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Abstract

Keywords

Objective: To study the resected volume (RV) and the resected tumour volume (RTV) in the microscopic examination of the TUR specimen in relation to tumour size, clinical
variables and outcome.

Urinary bladder cancer, Resection volume, Resected tumour volume, Tumour size, TUR quality

Materials and methods: This prospectively performed
population-based study included all patients in the Southeast Healthcare Region in Sweden with T1 UBC registered
in the period 1992-2001, inclusive. RV, RTV and important
clinic-pathological variables were studied. All patients had
T1 tumours including detrusor muscle at the histopathological examination. Median values for RV and RTV were
cut-off points for dichotomisation and 3 cm was the cut-off
point for tumour size measured at TUR. Recurrence and
progression were analysed using Kaplan-Meier curves with
Log-rank test and Cox Proportional Hazards analysis.

UBC: Urinary Bladder Cancer; TUR: Transurethral Resection of Urinary Bladder Cancer; NMIBC: Non-Muscle Invasive Bladder Cancer; SLR: Planned Early Second-Look
Resection; LVI: Lympho-Vascular Invasion; RV: Resection
Volume; RTV: Resected Tumour Volume; IVIT: Intravesical
Instillation Therapy; BCG: Bacillus Calmette-Guerin; IQR:
Interquartile Range; MM: Muscularis Mucosae

Results: Out of 211 patients we observed low RV in 112
(53%), low RTV in 113 (54%) and tumour size > 3 cm in
109 (52%). Patients with tumour size > 3 cm and low RV
had shorter time to recurrence and progression compared
to those with high RV (p = 0.006 and p = 0.087, respectively) and this was also the case when comparing patients
with low RTV versus high RTV (p < 0.001 and p = 0.017,
respectively).
Conclusions: Patients with tumours > 3 cm and low RV
or low RTV at TUR for T1 UBC are at higher risk for recurrence or progression, indicating an insufficient TUR. Extensive SLR is particularly important for these patients. RV and
RTV might also be used as markers to monitor the quality of
the TUR to improve treatment outcome.

Abbreviations

Introduction
In the treatment of primary urinary bladder carcinoma (UBC), transurethral resection of the bladder
(TUR) is performed to establish a diagnosis and obtain information regarding tumour grade and stage. In
non-muscle invasive bladder cancer (NMIBC), complete
eradication is recommended by a fractionated resection in which the tumour is removed in one portion,
and a second fraction comprising the edges of the resection area together with underlying detrusor muscle
is obtained and sent separately to the pathologist [1].
Even if all visible tumour tissue has been removed, a
high rate of residual tumour has been found in the case
of a planned early second-look resection (SLR) after a
radical TUR [2].
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Therefore, SLR after 4-6 weeks has been recommended to detect any residual tumour and/or deeper
infiltrating tumour [1-3]. Both randomised trials and
population-based data have confirmed the beneficial
effect of SLR on recurrence, progression and death from
bladder cancer [4-6]. Recently, however, a large retrospective study found no effect of SLR on recurrence,
progression or death from bladder cancer if detrusor
muscle was present at the primary resection [7].
Residual marginal tumours might be an indication
of the quality of the TUR. Tumours might be found in
normal looking mucosa adjacent to the resected tumour bed as demonstrated by Richerstetter, et al. [8]
and Jancke, et al. [9]. The former found 29% tumour in
the margin of the tumour bed in randomised biopsies
after a complete tumour resection. Jancke, et al. found
26% marginal tumours in systematically resected margins around the tumour bed, and in those cases the recurrence rate was 83% compared to 57% if tumour-free
marginal resection was present.
We previously studied a population-based series
of all patients with T1 tumours of the urinary bladder
prospectively registered in the Southeast Healthcare
Region of Sweden [10]. In that study we found that
tumour size and tumour multiplicity were associated
with recurrence, and lympho-vascular invasion (LVI)
was associated with progression, while other studied
variables including resected volume (RV), resected tumour volume (RTV) were not associated with outcome
[10]. However, in that analysis we did not study RV
and RTV in relation to tumour size, although this might
be an important factor for a radical TUR and thereby
have a considerable impact on the outcome of treatment. We used this old material for another analysis
as long term follow-up was available and no intra-vesical treatment was given prior to tumour recurrence,
in contrast to current practice according to guidelines
[1].
The aim of the present study was to further investigate RV and RTV and the tumour size in relation to other
studied variables and outcome.

Materials and Method
The regional registration of UBC
All patients with newly detected UBC in the Southeast Healthcare Region in Sweden were prospectively
registered in a regional register from 1992 and onwards. From this cohort we selected all patients with
the T1-category registered from 1992 to 2001, inclusive, for the present study. The registration in the
Southeast Health Care Region entailed reporting the
exact tumour location in the bladder by means of a
drawing of the bladder indicating the exact tumour location in addition to an exact description of the tumour
location in the surgical report. Similarly, there was an
exact determination of tumour size using the sling of
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the TUR instrument measuring 7 mm as a reference,
and an exact determination of the number of tumours.
In the present study, we used the dichotomization of
tumour size in those ≤ 3 cm and those > 3 cm as this is
commonly used in urologic reports [1-5].
The registration also entailed a standardised management, including TUR and a standardised follow-up
schedule with cystoscopy every three months during
the first two years and later every six months up to five
years, and yearly thereafter up to a minimum of 10
years. SLR was not done routinely but was occasionally performed in some patients. Recurrence was treated
with TUR followed by intravesical instillation treatment
(IVIT) using Bacillus Calmette-Guerin (BCG) or occasionally mitomycin C. Progression was, if possible, treated
with cystectomy or radiotherapy with curative intent.
Hospital records from all patients were retrospectively reviewed from the date of diagnosis until 2010 for
tumour location, tumour size, and number of tumours,
details of treatment, recurrence, progression and cause
of death. Before a recurrence verified by histopathology, no patient had IVIT, primary cystectomy or primary
radiotherapy. The study was approved by the Regional
Ethical Committee at the University Hospital, Linköping
(Reference number 03-503).

Microscopy
The specimens from the initial TUR were reviewed
by a dedicated uro-pathologist (HO) and led to the exclusion of misclassified patients, including Ta tumours,
as shown in Figure 1 (consort diagram). T1 sub-classification [11], WHO 99 tumour grade classification [12],
LVI, concomitant carcinoma in situ, RV and RTV were
evaluated by light microscopy.
The criteria for measuring RV and RTV were based
on the knowledge that the cassette used for embedding
histological material had a capacity of 5 ml. From this,
we estimated the total resection volume and the proportion of tumour tissue in the total area of the stained
sections. Using this method, we found a median RV of 6
ml with interquartile range (IQR) 4-15 ml, and a median
RTV of 3 ml, IQR 2-10 ml. We divided the study population into equal-sized groups with respect to RV ≤ 6 ml
and > 6 ml, respectively and with respect to RTV ≤ 3 ml
and > 3 ml, respectively.
The result of a light microscopic investigation depends largely on the knowledge and experience of the
examiner. As an internal quality control, 20 of the 285
initially identified cases were re-screened a second
time (> 12 months after the first re-evaluation) by the
same assessor, who was blinded to the initial results.
This control assessment showed 100% agreement regarding T category, WHO grade, T1 sub-classification,
possible presence of LVI, RV and RTV.

Definitions
RV was defined as the total resected volume in all
• Page 2 of 10 •
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All registered T1 19922001 (n = 285)
Excluded from all analysis
-original slides and blocks missing (n = 7)
-tumour reclassified as Ta or T2 (n = 52)
-hospital records incomplete (n = 15)
Excluded from analysis of recurrence and progression
-patients with LVI

Included (n = 211)
Figure 1: CONSORT diagram of patients included in the study.

the cassettes filled with the embedded resection material given each cassette having a volume of 5 ml. RTV
was defined as RV multiplied by the proportion of tumour tissue in the total area of the stained sections.
LVI was defined as tumour cells within or attached
to the wall of a vascular space. LVI was only assessed
on the original hematoxylin-eosin-stained histological
slides, and three different groups were discerned: LVI
present, LVI suspected, and LVI not present.
The T1 sub-classification was defined according to
the level of tumour infiltration, as follows: the deepest
infiltration (T1c) beyond muscularis mucosae (MM); the
intermediate level (T1b) close to MM or into MM; and
the most superficial infiltration (T1a) immediately beneath the basal membrane [11].
Recurrence was defined as a tumour in the bladder at control cystoscopy verified by histopathological
examination. A tumour detected at SLR was also considered to be a recurrence. Progression was defined
as recurrence with infiltration to T2 or further, regional lymph node involvement, distant metastasis, death
from bladder cancer or combination of these.

Statistics
We analysed the investigated variables in relation
to tumour size comparing groups of patients using
the chi squared test or logistic regression analysis and
p-values < 0.05 were considered to be statistically significant. Kaplan-Meier curves were used to study time
to recurrence and time to progression, and in these
analyses, we excluded 16 patients with LVI prone to
recurrence and progression for other reasons than
the quality of the TUR. A Logrank test was used to
Jahnson and Olsson. Int J Cancer Clin Res 2019, 6:123

compare groups of patients and p-values < 0.05 were
considered to be statistically significant. We used Cox
Proportional Hazards Analysis to study the impact of
variables on recurrence and progression, and Logistic
regression analysis to study RV and RTV in relation to
other variables. P-values < 0.05 were considered to be
statistically significant. Analyses were performed using
SPSS software version 24.0.

Results
There were 211 patients of whom 175 (73%) were
men and 36 (27%) women with a median age of 73
years, (IQR 67-80 years). Details of patients and tumour characteristics are shown in Table 1. Recurrence
was observed in 80% of the patients and progression
in 38% while 32% died from bladder cancer within the
observation time (Table 1). Due to progression, subsequent cystectomy was performed in 14% of the patients with tumour size > 3 cm and in 10% of the patients with tumour size ≤ 3 cm and the corresponding
figures for subsequent radiotherapy was 15% and 10%,
respectively (Table 1).
In a logistic regression analysis, low RTV in the
group of patients with tumour size > 3 cm was associated with T1b sub-classification (p = 0.03) in the univariate but not in the multivariate analysis. Otherwise,
there was no association between tumour grade, T1
sub-classification, tumour multiplicity or IVIT with RTV
(Table 2). Similar results were observed in another
analysis with RV as the dependent variable (data not
shown). No such differences were found for patients
with tumours ≤ 3 cm (data not shown).
Using Kaplan-Meier curve with Logrank test, we
found that in patients with tumour size > 3 cm, those
• Page 3 of 10 •
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Table 1: Studied variables and outcome in relation to tumour
size in T1 G2-G3 UBC. Figures indicate number of patients (%
of the row).
Variables

Tumour size

All
patients

≤ 3 cm

p-value

> 3 cm

(n = 102) (n = 109) (n = 211)

-no

80 (78)

80 (73)

160 (76)

-yes

22 (22)

29 (27)

51 (24)

-no

92 (90)

94 (86)

186 (88) ND

-yes

10 (10)

15 (14)

25 (12)

-no

92 (86)

93 (85)

185 (88) ND

-yes

10 (10)

16 (15)

26 (12)

- ≤ 6 ml

80 (78)

32 (29)

112 (53)

- > 6 ml

22 (22)

77 (71)

99 (47)

- ≤ 3 ml

79 (77)

34 (31)

113 (54)

- > 3 ml

23 (23)

75 (69)

98 (46)

- ≤ 0.66

60 (59)

46 (42)

106 (50)

- > 0.66

42 (41)

63 (58)

105 (50) 0.016

-No

25 (25)

17 (16)

42 (20)

-Yes

77 (76)

92 (84)

169 (80) 0.1

-no

66 (65)

63 (58)

129 (61)

-yes

36 (35)

46 (42)

82 (39)

-no

73 (72)

70 (64)

143 (68)

-yes

29 (28)

39 (36)

68 (32)

0.39

Subsequent
cystectomy

Subsequent
radiotherapy

Age
≤ 74 years

54 (53)

49 (45)

103 (49)

> 74 years

48 (47)

60 (55)

108 (51) 0.25

Gender
-male

89 (87)

86 (79)

175 (83) 0.11

-female

13 (13)

23 (21)

36 (17)

-grade 2

19 (19)

17 (16)

36 (16)

-grade 3

83 (81)

92 (84)

175 (83) 0.56

RV

WHO 99

< 0.001

RTV

T1 subclassification

< 0.001

RRTV

-T1a

40 (39)

35 (32)

75 (36)

-T1b

37 (36)

44 (40)

81 (38)

-T1c

25 (25)

30 (28)

55 (26)

-no

71 (70)

79 (73)

150 (71)

-suspicious

23 (23)

22 (20)

45 (21)

-yes

8 (8)

8 (7)

16 (8)

-no

75 (74)

71 (65)

146 (69)

-yes

27 (27)

38 (35)

65 (31)

Recurrence

0.56

Vascular invasion

Progression
0.89

Multiplicity

0.3

Death from
bladder cancer

0.18

IVIT

0.25

Table 2: Logistic regression analysis of RTV (low vs. high) as the dependent variable in relation to other variables in patients with
tumour size > 3 cm in T1 UBC.
Variable

Univariate OR (95% CI)

p-value

Multivariate OR (95% CI)

p-value

WHO99
-grade 2

1.0

-grade 3

0.58(0.17-1.95)

1.0
0.38

0.6090.28-1.27)

0.18

T1 sub-classification
-T1a

1.0

-T1b

0.32(0.11-0.90)

0.03

1.0
0.57(0.30-1.09)

0.09

-T1c

0.53(0.16-1.73)

0.29

1.22(0.59-2.53)

0.58

0.26

0.81(0.29-1.49)

Multiplicity
-yes

1.0

-no

0.61(0.26-1.43)

1.0
0.51

IVIT
-no

1.0

-yes

1.88(0.67-5.24)

1.0
0.23

with low RV or low RTV had shorter time to recurrence
compared to patients with high RV or high RTV (p =
0.006 and p < 0.001, respectively). In patients with tumour size ≤ 3 cm, those with low and high RV and RTV,
respectively, had similar recurrence rate although reJahnson and Olsson. Int J Cancer Clin Res 2019, 6:123

1.06(0.83-3.08)

0.16

currences were observed later in the groups with low
RV and low RTV compared to those with high RV and
high RTV, respectively (Figure 2 and Figure 3). We also
found that in patients with tumour size > 3 cm those
with low RV or low RTV had shorter time to progres• Page 4 of 10 •
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Figure 2: a,b) Time to recurrence in patients with T1 G2-G3 UBC according to tumour size and RV. Above, tumour size ≤ 3
cm (p = 0.23) and below, tumour size > 3 cm (p = 0.006).
Table 3: Cox proportional hazards analysis of time to recurrence in patients with tumour size > 3 cm in T1 UBC.
Variable

Univariate HR (95% CI)

p-value

Multivariate HR (95% CI)

p-value

Tumourgrade
-grade 2

1.0

-grade 3

1.05(0.59-1.86)

1.0
0.88

0.91(0.50-1.62)

0.75

T1 sub-classification
-T1a

1.0

-T1b

1.24(0.76-2.02)

0.34

1.13(0.69-1.88)

1.0
0.64

-T1c

1.09(0.62-1.94)

0.46

1.18(0.66-2.11)

0.58

0.033

1.49(0.93-2.38)

Multiplicity
-no

1.0

-yes

1.63(1.04-2.59)

1.0
0.09

RTV
≤ 3 ml

1.0

> 3 ml

0.45(0.28-0.7)

Jahnson and Olsson. Int J Cancer Clin Res 2019, 6:123

1.0
0.001

0.48(0.30-0.76)

0.002
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Figure 3: a,b) Time to recurrence in patients with T1 G2-G3 UBC according to tumour size and RTV. Above, tumour size ≤
3 cm (p = 0.16) and below, tumour size > 3 cm (p < 0.001).
Table 4: Cox proportional hazards analysis of time to progression in patients with tumour size > 3 cm in T1 UBC.
Variable

Univariate HR (95% CI)

p-value

Multivariate HR (95% CI)

0.12

1.49(0.52-4.38)

p-value

Tumourgrade
-grade 2

1.0

-grade 3

2.26(0.80-6.34)

1
0.46

T1 sub-classification
-T1a

1

1

-T1b

1.47(0.67-3.20)

0.34

1.59(0.72-3.53)

0.36

-T1c

2.26(1.00-5.09)

0.05

2.39(1.04-5.51)

0.04

IVIT
-no

1

-yes

0.24(0.09-0.68)

1
0.007

0.23(0.08-0.66)

0.006

RTV
≤ 3 ml

1

> 3 ml

0.48(0.26-0.90)

1
0.021

sion compared to patients with high RV or high RTV (p
= 0.087 and p = 0.017, respectively), while no such difJahnson and Olsson. Int J Cancer Clin Res 2019, 6:123

0.61(0.33-1.15)

0.13

ferences were found in patients with tumour size ≤ 3
cm (Figure 4 and Figure 5). This seems to indicate that
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resections were more incomplete in a subgroup of patients, namely those with tumours larger than 3 cm and
low RV or low RTV or both.
Also, in patients not having IVIT, the group with tumour size > 3 cm and low RTV had shorter time to progression compared with those with high RTV, although
without significant differences between groups (p =
0.09, data not shown).
In a Cox Proportional Hazards analysis, tumour recurrence was associated with low RTV in the group
of patients with tumour size > 3 cm in univariate and
multivariate analysis while multiplicity was associated
with recurrence only in the univariate analysis (Table 3).
Similar results were observed for RV in another analysis (data not shown). No such differences were found
for patients with tumours ≤ 3 cm (data not shown). In
another Cox Proportional Hazards analysis, tumour
progression was associated with low RTV in the group
of patients with tumour size > 3 cm in the univariate

ISSN: 2378-3419

but not in the multivariate analysis, and the absence of
IVIT was associated with progression in both univariate
and multivariate analysis (Table 4). No such differences
were found in patients with tumours ≤ 3 cm or for RV
(data not shown). No difference in death from bladder
cancer was found between patients with low or high RV
and RTV neither in the group with tumour size > 3 cm
nor in the group with tumour size ≤ 3 cm.

Discussion
In the present study we found that RV and RTV
were associated with recurrence and progression. In
particular, we found that in patients with tumour size
> 3 cm, a low RV or a low RTV were associated with
increased rate of recurrence and progression. These
results seem to indicate an incomplete TUR in this
group of patients, and RV and RTV might be used to
study the quality of the resection after TUR for urinary
bladder cancer. In addition, these variables might be

Figure 4: a,b) Time to progression in patients with T1 G2-G3 UBC according to tumour size and RV. Above, tumour size ≤
3 cm (p = 0.14) and below, tumour size > 3 cm (p = 0.087).
Jahnson and Olsson. Int J Cancer Clin Res 2019, 6:123
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Figure 5: a,b) Time to progression in patients with T1 G2-G3 UBC according to tumour size and RTV. Above, tumour size ≤
3 cm (p = 0.32) and below, tumour size > 3 cm (p = 0.017).

used in clinical routines to determine the further management of patients with increased risk for recurrence
or progression, such as extensive SLR, prolonged IVIT
or a more intensive follow-up schedule. In the group
with tumour size ≤ 3 cm the recurrence rate was similar for low and high RV and RTV, respectively, although
recurrences were observed later in the groups with
low RV and RTV compared to those with high RV and
high RTV. This was noted in about 25% of the patients
both for RV and for RTV, while more than half of the
patients had early recurrences in both groups. Such
delayed recurrence in the low RV and RTV groups,
respectively, observed in a smaller portion of the patients might be explained by the hazards of tumour in
normal looking marginal mucosa as found by Richstetter, et al. [8] in 30% of T1 tumours and by Jancke, et
al. [8] in 38% of the T1 tumours.

and particularly in those with larger tumour size indicates a possible high incidence of tumour left in the
resection margin as previously found by Richstetter,
et al. [8] and Jancke, et al. [8]. Modern modalities for
tumour detection such as hexaminolevulinate imaging, narrow band imaging or auto-fluorescent imaging
[13-15] might have been useful to find a tumour in the
resection margin. The presence of detrusor muscle in
the TUR specimen has been used as a surrogate marker for the quality of the primary resection [16,17] and
these authors found that detrusor muscle was absent
in 50% of the patients, with negative effects on outcome. However, here we only studied patients with
detrusor muscle present in the specimen and outlined
a principle for evaluation of the quality of TUR by analysing the RV and RTV in the specimen in relation to the
tumour size as measured at the time of the TUR.

The quality of the primary resection

SLR and IVIT

The high incidence of recurrence in all our groups
Jahnson and Olsson. Int J Cancer Clin Res 2019, 6:123

In the present study, few patients had SLR done and
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therefore we could not study this important factor for
tumour recurrence and progression as has previously
been done in many investigations [1-7]. However, provided detrusor muscle is present in the TUR specimen,
SLR might not be necessary [7].
IVIT is now a standard treatment [1,18-20] after
TUR for T1 tumours but was not established as the
primary management in the present early series and
such a treatment might have improved our recurrence
rate. Intravesical BCG is reported to have an impact on
progression by some authors [21] and not to have an
impact on progression by others [22,23]. In the present study, IVIT had a strong impact on progression, but
in patients with low RV or RTV compared to those with
high RV or RTV progression rates were similar with or
without BCG, and therefore all patients were included
in the analysis irrespective of BCG treatment.

ISSN: 2378-3419

T1-category and tumour size > 3 cm was associated with
higher risk for recurrence or progression compared to
patients with high RV or high RTV, respectively. Therefore, patients with low RV or low RTV in combination
with tumour size > 3 cm should be considered for more
aggressive management. Furthermore, RV and RTV
might be used as markers to monitor the quality of the
TUR to improve treatment outcome.
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