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Prognostic Significance of Tumor Budding in Bladder Cancer: A Call for
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Dear Editor,

We wish to share our insights on the critical prognostic significance of tumor budding (TB) in bladder
cancer (BC) and underscore the urgent necessity for further molecular-level investigations in this
domain, prompted by recent studies. Tumor buds, also referred to as “sprouts,” are defined as isolated
single tumor cells and/or small clusters comprising fewer than five tumor cells, which originate from
the invasive tumor margin and infiltrate the stroma. These entities were first characterized by Imai in
the 1950s (1). The TB scoring system, established by the “International Tumour Budding Consensus
Conference” (ITBCC) in 2016, has been validated as an independent predictor of lymph node metastasis
in pT1 colorectal cancer cases and poor survival outcomes in stage 2 colon cancer cases, and it is now
routinely reported by pathologists (2). Tumor buds are intimately associated with epithelial-
mesenchymal transition (EMT) and engage in interactions with the tumor microenvironment (TME),
tumor stroma, and immune system cells (3). This dynamic interaction at the molecular level in budding
tumor cells establishes a distinctive signature characterized by: upregulation of MMP-7 and MMP-9
expressions, which play a role in extracellular matrix degradation; anoikis resistance through the
enhanced expression of TrkB; frequent upregulation of stem cell markers such as LGR5, ALDHL1, and
CD44; immune evasion facilitated by the loss of MHC class I expression; increased TGF[} expression
and regulation of TGFp signaling; regulation of WNT signaling; a decrease in miRNA-200 expression,
accompanied by the epigenetic upregulation of EMT-associated transcription factors, including ZEB,
TWIST, and SNAIL; reduced expression of E-cadherin, particularly at the cell membrane, and B-catenin;
an increase in mesenchymal markers like Vimentin, alongside a reduction in Cytokeratin expression;
low levels of Ki-67 and Caspase-3 expression; and a relatively spindle-shaped morphology with podia
formation (3). While it is generally accepted in solid tumors that “an increase in tumor buds correlates
with a poorer clinical outcome” (3), the body of research examining TB as a prognostic marker in non-
gastrointestinal tumors—particularly in BC—remains limited. As of August 8, 2024, a PubMed search
using the MeSH terms “tumor budding AND bladder cancer*” yielded 34 studies, of which only 10
were found to be directly relevant to this subject.

Fukumoto and colleagues investigated the prognostic effects of TB in 121 cases of pT1 non-muscle-
invasive bladder cancer (NMIBC) and demonstrated that TB positivity was statistically significantly
associated with pT1 sub-staging (microinvasion/extensive lamina propria invasion) (p=0.002), tumor
architecture (papillary/nodular) (p=0.023), and lymphovascular invasion (LV1) positivity (p=0.001) (4).
Additionally, it was reported that the 5-year progression-free survival rate was statistically significantly
higher (p=0.001) in TB-negative pT1 BC cases (88.4%), and that TB was an independent risk predictor
for progression to muscle-invasive bladder cancer (MIBC) in both the entire pT1 BC cohort and the
subgroup receiving intravesical BCG instillation according to Cox regression analysis (4). Building on
these findings, the researchers also observed that in 86% of TB-positive cases, E-cadherin
immunoexpression in the tumor center was higher than in the TB areas, highlighting the relationship
between TB and EMT in pT1 BC cases (4). While Fukumoto et al. focused on the clinical implications
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of TB, Miyake and colleagues delved into the underlying molecular mechanisms. In their comprehensive
study, they used MGH-U3, UM-UC-14, and UM-UC-3 cells in an orthotopic bladder tumor model in
SCID mice and suggested that COL4A1 and COL13A1 might play a primary role in the formation of
the infiltrative pattern of TB (5). However, as accurate TB analysis can be complicated by peritumoral
inflammatory infiltrate or reactive stromal cells, Brieu and colleagues adopted a different approach by
targeting cytokeratin, which had previously been shown to effectively distinguish TBs. They enhanced
their analysis by applying machine learning and automated image analysis to IF-stained samples, thereby
achieving more accurate quantification in a sample of 100 MIBC cases (6). In addition to these efforts
to improve prognostic assessments, Liu and colleagues conducted a bioinformatics-based study in which
they evaluated the tumor stroma ratio (TSR) and TB together in MIBC cases. By developing a TSR-TB
scoring system, they reported that increased TSR-TB might be an independent poor prognostic factor
for overall survival (7). In contrast, in the study conducted by Kucuk and colleagues on a sample of 60
MIBC cases, no statistically significant relationship was found between TB and tumor necrosis
(p=1.000), LVI (p=0.114), or perineural invasion (p=0.712) (8). However, a different perspective is
offered by Seker and colleagues, who, in their study involving a sample of 108 MIBC cases, found that
TB was statistically significantly associated with overall survival (p=0.004) (9). The researchers
reported that TB could be a useful parameter for predicting prognosis in MIBC cases (9). Further
emphasizing the prognostic importance of TB, Soriano and colleagues quantified TB in a sample of 108
MIBC cases that had undergone pancytokeratin staining and reported that TB is an independent risk
predictor for mortality (10). The researchers further noted that MIBC cases with 14 or more TBs were
associated with an increased risk of mortality as well as a higher tumor stage, suggesting that each
additional TB increases the cancer-specific mortality risk by approximately 2% in these cases (10).
Expanding on these findings, Busquets and colleagues, in their study involving 168 high-grade stage
pT1 NMIBC cases, reported that TB (when present with a count of 6 or more) (p=0.032, HR: 2.1), along
with the presence of carcinoma in situ (CIS), endoscopic tumor pattern (papillary/solid), and the absence
of BCG induction, was significant in predicting disease progression according to multivariate variance
analysis (11). The researchers also emphasized that the inclusion of TB in the TNM staging system
should be carefully considered and that it could assist in the decision-making process for early radical
cystectomy in high-grade stage pT1 NMIBC cases (11). Eckstein and colleagues built on this by
studying 92 pT1 NMIBC cases with pancytokeratin staining. They reported that, according to Kaplan—
Meier analysis, TB was statistically significantly associated with worsened recurrence-free survival
(p=0.005), progression-free survival (p=0.017), and cancer-specific survival (p=0.002) (12). The
researchers also found that the presence of TB was associated with multifocal tumors (p=0.003) and
extensive lamina propria invasion when pT1 sub-staging was performed (p<0.001) (12). Interestingly,
among the cases that received BCG instillation, those without TB not only had better recurrence-free
survival (p=0.012), progression-free survival (p=0.011), and cancer-specific survival (p=0.022), but also
no progression or disease-related deaths were observed in this group (12). Finally, Yang and colleagues
contributed further by conducting a retrospective study involving 80 BC cases (36 NMIBC and 44
MIBC) (13). They investigated the prognostic effects of EPDR1 immunoexpression and TB
guantification (13). The researchers quantified TB in 44 MIBC samples, considering those with six or
more TBs as positive. The study found that EPDR1 immunoexpression varied statistically significantly
(p<0.05) with tumor stage, and MIBC cases with high EPDR1 immunoexpression were statistically
significantly more likely to have increased TB (p<0.05) (13). Furthermore, an increased TB count was
associated with a tendency toward a worse clinical status in MIBC cases (p<0.001) (13).

The scoring of TB varies depending on the type of solid tumor. As a result, following the development
of a standardized scoring system that can be adapted to BC, the inclusion of TB as a prognostic marker
in routine histopathological evaluation could provide clinicians with significant advantages in risk
stratification and treatment planning, particularly in managing patients with high-grade stage pT1
NMIBC who require accurate progression prediction. Although TB scoring is more easily and reliably
performed on slides stained with pancytokeratin IHC, the fact that it can also be commonly done on
routine H&E stained slides makes this cost-effective marker an attractive option for clinical use in BC
as well. Since tumor budding is biologically closely related to EMT and the TME, detailed investigation
of the underlying molecular mechanisms holds promise for the development of actionable targets. In
this context, we believe that further multicenter prospective studies and more detailed molecular
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analyses are necessary to validate the clinical utility of TB and evaluate its integration into existing
prognostic models. These investigations could not only validate the clinical utility of TB but also pave
the way for more personalized treatment strategies in BC.

Sincerely.
DESCRIPTIONS
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