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Abstract

Objective: Bacillus Calmette-Guérin (BCG) therapy continues to be a fundamental component in the treatment of non-muscle invasive bladder cancer.
The objective of this study was to assess the relationship between granuloma formation resulting from BCG therapy and histopathological and clinical
parameters.

Materials and Methods: This study encompassed 96 patients who underwent intravesical BCG therapy from 1990 to 2003. Post-treatment biopsy
specimens were re-evaluated for the presence of granulomas. Cases demonstrating any number of granulomas were classified as positive for granulomatous
response. The presence of granulomas was analyzed in relation to various factors including age, sex, pathological tumor stage, tumor grade, and the
status of tumor recurrence and progression.

Results: The mean age of the cases was 64.13+10.34 years. The cases were predominantly male (85.4%, n=82) compared to those who were female
(14.6%, n=14). Granuloma formation was identified in 39 cases (40.6%). Recurrence occurred in 48 cases (50%). Progression was observed in 11 patients
(11.5%). The distribution of pathological stages was as follows: non-invasive tumors (pTa) in 70 cases (72.9%) and pT1 in 26 cases (27.1%). Tumor
grading revealed 38 grade 1 cases (39.6%), 45 grade 2 cases (46.9%), and 13 grade 3 cases (13.5%).

Statistical analysis revealed no significant differences between cases with and without granuloma in terms of age (p=0.703), gender (p=0.052), recurrence
(p=0.301), progression (p=0.761), time to recurrence (p=0.186), survival (p=0.367) or tumor grade (p=0.353). However, a significant difference was
observed in the distribution of pathological stages and the frequency of granulomas was higher in cases with pT1 (p=0.011).

Conclusion: The study revealed a higher prevalence of stage pTa in patients without granulomas, suggesting that granuloma formation might be more
likely in tumors that exhibit invasion. This could reflect differences in immune response elicited by BCG therapy or in biological/molecular characteristics
of the tumor itself. The presence of granulomas doesn‘t strongly correlate with the overall prognosis. These results emphasize the need for further
research to explore the mechanisms behind granuloma formation and its potential implications for treatment efficacy and patient management in more
standardized case series.
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Introduction Intracavitary Bacillus Calmette-Guérin (BCG) instillation is
) ) a treatment modality selected based on the stage of bladder
Bladder cancer ranks as the ninth most common malignancy tumors and is used in addition to tumor excision (3). BCG, first

worldwide in both males and females (1). The majority of these  jntroduced as an immunotherapy for NMIBC by Morales et al. (4)
tumors are histologically classified as urothelial carcinomas, in 1976, is an attenuated strain of Mycobacterium bovis initially
where the extent of invasion into the bladder muscle tissue plays developed as a vaccine for Mycobacterium tuberculosis. A key
a crucial role in determining both the treatment strategy and  characteristic of chronic inflammation caused by Mycobacterium
prognosis. Urothelial carcinomas that do not invade the lamina  species is granulomatous inflammation, marked by the formation
propria are staged as non-invasive tumors (pTa), while those of granulomas. In the context of bladder tumors, an increase in
that have invaded the lamina propria are staged as pT1 (2).  inflammatory cells within the bladder is observed following BCG
These tumors together are categorized as non-muscle-invasive jnstillation (5). Histopathologically, this manifests as erosion of

bladder cancer (NMIBC) (3).
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the surface epithelium, lymphoplasmacytic cell infiltration, and
granulomatous inflammation (6). These histological findings
contribute to the immune response and are, in some cases,
regarded as complications of BCG therapy. Among the most
common local complications associated with intravesical BCG
therapy, where the optimal number and frequency of applications
have yet to be fully established, are cystitis and hematuria (3).
BCG therapy can also lead to systemic reactions that may result
in multiorgan failure, in addition to local complications such as
granulomatous prostatitis and epididymoorchitis (3,7).

One of the primary objectives of administering BCG in bladder
cancer, an example of field cancerization, is to prevent tumor
recurrence (8). BCG functions as an immunomodulator,
and its therapeutic effect is expected to be associated with
granulomatous inflammation in the bladder. However, it is
noteworthy that granulomas are not observed in some cases
where BCG is administered, as seen in routine pathological
practice. This absence of granuloma formation may be attributed
to an inadequate immune response. Therefore, the aim of this
study is to evaluate granuloma presence or absence, particularly
focusing on recurrence and progression, with an emphasis on
prognostic data.

Materials and Methods

The study was conducted following the approval of the
Ethics Committee of izmir University of Economics for Non-
Interventional Research at its 52" session (approval number:
B.30.2.IEUSB.0.05.05-20-172, date: 19.07.2022). Due to the
retrospective design of the study, patient informed consent was
waived. Ninety-six cases diagnosed with urothelial carcinoma
between 1990 and 2003, who subsequently received intravesical
BCG therapy, were included in the study. Cases diagnosed within
the same time frame but lacking repeat biopsy, incomplete follow-
up, or unavailable biopsy material were excluded. Hematoxylin
and eosin stained sections from the repeat biopsy specimens
were retrieved from the pathology archive and assessed for the
presence of granulomas. Cases were considered positive for
granulomas regardless of the number observed. Age and gender
data were extracted from the hospital information management
system, while recurrence, progression, and survival data were
obtained from the records of the Department of Urology.

Statistical Analysis

Statistical analyses were conducted using the SPSS 15.0
software package (SPSS Inc., Released 2006, SPSS for Windows,
Version 15.0, Chicago, SPSS Inc.). Analyses were performed
using the Mann-Whitney U test and chi-square test, with a
95% confidence interval. A p-value of <0.05 was considered
statistically significant.

Results

The mean age of the 96 cases included in the study was 64.1+10.3
years, with the youngest patient being 32 years old and the
oldest 89 years old. Of the cases, 82 were male (85.4%) and 14
were female (14.6%), with granuloma formation observed in 39
cases (40.6%). Tumor recurrence was documented in 50% of
the cases, with a mean time to recurrence of 8.0+13.8 months.
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Progression was noted in 11 cases (11.5%). Pathological staging
revealed that 70 cases were classified as pTa (72.9%) and 26
as pT1 (27.1%). Tumor grading showed that 38 cases (39.6%)
were grade 1, 45 cases (46.9%) were grade 2, and 13 cases
(13.5%) were grade 3. During the follow-up period, 5 cases
(5.2%) died due to causes unrelated to bladder cancer.

The mean age of the cases with granuloma was 64.5£9.6 years.
Regarding the gender distribution, 30 cases (76.9%) were
male, and 9 cases (23.1%) were female. Tumor recurrence was
detected in 22 cases (56.4%), while progression was noted in
4 cases (10.3%). The pathological stages among these cases
were classified as pTa in 23 cases (59.0%) and pT1 in 16 cases
(41.0%). Tumor grading revealed that 16 cases (41.0%) were
grade 1, 13 cases (33.3%) were grade 2, and 10 cases (25.6%)
were grade 3.

The mean age of the cases without granuloma was 63.9+10.9
years. Among these cases, 52 (91.2%) were male and 5 (8.8%)
were female. Tumor recurrence was observed in 26 cases
(45.6%), while progression was noted in 7 cases (12.3%). In
this group, 47 cases (82.5%) were classified as pTa, and 10
cases (17.5%) as pT1. Tumor grading showed that 22 cases
(38.6%) were grade 1, 32 cases (56.1%) were grade 2, and 3
cases (5.3%) were grade 3. Clinicopathological characteristics
and outcomes in cases with and without granuloma formation
following BCG therapy are summarized in Table 1.

In statistical analyses using the Mann-Whitney U test, no
statistically ~ significant relationship was found between
granuloma formation and age (p=0.703), gender (p=0.052),
or tumor grade (p=0.353). Similarly, no significant association
was observed between granuloma formation and progression
(p=0.761), recurrence (p=0.301), time to recurrence (p=0.186),
or survival (p=0.367). In gender analyses, which were found to
be close to statistical significance (p=0.052), it was observed
that male dominance was striking in cases where granuloma
formation was not observed (91.2% vs. 23.1%). Statistically
significant results were obtained in the analysis of granuloma
formation in relation to pT stage, indicating that granuloma
development is less common in pTa (p=0.01T).

Discussion

Approximately 25% of bladder cancers are muscle-invasive
or metastatic, and treatment modalities for this patient group
include neoadjuvant chemotherapy, radical cystectomy, and
adjuvant chemotherapy (9). In non-muscle-invasive bladder
cancers, intravesical chemotherapy can be administered
following tumor resection via transurethral resection of the
bladder tumor, which is advantageous, as it avoids the systemic
effects of chemotherapy and significantly reduces disease
recurrence (3,10). Although non-muscle-invasive bladder
cancers generally have a relatively favorable prognosis, with a
5-year survival rate exceeding 85%, they present challenges
related to patient quality of life and impose a substantial burden
on the healthcare system due to frequent recurrences (11-13).

Intracavitary BCG is utilized as the primary treatment option for
non-muscle-invasive bladder cancers at high risk of recurrence
(14). Intravesical BCG administration has been shown to
reduce recurrence, inhibit tumor progression, and improve
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Table 1. Clinicopathological characteristics and outcomes in cases with and without granuloma formation following BCG therapy

Variable Total cases With granuloma Without granuloma
(n=96) (n=39) (n=57)

Mean age (years) 64.1£10.3 64.5£9.6 63.9£10.9

Age range (years) 32-89 -

Gender

- Male 82 (85.4%) 30 (76.9%) 52 (91.2%)

- Female 14 (14.6%) 9 (23.1%) 5 (8.8%)

Granuloma formation 39 (40.6%)

Pathological stage

-pTa 70 (72.9%) 23 (59.0%) 47 (82.5%)
-pT1 26 (27.1%) 16 (41.0%) 10 (17.5%)
Tumor grade

- Grade 1 38 (39.6%) 16 (41.0%) 22 (38.6%)
- Grade 2 45 (46.9%) 13 (33.3%) 32 (56.1%)
- Grade 3 13 (13.5%) 10 (25.6%) 3(5.3%)
Tumor recurrence 48 (50%) 22 (56.4%) 26 (45.6%)
Mean time to recurrence (months) 8.0£13.8 -

Tumor progression 11 (11.5%)

4(10.3%) 7 (12.3%)

BCG: Bacillus Calmette-Guérin, pTa: Non-invasive tumors, pT1: Low-grade and invasive tumors

survival rates (15-17). Since Pearl’s (18) 1928 article, which
noted a lower incidence of tumors in autopsies of patients with
tuberculosis, numerous studies have explored the relationship
between tumors and tuberculosis (19-22). Early experimental
studies evaluating the effects of BCG on tumors suggested that
its mechanism of action was not direct cytotoxicity but rather
the host’s immune response (23,24). Since then, the therapeutic
efficacy of BCG has been investigated across various tumor types,
including melanoma (25). A significant milestone following
the development of the BCG vaccine by Albert Calmette and
Camille Guérin in 1921 was the 1976 report by Morales et al.
(4), which demonstrated the efficacy of intracavitary BCG in
treating non-muscle-invasive bladder tumors.

Since the introduction of BCG in the treatment of bladder
cancer, our understanding of its mechanism of action has been
continually refined. Tissue and fluid analyses from patients
undergoing BCG therapy suggest that intravesical administration
induces a multifaceted and complex immune response, involving
both innate and adaptive immunity (26). Following BCG
administration, inflammatory cells, predominantly granulocytes,
macrophages, and lymphocytes, are readily observed in the
urine (27). It has been reported that CD4+ T lymphocytes are
the predominant cell typewhile similar cells are observed in the
tissue response (5). Indeed, some studies have indicated that
BCG immunization results in an accelerated T cell response (22).
Histopathological examination of tissues reveals granulomatous
inflammation, with lymphoplasmacytic inflammatory cells
surrounding the granulomas (6).

Following intracavitary BCG administration, cytokine and
chemokine secretions from urothelial and antigen-presenting
cells are believed to stimulate the cellular components of the
immune system (26). Histopathological examinations have

demonstrated the presence of macrophages and dendritic cells
in the bladder tissues of patients receiving BCG therapy (5)
with an increased pre-treatment number of these cells being
associated with poor prognosis (28,29). There are relatively
few prognostic studies on granulomatous inflammation, the
characteristicinflammation type induced by BCG treatment. Two
of the few studies available suggest that granuloma formation
is not associated with prognosis (30,31). However, Jallad et al.
(32), who reported a relationship between granuloma formation
and prognosis, evaluated granuloma and inflammation as two
separate parameters in their study involving 215 cases. In
their analysis, which grouped cases according to the presence
or absence of granuloma/inflammation, they found that the
absence of granuloma/inflammation was associated with a
higher recurrence rate. Additionally, progression-free survival
was reported to be higher in the presence of granuloma/
inflammation (32).

In this study, no significant relationship was observed between
granuloma formation and tumor grade, progression, recurrence,
or survival. However, granuloma formation was significantly more
common in pT1 tumors than in pTa tumors (p=0.011). This
finding suggests that immune response alterations due to tumor
invasion may trigger the immune mechanisms necessary for
granuloma formation. While this phenomenon may be related to
the immune response elicited by BCG, it could also be associated
with the expression of different antigens at various pT stages
of the tumor or even an increase in tumor mutational burden
(TMB). The existence of studies highlighting the central role of
the CD4+ T cell response in BCG treatment; the significance
of the CD8+ T cell response; and their relationship with the
programmed cell death ligand response supports this hypothesis
(33,34). Additionally, considering the critical role of T cells in the

77



Adali Rusen et al. Granulomas in BCG-treated Bladder Cancer

antitumor response, including granuloma formation, there is a
need for further investigation in homogeneous and larger case
series across different pT stages, in which tumor antigen load and
TMB are evaluated alongside the depth of invasion.

Study Limitations

The preimmunization status of the cases included in this study
with the BCG vaccine is unknown. This limitation, which is also
present in many studies in the literature (32), impacts the study’s
ability to measure the effect of cytokine and T cell responses that
could directly develop by bypassing the antigen-presenting cell
step (potentially influenced by preimmunization). We believe
that future studies should consider the inclusion of distinct
groups of preimmunized and non-immunized cases in the
selection of case series. This approach could be a significant step
toward optimizing study outcomes.

Another limitation of this study is that the tumor grading was
derived from the original pathology reports. Grading based on
the 1973 World Health Organization criteria was found not to
influence granuloma formation. Given that pTa are typically
low-grade and invasive tumors (pT1) tend to be high-grade,
similar results could be obtained when considering tumor
stage (5).

Conclusion

While the roles of innate and adaptive immunity are evident
in the mechanism of action of BCG, the precise mechanisms
that determine the response to treatment remain incompletely
understood. The evaluation of granuloma formation—
potentially one of these mechanisms—alongside immune system
components and the biological and molecular characteristics of
the tumor at different stages, could provide valuable insights
for predicting treatment response. Unraveling the mechanisms
involved in BCG treatment may also provide information that
guides immunotherapy, which has come to the forefront in
cancer treatment today.
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