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Tumor budding has been defined as an isolated single cancer cell or a cluster
composed of fewer than five cancer cells scattered in the stroma. It is a strong
predictor for lymph node metastasis in T1 colorectal cancer. We introduced this
concept to T1 non-muscle invasive bladder cancer and evaluated whether tumor
budding could have a prognostic impact on the clinical outcome. We identified
121 consecutive patients with newly diagnosed T1 bladder cancer between 1994
and 2014 at Keio University Hospital. All slides were re-reviewed by a dedicated
uropathologist. Budding foci were counted under x200 magnification. When the
number of budding foci was 10 or more, tumor budding was defined as positive.
The relationship between tumor budding and clinical outcomes was assessed
using a multivariate analysis. The median follow-up was 52 months. Tumor
budding was positive in 21 patients (17.4%). Tumor budding was significantly
associated with T1 substaging, tumor architecture and lymphovascular invasion.
The 5-year progression-free survival rate in T1 bladder cancer patients with tumor
budding was 53.8%, which was significantly lower than that in patients without
tumor budding (88.4%, P =0.001). A multivariate Cox regression analysis
revealed that tumor budding was independently associated with stage progres-
sion (P = 0.002, hazard ratio = 4.90). In a subgroup of patients treated with bacil-
lus Calmette-Guérin instillation (n = 88), tumor budding was also independently
associated with stage progression (P = 0.003, hazard ratio = 5.65). Tumor budding
may be a novel indicator for predicting stage progression in T1 bladder cancer,
and would likely be easily introduced in clinical practice.

umor recurrence is common among patients with T1 non-

muscle invasive bladder cancer (NMIBC) and the risk of
stage progression is also high."" Despite adjuvant bacillus Cal-
mette—Guérin (BCG) therapy following transurethral resection
of bladder tumor (TURBT), recurrence and progression to
muscle invasive tumors occurs in 45-62% and 17-23% of
patients, respectively.*® Immediate total cystectomy for T1
NMIBC is one of the therapeutic options available for these
patients.(4) Although the 10-year disease-specific survival rate
of immediate cystectomy is favorable (approximately
80%),>® cystectomy for all patients with T1 NMIBC is
regarded as an overtreatment. Total cystectomy also reduces
the quality of life of patients and is associated with a wide
variety of complications.””” The most important factor in the
management of T1 NMIBC is the identification of patients at
very high risk of progression and cancer death. Several prog-
nostic factors that predict poor outcomes in patients with
NMIBC have been identified to date: sex, age, tumor diameter,
multifocality, concomitant carcinoma in situ (CIS), CIS in the
prostatic urethra, and lymphovascular invasion (LVD.®
However, these factors are not the only critical indicators.
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Therefore, we have focused on tumor budding, which is
regarded as an imlportant prognostic factor in patients with col-
orectal cancer.”” ' Tumor budding has been defined as an
isolated single cancer cell or a cluster composed of fewer than
five cancer cells scattered in the stroma at the invasive tumor
margin (Fig. 1),(16) reflects the detachment of tumor cells, and
is  associated  with  epithelial-mesenchymal transition
(EMT)."3 1819 1 1993, Hase et al.” reported that tumor bud-
ding, which was defined as small clusters of undifferentiated
cancer cells ahead of the invasive front of a lesion, correlated
with recurrence and survival rates. Many studies have since
considered tumor budding to be a poor prognostic factor fol-
lowing surgical resection of colorectal cancer.*'*'” Further-
more, tumor budding and lymph node metastasis are closely
related in T1 colorectal cancer.!'*'® Therefore, current guide-
lines recommend surgical resection and lymphadenectomy fol-
lowing endoscopic mucosal resection when tumor budding is
positive in T1 colorectal cancer.?” In the present study, we
introduced this concept to T1 NMIBC and investigated
whether tumor budding had a prognostic impact on T1 NMIBC
clinical outcomes.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
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Fig. 1. (a) Schema of positive tumor budding. Blue
cells indicate budding foci that consist of an
isolated single cancer cell or a cluster composed of
fewer than five cancer cells. The green circle has 10
or more budding foci, indicating positive tumor
budding. (b) Schema of negative tumor budding.
Blue cells indicate budding foci that consist of an
isolated single cancer cell or a cluster composed of
fewer than five cancer cells. The green circle has
fewer than 10 budding foci, indicating negative
tumor budding. (cf) H&E staining of tumor
budding-negative and -positive cases. Scale
bar = 50 um. (c) A tumor budding-negative case
(x200) and (d) a tumor budding-negative case (the
black square lesion in (c) was set to x400). The
black circle indicates a cluster of cancer cells inside
the circle that was composed of more than five
cells. (e) A tumor budding-positive case (x200) and
(f) a tumor budding-positive case (the black square
lesion in (e) was set to x400). There were 10 or
more budding foci, which were isolated single
cancer cells (allows) or a cluster composed of fewer
than five cancer cells (black circle).

Materials and Methods

Patient selection. A total of 691 patients newly diagnosed
with NMIBC were treated between January 1994 and August
2014 at Keio University Hospital. During this period, 173
patients were newly diagnosed with T1 NMIBC. T staging was
pathologically defined from the results of TURBT specimens.
We excluded patients who had undergone TURBT at other
institutions (15 patients) and patients with pure non-urothelial
carcinoma histology (e.g. squamous cell carcinoma or adeno-
carcinoma, four patients). Patients with a history of upper tract
urothelial carcinoma and a follow-up period of <6 months
were also excluded (23 and five patients, respectively). We
also excluded five patients who had been treated with total
cystectomy without confirmed stage progression. Three cases
were immediate total cystectomy, which meant that TI
NMIBC patients received total cystectomy soon after TURBT
without further intravesical therapy. The other 2 cases were
early total cystectomy, which meant that T1 NMIBC patients
received total cystectomy after having tumor recurrence but
before the occurrence of stage progression. Therefore, 121
cases were included in the analysis.

Specimen evaluation. Tumor budding was evaluated based
on HE staining. Tumor budding has been defined as an
isolated single cancer cell or a cluster composed of fewer than
five cancer cells scattered in the stroma at the invasive tumor
margin. After selecting one field in which tumor budding was
the most intensive, budding foci were counted under x200
magnification. When the number of budding foci was 10 or
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more, tumor budding was defined as positive (Fig. 1). All
cases were re-reviewed by a dedicated uropathologist who was
unaware of the prognoses of the cases. Tumor budding, grade,
T stage, concomitant CIS, and LVI status were evaluated. We
also evaluated pT substaging (microinvasive vs extensive
invasive).??

Treatments. We performed intravesical BCG therapy for
intermediate or high-risk NMIBC according to current clinical
guidelines.® However, due to side effects, the attending physi-
cians and/or patients decided against BCG instillation in some
cases. BCG instillation was initiated 4-5 weeks after TURBT
and continued weekly for 6-8 weeks at a dose of 80 mg
(Tokyo 172 strain) or 81 mg (Connaught strain). Patients were
followed postoperatively with cystoscopy and urinary cytology
every 3 months for 2 years, every 6 months for the next
3 years, and then annually thereafter. Excretory urograms and/
or computed tomography were used to evaluate the upper
urinary tract every year for 5 years after the treatment.

Statistical analysis. The variables of different groups were
compared using the y>-test. The recurrence-free survival rate
and the progression-free survival rate were estimated using the
Kaplan—-Meier method. Survival curves were compared using
the log-rank test. A multivariate analysis for tumor recurrence
and stage progression was performed using the Cox propor-
tional hazards model with stepwise forward regression. Inde-
pendent variables included in the survival analysis were
patient age (<70 vs >70 years), sex, tumor grade (low grade vs
high grade), presence or absence of concomitant CIS,
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multifocality, whether intravesical BCG therapy was per-
formed, whether intravesical chemotherapy was performed, the
presence or absence of a history of Ta NMIBC, tumor size, T1
substaging, tumor architecture, tumor appearance, status of
LVI, and tumor budding. Differences among groups were
regarded as significant when P < 0.05. These analyses were
performed with the SPSS v. 22.0 statistical software package
(IBM, Somers, NY, USA).

Endpoints. We defined tumor recurrence as any evidence of
disease on follow-up evaluations. Stage progression was
defined as muscle invasion or metastases. Recurrence-free sur-
vival was calculated as the time between TURBT and the date
of tumor recurrence. Progression-free survival was determined
from the date of TURBT to stage progression.

Clinical Trial Registeration Information. This study was con-
ducted subject to the guidelines of the Declaration of Helsinki
and approved by Keio university hospitals ethical committee.
The reference number is 20130101.

Results

Clinicopathological characteristics in overall 121 patients. The
median follow-up period was 52 months (interquartile range,
29-85) and the median patient age was 71.8 years (interquar-
tile range, 64—79). Tumor budding was positive in 21 out of
121 patients (17.4%). Table 1 shows the relationship between
clinicopathological parameters and the tumor budding status in
overall patients. Tumor budding was significantly associated
with T1 substaging, tumor architecture and LVI status
(P = 0.002, 0.023 and 0.001, respectively). Disease recurrence
was noted in 50 patients (41.3%), while stage progression was
detected in 16 patients (13.2%). One of the 16 patients with
stage progression exhibited distant metastasis. Eight patients
died of the disease.

Predictors for tumor recurrence and stage progression in over-
all patients. We performed univariate and multivariate Cox
regression analyses to identify the predictors of subsequent
tumor recurrence and stage progression (Table 2). The univari-
ate analysis revealed that BCG instillation (P = 0.002), intrav-
esical chemotherapy (P = 0.012) and tumor size (P = 0.015)
correlated with tumor recurrence. The multivariate analysis
showed that BCG instillation was an independent risk factor
for subsequent disease recurrence (P = 0.002, hazard ratio
(HR) =0.39).

Furthermore, LVI and tumor budding were significant risk
factors for stage progression in the univariate analysis
(P =0.003 and 0.001, respectively). Kaplan—Meier curves
showed that the 5-year progression-free survival rate was
53.8% in tumor budding-positive patients and 88.4% in tumor
budding-negative patients (Fig. 2a). The multivariate analysis
identified tumor budding as the only significant risk factor for
stage progression (P = 0.002, HR = 4.90).

Predictors of tumor recurrence and stage progression
in patients treated with bacillus Calmette—Guérin instillation.
A subgroup analysis of the 88 patients treated with BCG instil-
lation was performed. We determined whether tumor budding
had a prognostic impact. Sixteen cases (18.2%) were judged to
be tumor budding positive. Tumor budding was significantly
associated with T1 substaging, tumor architecture and LVI
status (P = 0.017, 0.048 and 0.001, respectively). Disease
recurrence was observed in 30 patients (34.1%), while stage
progression was noted in 12 (13.6%). LVI was identified as an
independent prognostic factor for tumor recurrence in the
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Table 1. Clinicopathological parameters in overall

according to the tumor budding status

121 patients

Tumor budding (%)

Characteristics Total (%) P-value
Positive Negative

Number of patients 121 21 100

Age

<70 years 55 (45.5) 9 (42.9) 46 (46) 0.793

>70 years 66 (54.5) 12 (57.1) 54 (54)

Sex

Male 102 (84.3) 18 (85.7) 84 (84) 0.573

Female 19 (15.7) 3(14.3) 16 (16)

Tumor grade

Low 6 (5.0) 0 (0) 6 (6) 0.379

High 115 (95.0) 21 (100) 94 (94)

Concomitant CIS

Positive 28 (23.1) 4 (19) 24 (24) 0.432

Negative 93 (76.9) 17 (81) 76 (76)

Multifocality

Multiple 87 (71.9) 12 (57.1) 75 (75) 0.098

Solitary 34 (28.1) 9 (42.9) 25 (25)

BCG instillation

Yes 88 (72.7) 16 (76.2) 72 (72) 0.695

No 33 (27.3) 5 (23.8) 28 (28)

Intravesical chemotherapy

Yes 16 (13.2) 2 (9.5) 14 (14) 0.446

No 105 (86.8) 19 (90.5) 86 (86)

History of Ta NMIBC

Yes 7 (5.8) 1(4.8) 6 (6) 0.650

No 114 (94.2) 20 (95.2) 94 (94)

Tumor size

<30 mm 91 (75.2) 12 (57.1) 79 (79) 0.121

>30 mm 17 (14.0) 5 (23.8) 12 (12)

Unknown 13 (10.7) 4 (19.0) 9 (9)

T1 substaging

Microinvasive 26 (21.5) 0 (0) 26 (26) 0.002

Extensive invasive 86 (71.1) 21 (100) 65 (65)

Unknown 9 (7.4) 0 (0) 9 (9)

Tumor architecture

Papillary 82 (67.8) 11 (52.4) 71 (71) 0.023

Nodular 21 (17.4) 8 (38.1) 13 (13)

Unclassified 18 (14.9) 2 (9.5) 16 (16)

Tumor appearance

Pedunculated 31 (25.6) 3 (14.3) 28 (28) 0.132

Broad base or flat 72 (59.5) 16 (76.2) 56 (56)

Unclassified 18 (14.9) 2 (9.5) 16 (16)

Lymphovascular invasion

Positive 30 (24.8) 11 (52.4) 19 (19) 0.001

Negative 91 (75.2) 10 (47.6) 81 (81)

Recurrence 50 (41.3) 12 (57.1) 38 (38)

Progression 16 (13.2) 7 (33.3) 9 (9)

Cancer death 8 (6.6) 5 (23.8) 3(3)

BCG, bacillus Calmette-Guérin; CIS, carcinoma in situ; NMIBC,
non-muscle invasive bladder cancer.

univariate analysis (P = 0.038) and multivariate analysis
(P =0.042, HR = 2.11, Table 3).

The univariate analysis revealed that LVI and tumor budding
were significant risk factors for stage progression (P = 0.014
and P = 0.001, respectively). Kaplan-Meier curves showed
that the 5-year progression-free survival rate was 43.5% in
tumor budding-positive patients and 90.5% in the tumor
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Table 2. Univariate and multivariate analyses for tumor recurrence and stage progression in overall cases

Recurrence-free survival

Progression-free survival

Multivariate

Characteristics Univariate

Univariate Multivariate

P-

HR (95% ClI)
value

P-

P-value
value

P-value HR (95% Cl)

Age

<70 years

>70 years

Sex

Male

Female

Tumor grade
Low

High
Concomitant CIS
Positive
Negative
Multifocality
Single

Multiple

BCG instillation
Yes 0.002
No

Intravesical chemotherapy

Yes 0.012
No

History of Ta NMIBC

Yes 0.772
No

Tumor size

<30 mm

>30 mm

T1 substaging
Microinvasive

Extensive invasive
Tumor architecture
Papillary

Nodular

Tumor appearance
Pedunculated

Broad base or flat
Lymphovascular invasion
Positive

Negative

Tumor budding

Positive

Negative

0.157

0.280

0.659

0.788

0.137

0.39 (0.21-0.71)

0.015

0.995

0.395

0.295

0.155

0.068

0.845

0.867

0.361

0.876

0.326

0.002

0.971

0.613

0.215

0.850

0.804

0.871

0.818

0.003

0.001

4.90 (1.81-13.33) 0.002

BCG, bacillus Calmette-Guérin; Cl, confidence interval; CIS, carcinoma in situ; HR, hazard ratio; NMIBC, non-muscle invasive bladder cancer.

budding-negative patients (Fig. 2b). In the multivariate analy-
sis, tumor budding was independently associated with stage
progression in T1 NMIBC patients treated with BCG instilla-
tion (P = 0.003, HR = 5.65).

Of the 12 patients who developed stage progression, six
underwent total cystectomy, 3 were treated with chemoradia-
tion and 1 was treated with chemotherapy. The remaining two
patients received no treatment as per their request. Six patients
died of the disease, as did 4 out of 16 tumor budding-positive
patients (25%) and 2 out of 72 tumor budding-negative
patients (2.8%).

Cancer Sci | September 2016 | vol. 107 | no.9 | 1341

Discussion

Tumor budding has been identified as a predictor of a poor
outcome in many carcinomas: colon,®'7 lung,m) breast,*®
pancreatic®® and oral® carcinomas. However, to the best of
our knowledge, its prognostic impact on urothelial carcinoma
has not yet been determined. Therefore, this is the first study
to identify tumor budding as an independent predictor for stage
progression in T1 NMIBC.

Tumor budding is strongly associated with EMT, which is
characterized by losing cell-to-cell interaction and cell

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.
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(a) Progression-free survival rate according to the tumor budding status in all cases. (b) Progression-free survival rate according to the

tumor budding status in cases treated with bacillus Calmette-Guérin instillation.

adhesion, resulting in acquired migratory capacity, resistance
to apoptosis, and invasiveness as well as increased production
of extracellular matrix components.(%) E-cadherin, which is
one of the strong markers of epithelial cells,”® decreases
through the EMT process. A previous study demonstrated that
the E-cadherin expression observed in the tumor center had
disappeared in tumor budding sites.'” We also evaluated E-
cadherin expression in tumor centers and tumor budding sites
separately in cases that were tumor budding positive. In the
cases that were tumor budding positive (N = 21), E-cadherin
expression was observed in the tumor center in 18 (86%) cases
and in the tumor budding site in 6 (29%) cases. These findings
seem to indicate that tumor budding is associated with EMT in
T1 bladder cancers.

In colorectal cancer, tumor budding has been associated with
other factors, including advanced T stage,(lz) N stage,(”’]z)
tumor grade,"'? LVI'®'>!? and perineural invasion.'" In
addition, tumor budding has been linked to disease-free sur-
vival'®'? and cancer-specific survival."*'” The prognosis of
T1 colorectal cancer is excellent, with most patients being suc-
cessfully managed with endoscopic therapy.?” However,
lymph node metastasis has been reported in 11-14% of
patients with T1 colorectal cancer, with this rate being signifi-
cantly higher in cases of positive tumor budding."'*'® Based
on these findings, current guidelines recommend surgical
resection and lymphadenectomy for T1 colorectal cancer after
endoscopic therapy when tumor budding is positive.?” There-
fore, we speculated that tumor budding also had an important
clinical impact on T1 NMIBC.

In the clinical treatment of T1 NMIBC, clinicians have yet
to agree on whether aggressive therapy such as immediate
total cystectomy is needed. Many clinical and biological
parameters identify aggressive T1 tumors.® However, clini-
cians lack a crucial parameter for detecting T1 NMIBC with
high potential for stage progression. In the present study, we
introduced the concept of tumor budding as a possible tool for
identifying poor clinical outcomes in patients with TI1
NMIBC, and found that tumor budding was an independent
risk factor for stage progression in patients with T1 NMIBC

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

as well as in a subgroup of patients treated with BCG instilla-
tion. The estimation of tumor budding may provide new prac-
tical information for selecting populations with a highly
malignant potential and planning an appropriate management
strategy for T1 NMIBC.

Urothelial carcinoma sometimes shows a variety of invasive
patterns histologically. Tumor budding might not be a homo-
geneously distributed feature along the invasive front. Inter-
observer bias in evaluating tumor budding will be expected in
such heterogeneous tumors. To reduce the bias, the critical
point at the diagnosis of tumor budding is to select the area
where the tumor budding is most intensive. We used the defi-
nition of tumor budding from a previous study by Ueno
et al.,"**2% the counting method of which is widely used for
colorectal cancer.'®'” In a previous colorectal cancer study,
an inter-observer study showed a k-value of 0.69-0.84 by
using this definition,"** indicating good to excellent agree-
ment and the effects of intra-observer bias being very minimal.
Therefore, a simple evaluation of tumor budding by HE stain-
ing may provide the prognostic information needed to predict
a poorer outcome with strong agreement and without the need
for expensive and time-consuming immunohistochemical stain-
ing not only in patients with T1 colorectal cancer, but also in
those with T1 NMIBC.

Our study has several limitations. Several treatments are
available after TURBT: BCG instillation, intravesical
chemotherapy and surveillance. Therefore, we performed a
subgroup analysis of 88 patients treated with BCG instillation
after diagnosis of T1 NMIBC and showed the prognostic
impact of tumor budding in this population. Because we also
included cases from 1994 onwards, not all patients were trea-
ted with second TURBT and, in our institution, maintenance
BCG was not routinely performed. The reasons for this were
that the optimal schedule of maintenance BCG has not yet
been established and its effects are currently being debated”
and the continuation rate of the maintenance BCG was low
due to side effects. In addition, direct damage to the mucosa
and stroma surrounding the bladder cancer by the thermal
degeneration of TURBT may affect strict evaluations of tumor
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Table 3. Univariate and multivariate analyses for tumor recurrence and stage progression in cases treated with BCG instillation

Recurrence-free survival

Progression-free survival

Characteristics Multivariate

Univariate

Univariate Multivariate

P-value HR (95% Cl)

P-value P-value HR (95% Cl) P-value

Age

<70 years

>70 years

Sex

Male

Female

Tumor grade

Low

High

Concomitant CIS
Positive

Negative
Multifocality
Single

Multiple

History of Ta NMIBC
Yes

No

Tumor size

<30 mm

>30 mm

T1 substaging
Microinvasive
Extensive invasive
Tumor architecture
Papillary

Nodular

Tumor appearance
Pedunculated
Broad base or flat
Lymphovascular invasion
Positive

Negative

Tumor budding
Positive

Negative

0.086

0.751

0.771

0.499

0.113

0.695

0.074

0.804

0.224

0.218

0.038

2.11 (1.03-4.35)

0.094

0.598

0.499

0.455

0.967

0.235

0.066

0.864

0.913

0.783

0.423

0.042

0.014

0.001 5.65 (1.80-17.54) 0.003

BCG, bacillus Calmette-Guérin; Cl, confidence interval; CIS, carcinoma in situ; HR, hazard ratio; NMIBC, non-muscle invasive bladder cancer.

budding in T1 NMIBC. However, at least in our study popula-
tion, the dedicated uropathologist easily estimated tumor
budding in all specimens.

Although further studies are needed in a larger series, we
consider tumor budding to be an important and essential patho-
logical indicator for predicting subsequent stage progression in
T1 NMIBC. In addition, tumor budding would likely be easily
introduced in clinical practice because of its strong agreement
and no need for expensive and time-consuming immunohisto-
chemical staining.
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