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Objective: To assess the expression of p53 and its correlation with histologic grade and
tumor invasiveness in urothelial carcinoma.

Methodology: This cross-sectional study was conducted at the Department of Pathology,
Pakistan Institute of Medical Sciences (PIMS), Islamabad, over duration of 24 months
August 2018 to August 2020. A total of 96 cases of histologically confirmed urothelial
carcinoma were analyzed using immunohistochemistry for p53 expression. p53 positivity
was evaluated at 10% and 40% nuclear cut-offs, and further classified into wild-type and
aberrant phenotypes. Associations with tumor grade, lamina propria invasion, and
muscularis propria invasion were assessed using chi-square tests. The data were
analyzed using SPSS version 21. A p-value less than 0.05 was considered statistically
significant.

Results: High-grade tumors showed significantly higher p53 expression at both 10%
(84.6%) and 40% (63.5%) cut-offs compared to low-grade tumors (45.5% and 22.7%,
respectively) (p < 0.001). Aberrant phenotypes were more frequent in high-grade tumors
(69.2%) versus low-grade (25%) (p < 0.001). p53 positivity was also significantly
associated with lamina propria and muscularis propria invasion (p < 0.001).

Conclusion: p53 immunoexpression correlates strongly with tumor grade and invasion,
highlighting its value as a prognostic marker in urothelial carcinoma.
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majority are diagnosed at a high histologic grade and
with invasion into the bladder wall.*

Urothelial carcinoma, previously known as transitional
cell carcinoma, is the most prevalent malignancy of the
urinary tract and arises from the transitional epithelium
lining the renal pelvis, ureters, urinary bladder, and
urethral. Among these sites, the urinary bladder is the
most frequently involved organ, making bladder cancer
one of the leading urological cancers globally.?

According to global cancer statistics, bladder cancer
ranks as the ninth most common malignancy worldwide,
with a notable male predominance3. Locally, in Pakistan,
urothelial carcinoma remains a significant public health
concern, ranking among the top five malignancies in
men.* Most cases present in the elderly population,
particularly between the ages of 50 and 80 years, and the

Histologically, urothelial tumors are categorized by the
World Health Organization/International Society of
Urologic Pathology (WHO/ISUP) grading system into
low-grade and  high-grade  carcinomas.  This
classification plays a critical role in clinical decision-
making, as high-grade tumors are associated with muscle
invasion, rapid progression, and poorer prognosis,
whereas low-grade tumors tend to recur but rarely
progress.” However, despite the usefulness of histological
grading, it does not always correlate reliably with clinical
outcomes.® This discrepancy has prompted the search for
reliable molecular biomarkers that can predict tumor
behavior and guide treatment.®
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Among the most studied biomarkers in cancer biology is
p53, a tumor suppressor protein encoded by the TP53
gene.'’® p53 plays a central role in cell cycle regulation,
apoptosis, and DNA repairt, Mutations in the TP53 gene
are among the most frequent genetic alterations observed
in human cancers, including urothelial carcinoma.:?
These mutations often result in the accumulation of
abnormal (aberrant) p53 protein in the nucleus, which can
be detected immunohistochemically.*3

Immunohistochemistry (IHC) for p53 expression is
widely utilized as a surrogate marker for TP53 mutation
status.'* Notably, increased p53 immunoreactivity has
been associated with high-grade tumors and deeper
invasion, reflecting a more aggressive phenotype.'*

Recent studies have proposed that classifying p53
expression into wild-type versus aberrant phenotypes
(including null and overexpressed forms) may better
reflect the underlying mutational status and correlate
more accurately with tumor behavior than simple
percentage-based cut-offs.’*  Furthermore,  p53
overexpression has been linked to chemotherapy
resistance, making it not only a prognostic but also a
potentially predictive biomarker in treatment planning'”.
Despite the global interest in p53 as a prognostic tool,
limited local data exist regarding the pattern and
prognostic relevance of p53 immunoexpression in
urothelial carcinoma among Pakistani patients.'®

This study addresses the paucity of regional data on p53
immunoexpression patterns in urothelial carcinoma and
aims to evaluate its association with tumor grade and
depth of invasion, thereby assessing its prognostic utility
in Pakistani patients.

Methodology

This cross-sectional study was conducted at the
Department of Pathology, Pakistan Institute of Medical
Sciences (PIMS), Islamabad. The research was carried
out over duration of 24 months, from August 2018 to
August 2020. Ethical approvaed was obtained from
SZABMU IRB no:F-1/2015/ERB/SZABMU/182

The sample size for the study was determined using
OpenEpi software, based on an expected frequency of
p53 expression in high-grade urothelial carcinoma at
approximately 50%, with a confidence interval of 95%,
and margin of error of 10%. The minimum calculated
sample size was 96 cases, which were included
consecutively as they met the inclusion criteria during the
study period.

A non-probability consecutive sampling technique was
employed. All suitable cases of urothelial carcinoma
diagnosed during the study period and fulfilling the
inclusion criteria were selected.

All formalin-fixed, paraffin-embedded (FFPE) tissue
samples from transurethral resection of bladder tumor
(TURBT) specimens or cystectomy specimens diagnosed
histologically as urothelial carcinoma were included.
Inadequate biopsies and specimens with poor tissue
preservation or lacking sufficient tumor tissue were
excluded.

Each specimen was processed and stained using standard
hematoxylin and eosin (H&E) techniques. Tumors were
graded into low-grade and high-grade categories based on
the 2016 WHO/ISUP classification system. Invasion into
lamina propria and muscularis propria was assessed
histologically.

Immunohistochemistry (IHC) was performed using the
p53 monoclonal antibody on 3-4 um thick tissue sections.
Slides underwent deparaffinization, rehydration, antigen
retrieval, and incubation with the primary antibody
followed by application of the secondary antibody and
visualization with chromogen. Appropriate positive and
negative controls were included for validation.

The immunohistochemical expression of p53 was
evaluated by assessing nuclear positivity at two distinct
cut-off levels: 10% and 40%. Additionally, p53
expression  was interpreted using  phenotypic
classification, which categorized staining patterns into
three groups. Wild-type phenotype was characterized by
focal nuclear positivity in 10-60 percent of tumor cell,
normal p53 expression. The null phenotype was also
described as having no residues stained of the nucleus,
which is suggestive of loss-of-function mutations.
Finally, the combination of strong diffuse nuclear
staining above 60 percent in most tumor cells was the
sign of the overexpression phenotype which indicates
possible mutation and attainment of p53 gene. This whole
method enabled a finer assessment of p53 expression in
relation to tumor behavior.

A structured proforma was used to document the data.
The variables were age, gender, Tumor grade, depth of
invasion and immunohistochemical p53 expression
details. The data were analyzed using SPSS version 21.
Chi-square test was applied to evaluate the association
between p53 expression and tumor grade and invasion. A
p-value less than 0.05 was considered statistically
significant.
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Results

A total of 96 histologically confirmed cases of urothelial
carcinoma were included in the study, with a mean age of
64.1 £ 11.1 years (range: 36-86 years). The sample
showed a marked male predominance with 75 males
(78.1%) and 21 females (21.9%), resulting in a male-to-
female ratio of 3.6:1. Based on the WHO/ISUP 2016
classification, 44 cases (45.8%) were categorized as low-
grade, while 52 cases (54.2%) were high-grade. Low-
grade tumors predominantly displayed non-invasive
features, whereas high-grade tumors were frequently
associated with deeper invasion into the lamina propria
and muscularis propria. The expression of p53 at a 10%
nuclear positivity cut-off revealed statistically significant
differences between tumor grades, as illustrated in Figure
1. Among the low-grade tumors, 20 cases (45.5%) were
p53-positive and 24 cases (54.5%) were negative. In
contrast, 44 high-grade tumors (84.6%) showed positive
nuclear p53 staining, with only 8 cases (15.4%) being
negative. The association between p53 expression and
tumor grade was found to be highly significant (p <
0.001). These findings suggest that increased p53
expression correlates with higher tumor grade, likely
reflecting underlying TP53 gene mutations associated
with tumor progression and poor prognosis.
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Figure 1. p53 Expression at 10% Cut-off and Its
Association with Tumor Grade.

When p53 expression was re-evaluated using a 40% cut-
off, the pattern remained statistically significant as shown
in Table 1, among low-grade tumors, only 10 cases
(22.7%) were p53-positive, while 34 cases (77.3%) were
negative. Conversely, 33 high-grade tumors (63.5%)
demonstrated positive p53 expression, and 19 cases
(36.5%) showed negativity. This difference was also
statistically significant with a p-value of less than 0.001.
The higher percentage of p53 positivity in high-grade
tumors reaffirms its role in aggressive tumor biology.

These findings are consistent with global literature and
emphasize that increasing p53 expression correlates with
worsening tumor differentiation.

The relationship between p53 expression and lamina
propria invasion was examined using the 10% positivity
threshold. As shown in Table Il, among 78 cases with
lamina propria invasion, 61 cases (78.2%) were p53-
positive and 17 cases (21.8%) were negative. In contrast,
of the 18 cases without lamina propria invasion, only 3
cases (16.7%) were p53-positive, and the remaining 15
cases (83.3%) were negative. The association was highly
statistically significant (p < 0.001), indicating that p53
expression is considerably elevated in tumors that have
invaded the lamina propria. This finding supports the
hypothesis that p53 overexpression is linked to early
invasive potential in urothelial carcinomas. It further
suggests that p53 IHC can aid in risk stratification even
among non-muscle-invasive tumors.

Table I: p53 Expression at 40% Cut-off and Its Association
with Tumor Grade.

Tumor Positive Negative p53 Total p-

Grade p53 (<40%) value
(>40%)

Low-grade 10 (22.7%) 34 (77.3%) 44

High-grade 33 (63.5%) 19 (36.5%) 52 <0.001

Table II: Association between p53 expression (=10%) and
Lamina Propria invasion.

Lamina Positive Negative Total p-
Propria p53 p53 (<10%) value
Invasion (=10%)

Present 61 (78.2%) 17(21.8%) 78

Absent 3 (16.7%) 15(83.3%) 18 <0.001

Table III: Association between pS53 expression (=40%)
and Muscularis Propria invasion.

Muscularis Positive Negative  Total p-
Propria p53 p53 value
Invasion (=40%) (<40%)

Present 28(84.8%) 5(15.2%) 33

Absent 15 (21.4%) 55 (78.6%) 63 <0.001

Similarly, a strong correlation was observed between p53
expression at the 40% cut-off and muscularis propria
invasion. Among the 33 tumors that invaded the
muscularis propria, 28 cases (84.8%) were positive for
p53, while 5 cases (15.2%) were negative, as shown in
Table Ill. On the other hand, out of 63 non-invasive
tumors, only 15 cases (21.4%) were positive, and 55
(78.6%) were negative. The association was again
statistically significant (p < 0.001), demonstrating that
p53 expression increases with depth of tumor invasion.
These results align with existing research linking p53
mutation with poor prognosis, aggressive growth, and
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deep tissue involvement. The high expression of p53 in
invasive tumors underlines its potential utility in
predicting tumor aggressiveness pre-operatively.

To further refine the prognostic utility of p53, its
phenotypic classification was analyzed. As illustrated in
Figure 2, among the 44 low-grade tumors, 33 cases
(75%) exhibited a wild-type staining pattern, whereas 11
cases (25%) showed aberrant patterns (null or
overexpression). In contrast, of the 52 high-grade tumors,
only 16 cases (30.8%) were wild-type, and 36 cases
(69.2%) displayed aberrant p53 expression. This
distribution was statistically significant (p < 0.001),
indicating a strong association between aberrant p53
phenotype and higher tumor grade. These findings
suggest that the phenotypic classification of p53 may
offer a more accurate reflection of TP53 mutation status
than percentage-based cut-offs alone. Incorporating this
approach could enhance diagnostic precision in pathology
labs with access to immunohistochemistry but limited
genetic profiling.
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Figure 2. Phenotypic classification of p53 and its
association with tumor grade.

Discussion

The results of this study demonstrated a significant
association between p53 immunoexpression and the
histologic grade of urothelial carcinoma. A greater
proportion of high-grade tumors showed p53 positivity,
particularly at both 10% and 40% cut-offs, compared to
low-grade tumors. The frequency of aberrant p53
phenotypes, including overexpression and null types, was
also markedly higher in high-grade cases. Furthermore,
p53 expression showed significant correlation with
lamina propria and muscularis propria invasion,

highlighting its potential value not only as a grading
marker but also as an indicator of tumor invasiveness.
These findings suggest that p53 is a relevant prognostic
marker that may aid in stratifying patients based on tumor
behavior and progression.

When compared with existing literature, the results align
with global trends in p53 research!®. Studies have
consistently  reported that high-grade urothelial
carcinomas exhibit elevated p53 immunoexpression,
supporting the role of p53 as a marker of poor
differentiation and aggressive tumor biology.?® Similarly,
the correlation of p53 overexpression with increased
depth of invasion has been well documented, confirming
that TP53 mutations are often associated with more
invasive phenotypes.?! The phenotypic classification used
in this study (wild-type vs. aberrant) also supports
findings from recent literature, which suggest that
analyzing aberrant p53 expression patterns (null or

diffuse overexpression) provides a more reliable
assessment of TP53 mutational status than using
percentage cut-offs alone.?? Additionally, tumors

expressing aberrant phenotypes of p53 have been
associated with chemoresistance and disease recurrence,
emphasizing the need for integrating p53 IHC evaluation
in routine diagnostics, particularly in high-grade cases.?®

Furthermore, the current study supports evidence
indicating that p53 immunoreactivity is significantly
higher in tumors with lamina propria and muscularis
propria invasion.?* Literature has also documented that
TP53 mutations promote epithelial-to-mesenchymal
transition, leading to increased tumor cell migration and
invasion.? Therefore, the presence of diffuse or null p53
staining may serve as a warning sign for early invasive
potential, even in cases that appear non-invasive on
histology.?® The data from this study corroborate these
observations and reinforce the use of p53 as a cost-
effective, practical prognostic marker, especially in
settings where advanced molecular testing may not be
readily available.?

Limitations and Future Recommendations: One limitation of
this study was the absence of molecular confirmation of TP53
mutations, which could have validated the
immunohistochemical ~ findings at the genetic level.
Additionally, the sample size was modest, and the study was
conducted at a single center, limiting the generalizability of
results. Future research should focus on multi-center studies
with larger cohorts and incorporate molecular sequencing to
correlate  immunohistochemistry findings with underlying
genetic mutations. It is also recommended to explore the
combined expression profiles of multiple markers, such as p53,
Ki-67, and p16, to develop more robust prognostic panels for
urothelial carcinoma.
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Conclusion

This study demonstrated a significant association
between p53 immunoexpression and both tumor grade
and depth of invasion in urothelial carcinoma. Tumors
with lamina propria or muscularis propria invasion had
significantly higher expression of p53 again in high cut-
offs and phenotypic classifications. The results allow to
suppose that p53 may become a steady prognostic
marker, helping to identify more aggressive tumors with
a higher invasive potential. The wuse of p53
immunohistochemistry as part of daily diagnostic
assessment could help streamline the process of
stratification of risk as well as the development of
therapeutic plans, particularly in disadvantaged settings.
These findings further corroborate the need to incorporate
the use of immunomarkers such as p53 that can add value
in the determination of the histologic grading of
urothelial carcinoma.
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