly expanded by 1.5 cm.

Panitumumab

If severe toxicity occurred, panitumumab was withheld for one dose (1 week). If severe 

toxicity did not resolve, panitumumab was discontinued. If toxicity resolved, treatment was 

reinitiated at the original dosage. In case of recurrent severe toxicity, the dose was reduced 

to a minimum of 60% of the original dose.

Response analysis

Complete remission (CR) was defined as no visual residual tumour at cystoscopy at 3 

months follow up or negative pathology after optional resection and no bladder / pelvic 

or distant lesions on CT after 6 months. Partial response was defined as resolution of all 

muscle-invasive cancer in TUR specimens and no evidence of disease on CT (down staging 

to ≤T1N0M0). Progressive disease was defined as the appearance of new lesions or an 

>25% increase of the maximum tumour diameter.
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Exploratory analysis

Before treatment, representative paraffin-embedded tumour samples were collected 

for EGFR immunostaining. Immunohistochemistry of the FFPE tumour samples was 

performed on a BenchMark Ultra autostainer (Ventana Medical Systems). Briefly, 

paraffin sections were cut at 3 μm, heated at 75°C for 28 minutes and deparaffinised in 

the instrument with EZ prep solution (Ventana Medical Systems). Heat-induced antigen 

retrieval was performed using Cell Conditioning 1 (CC1, Ventana Medical Systems) for 

64 minutes at 950C. EGFR was detected using clone 5B7 (Ready-To-Use, 16 minutes at 

370C, Ventana Medical Systems). Bound antibody was detected using the UltraView DAB 

Detection kit. Slides were counterstained with Hematoxylin II and Bluing Reagent (Ventana 

Medical Systems). All slides were analyzed by one pathologist who was blinded for patient 

data. EGFR expression intensity was assigned a score between 0 and 3 with 0= no staining, 

1= mild staining, 2=moderate staining and 3=strong staining. Samples that showed any 

area of moderate or strong staining were considered to be EGFR positive, based on 

previous literature Colquhoun et al.22. Slides were cut from FFPE blocks and DNA was 

isolated from pre-selected areas with >50% tumour cells using the QIAamp DNA mini kit 

(Qiagen). Mutation analysis was performed with next generation sequencing (NGS) using 

TruSeq Amplicon Cancer Panel (TSACP v1) from Illumina on a Illumina MiSeq sequencer. 

The TSACP cancer panel consists of hotspot-regions in 48 genes, including EGFR, HRAS, 

KRAS and NRAS. 100-250 ng input DNA (Qubit) was used combining 8-24 samples per 

run. Initial data analysis was performed using the Illumina Somatic Variant Caller and 

subsequent analysis using Cartagenia Bench software. A minimum of 200 reads per base 

was used as cut-off. Gene amplification calling was performed on the NGS data using in-

house developed bioinformatics pipeline. Only damaging/pathogenic mutations (MUT) 

or variants of unknown significance (VUS/VOUS) were reported in a diagnostic report. 

Neutral variants and polymorphisms (PMF) were not included in the report. All variants 

are classified by a certified clinical molecular biologist, experienced with Cartagenia Bench 

software, and blinded for patient data.

Statistics: Survival analysis

Time to event outcomes (Recurrence free survival, Local recurrence free interval and 

Bladder intact interval) were estimated using the Kaplan-Meier method. Recurrence free 

survival was defined as time between treatment completion and death or recurrence 

whatever comes first. Local recurrence free interval and bladder-intact interval were 

defined as time between treatment completion and local recurrence and time between 

treatment completion and RC respectively, censoring patients at death in case the event 

of interest has not occurred.

All analyses were conducted with SPSS statistical software (version 19.0; SPSS Inc., 

Chicago, III., USA), except for exact binominal analyses, which were conducted in R version 

3.3.1 (R Development Core Team).

Concurrent radiotherapy and panitumumab after lymph node dissection and induction 
chemotherapy for invasive bladder cancer
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ABSTRACT

Purpose: 

To assess long-term functional and oncologic outcomes of prostate sparing cystectomy 

(PSC) as a sexuality-preserving alternative to radical cystectomy in a selected group of 

bladder cancer (BC) patients.

Materials and Methods: 

Between 1995 and 2014, 185 BC patients underwent PSC according to one of two 

standardized procedures at two centers. All patients had received extensive evaluation to 

rule out prostate cancer and BC at the bladder neck and prostatic urethra (PU), including 

prostate specific antigen blood analysis, transrectal ultrasound and/or prostate biopsies, 

PU biopsies and/or PU frozen section analysis. All patients received an orthotopic ileal 

neobladder. Overall survival (OS) was assessed by Kaplan–Meier estimates. Cumulative 

incidence of cancer specific mortality, any recurrence and loco-regional recurrence were 

calculated using competing-risk methods. Finally, functional outcomes (voiding, continence 

and erectile function) were evaluated. 

Results: 

185 patients (cTa-3N0M0) with a mean age of 57 years (SD: 9) were included. Median 

follow-up was 7.5 years (IQR: 5.6-10.8). Five-year OS was 71% and 5-year cumulative 

incidence of recurrence was 31%. Twenty patients (10.8%) had a loco-regional recurrence, 

two recurrences were in the PU. During follow-up, prostate cancer was detected in six 

patients (3.2%). Erectile function was preserved in 86.1% of patients, complete daytime 

and nighttime continence in 95.6% and 70.2%, respectively.

Conclusion: 

This two-center study shows that in men with BC in whom the prostate and PU were 

proven free of malignancy, PSC would represent a valid treatment option with excellent 

functional outcome. Oncologic outcomes were comparable to what is known from radical 

cystoprostatectomy series.
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INTRODUCTION

Standard treatment for muscle-invasive bladder cancer (BC) and persistent non-muscle 

invasive BC is radical cystectomy (RC)1. In men, standard RC includes resection of the 

bladder, regional lymph nodes, prostate and seminal vesicles. This surgery has major impact 

on urinary continence and sexual function2,3.

Over the years, several cystectomy techniques have been developed, aimed at minimizing 

postoperative incontinence and erectile dysfunction. Single center series report on 

preserving the neurovascular bundles and urinary sphincter function by sparing the vasa 

deferentia, the seminal vesicles and prostate capsule, or the entire prostate4–7. Reported 

functional results of the prostate-sparing cystectomy (PSC) techniques are excellent8. In a 

recent systematic review, none of the included comparative studies found any differences 

in oncological results between PSC and RC9. However, PSC is still heavily debated for fear 

of jeopardizing oncologic outcome. In this two-center study, we investigated long-term 

functional and oncologic results following two standardized PSC techniques. 

MATERIALS AND METHODS

Patient Selection 

Consecutive patients, who received PSC according to the standardized techniques 

at either one of two hospitals until 2014 were included. All patients had either muscle-

invasive BC or persistent/recurrent non-muscle invasive BC despite intravesical bacillus 

Calmette-Guérin (BCG) treatment. In one center (Netherlands Cancer Institute-Antoni 

van Leeuwenhoek hospital; NCI-AVL), the entire prostate was left in situ and prostatic 

involvement with urothelial carcinoma was excluded with transurethral biopsies prior to 

surgery. In the other center (Institut Mutualiste Montsouris; IMM), peroperative frozen 

section analysis of the prostatic urethra (PU) was used for this purpose, and PSC was 

combined with a simple adenectomy.

At the NCI-AVL, patients were included from 1995; at the IMM, the standardized PSC 

technique was introduced in 2001. Our cohort concerns the combined, extended, and 

refined series previous described by Mertens et al.6 and Rozet et al.10. PSC was offered 

to patients with cTa-3 BC, normal preoperative erectile function and a strong wish to 

maintain sexual function. An overview of inclusion criteria and diagnostic evaluation in 

both centers is shown in figure 1. Preoperative evaluation included physical examination, 

cystoscopy, urinalysis, laboratory blood studies and imaging (at least abdominal/pelvic 

computed tomography and chest X-ray). All patients received digital rectal examination 

and transrectal ultrasonography. At the NCI-AVL, transurethral bladder neck and PU 
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biopsies and at least sextant prostate biopsies were taken prior to treatment, irrespective 

of prostate specific antigen (PSA) measurements, as previously described6. At the IMM, 

prostate biopsies were only taken if patients had palpable nodules, PSA >4ng/ml, free 

PSA <15% or hypoechoic lesions on transrectal ultrasound4,10. Work-up at the IMM did 

not include standard transurethral biopsies. Exclusion criteria were BC PU/bladder neck 

involvement or presence of prostate cancer.

Surgery

Surgical techniques were as previously described4,6,10. In brief, a pelvic lymph node 

dissection (PLND) was performed according to standardized templates. At the NCI-AVL 

the boundaries of PLND were distally the circumflex vein and node of Cloquet, laterally 

the iliac artery, medially the bladder and prostate, and dorsally the hypogastric artery and 

obturator nerve. Since 2000, the boundaries have been enlarged proximally to the crossing 

of the ureter over the common iliac artery, laterally to the genitofemoral nerve and dorsally/

caudally the bottom of the obturator fossa. At the IMM, the latter template was used in all 

included patients. PLND was followed by resection of the bladder, leaving the prostate and 

seminal vesicles in situ. At the IMM, the procedure included a simple adenectomy. At the 

NCI-AVL, the prostate was left in place. At both institutes an orthotopic ileal neobladder 

was constructed and anastomosed to the prostate capsule. At the IMM, standard 

intraoperative frozen section analysis of the urethral prostate capsule was performed to 

confirm negative surgical margins. At the NCI-AVL, this was only performed if there was 

a suspicion of bladder neck involvement despite negative preoperative transurethral 

biopsies. 

Outcomes

Patients were followed according to the European Association of Urology guidelines 

and follow-up included urethro-cystoscopy, digital rectal examination, PSA and free 

PSA measurements1. Oncologic end-points for cancer-specific mortality (CSM), overall 

recurrence and local recurrence were date of death due to BC or treatment, date of disease 

recurrence, and date of local recurrence, respectively, or the last event-free follow-up date. 

Local recurrence was defined as recurrent lesion(s) in the surgical bed, specifically in the PU 

or bladder neck, or pelvic lymph nodes. Functional outcomes were assessed by interviews 

on continence, pad use, voiding and sexual function. Normal erectile function was defined 

as sufficient erectile function for intercourse with or without PDE-5 inhibitors. Complete 

continence was defined as completely dry both day and night with no need to wear pads. 

Continence was defined as satisfactory if a patient required 1 pad per day/night and poor 

for >1 pad per day/night. Clean intermittent catheterization (CIC) was indicated for post-

void residual volume ≥150cc as measured by ultrasound or transurethral catheterization. 

Statistical Analysis

Baseline characteristics and outcome data were analyzed using descriptive statistics. 

Prostate sparing cystectomy for bladder cancer: a two-century study

Figure 1. 

Study inclusion/exclusion and diagnostic evaluation.

PsC is indicated in patients with cta-3 BC, normal preoperative erectile 

function and a strong wish to maintain sexual function

nCi-aVl imm
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if

 • No tumour in bladder neck
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and
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Exclude prostate cancer:

 • PSA measurement

 • Digital rectal examination

 • TRUS with sextant biopsies
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Figure 1.  conTinued

abbreviations: BC bladder cancer; IMM Institute Mutualiste Montsouris; NCI-AVL Netherlands Cancer 

Institute - Antoni van Leeuwenhoek Hospital; PET, positron emission tomography; PLND pelvic lymph 

node dissection; PSA prostate specific antigen; PSC prostate sparing cystectomy; TRUS transrectal 

ultrasound; TUR transurethral resection.

Probabilities of death from any cause were estimated using the Kaplan-Meier method. For 

CSM, overall recurrence and local recurrence cumulative incidence functions are provided 

in order to account for competing events. For CSM, death unrelated to bladder cancer was 

treated as competing event. For overall recurrence death without recurrence was treated 

as competing event. Finally, for local recurrence, recurrence other than in the surgical bed 

or pelvic lymph nodes and death without recurrence were treated as competing events. 

Median follow-up was calculated using the reverse Kaplan-Meier method11. Statistical 

analyses were performed using IBM SPSS Statistics version 22.0 (Armonk, NY, IBM Corp.) 

and R version 3.4.4 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Patient and tumour characteristics 

A total of 185 patients (122 NCI-AVL, 63 IMM) with a mean age of 57 years (SD: 9) 

underwent PSC. Patient and tumour characteristics are shown in table 1. Before PSC, 

42 (23%) patients received neoadjuvant chemotherapy. Histological examination of PSC 

specimens revealed ypT0 in 35 (19%) patients. Patients treated at the NCI-AVL had 

relatively higher cT and cN classifications than patients treated at the IMM, and relatively 

more often received perioperative chemotherapy and/or radiotherapy (table 1). Likewise, 

the NCI-AVL cohort contained more pN+ BCs than the IMM cohort (table 1).

Positive surgical margins were found in ten (5.4%) patients, of whom seven (3.8%) had 

positive urethral margins (all were NCI-AVL patients, table 1). These urethral margins 

were all positive for carcinoma in situ (CIS) and none of these patients had undergone 

urethral frozen sections intraoperatively.

Survival

Median follow-up was 7.5 years (IQR 5.6-10.8 years). In total, 69 of 185 patients (37.3%) 

died, of whom 53 (28.6%) died of BC. Five-year overall survival (OS) was 70.6% (95% 
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mean age in years (sD)

ct stage

 ≤1

 2

 3

cn stage

 0

 1

 2-3

Chemotherapy

 Neoadjuvant

 Adjuvant

 None

Perioperative radiotherapy

 yes

 No

pt stage

 0

 1/a/is

 2

 3

 4

pn stage

 0

 1

 2-3

surgical margins

 Positive

     Ureter(s)

     Urethra

    Soft tissue

 Negative

total n=185

nCi-aVl

n=122

imm

n=63 P value

57 (9) 56 (8) 60 (10)

n 

44 

122 

19

161

10

14

42

7

136

26

158

35

44

64

41

1

150

14

21

1

7

2

175

n 

32

72

18

98

10

14

25

7

90

26

96

22

27

45

28

0

90

12

20

0.5

3.8

1.1

4.6

n 

12

50

1

63

0

0

17

0

46

0

63

13

17

19

13

1

60

2

1

0

0

2

61

%

23.8

65.9

10.3

87.0

5.4

7.6

22.7

3.8

73.5

89.9

14.1

18.9

23.8

34.6

22.2

0.5

81.1

7.6

11.4

0.5

3.8

1.1

94.6

%

26.2

59.0

14.8

80.3

8.2

11.5

20.5

5.7

73.8

21.3

78.7

18.0

22.1

36.9

23.0

-

73.8

9.8

16.4

0.8

3.8

-

61.6

%

19.0

79.4

1.6

100

-

-

27.0

-

73.0

-

100

20.6

27.0

30.2

20.6

1.6

95.2

3.2

1.6

-

-

3.2

96.8

0.001

0.003

<0.001

0.117

<0.001

0.576

<0.001

0.045

Table 1.

Baseline patient and tumour characteristics

Abbreviations: IMM, Institute Mutualiste Montsouris; NCI-AVL, Netherlands Cancer Institute - Antoni van 

Leeuwenhoek Hospital; SD, standard deviation
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confidence interval (CI), 64.1-77.8) for the entire cohort and 74.2% (95%CI 67.2-81.9) for 

those with ≤cT2N0 BC (n=149). Furthermore, 5-year OS according to pathologic stage was 

78.8% (95% CI 71.6-86.8) for those with ≤pT2N0 BC (n=123) and 53.7% (95% CI 42.2-

68.3) for those with >pT2N0 BC (n=62). Cumulative 5-year incidence of bladder cancer 

death, overall recurrence and local recurrence by clinical and pathologic stage are shown in 

table 2a and table 2b, respectively. Three cancer related deaths were within three months 

follow-up. Two were caused by postoperative complications (one pulmonary embolism, one 

pneumonia), and one patient died of unknown cause. The Kaplan-Meier curve of OS for 

the entire cohort is shown in figure 2. The cumulative incidences of bladder cancer death, 

overall recurrence and local recurrence are shown in figure 3. 

Recurrence

In total, 64 patients (34.6%) had recurrent BC. Median time to recurrence was 12.3 

months (IQR 7.1-35.9). Of the 64 patients with recurrent disease, 41 (64.0%) had a 

recurrence within two years. The site of recurrence was distant in 44 patients (M+, 23.8%), 

loco-regional in 12 (local or N+, 6.5%) and 8 patients (4.3%) had concurrent distant and 

loco-regional recurrence. There was no difference in loco-regional recurrences between 

the NCI-AVL and IMM (6.6% vs 6.3%, p=0.935, table 3). Two patients (1.1%), both treated 

at the NCI-AVL, presented with a recurrence in the PU. One patient with pTis-Ta at PSC 

presented with CIS in the PU at 41 months follow-up. He was treated with transurethral 

resection followed by BCG instillations and has had no further recurrence eight years after 

surgery. The other patient, initially treated for locally advanced disease (pT3aN2), had a 

recurrence in the PU together with a pelvic lymph node metastasis. He received palliative 

chemotherapy and subsequently progressed. He received palliative external beam 

radiotherapy (1x8 Gy) for multiple metastatic bone lesions and died of metastatic BC two 

years after surgery.

Prostate cancer

Six patients (3.2%) were diagnosed with prostate cancer either at PSC (n=3) or during 

follow-up (n=3). The incidence of prostate cancer did not differ between the NCI-AVL 

cohort and the IMM cohort (both n=3, table 3). One patient, treated at the NCI-AVL, had 

a Gleason 7 prostate carcinoma in the surgical margins despite negative preoperative 

biopsies. He was followed with active surveillance and is progression-free at 9.6 years 

follow-up. In two patients, both treated at the IMM, prostate cancer was diagnosed during 

the final pathological examination of the prostate tissue, despite negative frozen section 

analysis. Both patients were followed with active surveillance. One of these patients died 

from metastatic BC at 1.9 years FU without signs of prostate cancer. The other patient was 

progression-free at a follow-up of 7.5 years. Three patients were diagnosed with prostate 

cancer at 5 months, 4, and 5 years follow-up after cystectomy, respectively. One patient 

died of prostate cancer 6.5 years following diagnosis, despite radiotherapy and hormonal 

therapy. One patient was successfully treated with brachytherapy (cancer-free follow-up 

Prostate sparing cystectomy for bladder cancer: a two-century study

cta-3n0-3 (n=185)

% [95%CI]

27.1 [20.1-33.5]

30.9 [23.7-37.4]

0.097 [0.052-0.139]

≤pt2n0 (n=123)

% [95%CI]

18.6 [11.0-25.6]

20.7 [12.9-27.8]

0.070 [0.022-0.115]

Bladder cancer death

overall recurrence 

local recurrence 

Bladder cancer death

overall recurrence 

local recurrence 

≤ct2n0 (n=149)

% [95%CI]

23.7 [16.2-30.5]

25.9 [18.3-32.8]

0.085 [0.038-0.130]

>pt2n0 (n=62)

% [95%CI]

44.6 [30.1-56.1]

51.5 [37.0-62.6]

0.152 [0.055-0.239]

Table 2a.

Table 2b.

Cumulative 5-year incidence of bladder cancer death, overall recurrence and local recurrence for the 

entire cohort (cTa-3N0-3) and for ≤cT2N0 bladder cancer

Cumulative 5-year incidence of bladder cancer death, overall recurrence and local recurrence for ≤pT2N0 

and for >pT2N0 bladder cancer

8.6 years), and one patient received active surveillance only (progression-free at 7.3 years 

follow-up).
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Kaplan-Meier curve with 95%-confidence intervals of overall survival for the entire cohort (cTa-3N0M0) 

Cumulative incidence curves with 95%-confidence intervals. a. Bladder cancer death b. Overall 

recurrence c. Local recurrence
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Table 3.

Number of recurrences per hospital and per anatomical region, and the number of prostate cancers 

diagnosed following or at PSC.

Abbreviations: IMM, Institute Mutualiste Montsouris; NCI-AVL, Netherlands Cancer Institute - Antoni van 

Leeuwenhoek Hospital; SD, standard deviation

overall recurrences

local recurrence

Distant recurrence

Concurrent local and 

distant recurrence

Prostate cancer

total

n=185

nCi-aVl

n=122

imm

n=63 P value

n 

64

12

44

8

6

n 

47

8

32

7

3

n 

17

4

12

1

3

%

34.6

6.5

23.8

4.3

3.2

%

38.5

6.6

26.2

5.7

2.6

%

27.0

6.3

19.0

1.6

4.8

0.118

0.935

0.313

0.184

0.409

Prostate sparing cystectomy for bladder cancer: a two-century study

Table 4.

Results on urinary continence and voiding function (174 evaluable patients), and erectile function (153 

evaluable patients) 

* Patients with unknown functional results were not included in calculation of percentages. 

† Three patients at the NCI-AVL underwent TURP, after which one could stop CIC.

†† Two patients at the NCI-AVL underwent TURP, both still need CIC because of persistent post-void residual volume. 

Abbreviations: CIC, clean intermittent catheterization; IMM, Institute Mutualiste Montsouris; NCI-AVL 

,Netherlands Cancer Institute - Antoni van Leeuwenhoek Hospital; TURP, transurethral resection of the 

prostate

Daytime continence

 Unknown* (early death)

 Complete

 Satisfactory

 Poor

nighttime continence

 Unknown* (early death)

 Complete

 Satisfactory

 Poor

need to catheterize

 Unknown* (early death)

 No

 For post-void residual  

 urine†

 No spontaneous   

 voiding††

sexual function

erectile function

 Unknown*

 Satisfactory

    Without medication

    With sildenafil

    With intra-cavernous  

    injections

 Erectile dysfunction

total

n=185

nCi-aVl

n=122

imm

n=63 P value

n 

4

173

5

3

4

127

41

13

4

142

26

13

27

136

103

27

6

22

n 

3

117

1

1

3

95

19

5

3

92

16

11

24

83

64

16

4

15

n 

1

56

4

2

1

32

22

8

1

50

10

2

3

53

39

11

2

7

%

95.6

2.8

1.7

70.2

22.7

7.2

78.5

14.4

7.1

86.1

13.9

%

98.3

0.8

0.8

79.8

16.0

4.2

77.3

13.4

9.2

84.7

15.3

%

90.3

6.5

3.3

51.6

36.0

12.9

80.6

16.1

3.2

88.3

11.7

0.088

0.003

0.283

0.483

Functional results

Continence and voiding function could be determined in 181 of 185 patients (97.8%). The 

results are displayed in table 4. Complete to satisfactory daytime continence was achieved 

in 98.4% of patients (NCI-AVL 99.1% vs. IMM 96.8% p=0.273). Complete to satisfactory 

continence at night was achieved in 92.9% of patients (NCI-AVL 95.8% vs. IMM 87.6%, 

p=0.126). In total, 39 patients (21.5%) required CIC: 26 patients needed CIC because of 

post-void residual volume and 13 patients because they had no spontaneous voiding at all. 

Five NCI-AVL patients ultimately underwent transurethral resection of prostatic tissue 

(TURP), of whom four still needed CIC once per day. Results are shown in table 4. In total, 

136 patients (86.1%) maintained erectile function, of whom 27 (19.9%) successfully used 

sildenafil, and 6 patients (4.4%) used intra-cavernous injections. 
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DISCUSSION

Despite the positive effect on voiding and sexual function established in previous series9, 

PSC remains a controversial surgical approach. The main reason for this controversy is 

concern regarding oncological safety. Our results show that PSC is an oncologically safe 

procedure and confirm the excellent functional outcomes.

In the current study, we found a 5-year OS of 70% and a 5-year cumulative recurrence 

incidence of 31%. These results compare favorably to those described in large series of 

cystoprostatectomies. In a single-center study of 1054 patients undergoing RC for BC 

(20% women), 5-year OS was 66% and 5-year recurrence free survival (RFS) was 68%12. 

In another single institution series of 507 patients (21% women) who underwent RC, 

Madersbacher et al. reported 5-year OS and RFS rates of 59% and 62%, respectively13. 

It is essential to note, however, that patients undergoing PSC are highly selected and 

relatively young and this hampers direct comparison to the published long-term results 

of cystoprostatectomy series. Evaluating survival in the subgroup of patients with stage 

cT2N0M0 or less, we found a 5-year CSM of 24% and a 5-year cumulative recurrence 

incidence of 26% respectively. In a similar cohort of patients undergoing RC for organ-

confined disease, Hautmann et al. found a 5-year cancer specific survival (CSS) of 72%14. 

In the aforementioned study by Madersbacher et al., 5-year RFS for patients with ≤cT2N0 

disease was 73%. Thus, with respect to clinical tumour stage, our values are comparable to 

those reported in the literature on RC. Additionally, in a systematic review by Hernandez 

et al. nine studies comparing sexuality-preserving cystectomy and RC were analyzed. Local 

and distant recurrence rates as well as CSS and OS did not differ in any of the studies at a 

median follow-up of three to five years. The authors concluded that sexuality-preserving 

cystectomy does not compromise oncological outcome. The present study underlines 

these findings.

In general, the plea against PSC is based on the fear for local recurrence. The local BC 

recurrence rate in our study was 11%. This is similar to series of cystoprostatectomies, 

which report local recurrence rates ranging from 5% to 15%1. In other studies on PSC, local 

recurrence rates were 5% to 8%15. However, these studies often did not include patients 

with locally advanced and/or lymph node positive disease. In series of patients with BC who 

underwent standard cystoprostatectomy, the incidence of prostatic urothelial carcinoma 

has shown to be considerable, with reported rates between 33% and 48%16,17. In our 

study, only two patients had a recurrence in the PU. Therefore, we believe that by careful 

selection including either preoperative biopsies of the PU or PU frozen section analysis, 

prostatic involvement of urothelial carcinoma can be adequately ruled out. Our low number 

of PU recurrences is encouraging and proved our extensive preoperative screening to be 

sufficient. 

Another concern if leaving the prostate in situ is the risk of occult prostate 

adenocarcinoma. The reported incidence of prostate cancer in patients undergoing radical 

cystoprostatectomy ranges from 25% to 50%18. Approximately half of the prostate cancers 

reported in these series can be considered potentially significant. Evidently, these studies 

are based on pathologic RC specimens of an unselected patient group with the consequent 

inclusion of indolent prostate carcinoma. The prostate cancer incidence in our study was 

3%, half of which was oncologically significant. Previous series on PSC reported values 

between 0% and 15%9. Again, this low incidence is the result of meticulous screening 

before PSC. 

The aim of prostate-sparing techniques is to maintain sexual function after RC. In our 

study erectile function was preserved in 86% of patients. This is in accordance with the 

results of other PSC series, with reported preservation of erectile function in 80% to 

95% of patients9. Importantly, these results are better than reported after nerve sparing 

cystectomy, where erectile function is preserved in 29% to 78%19,20. It should be noted that 

27 patients in our cohort used sildenafil to improve erectile function. However, the fact 

that sildenafil was used successfully, indicates that the nervi erigentes were adequately 

preserved during surgery. 

Preoperative screening and PSC techniques differed slightly between the NCI-AVL 

and the IMM: NCI-AVL patient work-up included standard prostate biopsies, whereas 

the IMM did not, and NCI-AVL PSC was complete prostate-sparing, whereas IMM PSC 

included simple adenectomy. Although resection margins were significantly more often 

tumour-positive at the NCI-AVL, there was no difference in the number of loco-regional 

recurrences (both 6%). We decided not to compare CSM because of differences in baseline 

characteristics. Prostate cancer incidence was slightly lower at the NCI-AVL (3% vs. 5% 

at the IMM), where prostate biopsies were taken irrespective of PSA measurements or 

findings on physical examination. This could imply that prostate biopsies should always be 

part of the preoperative screening before PSC as it may lower the risk of occult prostate 

adenocarcinoma even more. 

 

With regard to functional results, performing a simple adenectomy (IMM) could influence 

postoperative continence and bladder outlet obstruction. table 4 demonstrates 

significantly favourable continence results for PSC without adenectomy. However, these 

results should be interpreted with caution, as they could be the result of differences in 

follow-up interviews. Overall, complete to satisfactory day- and nighttime continence was 

achieved in 98% and 93%, respectively. These results confirm excellent reported outcomes 

in previous PSC literature9. Following PSC, 21% of patients required CIC because of post-

void residual urine or no spontaneous micturition (7.1%). The need for CIC varies widely 

across PSC studies, with reported values of 1% to 75%21,22. It is believed that total prostate 

preservation, as was the case at the NCI-AVL, exposes the patient to a higher risk of 
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obstructive complications. However, only five patients underwent TURP for bladder outlet 

obstruction. This is in line with the findings of Meinhardt et al., who found that, according 

to urodynamics, the prostate did not interfere with micturition in the majority of patients 

who underwent PSC23. 

This study has some limitations. Although data were collected prospectively, with robust 

selection criteria for PSC, analyses were done retrospectively. Another limitation is the fact 

that no validated questionnaires were used to assess sexual or urinary function. Because 

data on functional outcome were retrieved during follow-up interviews, patients might have 
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described to date. Foremost, our study demonstrates that proper patient selection is the 

key in minimizing treatment aggressiveness without jeopardizing oncological outcome. In 

the future, this may be enhanced by novel diagnostic tools. 

In conclusion, PSC represents a feasible surgical alternative to RC with superior functional 

results. If patients are carefully selected, oncological results are equivalent to what is 

reported in previous literature. 
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ABSTRACT

Purpose: 
18F-fluoro-2-deoxy-D-glucose (FDG) PET/CT is a widely-used diagnostic tool for whole-

body imaging. (IPU) is often found on FDG-PET/CT. The objective of this study was to 

determine the clinical relevance of IPU on FDG-PET/CT.

Materials and Methods: 

We analyzed 108 consecutive male bladder cancer patients who underwent FDG-PET/CT 

and subsequently radical cystoprostatectomy between May 2009 and November 2014. 

PET/CT scans were blindly revised by a dedicated nuclear medicine physician for IPU, if 

present, the maximum standardized uptake value (SUVmax) was determined. Subsequently, 

IPU was categorized as ‘suspect’, ‘indeterminate’ or ‘non-suspect’ for prostate cancer (PCa). 

Results: 

IPU was present in 43/108 patients (40%). Thirteen of these 43 patients (30%) had 

occult PCa in cystoprostatectomy specimens. Overall, PCa was found in 25/108 (23%) 

of the specimens. If all IPU was regarded as PCa, sensitivity and specificity of FDG-PET/

CT for PCa-detection were 52% and 64%, respectively. Positive Predictive Value (PPV) 

was 30% and Negative Predictive Value (NPV) was 82%. If only lesions labeled ‘suspect’ 

or ‘indeterminate’ were regarded as PCa, sensitivity, specificity, PPV and NPV were 32%, 

76%, 29% and 79%, respectively. Categorizing ‘indeterminate’ lesions as non-PCa, did 

not improve diagnostic accuracy. Gleason score did not correlate with SUVmax or serum 

prostate specific antigen. 

Conclusions: 

IPU on FDG-PET/CT imaging has a low PPV for PCa. An attempt to classify lesions as 

suspect or non-suspect did not increase diagnostic accuracy. Based on these results, 

physicians should be cautious to apply invasive diagnostic methods to detect PCa in case 

of IPU on FDG-PET/CT. 
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INTRODUCTION

With almost a million men diagnosed yearly worldwide, prostate cancer (PCa) is the 

fifth most common cancer in the world. Three quarters of these cases are diagnosed in 

developed countries1. 

Combined Positron Emission Tomography (PET) with Computed Tomography (CT), or 

PET/CT, is a widely-used, non-invasive, diagnostic tool for whole-body imaging. The most 

commonly used metabolic tracer for tumour staging and therapy-monitoring applications is 
18F-fluoro-2-deoxy-D-glucose (FDG) 2. FDG-PET/CT is sensitive for various malignancies, 

such as head-and-neck, breast, lung, esophageal, colorectal and gynecological cancers, 

lymphoma and melanoma2,3. 

However, FDG-PET/CT for the detection of PCa is challenging due to various reasons. 

Firstly, glucose utilization in well-differentiated PCa is often lower than in other tumour 

types4. Furthermore, urinary excretion of the radiotracer can mask pathological uptake, 

making evaluation of the prostate difficult5. Thirdly, infection or inflammation cannot be 

clearly distinguished from tumour uptake. For instance, acute or chronic prostatitis, benign 

prostatic hypertrophy (BPH), scarring and granulomatous lesions can all cause elevated 

FDG-uptake5–8. Thus, FDG-PET/CT imaging is not generally used for staging of PCa. 

However, if used for other diagnostic goals and incidental prostatic uptake (IPU) is found, 

physicians are faced with the dilemma whether or not to further examine these patients. 

In the present study, we selected patients who underwent an FDG-PET/CT for the staging 

of bladder cancer (BCa) and subsequently underwent a radical cystoprostatectomy (RC) to 

assess the clinical relevance of IPU on FDG-PET/CT. RC specimens obtained from patients 

with BCa provided a unique opportunity for histological evaluation of the prostate. The 

secondary objective of this study was to determine the association between maximum 

standardized uptake value and ratio (SUVmax and SUVr) and PCa9. Subsequently, it was 

determined whether there is a correlation between SUVmax, SUVr, Gleason score and 

serum PSA, and whether they can be used to determine an increased risk of malignancy 

when IPU is found.
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MATERIALS & METHODS

Patients

All male BCa patients who underwent an FDG-PET/CT followed by a RC in the period 

from May 2009 to November 2014 were retrieved from our institutional prospectively 

maintained BCa database. Patients with a history of PCa and patients who had previously 

received pelvic radiation therapy were excluded. The following variables were retrieved 

from medical records: serum PSA levels prior to the procedure, use of neoadjuvant 

chemotherapy, clinical and pathological BCa TNM classification, including possible invasion 

of BCa into the prostate, and pathology results of the prostate. When PCa was found, 

Gleason score and TNM classification were retrieved. At our institution, patients with 

supraregional lymph node metastases of BCa below the diaphragm (cM1), are treated with 

induction chemotherapy, followed by cystectomy (or cystoprostatectomy) and lymph node 

dissection after response.     

Imaging protocols 

FDG-PET/CT scans were performed according to current guidelines: all patients fasted at 

least six hours before FDG-PET/CT imaging, and received oral prehydration. Blood glucose 

was measured to ensure glucose blood levels below 10mmol/L. After intravenous injection 

of 190-240MBq FDG, patients were kept in a warm, quiet room with dimmed lights. After 

60 minutes, PET/CT-images were obtained from basal skull to mid-thigh. 

Two similar integrated PET/CT scanners (Gemini TF and Gemini TF Big Bore, Philips, 

Amsterdam, the Netherlands) were used to perform PET acquisitions, combined with 

low-dose CT for attenuation correction and anatomical correlation. Subsequently, a PET 

emission scan was obtained with an acquisition time of two minutes per bed position, and 

reconstructed with 4mm slice thickness. No oral or intravenous contrast was applied. 

Osirix 64-bit software (Pixmeo, Geneva, Switzerland) was used for viewing and analysis 

of the images.

Image Analysis

FDG-PET/CT scans were reviewed for incidental increased uptake in the prostate by a 

nuclear medicine physician with 10 years experience in reading PET, blinded for patient 

data. Focally increased uptake in the prostate was first analyzed qualitatively. It was 

classified as IPU if uptake was significantly increased above normal prostatic uptake 

(figure 1 and figure 2) and was unlikely to be caused by physiological phenomena, such 

as retention of extracted FDG in the prostatic urethra. Subsequently, the nuclear medicine 

physician scored IPU as ‘suspect’, ‘intermediate’ or ‘non-suspect’ for PCa based on clinical 

experience taking into account the intensity of FDG-uptake, size and location of the lesions. 

For quantitative analysis, the SUVmax of the lesions was measured by drawing regions of 

interest around the lesions on subsequent axial images. The ratio between prostatic uptake 
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Figure 1.

Figure 2.

Axial (upper row) and coronal (lower row) CT, FDG-PET/CT and FDG-PET images of a 64-year-old patient 

to stage bladder cancer (cT2N1M1). Serum PSA was 2.9ng/mL and FDG-PET/CT revealed an incidental 

hypermetabolic lesion in the prostate, suspicious for PCa (SUVmax =10.2, SUVr =3.8). Pathology results 

confirmed adenocarcinoma of the prostate (Gleason 3+3=6).

Axial (upper row) and coronal (lower row) CT, FDG-PET/CT and FDG-PET images of a 59-year-old patient 

to stage bladder cancer (cT1N0M0). Serum PSA was 2.5ng/mL. FDG-PET/CT revealed an incidental 

prostate lesion, suspicious for PCa (SUVmax =11.6, SUVr =5.3). Pathology results revealed no malignancy, 

but granulomatous prostatitis.
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and physiological liver uptake (SUVr) was calculated as [SUVmax lesion]/[SUVmean liver]. 

Pathology

Cystoprostatectomy specimens were processed through a standard protocol to stage 

BCa. For the prostate, this included sampling of apex, bladder neck and one or two whole 

prostate central slides, depending on the size of the prostate. In case PCa was found at 

microscopy, the remaining of the prostate was processed to stage and grade the PCa.

Statistical Analysis

Statistical analysis was performed using the SPSS 22.0 (Statistical Package for Social 

Sciences) software for Windows. Patients were divided into a group with occult PCa and a 

group without occult PCa. Clinical characteristics, including age, serum PSA levels, SUVmax, 

and SUVr were compared using a Mann-Whitney U-test or a Fisher’s exact test. Sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV) of IPU 

for detecting PCa were calculated for three scenarios: considering all IPU as suspicious 

for PCa; considering ‘suspect’ and ‘indeterminate’ lesions as PCa; and considering only 

‘suspect’ lesions as PCa. Receiver Operating Characteristic (ROC)-curves of the SUVmax 

and SUVr for PCa were plotted and area under the curve (AUC) estimated using a non-

parametric method. All tests were two-sided with p-values <0.05 was considered a 

statistically significant. 

RESULTS

A total of 171 patients who received an FDG-PET/CT scan and subsequently underwent a 

RC were identified. Forty-six patients had a history of PCa and 17 patients had a history of 

pelvic irradiation, and were therefore excluded. The characteristics of the remaining 108 

patients and their bladder tumour characteristics are displayed in table 1. 

Pathology results

Histopathological analysis revealed prostate abnormalities in 59 of 108 patients (55%). 

In total, twenty-five patients (23%) had occult PCa. Other diagnoses were prostatic 

intraepithelial neoplasia (PIN) (n=2), prostatitis (n=15) and BPH (n=17). There was no 

statistically significant difference between the medians of age, serum PSA, SUVmax or SUVr 

between the occult PCa group and group without occult PCa (table 1). Also, if groups were 

divided by absent and present prostate anomalies, there was no statistically significant 

difference in SUVmax or SUVr (p=.63 and p=.71, respectively). PCa characteristics and 

Gleason score are summarized in table 2.
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Table 1. 

Patient FDG-PET/CT & bladder tumour characteristics

Variable

age (years)

suVmax

suVr

serum Psa (ng/ml)

serum Psa (ng/ml)

 0.0-3.9

 4.0-9.9

 ≥ 10.0

 MISSING

ct-stage

 ≤T2

 T3

 T4

cn-stage

 N0 

 N1

 N2-3

cm-stage

 M0

 M1*

(y)pt-stage

 ≤T2

 T3

 T4

(y)pn-stage

 N0

 N1

 N2-3

(y)pm-stage

 MX-0

 M1*

neoCx

 Yes

 No

overall (n=108)

Median (IQR)

66 (59-71)

4.4 (3.6-6.5)

1.7 (1.4-2.4)

1.5 (0.85-2.7)

n (%)

86 (86)

12 (12)

2 (2.0)

8

45 (42)

32 (30)

31 (29)

71 (66)

17 (16)

20 (19)

101 (94)

7 (6.5)

62 (57)

27 (25)

19 (18)

76 (70)

18 (17)

14 (13)

101 (94)

7 (6.5)

62 (57)

46 (43)

no PCa (n=83)

Median (IQR)

67 (58-73)

4.8 (3.7-6.6)

1.8 (1.4-2.5)

1.4 (0.79-2.5)

n (%)

66 (87)

8 (11)

2 (2.6)

7

31 (37)

28 (34)

24 (29)

57 (69)

10 (12)

16 (19)

79 (95)

4 (4.8)

45 (54)

22 (27)

16 (19)

59 (71)

15 (18)

9 (11)

79 (95)

4 (4.8)

46 (55)

37 (45)

occult PCa (n=25)

Median (IQR)

65 (64-68)

3.8 (3.2-4.8)

1.6 (1.4-2.2)

2.1 (1.1-3.3)

n (%)

20 (83)

4 (17)

0 (0)

1

14 (56)

4 (16)

7 (28)

14 (56)

7 (28)

4 (16)

22 (88)

3 (12)

17 (68)

5 (20)

3 (12)

17 (68)

3 (12)

5 (20)

22 (88)

3 (12)

16 (64)

9 (36)

p-value

.78

.10

.53

.097

.59

.16

.18

.35

.54

.46

.35

.50
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Table 1.  conTinued

Table 2.

IQR, Interquartile Range; PCa, Prostate cancer; PSA, Prostate Specific Antigen; NeoCx, Neoadjuvant 

chemotherapy for bladder cancer; SUVmax, Maximum Standardized Uptake Value. SUVr: Standardized 

Uptake Value Ratio.

* M1 = supraregional lymph nodes.

Pathology and FDG-PET/CT results, categorized by suspicion of PCa.

IPU: Incidental prostatic uptake. PCa: Prostate cancer.  G6: Gleason 3+3=6. G7=Gleason 3+4=7.

iPu 

 Suspect PCa 

 Indeterminate PCa

 Non-suspect PCa

no iPu

43

13

15

15

65

all (%)

13 (30)

4 (31)

4 (27)

5 (33)

12 (18)

all (%)

15 (35)

7 (54)

3 (20)

5 (33)

19 (29)

15 (35)

2 (15)

8 (53)

5 (33)

34 (52)

g6

11

3

3

5

11

Prostatitis

8

6

1

1

7

g7

2

1

1

0

1

total

n=108

PCa n=25 other n=34 no abnormalities

n=49 (%)

FDG-PET/CT scan results

After reviewing FDG-PET/CT scans , 43/108 patients (40%) were identified as having IPU 

(table 2). Pathology results showed prostate abnormality in 28 of these patients (65%), 

of which 13 with occult PCa (30% of 43). Of the 65 patients (60%) without IPU, 31  (48%) 

did have a prostate abnormality, of which 12 had occult PCa (18% of 65). This implies 

that 12/25 (48%) occult PCas were not seen on FDG-PET/CT. Sensitivity, specificity, PPV 

and NPV for the detection of PCa are summarized in Table 3. Median age did not differ 

significantly between patients without IPU and with IPU. (‘No IPU’: 66 (IQR 59-71) years 

versus ‘IPU’: 66 (IQR 58-73) years, p=0.95). 

Clinical relevance of incidental prostatic lesions on FDG-positron emission tomography/
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Table 3.

Diagnostic accuracy of IPU on FDG-PET/CT scan, for detection of PCa.

IPU, Incidental Prostatic Uptake; PCa, Prostate Cancer; PPV, Positive Predictive Value; NPV, Negative 

Predictive Value. 

Variables

Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

all iPu

52 (31-72)

64 (53-74)

30 (17-46)

82 (70-90)

iPu suspect or 

indeterminate for PCa

32 (15-54)

76 (65-85)

29 (13-49)

79 (68-87)

iPu suspect for PCa 

16 (4.5-36)

89 (80-95)

31 (9.1-61)

78 (68-86)

After evaluating hypermetabolic prostate lesions on suspicion for PCa, 28/108 patients 

(26%) had IPU labeled as ‘suspect’ or ‘indeterminate’ for PCa. 18 had prostate abnormalities, 

Of which eight were occult PCa (29% of 28). Pca was found in 17/80 of these  patients 

without IPU or with non-suspect IPU (21%). This means that a total of 17/25 (68%) was not 

seen on FDG-PET/CT or was considered ‘non-suspect’. Diagnostic accuracy results, when 

calculated considering both ‘suspect’ and ‘indeterminate’  lesions as suspicious, as well as 

considering only ‘suspect’ lesions as suspicious for PCa, are displayed in table 3.   

No correlation was found between SUVmax and Gleason score (Spearman’s rho=0.26, 

p=0.40), nor between SUVr and Gleason score (Spearman’s rho=-0.11, p=0.71). figure 3 

shows ROC-curves for SUVmax and SUVr for identifying PCa. The AUC for SUVmax was 

0.34 (95%CI: 0.15-0.53, p=0.10). AUC for SUVr was 0.44 (95%CI: 0.24-0.63,  p=0.53). 

Serum PSA was not correlated with Gleason score (Spearman’s rho=0.28, p=0.18), SUVmax 

(Spearman’s rho=0.016, p=0.92) or SUVr (Spearman’s rho=-0.002, p=0.992).
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ROC-curves of maximum standardized uptake value (SUVmax) and the SUVratio (SUVr) to identify prostate 

cancer. The AUC for SUVmax was 0.34 (95%CI: 0.15-0.53, p=0.10). AUC for SUVr was 0.44 (95%CI: 0.24-

0.63,  p=0.53).
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DISCUSSION

This study was performed to provide an answer to physicians who are faced with the 

dilemma whether patients who have IPU on FDG-PET/CT (performed for non-prostate 

cancer reasons) should be further evaluated for PCa. Our results demonstrate that IPU is 

of no clear clinical relevance and does not predict the presence of PCa. By studying patients 

who later received RC, we were able to use standard histopathologic prostate examination 

as the gold standard. 

The relevance of IPU on FDG-PET/CT imaging has been investigated in several 

retrospective studies10–16. Compared to these studies, in which the incidence of IPU ranged 

from 0.6%-8.6%, the incidence of IPU in our study was much higher (40%). In total, 26% of 

the patients had IPU, which was labeled ‘suspect’ for PCa or ‘indeterminate’. The reason for 

this difference in the incidence of IPU may be explained by the fact that the incidence of 

prostate cancer is 19-fold higher in BCa patients compared to the normal population17,18. 

In addition, the 23% prevalence of histopathologically confirmed occult PCa in our study  

was relatively high compared to the 5.5% to 23% rate in the literature. The difference in 

Clinical relevance of incidental prostatic lesions on FDG-positron emission tomography/
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prevalence can be attributed to the difference in confirmatory methods. Not all patients 

in the previous studies underwent further evaluation, and if further evaluated, low 

serum PSA and normal diagnostic rectal examination (DRE) were considered sufficient 

to conclude that the patient had no PCa. In these studies, only a few patients underwent 

prostate biopsy, although the calculated result-percentages also included patients without 

biopsy10–16. 

Furthermore, with prostate biopsy a considerable number of PCa cases may be missed, and 

consequently the true incidence rate of PCa in the previous studies was probably higher 

than reported19,20. 

Finally, most reports were from Asian countries, in which the prevalence of PCa is 

considerably lower10–12,14–16. One study reported on American patients, and found a 

prevalence of 23% which was similar to our results13.

When IPU was present, several options were explored to improve PCa prediction. We 

investigated the additional value of the intensity of FDG-uptake of hypermetabolic lesions 

in the prostate (SUVmax). The association between the SUVmax of IPU and malignancy 

remains controversial. Effert et al.4 performed the first clinical study on FDG-PET/CT 

and PCa, and concluded it was not useful for differentiation between PCa and BPH. This 

was confirmed by Oyama et al.21, although they did find a significant increase in glucose 

metabolism in patients with advanced stage prostate tumours. A statistically significant 

difference in SUVmax, if comparing benign and malignant lesions, was not demonstrated 

in the previous studies10–15. Only Yang et al.16 found a potential utility of SUVmax for PCa 

detection, yet overlap between malignant and benign lesions was present. Our results are 

consistent with these results. Use of SUVr instead of SUVmax did not improve results. If 

the patients were grouped based on histological abnormal (i.e. PCa, BPH etc.) and normal 

prostates, there was no significant difference in SUVmax and SUVr either. Our results show 

that FDG-PET/CT cannot distinguish between malignant and benign prostates.

Furthermore, we attempted to increase diagnostic accuracy, by categorizing the 

hypermetabolic lesions as ‘suspect’, ‘indeterminate’ or ‘non-suspect’. However, this did 

not increase the diagnostic accuracy either. The chance of finding occult PCa when IPU is 

present on FDG-PET/CT, i.e. the PPV, remained low after labeling. Similarly, the NPV did not 

change, thus the chance of finding PCa, when no IPU is seen or is considered ‘non-suspect’, 

remained the same. Even when evaluating only ‘suspect’ lesions, diagnostic accuracy for 

detecting PCa did not increase.

Finally, our results show that serum PSA is not a valid diagnostic tool to decide whether 

patients should receive further diagnostic evaluation. Since Gleason score is found to be 

positively correlated with serum PSA, the lack of a significant difference could be explained 
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by the overall low Gleason score in our study22. In our cohort, only 12% of patients with 

PCa had a Gleason score >6. Since the updated Gleason system in 2005, Gleason 6 

tumours are considered low-risk tumours23,24, and unlikely to cause risk to patient health19. 

Thus, the question arises whether these patients with low-risk tumours, with a low risk for 

metastasis and a low mortality-risk would even have required treatment for their PCa23. By 

trying to diagnose all incidental prostate gland lesions after an FDG-PET/CT scan, there is 

a risk of over-diagnosing PCa and high rates of overtreatment, leading to side effects with 

detrimental results on quality of life25–28.

The question arises whether the findings of our study can be generalized to other 

populations, since patients diagnosed with BCa sometimes also receive screening for PCa. 

However, all patients in the present study underwent an FDG-PET/CT scan and all prostate 

specimens were examined, regardless of suspicion of PCa. An increased a priori chance of 

finding PCa applies on both patients with and without IPU. The most important result is 

that there is no significant difference in PCa prevalence between these two groups. We 

expect the same results in patients with an FDG-PET/CT performed for other diagnostic 

reasons.

The current study has some limitations. Although histopathological examination after 

cystoprostatectomy is expected to be superior to random prostate biopsy, detection of PCa 

was not the primary aim of the examinations. Therefore, prostate specimens were only grossly 

examined, by examining random slices microscopically. Nevertheless, if serum PSA or DRE gave 

a suspicion of malignancy, the prostate was more thoroughly examined. Still, the high prevalence 

of histopathologically confirmed PCa suggests a high pathological detection rate.

In addition, it remains unclear whether the IPU in patients with PCa corresponded with the 

malignant tissue, as the histopathological analysis after RC could not be correlated with 

the IPU location on FDG-PET/CT images. Further research could be performed to study 

this phenomenon.

Thirdly, underlying BCG-induced granulomatous prostatitis after intravesical therapy for 

BCa, which has also been described in previous case reports, could have caused potential 

false-positive PET/CT results29,30. However, only four of six patients with BCG-prostatitis 

also had IPU. The effect on the PPV is therefore considered small, especially since it is 

unclear whether the prostatitis was the cause of the IPU.

Lastly, we did not exclude patients with BCa prostate invasion (cT4a or (y)pT4a). Instead, 

the nuclear medicine physician.n determined whether BCa ingrowth prevented proper 

evaluation of the prostate. Ingrowth of BCa characteristically shows continuity of 

hypermetabolism from bladder to prostate on FDG-PET/CT, and we found no cases where 

the prostate could not be properly evaluated.

Clinical relevance of incidental prostatic lesions on FDG-positron emission tomography/
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CONCLUSIONS

This study indicates that incidental prostatic uptake (IPU) on FDG-PET/CT has a low 

positive predictive value, and therefore does not necessarily warrant further investigation. 

Almost 90% of the patients with occult PCa in this study had low-risk disease with a 

Gleason score of ≤6. Based on these results, physicians should be cautious to apply invasive 

diagnostic methods to detect PCa in case of IPU on FDG-PET/CT.
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ABSTRACT 

Introduction: 

Multiple bladder cancer studies report that the number of removed lymph nodes (lymph 

node count, LNC) at radical cystectomy (RC) is positively associated with survival. Although 

these reports suggest that LNC can be used as a proxy for surgical quality, all studies used 

variable or inconsistent pelvic lymph node dissection (PLND) templates. We therefore 

wished to establish whether LNC at RC influences survival when surgeons adhere to a 

standardized PLND template.

Materials and methods: 

We included 274 patients who underwent RC from January 2005 until December 2012. 

All RCs were performed in either one of two hospitals (hospital A or B) by the same four 

urologists (all from hospital A) and a standardized PLND template was applied. PLND 

specimens were processed by two independent pathology departments (hospital A and 

B). We used cox regression analysis to investigate the prognostic value of LNC adjusted 

for patient characteristics. We also compared LNC between hospitals and surgeons and 

investigated the effect of both variables on overall survival (OS), cancer-specific survival 

(CSS) and disease free survival (DFS).

Results: 

Median LNC was 17 (IQR 12). At a median follow up of 64.3 months, there was no 

association between LNC and OS (p=0.328), CSS (p=0.645) or DFS (p=0.450). Median 

LNC was higher in Hospital B than in Hospital A (20.0 versus 16.0, p=0.003). Median LNC 

varied significantly among surgeons (12-20, p<0.001). Neither the hospital of surgery nor 

the surgeon performing PLND influenced OS (p=0.771 and p=0.982), CSS (p=0.310 and 

p=0.691) or DFS (p=0.256 and p=0.296).  

Conclusion: 

If surgeons adhere to a standardized template, LNC at RC does not affect long-term 

survival. 
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INTRODUCTION

Pelvic lymph node dissection (PLND) in bladder cancer (BC) surgery was already described 

in 19621. The rationale is based on improved staging and potential higher survival rates 

in patients undergoing radical cystectomy (RC) for BC2. Multiple studies reported that 

an increased lymph node count (LNC) is associated with improved survival in both node 

negative and node positive disease3-6. However, variable or inconsistent PLND templates 

were used in these studies3-6. As a result, limited resection could have decreased LNC in 

infirm or elderly patients, inducing selection bias. In contrast, recent lymph node mapping 

studies suggest that adherence to a standardized PLND template is more important 

than LNC in capturing all relevant lymph nodes7,8. The primary purpose of this study 

was to establish whether variability in LNC influences survival when surgeons adhere 

to a standardized PLND template. The second objective was to investigate if potential 

differences in LNC between different pathology departments and/ or between surgeons 

affect long-term survival. 

MATERIALS AND METHODS

Patients

We extended the series previously described in a study by Meijer et al.9 and subsequently 

refined our selection based on the PLND template applied. The cases were derived from 

the prospective genito-urinary cancer database, maintained by the department of urology 

at the Netherlands Cancer Institute (Hospital A). First, all consecutive patients who 

underwent open radical cystectomy (RC) and bilateral PLND for urothelial carcinoma 

(UC), from January 2005 until December 2012 were selected (n=395). Patients for whom 

PLND at RC was not performed according to the standardized template described at 1.2.2. 

or for whom the PLND template was not clearly defined in surgery or pathology reports 

were excluded from further analysis (n=51). For 37 of these patients, a super-extended 

template was applied because of suspicion of positive LNs above the true pelvis. In 

addition, all palliative RCs or RCs following pelvic radiation were excluded as these factors 

could affect LN dissection procedures (n=45). Finally, 25 patients were excluded because 

their pathology reports were inconclusive regarding the macroscopic and microscopic 

identified LNC. Tumour stage was classified according to the 7th UICC TNM classification. 

Patients were initially seen at the BC clinic of the Netherlands Cancer Institute - Antoni van 

Leeuwenhoek hospital, Amsterdam (Hospital A). After multidisciplinary rounds, patients 

were treated with either RC or neoadjuvant chemotherapy followed by RC. All RCs were 

performed at either hospital A or hospital B (St. Lucas - Andreas Hospital, Amsterdam). For 

all patients follow up was conducted in hospital A. 
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Surgical procedures

One team of four experienced urologists (>140 cystectomies performed each) from 

hospital A had performed all procedures at both hospital A and B. The reason for this 

unique situation was that hospital B provided extra operation room capacity. All patients 

underwent a standardized bilateral PLND, which included resection of all nodal and 

adipose tissue between the genitofemoral nerve, the obturator fossa, along the internal 

iliac artery and along the common iliac artery, including the triangle of Marcille, up to the 

crossing of the ureter, leaving all vascular structures within this template exposed. PLND 

specimens were sent to pathology in at least two separate packages per side (lateral to and 

medial to the external iliac artery). 

Pathological evaluation

Each pathology department processed the PLND specimens according to its own 

institutional protocol as previously described9. In brief, protocols for fixation, pathological 

lymph node dissection and packaging in cassettes only slightly differed between the 

two departments. In total, 11 pathology assistants processed the PLND specimens (8 

in Hospital A and 3 in Hospital B). Final evaluation was performed by 11 pathologists 

in Hospital A and 6 in Hospital B. All PLND specimens were randomly assigned to each 

pathology assistant and to each pathologist. Pathology assistants in Hospital A identified 

lymph nodes by palpating the tissue while sweeping strokes of the scalpel were made. 

Pathology assistants in Hospital B searched lymph nodes by manually gently “squashing” 

the specimens. Lymph node identification within the perinodal adipose tissue therefore 

depended on the attention of pathology assistants in both hospitals. Corresponding 

macroscopic and microscopic LNCs were reported per cassette in pathology reports. For 

final evaluation cumulative microscopic LNCs were used. 

Data collection and Statistical analysis

Overall survival (OS), cancer specific survival (CCS) and disease free survival (DFS) were 

assessed for all patients. Oncological endpoints for OS, CSS and DFS were date of death, 

date of death due to BC and the appearance of recurrent disease, respectively. Survival 

times were defined as the time elapsed from RC to the before mentioned endpoints. Cox 

regression analysis was performed for OS, CSS and DFS to assess the prognostic value 

of LNC. LNC was compared between hospitals and between surgeons using the Mann 

Whitney U test and Kruskal-Wallis test, respectively. Patient and tumour characteristics 

were compared between hospitals and between surgeons using Pearson chi-square, 

Fischer exact test, independent T-test and one-way ANOVA. The Kaplan-Meier method 

was used to generate actuarial survival curves for both hospitals, which were compared 

by log-rank tests. The same procedure was performed for the surgeons. Multivariable cox 

regression analysis was performed for LNC as a continuous variable regarding OS, CSS 

and DFS to adjust for pT-stage, pN-stage, soft tissue margin status (STMS), age, gender, 

American Society of Anesthesiologists status (ASA) and the administration of neoadjuvant 

Lymph node count at radical cystectomy does not influence long-term survival if surgeons adhere 
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chemotherapy. Positive STMS was defined as the presence of malignant cells at any of 

the surgical margins, including ureters, urethra and circumferential margins. Three cox 

regression models were generated; model 1 did not include hospital of surgery or surgeon; 

model 2 included hospital of surgery; model 3 included surgeon. Statistical analyses were 

performed with SPSS statistical software (version 19.0; SPSS Inc., Chicago, III., USA). All 

analyses were two-sided and P-values were considered statistically significant at <0.05.

RESULTS

Lymph node count: prognostic value

A total of 274 patients were included. Patient and tumour characteristics are displayed 

in table 1. Considering all patients, median LNC was 17.0 (interquartile range (IQR) 

12). Median follow up was 64.3 (IQR  37.1-81.3) months. Ninety-eight (35.8%) patients 

developed recurrent disease, 116 (42.3%) patients died during follow up. Univariable 

analysis for the entire study population did not show an association between LNC and OS 

(HR 0.990, p=0.328), CSS (HR 0.995 p=0.645) or DFS (HR 0.99, p=0.450) on a continuous 

scale. After grouping LNC as follows; 0 to 10 nodes (n=52), 11 to 20 nodes (n=134), 21 to 

30 nodes (n=65) and more than 30 nodes (n=23), still no association between LNC and 

CSS existed (p=0.989). The survival curves for ≤17 vs >17 nodes are shown in figure 1 

(p=0.413). 

Lymph node count per hospital             

Of the patients, 220 (80.3%) were treated in Hospital A and 54 (17.9%) in Hospital B. 

Patient and tumour characteristics were identical for both hospitals (table 1). Median LNC 

was significantly higher in Hospital B than hospital A (20.0 vs. 16.0, p=0.003). Mean OS 

(5.3 vs. 5.5 years, p=0.771), CSS (5.6 vs. 6.4 years, p=0.310), and DFS (5.0 vs. 6.0 years, 

p=0.256) did not differ significantly between hospital B and A. Kaplan-Meier curves for 

CSS are shown in figure 2.  

Lymph node count per surgeon

Patient and tumour characteristics did not vary significantly among surgeons (data not 

shown). Median LNC among surgeons varied from 12 to 20 (p<0.001). The number of RCs 

within the cohort, median LNC and median number of derived positive lymph nodes for 

each individual surgeon are shown in table 2. CSS curves for each surgeon are displayed 

in figure 3. Univariable analysis showed no association between the surgeon performing 

PLND and OS (p=0.982), CSS (p=0.691) or DFS (p=0.296). 
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Table 1. 

Patient characteristics and tumour characteristics outlined for the entire cohort and for Hospital A vs. 

Hospital B.

age

gender

 Male

 Female 

ct

 <cT2

 cT2

 >cT2

cn

 N0

 N1

 N2

pt

 <pT2

 pT2

 >pT2

pn

 N0

 N1

 N2

stms

 Positive

 Negative

naC

 No

 Yes

asa

 1

 2

 3

Mean (SD)

63.1 (10.2)

n (%)

213 (77.7)

61 (22.3)

63 (23.0)

117 (42.7)

94 (34.3)

242 (88.3)

22 (8.0)

10 (3.7)

122 (44.5)

50 (18.2)

102 (37.2)

216 (78.8)

28 (10.2)

30 (10.9)

33 (12.0)

241 (88.0)

201 (73.4)

73 (26.6)

110 (40.1)

142 (51.8)

22 (8.0)

Mean (SD)

63.3 (10.2)

n (%)

171 (77.7)

49 (22.3)

53 (24.1)

91 (41.4)

76 (34.5)

194 (88.2)

18 (8.2)

8 (3.6)

105 (47.7)

39 (17.7)

76 (34.5)

174 (79.1)

20 (9.1)

26 (11.8)

28 (12.7)

192 (87.3)

161 (73.2)

59 (26.8)

92 (41.8)

109(49.5)

19 (8.6)

Mean (SD)

62.3 (10.2)

n (%)

42 (77.8)

12 (22.2)

10 (18.5)

26 (48.1)

18 (33.3)

48 (88.9)

4 (7.4)

2 (3.7)

17 (31.5)

11 (20.4)

26 (48.1)

42 (77.8)

8 (14.8)

4 (7.4)

5 (9.3)

49 (90.7)

40 (74.1)

14 (25.9)

18 (33.3)

33 (61.1)

3  (5.6)

0.994

>0.999

0.586

0.982

0.087

0.338

0.642

>0.999

0.300

overall

N=274

hospital a

N=220

hospital B

N=54

p-value

Lymph node count at radical cystectomy does not influence long-term survival if surgeons adhere 
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Figure 1
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Cancer specific survival stratified by LNC using the overall median LNC as threshold (p-log-rank=0.413).

Table 1.  conTinued

SD, standard deviation; STMS, soft tissue margin status; NAC, neo-adjuvant chemotherapy; ASA, 

American Society of Anesthesiologists status.
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Figure 2
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Cancer specific survival for Hospital A vs. Hospital B (p-log-rank=0.310).
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Figure 3
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Cancer specific survival for each surgeon. Overall, no association between surgeon and CSS was detected. 

When comparing each surgeon with another independently, CSS did not differ significantly between any 

of the four surgeons on univariable or multivariable analysis (results not shown).

Multivariable analysis

Multivariable cox regression analyses are listed in table 3. These showed no association 

between LNC and CSS. After integration of hospital as a possible confounding variable 

into the regression model, still no association existed (p=0.935). Exclusion of the variable 

hospital and inclusion of surgeon did not alter results (p=0.977) either. Factors that were 

associated with decreased CSS were pT, pN, and positive STMS (Table 3).

DISCUSSION

Currently, literature regarding LNC as a prognosticator for survival of BC is conflicting3-8. 

To our knowledge, this is the first study investigating the prognostic value of LNC if multiple 

surgeons adhere to a standardized template. Our results demonstrated no association 

between LNC and OS, CSS or DFS. Moreover, a significant LNC variation among hospitals 

and surgeons was not reflected in survival. 

Lymph node count: prognostic value

Several large studies report that an increased LNC is associated with improved OS and 

CSS in both node negative and node positive disease3,4,6. These reports suggest that LNC 

can be used as both a proxy for the extent of PLND and the quality of surgery. However, 

various non-standardized PLND templates have been used. One of the most prominent 

series regarding the prognostic value of LNC was conducted by Herr et al.5. In their 

single center report, LNC significantly correlated with CSS and DFS among 637 patients. 

The subgroup with a LNC of 0-5 partly consisted of elderly or infirm patients. For these 

patients a limited PLND was performed compared to the standard templates used for fit 

patients. This selection bias may be responsible for the reported association between LNC 

Table 2. 

The number of radical cystectomies within the cohort (n), median lymph node count (LNC) and median 

number of positive lymph nodes per lymph node positive patient (PLNC) for each surgeon.

N

Median LNC

Median PLNC

surgeon 1

93

20

2

surgeon 2

84

14

1

surgeon 3

46

12

3

surgeon 4

51

16

1

p-value

<0.001

0.586
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Table 3. 

Multivariate cox regression analysis for cancer specific survival.

HR = Hazard ratio, 95%CI = 95% confidence interval,  LNC = lymph node count, STMS = soft tissue margin 

status, NAC = neoadjuvant chemotherapy, ASA = American Society of Anesthesiologists status.

Model 1*: exclusion of hospital, exclusion of surgeon

Model 2**: inclusion of hospital, exclusion of surgeon

Model 3***: exclusion of hospital, inclusion of surgeon

LNC

(continuous)

Hospital

(B vs. A)

Surgeon 

(4 vs. 1)

Age

(continuous)

Gender 

(female vs. male)

pT 

(>pT2 vs. ≤pT2)

pN 

(pN2 vs. pN0)

STMS 

(positive vs. negative)

NAC 

(yes vs. no)

ASA 

(3 vs. 1)

model 1*

HR (95%CI), p-value

1.00 (0.97-1.03), 

p=0.888

-

-

1.01 (0.99-1.03),  

p= 0.387

1.02 (0.59-1.74), 

p=0.952

3.91 (2.42-6.31), 

p<0.001

2.74 (1.57-4.78), 

p<0.001

2.23 (1.25-3.96), 

p=0.007

1.26 (0.76-2.09), 

p=0.374

1.42 (0.53-3.84), 

p=0.485

model 2**

HR (95%CI), p-value

1.00 (0.96-1.02), 

p=0.601

1.46 (0.84-2.55), 

p=0.183

-

1.01 (0.99-1.04), 

p=0.296

1.00 (0.58-1.72), 

p=0.994

3.84 (2.38-6.20), 

p<0.001

3.00 (1.68-5.21), 

p<0.001

2.25 (1.26-4.00), 

p=0.006

1.30 (0.78-2.16), 

p=0.310

1.49 (0.55-4.03), 

p=0.429

model 3***

HR (95%CI), p-value

1.00 (0.97-1.03), 

p=0.996

-

1.26 (0.68-2.33), 

p=0.468

1.01 (0.99-1.04), 

p=0.268

1.05 (0.61-1.81), 

p=0.857

3.99 (2.47-6.46), 

p<0.001

2.76 (1.54-4.92), 

p=0.001

2.31 (1.30-4.10), 

p=0.004

1.34 (0.80-2.23), 

p=0.268

1.45 (0.54-3.93), 

p=0.462

Lymph node count at radical cystectomy does not influence long-term survival if surgeons adhere 
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and survival. A recent study by Froehner et al.10 underlined this possibility. They found a 

positive association between LNC and OS among 735 patients (21 vs. <10 lymph nodes: 

10-yr rates: 59% vs. 32%). Cox proportional hazard models however, showed that the 

differences in survival were virtually entirely attributable to differences in competing 

mortality. Froehner’s study had the limitation that modifications of PLND templates due 

to adaptation to patient age, comorbidity and surgeons’ preferences were unknown. In our 

study, patients with alternative PLND templates were excluded, demonstrating that LNC 

variation after diminishing the effect of template adaptation does not result in survival 

differences. This supports the hypothesis that the previously demonstrated association 

between LNC and survival is attributable to selection bias. 

Anatomical lymph node dissection template

Our results show that LNC does not accurately reflect the anatomical extent of a PLND 

template7,8. The optimal limits of the anatomical template are not yet defined. In a large 

prospective, non-randomized single-center study, Abol-Enein et al.11 reported that a PLND 

up to the origin of the inferior mesenteric artery improved DFS for patients with node 

positive disease compared to a PLND up to the common iliac bifurcation. These findings 

are supported by recent results of Dorin et al.8, who found positive lymph nodes above the 

common iliac bifurcation in 41% of patients with node positive BC. However, in a recent 

editorial both the indicative value of LNC and the gain of extending the original standard 

PLND template were heavily questioned12. A strong argument opposing template extension 

comprised a sentinel node mapping study among 60 consecutive patients, published by 

Roth et al.7. In this study, complete dissection in the true pelvis up to the iliac crossing of the 

ureter captured 92% of sentinel nodes. Moreover, all patients with a sentinel node outside 

the standard template also had one or more sentinel nodes below this level7. This PLND-

template translates into the one performed in our study. However, the results of on-going 

randomized trials have to be awaited to provide answers regarding the optimal anatomical 

PLND extent. 

Differences in lymph node count per hospital

Our results confirm a significant interhospital LNC difference previously found by Meijer 

et al.9,13.  This renders LNC consistency questionable. Similar findings were reported by 

Dorin et al.8. In their two-center study, LNC also differed between institutions despite the 

use of standardized templates. This did not result in different incidences or distributions 

of positive lymph nodes, nor in differences in survival. The authors attributed the different 

LNCs to pathological evaluation, yet unlike in our study, differences in surgical factors were 

not taken into consideration. Possible pathological explanations for differences in LNC are 

differences in submission methods, sample processing and/or pathological evaluation of 

the PLND specimens13. Submission of PLND specimens in separate packages can result 

in identification of more lymph nodes compared to en bloc submission14.  Regarding our 

study, submission and processing practice was in general similar for both institutes. In both 
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institutes the specimens were sent to pathology in a minimum of two packages per side. 

Samples were processed according to best practice guidelines15. All grossly identifiable 

lymph nodes in PLND specimens were submitted for histological examination. Submission 

of residual perinodal adipose tissue however, was left to discretion of each pathology 

assistant. This could be an explanatory factor, since embedding the entire specimen 

increases the number of nodes identified16. Up to two additional nodes per packet can be 

found in the remaining, not routinely embedded tissue17. Another explanation could be a 

discrepancy of inclusion of tissue samples in separate cassettes for evaluation: If several 

samples are combined in one cassette without adequate labeling, LNC might be reduced. In 

hospital B, sectioned lymph nodes were not combined in one cassette. To improve uniform 

pathological lymph node evaluation, one should stress the importance of more detailed and 

standardized protocols. Currently, no established guidelines for sample processing and 

evaluation of PLND specimens exist18.

Differences in lymph node count per surgeon

LNC varied significantly among surgeons despite adherence to a standardized template. 

This effect could be confounded by interpatient LNC variability. The lymph node mapping 

study by Roth has demonstrated that the number of draining nodes from six parts of the 

bladder varied from 1-14 per patient7. A study on human cadavers supported this finding. 

Super extended PLND specimens excised by a single surgeon and evaluated by a single 

pathologist resulted in LNCs ranging from 10 to 5319. Interpatient LNC variability adds to 

the debate of LNC consistency. However, as patient and tumour characteristics in our study 

did not differ among surgeons one would expect this confounder to diminish rather than 

enhance differences in LNC. The differences in LNC are therefore possibly attributable to 

surgical thoroughness. Yet this was not reflected in the number of derived positive lymph 

nodes or patient survival. This suggests that despite a difference in overall LNC, excision of 

relevant (positive and/or draining) lymph nodes did not differ between surgeons.  

Study limitations 

The main limitation of our study is the conduction of retrospective analyses. Therefore, 

although selection bias was diminished by retrospective exclusion of patients with 

alternative PLND templates, it was not eliminated. For example, we could not analyze 

pathologist’s considerations for more or less extensive evaluation of PLND specimens. 

We could also not correct for the different pathologists and pathology assistants who had, 

although randomly, processed the PLND specimens.  In addition, the comparison of LNCs 

and survival between hospitals is complicated by a difference in cohort sizes (Hospital A 

n=220 vs. Hospital B n=54). Finally, patients who had received prior pelvic radiotherapy 

were excluded. Due to this refinement, our results do not represent LNC variety for the 

average patient population, nor do they reflect the rationale or survival outcome for 

non-adherence to the standardized template. The objective of this study was different: 

to investigate the variation in LNC within a standardized template and the influence of 

Lymph node count at radical cystectomy does not influence long-term survival if surgeons adhere 
to a standardized template

potential surgical and pathological factors. Our results show that significant variations on 

both accounts do not affect long-term survival. 

CONCLUSION

If surgeons adhere to a standardized PLND template at RC, long-term survival for bladder 

cancer patients is not affected by differences in LNC.
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ABSTRACT

Introduction: 

Uretero-ileal strictures (UES) following urinary diversion are therapeutically challenging. 

We compared efficacy, safety and renal outcome following therapeutic endo-urological 

techniques (EUT) and open surgical revision of the anastomosis (SRA) for UES.

Material and Methods: 

We retrospectively analysed all EUTs and SRAs performed for UES in two hospitals 

between 1987 and 2015. Re-stenosis was defined as recurrent radiographically diagnosed 

hydronephrosis and re-intervention. Renal function (eGFR) decrease was correlated with 

the number of EUTs per patient.

Results: 

85 UES were treated with 105 EUTs and 31 open revisions. Due to total obstruction, 28 

(27%) EUTs were aborted. During a median follow-up of 33 months, re-stenosis occurred 

following 53/77 (69%) completed EUTs and 4/31 (13%) SRAs (p<0.001 on univariable 

and multivariable analysis). No serious (Clavien ≥3b) EUT-related complications occurred 

vs. 5 (19%) related to SRA (p<0.001). The number of finalised EUTs was independently 

associated with eGFR loss (β 12.3 ml/min/1.7m2 loss per EUT, p=0.008), with a significant 

cut-off value of >1 EUTs. SRA did not affect renal function (β 6.8 ml/min/1.7m2  loss, 

p=0.276).

Conclusions: 

Although EUTs are less invasive, they have an inferior efficacy to SRA. Our results suggest 

that a maximum of one EUT may be attempted without significantly compromising renal 

function.
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INTRODUCTION 

Radical cystectomy is the standard treatment for muscle-invasive bladder cancer1. After 

surgical removal of the bladder, a urinary diversion (UD) is created by anastomosing the 

ureters to a bowel segment, usually the terminal ileum. 

Challenging complications following UD are benign strictures of the uretero-enteric 

anastomosis (UES). UES occur in 2.6% to 14% of patients2-4 with a median postoperative 

time to diagnosis of 6 to 18 months2,5,6. UES can lead to infections and renal function loss7. 

Classically, therapy consisted of open surgical revision of the anastomosis (SRA). Although 

the procedure is effective8, postoperative complications are considerable6,9. Over the 

years, less invasive endo-urological techniques (EUTs) have been developed.

Although EUTs are commonly used, their efficacy is scarcely investigated. Small single 

modality studies report success rates ranging from 16% to 88%10,11. Comparative studies 

regarding EUT and SRA are limited. All report inferior efficacy for EUT2,6,8,9,12-14. However, 

it would be justified to consider EUT to delay or avoid open surgery, if the procedure is safe 

and does not compromise renal function.   

In this two-centre study we compared long-term efficacy and safety of EUTs and SRA. Our 

secondary outcome was effect on renal function.

MATERIALS AND METHODS

Patients

We retrospectively screened 1016 patients for UES. All patients had consecutively received 

an UD in either one of two hospitals (NCI n= 834 and OLVG  n= 182) between June 1987 

and January 2015, because of bladder cancer or tumours of other origin invading the 

bladder.  All surgeries were performed by one team of the same surgeons. Uretero-ileal 

anastomoses were performed according to the refluxing Bricker technique15. From 1987 

to 2012, in case of ileal conduits and neobladders the left ureter was anastomosed end-to-

end and the right ureter end-to-side, whereas in pouch reservoirs both anastomoses were 

end-to-side. Since 2012, both anastomoses were implanted end-to-side for all UDs. UES 

incidence was unknown for 66 patients (follow-up (FU) elsewhere or death <3 months FU). 

Of the remaining 950 patients, 111 (11.7%) were diagnosed with 139 UES (53 left-sided, 

30 right-sided, 28 bilateral).

Ureteral strictures

UES were diagnosed with antegrade pyelo-ureterography (n=107), intravenous 
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pyelography-ureterography (n=17), renal scintigraphy (n=9) or retrograde ileo-

ureterography (n=6). Because of oncological reasons or comorbidity, 54 UES were left 

untreated or a double J or percutaneous nephrostomy tube was immediately accepted 

as a definitive solution. These UES were excluded from analysis. The remaining 85 UES 

were treated with one or several EUTs and/or SRA (figure 1). Seven UES were immediately 

treated with SRA, because of a failed attempt of EUT for a contralateral stenosis. All other 

UES were primarily treated with EUT. The decision to repeat EUT or switch to SRA was left 

to the discretion of the urologist.

Treatment

SRA comprised resection of the affected distal ureter and re-implantation according to 

the Bricker technique (end-to-side)15. Used EUTs were antegrade or retrograde balloon 

dilation, sharp endo-ureterotomy or temporary stenting with a single J catheter. All 

procedures included subsequent temporary stenting with 8.5 Charriere single J catheters. 

The choice of EUT and duration of stenting was left to the discretion of the radiologist or 

urologist performing the procedure.

Treatment outcome

FU of UES treatment included CT or ultra-sonography 2-6 weeks after stent removal. All 

patients subsequently had regular FU according to EAU guidelines1, unless symptoms of 

re-stenosis occurred. Re-stenosis was defined as recurrent radiographically diagnosed 

hydronephrosis followed by re-intervention by means of at least nephrostomy tube 

replacement. Radioisotope renography was not performed if re-stenosis was obvious from 

hydronephrosis and renal function loss. We calculated stricture-free periods (SFP) from 

date of stent removal to date of the first sign of re-stenosis or date of last event-free FU. 

Renal function loss per patient was defined as estimated glomerular filtration rate (eGFR) 

decrease from baseline (post-cystectomy) to last cancer-free FU16. Patients for whom UES 

were left untreated following aborted EUTs were excluded from renal function analysis. 

Complications of completed procedures were scored according to the Clavien Dindo 

Complication Classification system17. 

Statistical analysis

Patient, stricture, and treatment characteristics were compared using Mann Whitney 

U-test, one-way ANOVA, and Fisher’s exact test. SFPs following EUT and SRA were plotted 

with the Kaplan Meier method. A mixed effects Cox regression model was used with the 

treatment variables per stricture side as time-dependent covariates, and with a random 

intercept per patient to account for the fact that some patients developed two stricture 

locations (both left and right)18. The model included the following variables: Patient ASA 

score; history of pelvic radiotherapy; UD type; postoperative time to stricture diagnosis; 

side; presence of a contralateral stricture; stenting duration following treatment and the 

number of previous therapeutic procedures. Complications following EUT and SRA were 

85 UES,

136 Procedures

13 Temporary

stenting

31 Open surgical

revisions

3 Endo-

ureterotomy

Endourological techniques for benign uretero-ileal strictures are ineffective and 
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compared with Fisher’s exact test. We investigated the association between the number 

of finalised EUTs per patient and eGFR loss using linear regression models, corrected for 

the presence of a contralateral stricture, adjuvant chemotherapy, time between the two 

eGFR measurements and additional performance of SRA of the anastomosis. Finally, re-

stenosis and complications were compared between different EUT types with the Fisher’s 

exact test. SPSS statistical software (version 20.0; SPSS Inc., Chicago, III., USA) and R 

with package coxme (version 2.2-5)18 were used for statistical analyses. P-values were 

considered significant at <0.05 on two-sided analysis.

Figure 1. 

Included uretero-enteric anastomotic strictures (UES) and the applied treatment modalities. Twenty-

eight EUTs were aborted because of total obstruction, of which 15 UES were consequently left untreated. 

These were excluded from renal function analysis. 

139 UES

n=7

n=13

n=11

61 Balloon

105 EUTs

28 Failed

15 Untreated

54 Untreated

(double J nephrostomy)
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RESULTS

In total, 85 UES were treated in 70 patients with 136 procedures. Patient and stricture 

characteristics are shown in table 1. Median postoperative time to diagnosis was 4.6 (range 

0.2-85.1) months. UES were predominantly left-sided and 17 patients had bilateral UES. 

Procedures consisted of 31 SRAs and 105 EUTs. Twenty-eight (27%) EUTs could not be 

completed due to total obstruction and were followed by immediate nephrostomy. These 

UES were subsequently treated with SRA (n=28) or resolved with a permanent single J 

catheter or nephrostomy tube (n=15). The median number of finalised EUTs was 1 (range 

0-6) per patient. Characteristics for the 108 completed procedures are shown in table 2. 

SRAs were more often performed after previously unsuccessful interventions and duration 

from diagnosis to treatment was longer than for EUT. Additionally, duration of subsequent 

stenting was shorter following SRAs. Other characteristics were comparable for both 

therapies.

Median FU for the 108 completed procedures was 33 (95% confidence interval (95%CI) 

19-46) months. Re-stenosis occurred following 4 SRAs versus 53 EUTs, resulting in intent-

to-treat based success rates of 87% for SRA vs. 23% for EUT (p<0.001). Fourteen (24%) 

re-stenoses were symptomatic (10% infection, 14% flank pain). SFP curves are displayed in 

figure 2. Median SFP following EUT was 5 (95%CI 0-10) months, while median SFP following 

SRA was not reached within the FU period (p<0.001). This difference was also significant on 

multivariable analysis (hazard ratio (HR) SRA vs. EUT 0.10, p<0.001). The risk of re-stenosis 

following EUT tended to be higher after pelvic radiotherapy (no radiotherapy vs. radiotherapy 

HR 0.57, 95%CI 0.31-1.04, p=0.068) on multivariable analysis. None of the other included 

variables were predictive for re-stenosis following EUT or SRA (data not shown).

Baseline eGFR did not differ between patients who had received a single EUT, multiple EUTs 

or SRA (table 1). Renal function at last disease-free FU (median 37 months, range 3-230) 

was available for 59 patients with finalized procedures. Mean eGFR decreased 28.1 (SD 

23.0) ml/min per 1.7m2 for the entire cohort. The number of completed EUTs per patient 

was significantly associated with eGFR decrease on univariable (coefficient estimate (β) 7.8 

ml/min/1.7m2  per EUT, SE 3.5, p=0.028) and on multivariable analysis (table 3a). Cut-off 

values of >1 EUT per patient were associated with a significant eGFR decrease (table 3b). 

SRA, either following EUT or as a primary solution, did not affect renal function (β 12.9, SE 

7.5, p=0.090). 

Treatment safety was evaluable for 74/77 completed EUTs and 27/31 SRAs. EUTs induced 

8 (11%) Clavien 1-2 complications, while no Clavien ≥3b complications occurred. Thirteen 

(48%) complications occurred following SRAs (EUT vs. SRA, p<0.001), 8 were Clavien 1-2, 3 

were Clavien 3b (1 sigmoid perforation, 1 fascial dehiscence, 1 ileal anastomotic leakage) and 

1 patient died of intestinal ischemia following bilateral SRA (Clavien 5). 

Endourological techniques for benign uretero-ileal strictures are ineffective and 
affect renal function

Table 1. 

Baseline characteristics of the entire cohort. Patients were treated with a single endo-urological 

procedure (single EUT), multiple EUTs or with surgical revision of the anastomosis (either following EUTs 

or as primary treatment).

mean age (sD)

sex

 Male

 Female

asa

 1

 2

 3

CCi

 0-2

 ≥3

 missing

median Bmi (iQr)

Diversion type 

 Neobladder

 Continent reservoir

 Conduit

stricture side

 Left

 Right

 Bilateral

symptoms

 Asymptomatic

 Infection 

 Flank pain

history of pelvic 

radiotherapy

 No

 Yes

all patients

n= 70 (%)

65 (10)

57 (81)

13 (19)

33 (47)

31 (44)

6 (9)

28 (40)

34 (49)

8 (11)

25.9 (4.1)

31 (44)

7 (10)

32 (46)

34 (49)

19 (27)

17 (24)

44 (63)

17 (24)

9 (13)

53 (76)

17 (24)

single eut

n= 32 (%)

66 (9)

25 (78)

7 (22)

13 (41)

16 (50)

3 (9)

12 (38)

16 (30)

4 (13)

26.0 (3.6)

15 (47)

1 (3)

16 (50)

22 (69)

9 (28)

1 (3)

19 (60)

8 (25)

5 (16)

24 (75)

8 (25)

multiple euts

n= 15 (%)

65 (9)

13 (87)

2 (13)

8 (53)

5 (33)

2 (13)

6 (40)

8 (53)

1 (7)

25.9 (3.8)

8 (53)

2 (13)

5 (33)

4 (27)

3 (20)

8 (53)

9 (60)

4 (27)

2 (13)

12 (80)

3 (20)

open revision

n= 23 (%)

62 (10)

19 (83)

4 (17)

12 (52)

10 (43)

1 (4)

10 (43)

10 (43)

3 (13)

24.8 (2.8)

8 (35)

4 (17)

11 (48)

8 (35)

7 (30)

8 (35)

16 (70)

5 (22)

2 (9)

17 (74)

6 (26)

p-value*

0.387

0.922

0.711

0.870

0.159

0.325

<0.001

0.902

>0.999
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Perioperative 

chemotherapy

 No

 Yes

mean egFr (sD) at  

baseline

all patients

n= 70 (%)

54 (77)

16 (23)

82.5 (18.7)

single eut

n= 32 (%)

24 (75)

8 (25)

77.5 (19.7)

multiple euts

n= 15 (%)

11 (73)

4 (27)

83.6 (16.7)

open revision

n= 23 (%)

19 (83)

4 (17)

89.0 (17.0)

p-value*

0.862

0.101

Table 1.  conTinued

*p-value for comparison of all three groups

EUT, endo-urological technique; SD, standard deviation; ASA, American Society of Anesthesiologists 

score; CCI, age adjusted charlson comorbidity index; eGFR, estimated glomerular filtration rate

Table 2. 

Stricture and treatment characteristics of completed procedures

stricture side

 Left

 Right

Contralateral stricture 

present

 Yes

 No

Previous procedures

 0

 1

 2

 3

Previous radiotherapy

 Yes

 no

total

n= 108 (%)

66 (66)

42 (39)

46 (42.6)

62 (57.4)

69 (64)

27 (25)

6 (6)

6 (6)

32 (30)

76 (70)

eut

n= 77 (%)

49 (64)

28 (36)

30 (39)

47 (61)

62 (81)

9 (12)

4 (5)

2 (3)

21 (27)

56 (73)

open

n= 31 (%)

17 (55)

14 (45)

16 (52)

15 (48)

7 (23)

18 (58)

2 (7)

4 (13)

11 (36)

20 (65)

p-value*

0.263

0.162

<0.001

0.268

Endourological techniques for benign uretero-ileal strictures are ineffective and 
affect renal function

Table 2.  conTinued

*p-value for comparison of endo-urological techniques (EUTs) with open surgical revision. Previous 

procedures were all EUTs apart from 2 open surgical revisions of the anastomosis (1 prior to EUT and 1 

prior to both EUT and open surgical revision). 

EUT, endo-urological technique (endo-ureterotomy n=3 , balloon dilation n=61, temporary stent n=13). 

IQR; interquartile range

Diversion type

 Neobladder

 Continent reservoir

 Conduit

year of treatment

 1995-1999

 2000-2004

 2005-2009

 2010-2015

median postoperative time to 

diagnosis (months, iQr)

median time from diagnosis 

to treatment (months, iQr)

temporary stenting duration

(weeks, iQr)

total

n= 108 (%)

41 (38.0)

17 (15.7)

50 (46.3)

14 (13.0)

22 (20.4)

28 (25.9)

44 (40.7)

5.0 (8)

3.2 (5)

6.9 (9)

eut

n= 77 (%)

32 (41.6)

11 (14.3)

34 (44.2)

12 (15.6)

12 (15.6)

22 (28.6)

31 (40.3)

5.3 (9)

2.1 (4)

8.7 (8)

open

n= 31 (%)

9 (29)

6 (19)

16 (52)

2 (6.5)

10 (32.3)

6 (19.4)

13 (41.9)

4.6 (8)

6.1 (17)

1.9 (2)

p-value*

0.468

0.175

0.783

<0.001

<0.001

Completed EUTs comprised 61 balloon dilations, 3 sharp endo-ureterotomies, and 13 

temporary stenting procedures. Strictures recurred after 42 (69%) balloon dilations, 

3 (100%) endo-ureterotomies, and 8 (62%) temporary stenting procedures (p=0.451). 

Neither the number of complications, nor renal function loss differed significantly between 

EUT techniques (data not shown).
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Figure 2
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Stricture-free periods following endo-urological techniques (EUT) and open surgical revision of the 

anastomotic strictures (n=108, log rank test p<0.001).

Table 3a. 

Association between estimated glomerular filtration rate (eGFR) decrease and the number of finalised 

endo-urological techniques as a continuous variable on multivariable analysis.

EUTs, endo-urological techniques; SE, standard error

The coefficient estimate (β) 12.3 indicates that, each EUT is associated with a mean eGFR decrease of 

12.3 ml/min per 1.72m2 after correction for the variables included in the table.

Variable

Number of EUTs

Adjuvant chemotherapy 

(yes vs. no) 

Months between 

measurements (continuous)

Contralateral stricture 

present (yes vs. no)

Open surgical revision

performed (yes vs. no)

β (se)

12.3 (4.5)

17.0 (21.8)

0.12 (0.06)

-8.4 (8.3)

12.9 (7.5)

p-value

0.008
0.440

0.069

0.315

0.090

Endourological techniques for benign uretero-ileal strictures are ineffective and 
affect renal function

Table 3b. 

Association between estimated glomerular filtration rate (eGFR) decrease and the number of finalised 

endo-urological techniques (EUTs) for different cut-off values on multivariable analysis*. 

SE, standard error

*corrected for: administration of adjuvant chemotherapy, time between eGFR measurements, presence 

of a contralateral stricture and performance of open surgical revision of the anastomosis yes/no.

The coefficient estimate (β) indicates the eGFR decrease in ml/min per 1.7m2 for each EUT cut-off value.

euts

0 vs. >0

≤1 vs. >1

≤2 vs. >2

β (se)

9.1 (13.2)

18.4 (8.1)

36.0 (13.6)

p-value

0.493
0.027
0.011

DISCUSSION

EUTs are often performed as less invasive alternatives to SRA for UES. However, their 

therapeutic value has only been scarcely investigated. To our knowledge, this is the largest 

study to compare efficacy, safety and renal outcome for both procedures. We found a 23% 

success rate for EUT (on intention-to-treat based analysis) and 87% success rate for SRA 

of the anastomosis at a median FU of 33 months. These results are in line with efficacy 

reported in previous comparative studies (success-rate EUT 0-50%, SRA 76-93%) and 

confirm a significantly inferior efficacy for EUT2,6,8,9,12-14. Moreover, the short median SFP 

following EUT and the significant eGFR loss in case of re-stenosis indicate the necessity of 

careful FU and swift re-intervention. 

Serious complications (Clavien ≥3b) occurred after 19% of SRAs. This high complication 

rate is not surprising because of the invasive nature of the procedure and likelihood of 

intra-abdominal adhesions due to prior surgery, but it is higher than the reported rate in 

previous studies (7%-13%)6,8,9,13,14. This might be explained by a relatively high number of 

patients with a history of pelvic radiotherapy6. However, small sample sizes and absence of 

baseline patient characteristics in other reports prevent further comparison. We observed 

no serious adverse events following EUT. This suggests that, although less efficient, EUT is 

a safe initial option for UES. Moreover, neither SRA nor EUT efficacy was affected by the 

number of previously failed procedures. 
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However, mean eGFR decreased by 28 ml/min per 1.72m2 from baseline (post-cystectomy) 

to last disease-free FU. Jin et al. have previously investigated renal function loss for 161 

patients with UD19. Median eGFR decrease was 8.5 ml/min for conduit diversions and 

2.0 ml/min per 1.73m2 for neobladders at 10 years FU. Urinary tract obstruction was 

an independent risk factor for renal function deterioration (eGFR decrease >10 ml/min 

per 1.73m2)19. The relatively large eGFR decrease in our cohort confirms this finding. 

Furthermore, it reflects the consequences of poor EUT efficacy, as the number of 

completed EUTs per patient was independently associated with eGFR loss. The threshold 

for significant eGFR decrease was >1 EUT. This indicates that a maximum of one EUT per 

patient could be performed without compromising renal function. However, the actual 

number of EUTs that can be attempted should depend not only on statistical significance, 

but also on what level of renal function is acceptable to jeopardize for each patient.

We did not detect a difference in efficacy between EUTs. The procedure most often 

performed in our cohort was balloon dilation, followed by temporary stenting without prior 

dilation. The largest series of balloon dilations thus far are reported by Schöndorf et al. with 

a similar success rate of 25%6. The therapeutic value of temporary stenting without prior 

balloon dilation or incision can be disputed and has not been described in any previous 

report. Notably, in our cohort, treatment outcomes for temporary stenting were similar 

to balloon dilation. The question arises whether all diagnosed UES were true strictures, 

despite the fact that all were visualized by contrast imaging. We do not advocate the use of 

temporary stenting as a therapeutic measure based on these results. Rather, the similarly 

high re-stricture rate reflects the low efficacy of balloon dilation. Endo-ureterotomy has 

been described in a few reports as a slightly more effective procedure, especially when 

using a holmium:YAG laser (success rates 33%-56%)6,13,20. However, cohort sizes were 

small (3 to 24 patients). In our series, sharp endo-ureterotomy was applied only. Although 

none of the endo-ureterotomy procedures was successful, the numbers in our series were 

too low to draw any conclusions regarding this procedure. 

We did not identify predictive factors for treatment success, apart from a near-significant 

association between a history of pelvic radiotherapy and re-stenosis following EUT. 

Several retrospective studies suggest that a stricture length >1cm reduces the change of 

a successful EUT6,9,14. None had reported how stricture length was measured and whether 

this was done at the time of treatment or retrospectively. We could not investigate 

stricture length as it was documented for too few patients at the time of treatment. Due 

to lack of a scale, retrospective measurement of stricture length is unreliable on contrast 

pyelo-uretergraphy.

Although a predictive role for stricture length seems plausible, prospective studies with 

uniform measurements are warranted to confirm this hypothesis.

Endourological techniques for benign uretero-ileal strictures are ineffective and 
affect renal function

Our study has several limitations. Due to the retrospective nature, a multitude of possible 

procedure-related issues could not be assessed, including surgeon and surgical technique. 

Also, the choice between repeating EUT and SRA was left to the discretion of the urologist. 

We acknowledge that this likely induced a selection bias. The fact that SRAs were more often 

performed after multiple previous interventions indicates that urologists were hesitant 

in performing open surgery. Although this was not associated with treatment outcome 

on multivariable analysis, a higher complexity of UES could have decreased SRA success 

rates. Likewise, EUT might be effective in a small subset of less severe UES. However, no 

definitive criteria to select these UES can be identified based on our results, nor on results 

in previous literature. Non-withstanding the abovementioned  limitations, the low EUT 

efficacy and their negative effect on renal function indicate that a more effective and safe 

therapy for UES is desirable. A maximum of one EUT can be performed per patient without 

significantly affecting renal function. 
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The research presented in this thesis focuses on prognosis and treatment of invasive 

bladder cancer (BC). The concept  “invasive BC” comprises two entities: muscle-invasive 

BC (MIBC) and T1-BC, which invades the lamina propria but not the muscularis propria. 

T1 BLADDER CANCER

Non-muscle-invasive BC (NMIBC) can generally be managed with transurethral resection 

and intravesical instillations. If NMIBC progresses to MIBC, RC is indicated. Several 

prognostic models have been developed for recurrence and progression of urothelial 

NMIBC1,2. The main prognostic factors for progression apart from T-stage are presence of 

carcinoma in situ and WHO grade. These models have two important limitations: 

 1. no consensus exists on which WHO grade classification should be used3,4, and

 2. their prognostic value in T1-BC is low, while T1-BC has the highest progression  

  rates of all NMIBCs5,6. 

In chapter 3 the prognostic values of the WHO1973 grade classification (grade 1-3) and 

of the WHO2004 classification (high-grade vs. low-grade) for T1-BC were compared. The 

WHO1973 classification was prognostic, while the WHO2004 classification was not. The 

lack of prognostic value of WHO2004 was most likely the low number of low-grade T1-

BCs, which was also observed in cohorts reported in previous literature (see chapter 2). 

This indicates that the WHO1973 classification should not be replaced by the WHO2004 

classification. Our conclusion is in line with the European Association of Urology guidelines, 

but contradicts with current recommendations by the American Urological Association3,4. 

In chapter 4 we explored the prognostic value of T1 substage, which is a relatively new 

concept. In search for prognostic criteria several substaging systems for T1-BC have been 

developed. The WHO recommends their use since 2016, although a specific substage 

classification is not defined7. We compared the two most explored substaging methods; 

T1a/b (defined as T1b: muscularis mucosae invasion; and T1a: no invasion) and T1micro/

extensive (defined as a single spot of <0.5mm invasion;T1m or more;T1e). T1m/e substage 

was a significant prognostic factor for progression, and combined with WHO1973 grade 

resulted in two discernible prognostic T1-BC groups: T1mG2 BC and T1eG3 with 5-year 

progression-free proportion of 93% and 61%, respectively (chapter 4). Therefore, T1mG2 

could initially safely be treated with transurethral resection and instillations, while early RC 

might be considered for T1eG3 BC. Of course, this hypothesis should first be confirmed, 

preferably in a prospective trial. Apart from T1 substage and WHO1973 grade, no other 

tumour characteristics were associated with progression. In reports by others, age, 

tumour size and presence of carcinoma in situ were identified as prognosticators8. The 

high progression rate of T1-BC reflects its transition entity from non-muscle-invasive tot 

muscle-invasive BC. The research presented in this thesis and recent reports by others 

Discussion

(chapter 2) reflect the need for tools to determine T1-BC therapy. Future research should 

validate these prognostic factors, and ideally decision models for T1-BC apart from for 

non-muscle-invasive BC in general should be created.  

MUSCLE-INVASIVE BLADDER CANCER: 
SYSTEMIC TREATMENT

For MIBC, standard treatment consists of RC and lymph node dissection following 

neoadjuvant chemotherapy (NAC). Despite a demonstrated survival advantage of 5-8%9-

11, urologists are hesitant in referring BC patients for neoadjuvant chemotherapy. In 

chapter 5, it is demonstrated that although the numbers have improved over the years, 

in the Netherlands only 21% of patients receive chemotherapy prior to RC. Adjuvant 

chemotherapy and perioperative radiotherapy are not generally applied anymore, which 

is according to current guidelines12. Possible reasons for underutilization of NAC include 

toxicity, delay of radical RC and lack of reliable tools to predict response to chemotherapy. 

Currently two cisplatin-based NAC regimens are commonly used: MVAC and gemcitabine/

cisplatin (GC). In practice,-GC is often favoured over MVAC because it was reported as 

less toxic than classic MVAC in palliative regimens13. In 1993 dose-dense MVAC was 

introduced as a 2-weeks-per-cycle regimen with higher dosages than the 4-weeks-per-

cycle classic MVAC. The dose-dense schedule includes administration of a granulocyte 

colony-stimulation factor to reduce the risk of neutropenic fever. The toxicity of dose-dense 

MVAC in our study (chapter 6) was less severe than of classic MVAC and comparable 

to the 3-weeks-per-cycle GC regimen. Response rates for dose-dense MVAC and GC 

were comparable. Our study was limited by cohort and selection biases inherent to its 

retrospective nature, which hinder definitive conclusions regarding the best chemotherapy 

regimen. It does show that the previously demonstrated higher toxicity for classic MVAC, 

in the current dose-dense regimen, is no longer applicable. After chapter 6 was published, 

we collaborated in 2 multi-center studies on neoadjuvant dose-dense MVAC. Results of 

these studies confirm high efficacy, patient tolerability (>90% completed all four cycles), 

and even suggest a higher response rate for dose-dense MVAC than GC in locally advanced 

(cT3-4aN0M0) BC14,15. Given the retrospective nature of these studies, a prospective trial 

is needed to validate these findings.

This thesis also focused on chemotherapy response prediction by means of FDG-PET/

CT imaging and by means of genomic analysis. BC response, and especially a complete 

pathologic response to NAC significantly improves survival16. Meanwhile, chemotherapy 

is inefficient with a non-response rate of approximately 50%16,17. Accurate response 

analysis by identification of reliable predictive factors is therefore desirable and could 
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aid in subsequent treatment decision-making. FDG-PET/CT has a high accuracy for the 

detection of BC lymph node metastasis and distant metastases at primary staging18,19. 

The advantage of FDG-PET/CT over CT alone is the visualization of tumour metabolism 

instead of only morphological characteristics. This improves differentiation between viable 

tumour and necrotic tissue. For the same reason, FDG-PET/CT could be used to determine 

BC response to chemotherapy. Our research group has previously performed a pilot study 

to determine accuracy of FDG-PET/CT response analysis prior to RC. The results were 

promising20. The extended series reported in chapter 7 equally show a high accuracy in 

distinguishing responders from non-responders. In order to adjust BC treatment following 

NAC, accurate prediction of not only down staging, but of a complete pathologic response 

is needed21. Our results indicate that FDG-PET/CT could not be used to accurately identify 

complete pathologic response, especially in lymph node metastases. Although these 

results are preliminary, they suggest that subsequent treatment should not be adjusted 

based on FDG-PET/CT findings. Possible improvements of metabolic response imaging are 

higher PET spatial resolution, and especially more specific tracers. Unfortunately thus far, 

no successful other PET tracers have been developed for BC22,23. 

Results on genomic tumour markers for response prediction in chapter 8 were more 

promising. We found ERBB2 (HER2) missense mutations highly predictive for a complete 

pathologic BC response to chemotherapy in both a discovery and in a validation cohort. 

Biomarkers are booming in predictive cancer research. The discovery of actionable genetic 

alterations combined with the availability of fast and relatively cheap technologies has led 

to widespread use of molecular characterization. Yet, for BC no actionable or predictive 

genetic markers are clinically available. The main problem with markers found in the 

research setting, is their reproducibility. For example, ERCC2 mutationts, which were 

previously found significantly predictive for response by van Allen et al.24, in our cohort 

were not. Possible explanations include the relative low patient numbers in these molecular 

studies, tumour heterogeneity, sequencing errors and false-positive associations as a 

consequence of the huge amount of data generated in small cohorts. Further validation 

is required with larger cohorts, longer follow-up and homogeneous NAC regimens before 

ERBB2 sequencing could be used in clinical practice. 

Recent studies have focussed on basal and luminal molecular subtypes based on gene 

expression analysis. These subtypes are similar to breast cancer profiles already integrated 

in clinical practice25. We have now also collaborated in a multicentre study that suggests that 

patients with basal BCs would benefit most from NAC, while patients with luminal tumours 

have the best survival irrespective of NAC26. Disadvantages of gene expression profiling 

compared to DNA sequencing include higher costs and the need of specific technologies. 

Rapid advancements are made in molecular profiling technologies and new systemic therapies 

(including checkpoint inhibitors and targeted therapies) are being developed25. Ultimately, 

this should result in tailored therapy based on both tumour and patient characteristics.

Discussion

MUSCLE-INVASIVE BLADDER CANCER: 
LOCOREGIONAL THERAPY

RC comprises surgical resection of the bladder, prostate or uterus / anterior vaginal wall / 

ovaries, and PLND. It is associated with high morbidity, a long period for recovery, lasting 

functional impairment and urine diversion. Since 1980, MIBC patient survival has hardly 

improved despite several surgical advancements27. Therefore, survival optimization is now 

often sought in systemic drug therapy instead of more aggressive surgical treatment. In this 

thesis, the studies on loco regional treatment aimed to minimize morbidity and functional 

impairment. 

Radiotherapy for muscle-invasive BC is recommended as a therapeutic option mostly for 

patients who are unfit for RC13. Although modernisation of radiation techniques has resulted 

in improved response rates, radiotherapy for BC is regarded inferior to RC12. The addition 

of panitumumab (an EGFR-inhibitor) as a radiosensitiser follows a range of multimodal 

treatment studies aimed at achieving bladder preservation with non-inferior oncologic 

outcomes to RC. The combination of EGFR inhibition and radiotherapy has previously been 

explored in head and neck cancer, but never before in BC. The other innovative aspect of 

this study was that all patients underwent PLND before radiotherapy and panitumumab. 

This resulted in upstaging to pN+ BC for 21% of patients at the cost of a 23% Clavien 

3a complication rate. Overall, toxicity was non-inferior to the commonly used cisplatin/

radiotherapy combination. Although chapter 9 comprises a small and highly selected 

series, this prospective study indicates that radiotherapy and panitumumab following NAC 

and lymph node dissection has an acceptable toxicity profile. Also, response rates were 

favourable. Ultimately, a phase 3 study is needed to determine oncologic outcomes and 

impact on quality of life. Thus far, only one phase 3 study on multimodal bladder preserving 

therapy versus radiotherapy alone has been performed. Radiotherapy with fluorouracil and 

mitomycin resulted in a superior locoregional control compared to radiotherapy alone28. 

Randomized trials comparing multimodal treatment and RC are lacking. Currently, clinical 

guidelines recommend to offer multimodal treatment as an alternative to well-informed 

patients for whom RC is not an option12. Although the optimal radiosensitiser remains to 

be defined, essential for good outcomes are an adequate functional work-up and thorough 

patient selection.

Prostate sparing cystectomy (PSC) is an option for a selected group of patients who wish to 

preserve sexual function. The second purpose of PSC is to minimize urinary incontinence. 

Although several studies have shown comparable oncologic outcome for PSC and RC, PSC 

is still debated for fear of irradical resection and incidental prostate carcinoma. The two-

centre study in chapter 10 confirms that PSC oncologic outcomes are acceptable, provided 

that extensive work-up including preoperative prostatic urethra biopsies or peroperative 

frozen section analysis is performed. At the Netherlands Cancer Institute (NCI-AVL) 
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standard sextant prostate biopsies were taken, while at the Institut Mutualiste Montsouris 

(IMM) the indication for biopsies depended on serum PSA and transrectal ultrasonography. 

The incidence of prostate cancer was slightly lower after PSC at the NCI-ACL, but the 

incidences are too low to draw conclusions regarding the necessity of standard biopsies. 

Functional results were excellent, although only subjective measures of continence and 

erectile function were registered. Future research should validate the patient’s perception 

of functional advantages by means of quality of life questionnaires. Similarly to bladder-

preserving therapy, patient selection and thorough preoperative evaluation are essential 

for optimal PSC results. Of note, this procedure is restricted to experienced surgeons in 

high-volume centres.

 

The incidence of prostate cancer in patients who undergo RC is 25-50%29, which emphasizes 

the need for prostatic evaluation prior to PSC. In the work-up for both SPC and RC, FDG-

PET/CT is used in many hospitals, including the NCI-AVL. With the use of FDG-PET/CT 

imaging, incidental FDG avid prostate lesions are now frequently found. FDG PET/CT is 

not recommended for prostate cancer diagnostics, but incidental prostatic lesions do face 

the physician with the dilemma whether to examine the prostate more thoroughly prior 

to surgery. In chapter 11 we compared incidental prostate lesions found on FDG PET/

CT with the occurrence of prostate cancer in RC specimens. Both the positive predictive 

value and sensitivity of incidental prostate lesions for prostate cancer was very low. This 

means that if FDG avid lesions were present often no prostate cancer was found, while the 

presence of prostate cancer often did not result in lesions on PET/CT. Hence, FDG PET/CT 

imaging should not influence standard prostatic evaluation before PSC or RC.

 

PLND is a standard component of RC. The main purpose for PLND is lymph node (LN) 

staging. The second purpose, a possible therapeutic resection of LN metastases has never 

been proven. The anatomical extent of PLND has continuously been subject of mostly 

retrospective studies with varying definitions of templates and a high risk of selection bias30. 

Currently, reports of two RCTs (SWOG 1011 [accural complete, pending] and the German 

Lea trial; AUO AB25/02 [accural complete, presented]) are being awaited. Meanwhile, a 

trend has emerged of using lymph node count (LNC) as a surrogate for the extent and quality 

of PLND. LNC is the number of identified LNs in the resected specimens. Data in chapter 

12 show that resection according to one standardized template by the same surgeons can 

result in significant differences in LNC if specimens are analyzed by different pathology 

departments. LNC was not associated with survival if surgeons adhered to the same PLND 

template. This confounder adds up to interpatient LNC variability and the selection bias 

in previous studies that first found LNC to be prognostic31,32. While the clinical value of 

anatomical PLND extent has to be awaited, apart from LNC no other reliable measures for 

PLND quality exist. Our results indicate that if LNC is used, a more standardized histological 

evaluation of RC specimens is mandatory. Furthermore, one should keep in mind that LNC is 

dependent on more factors than surgical thoroughness alone.

Discussion

As previously mentioned, RC has a high morbidity. When a urinary diversion is created, 

the ureters are anastomosed to a bowel segment. Important complications are benign 

strictures of these anastomoses. They can lead to infections and renal deterioration. To avoid 

the classic approach of surgical revision of the anastomoses, endourological techniques 

have been developed to dilate or incise the strictures. In chapter 13, a retrospective 

comparison resulted in a 23% success rate for endourological techniques versus 87% for 

open surgical revision of the anastomosis. Also, the number of performed endourological 

interventions per patient was significantly associated with renal function loss. This is 

especially undesirable in BC patients, as they might be candidates for chemotherapy for 

recurrent disease. Inherent to its retrospective nature, the study was limited by numerous 

procedure-related confounders and a possible selection bias. The results do therefore not 

exclude that the current endourological techniques could be effective in experienced hands 

and a highly selected group of patients. They do indicate that if applied in patients unfit for 

open revision, both physician and patients should be aware of a high stricture recurrence 

rate and that close follow-up is needed for possible renal function loss.

CONCLUSIONS AND CONSIDERATIONS

Like every patient, every tumour is unique. Future advancements in clinical and molecular 

characterisation may lead to improved risk stratification, therapy selection and ultimately 

survival. Meanwhile, multimodal organ-sparing therapies and critical appraisal of 

surgical boundaries should reduce morbidity and functional loss for BC patients. For this 

personalized care, a multidisciplinary approach is essential. 
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SUMMARY

chapter 1 is a general introduction on risk stratification and prognostic and predictive 

factors for bladder cancer.

Part 1: T1 bladder cancer

A review of the literature on substaging and WHO grade classifications in T1 bladder 

cancer (T1-BC) is provided in chapter 2. chapter 2a is a short comment on the largest 

study on T1a/b substage published before of chapter 4. At the time of publication, T1a/b 

substage, based on muscularis mucosae (MM) invasion, was the most explored substage 

classification. An important limitation is that the MM cannot always be identified. Metric 

T1micro/extensive-invasive (T1m/e) substage is based on the diameter of the invasive 

tumour component. This appears to be a more user-friendly substage classification. 

Only few studies have investigated the clinical significance of the currently recommended 

grade classifications for T1-BC: WHO1973 (Grade 1-3) and WHO2004 (low-grade vs 

high-grade). In chapter 3 the prognostic value of these classifications are compared in a 

retrospective cohort of 601 T1-BC patients. On multivariable analysis WHO1973 grade 

3 was associated with a higher risk of progression and with worse cancer-specific survival. 

WHO2004 grade was not prognostic, which was likely the result of too few low-grade 

tumours (8%). These findings indicate that WHO1973 grade should not be replaced by 

the WHO2004 classification, which contradicts with current recommendations by the 

American Urological Association. 

chapter 4 describes the prognostic value of T1a/b substage (defined as T1b:muscularis 

mucosae invasion; and T1a: no invasion) and T1m/e (defined as a single spot of <0.5mm 

invasion;T1m or more;T1e) for the same cohort presented in chapter 3. T1m/e substaging 

was possible for all TUR-slides. T1a/b substage was only possible based on MM invasion for 

78% of the tumours. In a backward regression model, T1e was associated with progression 

and worse cancer-specific survival, while T1a/b was not. Combining metric T1m/e substage 

with WHO1973 grade resulted in three groups: T1mG2, T1eG3 and miscellaneous T1-BC 

(T1mG3 or T1eG2) with 5-year progression rates 93%, 82% and 61%, respectively. These 

results suggest that metric T1m/e substage and WHO1973 grade are helpful tools for 

selecting T1-BC therapy. 

Part 2: Muscle-invasive bladder cancer, systemic therapy

chapter 5 described temporal trends in perioperative treatment for radical cystectomy 

(RC), assessed in a nation-wide population-based study. Usage of chemotherapy prior 

to RC increased gradually from 0.6% in 1995 to 21% in 2013. Younger age, ≥cT3, ≥cN1 

and treatment in academic / teaching hospitals were associated with neoadjuvant 

chemotherapy (NAC) or induction chemotherapy (IC) usage. Perioperative radiotherapy 

Summary

and adjuvant chemotherapy were not generally administered anymore (<1.5% in 2013), 

which is in line with current clinical guidelines.

Possible causes for hesitancy to NAC include toxicity, delay of RC and lack of reliable tools 

to predict response to chemotherapy. In chapter 6 the toxicity and complete response 

rates were compared for classic MVAC (administered before 2001), dose-dense MVAC 

(introduced at the NCI-AVl in 2001) and gemcitabine/cisplatin (GC) prior to cystectomy. 

Dose dense MVAC has a shorter cycle duration than classic MVAC (2 weeks vs 4 weeks) 

and includes standard support by a granulocyte colony-stimulation factor to reduce the 

risk of neutropenia. BC complete pathologic response (ypT0N0) following dose dense 

MVAC was 29%, which was similar to classic MVAC en GC. Grade 3-4 toxicity occurred 

in 32% of patients treated with dose dense MVAC. This was similar to GC toxicity, but 

significantly less than classic MVAC toxicity (44%). These results show that tolerability 

has improved since the introduction of dose-dense MVAC. A prospective trial is needed to 

directly compare efficacy and toxicity of dose dense MVAC with GC. 

chapter 7 and 8 were focused on response evaluation and prediction of BC to NAC/IC. 

Our research group had performed a pilot study to explore FDG-PET/CT response analysis 

prior to RC. The results were promising. chapter 7 reports on the accuracy of pathologic 

response identification by means of FDG-PET/CT in an extended series. Responders could 

be differentiated from non-responders with positive predictive value (PPV) 92% and 

negative predictive value (NPV) 75%. Identification of a complete pathologic response was 

less accurate, especially for lymph node metastases (PPV 70%, NPV 43%). Based on these 

findings, FDG-PET/CT might be of use in response monitoring, but treatment following 

NAC/IC should not be adjusted based on FDG-PET/CT results. 

chapter 8 focused on genetic alterations. Next-generation sequencing of 178 cancer-

associated genes was performed in a discovery cohort of complete responders (ypT0N0) 

and non-responders. Exclusively present in pre-NAC tissue of complete responders 

were ERBB2 missense mutations. Targeted sequencing on ERBB2 was next performed 

in a validation cohort. ERBB2 mutations were found in 9/38 complete responders and in 

none of the 33 non-responders (p=0.003). Most of these mutations have previously been 

identified as activating mutations by others. If validated in larger cohorts, ERBB2 mutations 

could ultimately be used to select patients for NAC.

Part 3: Muscle-invasive bladder cancer, locoregional therapy

Research locoregional treatment focussed on minimizing morbidity and functional 

impairment. In chapter 9, concurrent radiotherapy and panitumumab (RT/P) following NAC 

or IC and a pelvic lymph node dissection was explored as a bladder persevering therapy for 

invasive BC. In a selected group of 31 patients, 5 (16%, 95%CI  0-31%) patients had grade 

3-4 toxicity, which was non-inferior to concurrent radiotherapy/cisplatin (a commonly 
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used combination). Complete remission following RT/P was achieved in 94%, and at 34 

months follow-up 10% underwent salvage cystectomy. Thus, RT/P had an acceptable 

toxicity profile and promising complete remission rates. The results of this prospective trial 

warrant further study.

chapter 10 describes the oncologic and functional results of prostate-sparing cystectomy 

(PSC) in two high-volume hospitals. PSC is a sexuality-preserving alternative to RC in a 

selected group of BC patients. With a 5-year OS of 71% and two recurrences in the PU, 

oncologic outcomes were similar to RC. During follow-up, 3.2% of patients developed 

prostate cancer. The good functional outcomes demonstrated in previous studies were 

confirmed. Future studies should focus on quality of life following PSC.

chapter 11 was aimed to establish the clinical relevance of incidental FDG-avid prostate 

lesions on FDG-PET/CT. The incidence of incidental prostate FDG uptake among 108 

male patients who underwent RC was 40%. Comparison with histological results as a gold 

standard resulted in both a low sensitivity (52%) and a low positive predictive value (30%) 

of FDG-PET/CT prostate lesions for the detection of prostate cancer. Therefore, incidental 

prostate FDG uptake on PET/CT should not affect standard work-up for PSC or RC. 

In chapter 12 the clinical value of lymph node count (LNC; the number of identified lymph 

nodes in PLND specimens) was explored. LNC is often used as a proxy of PLND anatomical 

extent and quality. Despite adherence to the same anatomical template resulted in different 

LNCs between surgeons and pathology departments. LNC itself en differences in LNCs 

between surgeons were not associated with survival. These findings confirm that LNC is 

prone to many confounding factors and question it’s prognostic value

chapter 13 focused on the treatment of benign strictures of the uretero-ileal anastomosis 

following RC. Only 23% of endourological interventions (balloon dilation, temporary 

stenting or incision of the anastomosis) were succesful vs. 87% of open revisions of the 

anastomosis. Median time to stricture recurrence following endourological interventions 

was 5 months. Moreover, the number of endourological interventions as associated with 

a significant renal function loss. These results show that, if endourological techniques are 

applied in patients unfit for open revision of the anastomosis, a close follow-up is indicated 

for recurrence and possible renal function loss is indicated. 

chapter 14 is a discussion of the results presented in this thesis. 

Summary
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SAMENVATTING

Hoofstuk 1 is een algemene introductie van risico-inschatting en prognostische factoren 

bij blaaskanker.

Deel 1: T1 blaaskanker

Hoofstuk 2 is een literatuurstudie naar substadiëring en WHO graderingsclassificatie in 

T1 blaaskanker. Hoofdstuk 2a is een korte evaluatie van de grootste studie naar T1a/b 

substadiëring, gepubliceerd voordat hoofdstuk 4 was geschreven. Op dat moment was 

T1a/b substadiëring, gebaseerd op aan- of afwezigheid van muscularis mucosae (MM) 

invasie de meest onderzochte substadiëringsclassificatie. Een belangrijke tekortkoming 

van deze classificatie is dat de MM niet altijd geïdentificeerd kan worden in de gereseceerde 

weefsels. Metrische substadiëring (T1micro/extensief-invasief; T1m/e) is gebaseerd op de 

diameter van het invasieve tumorcomponent. Dit lijkt een meer gebruikersvriendelijke 

classificatie.

Twee graderingssystemen kunnen worden toegepast bij blaaskanker: de WHO1973  (graad 

1-3) en de WHO2004 (laaggradig vs. hooggradig) classificatie. Hun prognostische waarde 

in T1 blaaskanker is weinig onderzocht. In hoofdstuk 3 wordt de prognostische waarde 

van beide vergeleken in een retrospectieve studie met 601 T1 blaaskanker patiënten. Bij 

multivariabele analyse was WHO1973 graad 3 geassocieerd met progressie en hogere 

kanker-gerelateerde mortaliteit. WHO2004 gradering was niet prognostisch. Dit is 

waarschijnlijk het gevolg een te klein aantal laaggradige tumoren (8%) voor prognostische 

differentiatie. Deze resultaten spreken de voorkeur van de American Urological Association 

voor de WHO2004 gradering boven de WHO1973 gradering tegen.

Hoofdstuk 4 toont de prognostische waarde van T1a/b (gedefinieerd als T1b:muscularis 

mucosae invasie; en T1a: geen invasie) and T1m/e (gedefinieerd als één locatie met <0.5mm 

invasie;T1m of meer;T1e) vs. T1m/e substadiëring in dezelfde populatie welke beschreven is 

in hoofdstuk 3. T1m/e substadiëring was mogelijk voor alle T1 blaastumoren, terwijl T1a/b 

substadium in slechts 78% van de gevallen daadwerkelijk gebaseerd was op MM invasie. 

In een stapsgewijs regressiemodel bleek metrische T1e geassocieerd met progressie en 

een hogere kanker-specifieke mortaliteit. T1a/b substadiëring had prognostisch geen 

toegevoegde waarde. Een combinatie van T1m/e en WHO1973 gradering resulteerde in 

drie groepen: T1mG2, T1G3 en een gemengde groep (T1mG3 of T1eG2) met na 5 jaar 

respectievelijk 93%, 82% en 61% progressie. T1m/e substadiëring en WHO1973 gradering 

lijken dus nuttige hulpmiddelen bij het bepalen van de behandeling van T1 blaaskanker.

Deel 2: Spierinvasieve blaaskanker, systemische behandeling 

Hoofdstuk 5 beschrijft de toepassing van perioperatieve behandeling bij radicale 

cystectomie (RC) over de jaren heen in Nederland. In 1995 kreeg 0.6% van de patiënten 
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chemotherapie voor RC. In 2013 was dit toegenomen tot 21%. Met name jonge patiënten, 

behandeld in academische of opleidingsziekenhuizen en met ≥cT3, ≥cN1 blaaskanker 

kregen neoadjuvante (NAC) of inductie chemotherapie (IC). Perioperatieve radiotherapie 

en en adjuvante chemotherapie worden nagenoeg niet meer toegepast (<1.5% in 2013), 

zoals aangeraden in klinische richtlijnen.

Mogelijke bezwaren tegen NAC zijn onder andere toxiciteit, uitstel tot RC en onvermogen 

om de respons op NAC te voorspellen. In hoofdstuk 6 worden de toxiciteit en pathologische 

respons vergeleken van klassieke MVAC (toegediend voor 2001), dose-dense MVAC 

(geïntroduceerd in het Antoni van Leeuwenhoek in 2001) en gemcitabine/cisplatin (GC) 

NAC/IC. Dose-dense MVAC wordt toegediend cycli van 2 weken, in plaats van 4 weken 

zoals klassieke MVAC. De hogere doseringen zijn mogelijk dankzij de toediening van een 

granulocyten stimulator om neutropenie te voorkomen. Dose-dense MVAC resulteerde 

in een complete pathologische respons (ypT0N0) bij 29% van de patiënten en klassieke 

MVAC en GC in soortgelijke percentages. Dose-dense MVAC werd gecompliceerd door 

graad 3-4 toxiciteit bij 32% van de patiënten. Dit was niet significant verschillend van 

GC, maar wel lager dan klassieke MVAC (44%). Tegenwoordig wordt dose-dense MVAC 

dus beter verdragen dan vroeger klassieke MVAC. Een prospectieve studie is nodig om 

effectiviteit en toxiciteit tussen dose-dense MVAC en GC te vergelijken.

Hoofdstuk 7 en 8 gaan in op de evaluatie en voorspelling van respons op NAC of IC. In 

het Antoni van Leeuwenhoek is een pilot studie verricht naar responsevaluatie met 

FDG-PET/CT. De resultaten hiervan waren veelbelovend. Hoofdstuk 7 beschrijft de 

voorspellende waarde van FDG-PET/CT voor pathologische respons in een uitgebreidere 

groep patiënten. De positief voorspellende waarde (PPV) voor het onderscheid tussen 

responders en non-responders was 92% en de negatief voorspellende waarde (NPV) 75%. 

De voorspellende waarde voor een complete pathologische respons was echter lager (PPV 

70%, NPV 43%). FDG-PET/CT zou nuttig kunnen zijn voor het monitoren van respons 

gedurende chemotherapie, maar niet voor het bepalen van de consoliderende behandeling 

na NAC of IC.

Het onderzoek in hoofdstuk 8 was gericht op het voorspellen van respons met genetische 

tumormarkers. Met next-generation sequencing werd gekeken naar 178 genen in een set 

van tumoren met een complete pathologische respons (ypT0N0) en non-responders op 

NAC. Pre-NAC weefsels toonden ERBB2 missense mutaties, terwijl deze niet aanwezig 

waren bij non-responders. Gerichte sequencing op ERBB2 in een validatie cohort 

resulteerde uiteindelijk in ERBB2 mutaties bij 9/38 tumoren met een complete respons 

en 0/33 non-responders (p=0.003). ERBB2 mutatie-analyse zou dus uiteindelijk kunnen 

bijdragen aan patiëntselectie voor NAC. 
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Deel 3: Spier-invasieve blaaskanker, locoregionale behandeling

Het onderzoek naar locoregionale behandeling was gericht op het minimaliseren van 

morbiditeit en functionele handicaps. 

In hoofdstuk 9 werd de combinatie van radiotherapie en panitumumab (RT/P) na NAC/

IC en een pelviene lymfeklierdissectie (PLND) onderzocht als een blaassparende therapie 

in een geselecteerde groep van 31 patiënten met invasieve blaaskanker. Graad 3-4 

toxiciteit trad op bij 16% (95%CI 0-31%) van de patiënten. Dit was niet inferieur aan een 

veelgebruikte combinatie van radiotherapie en cisplatin. RT/P resulteerde in een complete 

remissie bij 94% van de patiënten. Uiteindelijk onderging 10% een cystectomie ivm een 

recidief bij een mediane follow-up van 34 maanden. Wij oordeelden deze toxiciteit als 

acceptabel en de remissie-resultaten als voldoende reden voor verder onderzoek.

Hoofdstuk 10 toont de oncologische en functionele resultaten van prostaat-sparende 

cystectomieën (PSC) uitgevoerd in twee hoogvolume centra. PSC is een alternatief voor 

RC, gericht op het behoud van seksualiteit en continentie. Oncologische resultaten waren 

vergelijkbaar met die van RC met onder andere een 5-jaars overleving van 71% en in 

totaal 2 recidieven in urethra prostatica. Gedurende follow-up ontwikkelden 3.2% van de 

patiënten prostaatkanker. De functionele uitkomsten waren goed, conform in voorgaande 

literatuur. Een interessant onderwerp voor toekomstig onderzoek is kwaliteit van leven na 

PSC. 

Bij FDG-PET/CT scans, verricht ter stadiering van blaastumoren, worden geregeld 

incidentele FDG-positieve afwijkingen van de prostaat gezien. In hoofdstuk 11 

onderzochten we de klinische relevantie van deze laesies. De incidentie van FDG opname 

door de prostaat was 40% in een populatie van 108 mannelijke blaaskankerpatienten. De 

voorspellende waarde voor prostaatkanker bleek na histologisch onderzoek van de RC 

weefsels matig met een sensitiviteit van 52% en PPV 30%. Bij de standaard work-up voor 

PSC of RC moet men dus niet koersen op Incidentele prostaatafwijkingen op FDG-PET/CT. 

Hoofdstuk 12 beschrijft een onderzoek naar de klinische waarde van lymfeklieraantallen 

in pathologieverslagen van RC weefsels. Deze aantallen worden vaak gebruikt als 

maat voor de kwaliteit en uitgebreidheid van een PLND. Analyse door verschillende 

pathologie-afdelingen en resectie door verschillende urologen resulteerde in verschillende 

lymfeklieraantallen, ondanks resectie volgens een standaard template. Het aantal 

lymfeklieren had geen significante relatie met overleving. Deze resultaten bevestigen de 

onbetrouwbaarheid van het aantal lymfeklieren als maat voor de kwaliteit van PLND en 

brengen de prognostische waarde hiervan in twijfel. 

Hoofdstuk 13 was gericht op de behandeling van benigne stricturen op de uretero-ileale 
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anastomosen na RC. Endourologische technieken voor deze stricturen als alternatief voor 

open revisie, resulteerden in slechts 23% van de gevallen in blijvende doorgankelijkheid. 

De mediane tijd tot recidief stricturen was 5 maanden. Het aantal endourologische 

behandelingen was geassocieerd met significant afname van de nierfunctie. Open revisie 

was in 87% van de gevallen succesvol. Wanneer endourologische technieken worden 

toegepast om open revisie te voorkomen, moet er rekening worden gehouden het een hoog 

recidiefrisico. Intensieve follow-up is geïndiceerd om schade aan de nieren te voorkomen. 

Hoofdstuk 14 is een discussie van de studies beschreven in dit proefschrift. 
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AC Adjuvant chemotherapy

ACCI Age-adjusted Charlson Comorbidity Index

AR Adjuvant radiotherapy

ASA American Society of Anesthesiologists

AUA American Urological Association

AUC Area under the curve

BC Bladder cancer

BCG Bacille Calmette-Guérin

CBCC Cisplatin-based combination chemotherapy

CECT Contrast enhanced computed tomography

CIC Clean intermittent catheterization

CIS Carcinoma in situ

CR Complete remission

CSS/CSM Cancer-specific survival / Cancer-specific mortality

CT Computed Tomography

CUETO Club Urológico Español de Tratamiento Oncológico

DCE MRI dynamic contrast-enhanced MRI

DFS Disease-free survival

dd-MVAC Dose-dense MVAC

EAU European Association of Urology

EGFR Epidermal growth factor receptor

EORTC European Organisation for Research and 

 Treatment of Cancer

ERBBB2 erb-b2 receptor tyrokinase 2

ERCC2 Excision repair cross-complementing rodent repair 

 deficiency, complementation group 2

EUT Endo-urological techniques

FDG-PET 18F-2-fluoro-2-deoxy-D-glucose positron 

 emission tomography

FU Follow-up

GC Gemcitabine/cisplatin

G-CSF Granulocyte colony-stimulation factor

HG High-grade papillary urothelial carcinoma

HR Hazard ratio

IC Induction chemotherapy

IHC immunohistochemistry

IMM Institut Mutualiste Montsouris

IPU Incidental prostatic FDG uptake

List of abbreviations
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IQR Interquartile range

LG Low-grade papillary urothelial carcinoma

LMP Urothelial neoplasm of low malignant potential

LN Lymph node

LNC lymph node count

LP Lamina propria

LVI Lymphovascular invasion

mCR Metabolic complete response

MIBC Muscle-invasive bladder cancer

MM muscularis mucosae

MP Muscularis propria

MRI Magnetic resonance imaging

MVAC Methotrexate, vinblastine, doxorubicin and cisplatin

NAC Neoadjuvant chemotherapy

NAR Neoadjuvant radiotherapy

NCI-AVL The Netherlands Cancer Institute – Antoni van Leeuwenhoek

NCR Netherlands Cancer Registry

NMIBC Non-muscle-invasive bladder cancer

NPV Negative predictive value

OR Odds ratio

OS Overal survival

pCR Pathologic complete response

PCa Prostate cancer

PD Progressive disease

pPR Pathologic partial response

PPV Positive predictive value

PLND Pelvic lymph node dissection

PSC prostate-sparing cystectomy

PT Perioperative treatment

PSA Prostate specific antigen

PU Prostatic urethra

RC Radical cystectomy

RFS Recurrence-free survival

ROC-curves Receiver operating characteristic curves

RT/P Radiotherapy and concomitant panitumumab

SRA Surgical revision of the anastomosis

SUVmax Maximum standardized uptake value

SUVr Maximum standardized uptake ratio

TCGA The Cancer Genomic Atlas

T1m T1 microinvasive
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T1e T1 extensive-invasive

TUR Trans-urethral resection

TURP Transurethral resection of prostatic tissue

UES Uretero-ileal strictures

VOI Volume of interest

WHO World Health Organisation

95%CI 95% Confidence interval
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onuitgesproken, maar standaard vinger aan de pols als broer en als pater familias. Je 
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