
ARTICLE

The value of tumour weight as a predictive factor for recurrence and
progression in non-muscle invasive bladder cancer

Guillermo Fern�andez-Conejoa , Enrique de la Pe~naa, Virginia Hern�andeza, Ana Guijarroa, Alejandro Castroa,
Elia P�erez-Fern�andezb and Carlos Llorentea

aDepartment of Urology, Hospital Universitario Fundaci�on Alcorc�on, Madrid, Spain; bUnit of Research, Hospital Universitario Fundaci�on
Alcorc�on, Madrid, Spain

ABSTRACT
Objective: To further assess the influence of the weight after TURBT as a predictive factor for recur-
rence and progression in NMIBC.
Materials and methods: A cohort of patients with a first episode of NMIBC between 1999 and 2016
was analysed retrospectively. We studied the correlation between the tumour’s size and weight, the
time-dependent ROC curves for the optimal weight value for the prediction of recurrence and progres-
sion and their association with the risk of recurrence and progression at one and five years.
Results: We analysed 470 patients who met inclusion criteria. Median (IQR) follow-up time was four -
years (2.2–6.7), 227 (48.3%) patients had a recurrence and 46 (9.8%) progressed. Median (IQR) weight
after resection was 2 g (0.8–6) and its correlation with size was 0.56. The optimal value for the predic-
tion of recurrence was 4 g. The RFS at one and five years with a weight <4 g was 77.7% and 53.5%,
respectively, compared to 57.8% and 34.7% with higher weight (p< .001). PFS at one and five years
was 98% and 92.7% for a weight <4 g compared to 91.4% and 83.1% for tumours >4 g, respectively
(p¼ .02). On multivariate analysis, a higher weight was associated with an increased risk of recurrence:
HR [95%:CI]¼ 1.52[1.05–1.86], and progression: HR[95%:CI]¼ 1.87[1.01–3.47] (p< .05).
Conclusion: The weight of the specimen obtained after TURBT is a predictive factor of both recur-
rence and progression in NMIBC that may be more accurate than tumour size and easily and object-
ively measured. An increase of 52% and 87% in the risk of recurrence and progression, respectively,
was found in tumours weighing more than 4g.

Abbreviations: TUR: transurethral resection; TURBT: transurethral resection for bladder tumour; NMIBC:
non-muscle invasive bladder cancer; BC: bladder cancer; RFS: recurrence-free survival; PFS: progression-
free survival; SD: standard deviation; ROC: receiver operating characteristic; MMC: Mitomycin C; CIS:
carcinoma in situ; BCG: Bacillus Calmette-Gu�erin; EORTC: European Organisation for Research and
Treatment of Cancer; CUETO: Club Urol�ogico Espa~nol de Tratamiento Oncol�ogico; HR: Hazard Ratio; CI:
Confidence Interval
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Introduction

The predictive tools for recurrence and progression in non-
muscle invasive bladder cancer (NMIBC) can help the clin-
ician to optimise treatment. Currently, there are two risk
tables with a widespread application: the EORTC (European
Organisation for Research and Treatment of Cancer) and the
CUETO (Club Urol�ogico Espa~nol de Tratamiento Oncol�ogico)
[1,2]. These risk tables include various risk factors that can be
objectively labelled such as T-stage, grade and number of
tumours which can be reliably reproduced.

Additionally, the size of the tumour is another feature
included in the aforementioned predictive tables. However,
its subjectivity should be taken into account because the
endoscopic assessment of tumour size is not easily measured
precisely and thus is not reproducible, being highly operator-
dependent [3].

In addition, there are also several limitations in establish-
ing tumour size, especially in cases of multiple tumours in

exophytic lesions with a small implantation base, or in the
opposite scenario where a flat lesion with a large implant-
ation size can be found.

Hypothetically, the weight of the tumour of the sample
obtained after transurethral resection (TUR) might more
accurately represent the real tumour volume rather than
tumour size does.

In 2012, tumour weight was first described as a new prog-
nostic factor for recurrence in NMIBC by our group. It was
found that tumours weighing >6 g have a 1.7-fold higher
likelihood of recurrence than those tumours that weighed
less [4]. After that, Kwon et al. reported that the weight of
the tumour was also an independent factor of progression
for NMIBC [5].

The aim of this study is to further assess the influence of
the weight of the specimen after TURBT as a predictive fac-
tor for recurrence and progression in NMIBC with a more
mature cohort and longer follow-up.
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Material and methods

A cohort of patients prospectively recorded in our institu-
tional database of bladder cancer (BC) was retrospectively
analysed. All consecutive patients diagnosed with NMIBC
with completed TURBT from July 1999 to December 2016
were included in the study. Only patients who had both
weight and size of the tumour registered were selected for
the current study.

Demographic variables were collected, as well as any
known prognostic factors involved in the natural history of
NMIBC. The specimen weight after resection was also
included for analysis. Patients classified as high-risk NMIBC
with T1 stage and high grade were included, but those with
carcinoma in situ (CIS) were excluded. Patients submitted to
re-TUR were included in the study when NMIBC was present
at the second TUR specimen and the weight of both speci-
mens was added. Patients with incomplete TURBT were
excluded from the analysis. Histopathology results were clas-
sified according to the 2009 TNM system [6] and WHO (1973
and 2004) grading systems [7,8].

Complete TURBT was always attempted and a biopsy of
the deep muscle at the tumour base was obtained to the
point where healthy muscle or peri-vesical fat were seen.
This sample was usually submitted separately to the labora-
tory. Operations were performed by eight urologists with
more than 10 years experience or by residents supervised by
these same urologists. Tumour size was defined as the larg-
est dimension; this measure was assessed endoscopically by
the surgeon with a resection loop of 0.5 cm as a reference.
One single immediate, postoperative intravesical instillation
of chemotherapy with mitomycin C (MMC) was administered
following the European guidelines’ recommendations at each
time-period. MMC was not administered in the following sit-
uations: (1) gross active haematuria; (2) resection of the
ureteric orifice; or (3) when the operating urologist had a
well-founded suspicion of bladder perforation.

The TURBT specimen was placed in formaldehyde for its
fixation before being sent to the pathology laboratory.
Laboratory technicians measured, weighed and processed
the specimens following the same protocol and using the

same precision scales (GF-200R, A & D Co. Ltd, Tokyo, Japan),
with a lower detection value of 0.001 g. In those cases where
more than one sample was obtained at the time of TURBT,
only those specimens with reported tumour were included
in the analysis. Tumour weight was included in the path-
ology report along with the standard evaluation.

Intermediate-risk patients, with high probability of recur-
rence, were offered a si-week course of MMC, and high-risk
patients were offered BCG induction plus maintenance if a
response at threemonths was obtained. Follow-up was car-
ried out every threemonths for the first year with cystoscopy
and cytology, every 4four months during the second year
and every sixmonths thereafter.

The outcomes of the study were recurrence-free survival
(RFS) and progression-free survival (PFS). Recurrence was
defined as the diagnosis of a new NMIBC during the follow-
up. Progression was defined as an upstaging to muscle-inva-
sive BC at any time during follow-up or the development of
metastatic disease.

Measurable variables are expressed as mean (standard
deviation [SD]) if they are normally distributed, or median
(interquartile range [IQR]) otherwise. Correlation between the
weight and tumour’s size was performed using Spearman’s
correlation coefficient. Recurrence- and progression-free sur-
vival (RFS and PFS) curves were estimated using the
Kaplan–Meier method, and differences were evaluated using
the log-rank test.

For the estimation of the optimum weight cut-off point,
time-dependent receiver-operating characteristic (ROC)
curves for recurrence and progression at one year were cal-
culated. We selected the best cut-off point as that which
maximises specificity and sensitivity both for recurrence and
progression. R 3.4.2 (http://www.r-project.org) and R package
‘timeROC’ was used to estimate time-dependent ROC curve
(timeROC) and Area Under timeROC curve (AUC) [9].

Multivariate Cox proportional hazard regression was used
to assess the association of the threshold value of weight
value obtained previously as an independent risk factor for
recurrence and progression. All variables significantly associ-
ated with the outcome in the univariate analysis were con-
sidered in the multivariate model as well as corresponding
interaction terms. A manual backward modelling strategy
was used to eliminate variables from the maximum model to
obtain the most parsimonious model to assess the effect of
the independent variables on outcome. All tests were two-
tailed and a p-alue <.05 was considered to indicate statistical
significance. Statistical analyses were performed using the
SPSS 17.0 statistical package for Windows (SPSS Inc, Chicago,
IL, USA).

Results

In total, 470 patients with a first diagnosis of NMIBC between
July 1999 and December 2016 who met the inclusion criteria
as previously mentioned were analysed. Median time of fol-
low-up was four years (IQR: 2.2–6.7). Fifty-eight (12.3%)
patients died, and 18 (3.8%) died due to BC. There were 227
(48.3%) patients who had a recurrence and 46 (9.8%) who

Table 1. Clinical and pathological characteristics of the patients.

Variables Total n¼ 470

Age (SD) 69.1 (11.8)
Male gender, n (%) 396 (84.3)
Multiple tumour, n (%) 146 (31.2)
Size � 3 cm, n (%) 184 (39.1)
Weight (g), (median, IQR) 2 (0.8–6)
Stage, n (%)
Ta 254 (51.4)
T1 217 (43.9)

Grade, WHO (1973), n (%)
G1 165 (35.1)
G2 188 (40)
G3 115 (24.5)

High-grade, WHO (2004), n (%) 301 (64.3)
Postoperative single dose MMC, n (%) 285 (61)
Adjuvant treatment, n (%)
MMC 52 (11.1)
BCG 96 (20.4)
No treatment 322 (68.5)

Maintenance of adjuvant treatment, n (%) 64 (81)
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progressed. The baseline characteristics of the patients are
presented in Table 1.

The median weight after resection was 2 g (IQR: 0.8–6). A
direct correlation of 0.56 (95% CI: 0.49–0.62) between size
and weight was found (Figure 1).

The time-dependent ROC curves for recurrence and pro-
gression at one year for tumour weight were obtained. An
optimal weight cut-off point was set at 4 g for both recur-
rence (AUC¼ 0.634) and progression (AUC ¼ 0.665), with a
sensitivity and specificity of 49% and 73% and 69% and 68%,
respectively (Figure 2). The number of patients with a
resected tumour weight of <4 g and >4 g was 313 (66.6%)
and 157 (33.4%), respectively.

We found that the RFS at one and five years in patients
with tumours that weighed <4 g was 77.7% and 53.5% com-
pared to 57.8% and 34.7%, respectively, in tumours with a
higher weight (p< .001, Figure 3). Likewise, the PFS at one
and five years for both groups was 98%, and 92.7% for
tumours that weighed <4 g compared to 91.4% and 83.1%,
respectively, for tumours that weighed >4 g (p¼ .02,
Figure 4).

Sample weights above 4 g led to an increased risk of
recurrence with a hazard ratio (HR) of 1.71 (95% CI:
1.31–2.24) in the univariate analysis (p< .001). Other associ-
ated prognostic factors were multiplicity and a tumour size
higher than 3 cm as risk factors and postoperative single
dose of MMC as protective factor (Table 2). In the multivari-
ate analysis, where all the previous variables were included,
it was found that a weight >4 g was a risk factor for recur-
rence with a HR of 1.52 (95% CI: 1.14–2.01) after adjustment
(p¼ .005). It was also noticed that adjuvant treatments with
MMC and BCG became significant protective factors for
recurrence after the multivariate analysis was accomplished
(p< .005) (Table 3).

Likewise, a tumour weight higher than 4 g, together with
other prognostic factors was also associated with a higher
risk of progression in the univariate analysis with a HR of
2.35 (95% CI: 1.31–4.21, p¼ .005) (Table 4). These statistically
significant findings were still present after the multivariate

Figure 1. Calculated correlation of weight and size of the tumour.

Figure 2. Time-dependent ROC curves for RFS (A) and PFS (B) at 1 year
depending on tumour weight.

Figure 3. RFS Kaplan-Meier curves comparing both groups and their CI.
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analysis was performed, with a 1.87-fold (95% CI: 1.01–3.47)
increased risk of progression if a weight higher than 4 g was
reported. We also noticed that both multiplicity and high
grade were prognostic factors for progression, and especially
the latter one that would multiply the risk of progression by
six (Table 5).

Discussion

The assessment of prognostic factors in NMIBC and their
nomograms may be useful for patient counselling and to
predict the probability of recurrence and progression during
follow-up. They are also effective tools for selecting patients
for adjuvant therapies that have demonstrated a benefit in
terms of recurrence [10,11] and progression [12].

The importance of tumour size as a prognostic factor is
widely accepted [2,13]. However, there are several studies
that have questioned the role of this variable in the progno-
sis of the disease [5].

In our opinion, two issues with this variable might explain
these discrepancies. First, the measurement of tumour size is
completely subjective, with important inter-observers differ-
ences reported in the literature [14]. Secondly, tumour size
does not determine the overall tumour volume, especially in
those cases with multifocal disease or in tumours with dis-
crepancies between the tumour base and the tumour bur-
den sizes. Hence, if one takes into account the largest
tumour size and their number, it might lead to situations
where patients with very different tumour burden are placed
in the same risk category of recurrence and progression. For
example, one patient with four tumours of 4, 1, 1 and 2 cm
would have the same tumour burden as another one with
four tumours of 4, 4, 3 and 3 cm since both patients have
their largest tumour implant of 4 cm. Presumably, this would
not happen with the tumour weight. Therefore, the weight
of the resected specimen could more accurately represent
the real burden of the neoplasm as it takes into account
another important variable: the density of the tumour. In our
research (Figure 1), the most common outliers are papillary
tumours with large size and low weight, which reflect low
tumour density. In contrast, we can also find small tumours
with high weight due to their solid composition. Hence,
weight can explain the recurrence and progression in these
cases with smaller size.

Since the first publication in which we described the
tumour weight as potentially relevant for prognosis in

Figure 4. PFS Kaplan-Meier curves comparing both groups and their CI.

Table 2. HR estimation by univariate COX regression model for recurrence.

Univariate COX regression model

Variable HR (CI 95%) p Value

Weight > 4 g 1.71 (1.31–2.24) <.001
Gender (male) 1.08 (0.75–1.55) .678
Multiplicity 1.84 (1.41–2.42) <.001
Size >3 cm 1.72 (1.33–2.24) <.001
Stage
Ta 1 (ref.)
T1 1.22 (0.94–1.59) .139

High-grade 1.11 (0.84–1.51) .464
Postoperative MMC 0.63 (0.49–0.82) .001
Adjuvant treatment
No treatment 1 (ref.)
MMC 0.67 (0.42–1.06) .087
BCG 0.76 (0.54–1.06) .108

Table 3. HR estimated by multivariate COX regression model for recurrence.

Multivariate COX regression model

Variable HR (CI 95%) p Value

Weight > 4 g 1.52 (1.14–2.01) .005
Gender (male) 1.02 (0.71–1.48) .904
Multiplicity 2.08 (1.57–2.76) <.001
Stage
Ta 1 (ref.)
T1 1.18 (0.86–1.62) .309

High-grade 1.27 (0.92–1.75) .145
Postoperative MMC 0.67 (0.51–0.88) .005
Adjuvant treatment
No treatment 1 (ref.)
MMC 0.47 (0.29–0.77) .003
BCG 0.49 (0.32–0.73) .001

Table 4. HR estimated by univariate COX regression model for progression.

Univariate COX regression model

Variable HR (CI 95%) p Value

Weight > 4 g 2.35 (1.31–4.21) .004
Gender (male) 1.1 (0.49–2.45) .823
Multiplicity 2.25 (1.25–4.03) .007
Size > 3 cm 1.98 (1.11–3.55) .021
Stage

Ta 1 (ref.)
T1 3.44 (1.81–6.55) <.001

High-grade 8.08 (2.87–22.76) <.001
Postoperative MMC 0.78 (0.43–1.41) .409
Adjuvant treatment

No treatment 1 (ref.)
MMC 1.7 (0.7–4.16) .244
BCG 2.27 (1.17–4.25) .015

Table 5. HR estimated by multivariate COX regression model for progression.

Multivariate COX regression model

Variable HR (CI 95%) p Value

Weight > 4 g 1.87 (1.01–3.47) .047
Multiplicity 1.91 (1.05–3.48) .035
Stage
Ta 1 (ref.)
T1 1.49 (0.71–3.11) .287

High-grade 6.43 (2.13–19.38) .001
Adjuvant treatment
No treatment 1 (ref.)
MMC 0.84 (0.34–2.1) .706
BCG 0.99 (0.48–2.06) .982
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NMIBC [4], few publications have attempted to confirm these
results [5].

In the present study, with a larger sample size and longer
follow-up time, a weight of 4 g was found as the optimal
cut-off point for the prediction of both one-year recurrence
and progression. In our previous publication, this cut-off was
set at 6 g. but the ROC curve was only produced for the pre-
diction of recurrence and it was not time-dependent.
Sensitivity and specificity have changed slightly, with a
decrease in sensitivity (60–49%) and an increase in specificity
(62–73%). However, in the present study the risk of progres-
sion was also taken into account when the optimal cut-off
point was selected, improving its prognostic performance for
both endpoints. Kwon et al. [5] set the optimal cut-off point
for the prediction of both recurrence and progression at 2 g
with a sensitivity and specificity of 70.5% and 57%,
respectively.

There are currently no tools available that provide an
optimal assessment of the risk of recurrence. The CUETO and
EORTC tables [15], both using several prognostic factors
(including tumour size >3 cm), cannot reach a C-index higher
than 0.6 for the prediction recurrence despite being the
most widely applied tool for that purpose [16]. Although the
aim of our study is not the development of a prognostic
model, the predictive ability by including the variables of our
multivariate analysis would raise the C-index for recurrence
and progression to 0.66 and 0.79, respectively, showing that
both prediction tables would increase their prognostic per-
formance if weight instead of size were included.

In the present study, the increased likelihood of recur-
rence in those patients with a high specimen weight was
lower than in our previous report but with a narrower confi-
dence interval and stronger statistical significance. The new
threshold value of 4 g compared to the previous one, after
adjusting for other prognostic factors, changes from a HR of
1.7–1.5 [4]. This can be explained by the larger population of
the current study (470 versus 144), so we are now able to
calculate with greater accuracy the value of weight with very
similar RFS rates at three years, as compared with our first
study: 51.7% and 55.3%, respectively.

Moreover, Kwon et al. did not find a statistically significant
association between weight and recurrence, but they did
find an association between weight and the risk of progres-
sion. The risk of progression was four times higher in those
patients with a specimen weight over 2 g. In addition, they
only found high grade, not size nor stage, to be associated
with the risk of progression [5].

In terms of progression, the multivariate analysis in our
study also showed that weight influences the PFS: a weight
of the specimen higher than 4 g. would turn into a two-fold
increase of the risk of progression. High-grade disease
remains the most important prognostic factor for progression
in our present study. On the other hand, the results obtained
by Kwon et al. should be interpreted with caution because
of the low number of cases with progression (7.4%) associ-
ated with a low cut-off point, which can lead to overestimat-
ing the increased risk of progression due to its lower
specificity.

One of the limitations of our study is the fact that some
healthy tissue might be included with the tumour, overesti-
mating the real weight of the sample. Also, the thermal and
electrical injuries in the tissue during resection are inevitable
and a small part of the tissue might be fulgurated. However,
this canapply to all cases and should not lead to a significant
bias. The long period of time would be another limitation
due to changes in the surgical and sample processing techni-
ques, although these changes may be minor ones. Finally,
the lack of randomisation and the retrospective design of
the study make it necessary to confirm these results in future
prospective studies.

In conclusion, this study confirms, with an increased num-
ber of patients and longer follow-up, that the weight of the
specimen after resection in NMIBC is a prognostic factor for
recurrence and also for progression. The weight of the
tumour may be measured more accurately than the tumour
size, with less variability and it can also more accurately esti-
mate the overall tumour burden in cases of multifocal dis-
ease. An increase of 52% and 87%, respectively, in the risk of
recurrence and progression were found for tumours heavier
than 4 g. More studies are warranted to confirm the value of
including this variable in current risk calculators and its
accuracy compared to the size of the tumour.
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