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Abstract
Introduction
Urothelial carcinoma (UC) is the most common bladder cancer. The most censorious pathological aspect of
UC is deep muscle invasion and tumor grade. In this study, we assessed the prognostic implications of tumor
grade and deep muscle invasion in UC.

Methods
It was a retrospective cross-sectional study conducted at the Department of Histopathology, Liaquat
National Hospital, from July to December 2019. The data were collected over five years from January 2014 till
December 2018. Records from archives of the anatomic pathology were searched, clinical characteristics
were recorded, and histopathological slides were reviewed. Histological parameters, including tumor grade
and muscle invasion, were evaluated. Records of patient follow-up were assessed by reviewing clinical
records. Recurrence of UC and overall survival was also recorded. Multivariate binary logistic regression was
applied for variables that were significant on univariate logistic regression. Survival analysis was performed
using the Kaplan-Meier method.

Results
The mean age of the patients was 63.39 ± 14.1 years. More than half (53%) cases were of low-grade papillary
UC. Disease recurrence was observed in 53 (39.1%) patients, whereas the mortality rate was 16.6%. In our
study, 49 (32.5%) patients were found to have deep muscle invasion. By multivariate analysis, we found that
the deep muscle invasion was significantly associated with male gender and grade. In addition, a significant
association of high-tumor grade with survival status of the patients was noted.

Conclusions
A high proportion of UC cases in our study were found to have deep muscle invasion and high-tumor grade.
Moreover, a significant association of deep muscle invasion with tumor grade and an association of tumor
grade with survival signify the prognostic value of these factors in UC.

Categories: Pathology
Keywords: urothelial carcinoma, bladder cancer, high grade urothelial carcinoma, low grade urothelial carcinoma,
deep muscle invasion

Introduction
Bladder cancer is among the top 10 cancers of the human body [1]. Urothelial carcinoma (UC) is the most
common type of bladder cancer. The most censorious pathological aspect of UC is the presence or absence of
invasion, which can be diagnostically challenging at times. Based on the detection of this invasion, UC is
divided into invasive and noninvasive UC. This invasion can be limited to lamina propria and muscularis
mucosa or it can even go beyond the mucosa to involve muscularis propria (deep muscle). Invasion of
muscularis propria, also referred to as detrusor muscle, is clinically most important as this dictates future
management [2]. After the invasion, the second most important pathological feature of UC is grade. World
Health Organization (WHO) classification of tumors of the urogenital tract divides UC based on histological
parameters into low grade and high grade [3]. Beyond invasion and grade, various other biomarkers have
been tested in UC [4-6], some of which such as p53, CK20, and androgen receptor [7,8] have shown some
promising results. However, to date, their routine use is not recommended by the College of American
Pathologists (CAP) or any other international pathological organization.
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The purpose of this stratification of UC into various categories based on invasion vs. no invasion and low vs.
high grade is to split tumors into prognostic groups so that response to various treatments can be assessed
in these different groups. Validation of prognostic significance of these defined groups is necessary in
different populations, as tumor biology differs in divergent populations. Therefore, in this study, we
evaluated the prognostic significance of these different groups of UC based on grade and muscle invasion in
our population.

Materials And Methods
This was a retrospective cross-sectional study conducted at the Department of Histopathology, Liaquat
National Hospital, from July to December 2019. The data were collected over five years from January 2014 till
December 2018. Records from archives of pathology were searched, clinical characteristics were recorded,
and histopathological slides were reviewed. All specimens were received in the histopathology laboratory at
Liaquat National Hospital. After the gross examination, representative sections were submitted according to
defined criteria. Cases with a pathological diagnosis of UC were included in the study. Cases with the
diagnosis of urothelial papilloma or papillary urothelial neoplasm of low malignant potential were excluded
from the study. Additionally, patients with any prior history of radiation or chemotherapy were also excluded
from the study. Histological parameters, including tumor grade and muscle invasion, were evaluated
according to the CAP criteria (Figures 1, 2).

FIGURE 1: Low-grade urothelial carcinoma. (A) H&E stained sections at
100x magnification showing fused and branching papillae. (B) 400x
magnification revealing moderate atypia of tumor cells.
H&E, hematoxylin and eosin
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FIGURE 2: High-grade urothelial carcinoma. (A) H&E sections at 100x
magnification showing fused branching papillary architecture. Lamina
propria invasion is also noted (arrow). (B) 200x magnification showing
loss of polarity. (C) 400x magnification revealing severe atypia and
mitosis (arrow). (D) 100x magnification showing deep muscle invasion
(arrow).
H&E, hematoxylin and eosin

Records of patient follow-up were assessed reviewing clinical records. Recurrence of UC and survival were
also recorded.

Statistical analysis
Data analysis was performed using Statistical Package for Social Sciences (SPSS, Version 26.0, IBM Corp.,
Armonk, NY, USA). Chi-square test was used to check the association. The odds ratio was calculated using
univariate and multivariate logistic regression. Multivariate binary logistic regression was applied for
variables that were significant on univariate logistic regression. Survival analysis was performed using the
Kaplan-Meier method. P-values ≤ 0.05 were considered as significant.

Results
Clinicopathological characteristics of the population under study
Data of a total of 151 patients were evaluated for this study. The mean age of the patients was 63.39 ± 14.1
years, ranging from 32 years to 92 years. Out of 151 patients, 110 (72.8%) were males and 41 (27.2%) were
females. More than half (53%) cases were of low-grade papillary UC. Recurrence was observed for 53 (39.1%)
patients, whereas the mortality rate was 16.6%. In our study, 49 (32.5%) patients were found to have deep
muscle invasion as presented in Table 1.
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 Characteristics Frequency (%)

Age (years)  

Mean ± SD 63.39 ± 14.05

≤50 years 38 (25.2)

>50 years 113 (74.8)

Follow-up (months) 24.50 ± 14.53

Gender  

Male 110 (72.8)

Female 41 (27.2)

Specimen type  

Transurethral resection 145 (96)

Radical cystectomy 6 (4)

Tumor grade  

Low grade 80 (53)

High grade 71 (47)

Recurrence  

Yes 59 (39.1)

No 92 (60.9)

Survival status  

Alive 126 (83.4)

Expired 25 (16.6)

Deep muscle invasion  

Present 49 (32.5)

Absent 102 (67.5)

TABLE 1: Descriptive statistics of population under study

Association of deep muscle invasion with prognostic parameters
We found a significant association of deep muscle invasion with gender (p = 0.014) and tumor grade (p =
0.006), as shown in Table 2.
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Clinicopathological parameter
Deep muscle invasion, frequency (%)

p-Value
Present (n = 49) Absent (n = 102)

Gender
Male 42 (85.7) 68 (66.7)

0.014*
Female 7 (14.3) 34 (33.3)

Age group
≤50 years 14 (28.6) 24 (23.5)

0.504
>50 years 35 (71.4) 78 (76.5)

Tumor grade
Low grade 18 (36.7) 62 (60.8)

0.006*
High grade 31 (63.3) 40 (39.2)

Recurrence
Yes 23 (46.9) 36 (35.3)

0.170
No 26 (53.1) 66 (64.7)

Survival status
Alive 40 (81.6) 86 (84.3)

0.678
Expired 9 (18.4) 16 (15.7)

TABLE 2: Association of deep muscle invasion with clinicopathological parameters
Chi-square test was applied

*p-Value significant as < 0.05

By univariate analysis, we found that male patients were more likely to have the deep muscle invasion in
comparison to female patients. Patients with low-grade papillary UC were found less likely to have the deep
muscle invasion compared to patients with high-grade papillary UC; patients who have recurrence of disease
were found more likely to have the deep muscle invasion compared to patients with no disease
recurrence. By multivariate analysis, we found that gender and grade were significantly associated with deep
muscle invasion, as shown in Table 3.
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Clinicopathological parameter
Univariate analysis Multivariate analysis

Odds ratio (95% CI) p-Value Odds ratio (95% CI) p-Value

Gender
Male 3.0 (1.22-7.37) 0.017* 3.02 (1.20-7.57) 0.018*

Female** 1  1  

Age group
≤50 years 1.30 (0.60-2.80) 0.504 NA - 

>50 years** 1    

Tumor type
Low grade 0.37 (0.18-0.75) 0.006* 0.37 (0.18-0.76) 0.007*

High grade** 1  1  

Recurrence
Yes 1.62 (0.81-3.24) 0.171 NA -

No** 1    

Survival status
Alive 0.82 (0.33-2.03) 0.678 NA -

Expired** 1    

TABLE 3: Odds ratios by univariate and multivariate binary logistic regression for muscle-
invasive urothelial carcinoma
Univariate and multivariate binary regression were applied

*p-Value significant as < 0.05

**Reference group

CI, confidence interval

We assessed survival of the patients with bladder carcinoma and plotted Kaplan-Meier curves to evaluate the
association of deep muscle invasion with overall survival. No significant association of deep muscle invasion
with overall survival was seen (p = 0.442) in our study (Figure 3).

FIGURE 3: Survival analysis using the Kaplan-Meier method for deep
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muscle invasion

Association of tumor grade with prognostic parameters
A significant association of tumor grade was noted with lamina propria invasion, deep muscle invasion, and
overall survival (Table 4).

Clinicopathological characteristics
Tumor grade   Frequency (%)

p-Value
Low grade (n = 80) High grade (n = 71)

Gender
Male 57 (71.3) 53 (74.6)

0.639
Female 23 (28.8) 18 (25.4)

Age group
≤50  years 30 (37.5) 29 (40.8)

0.674
>50 years 50 (62.5) 42 (59.2)

Lamina propria invasion
Present 4 (5) 36 (50.7)

<0.0001*
Absent 76 (95) 35 (49.3)

Recurrence
Yes 30 (37.5) 29 (40.8)

0.674
No 50 (62.5) 42(59.2)

Deep muscle invasion
Present 18 (22.5) 31 (43.7)

0.006*
Absent 62 (77.5) 40 (56.3)

Survival status
Alive 73 (91.3) 53 (74.6)

0.006*
Expired 7 (8.8) 18 (25.4)

               

TABLE 4: Association of tumor grade with clinicopathological parameters
Chi-square test was applied

*p-Value significant as < 0.05

By univariate analysis, patients with lamina propria invasion and deep muscle invasion were more likely to
have high tumor grade than those without lamina propria and deep muscle invasion. Similarly, patients who
had disease recurrence were also more likely to have high-grade UC. By multivariate analysis, a significant
association of tumor grade was noted only with survival status of the patients (Table 5).
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Clinicopathological characteristics      
Univariate

p-Value
Multivariate

p-Value
Odds ratio   (95% CI) Odds ratio  (95% CI)

Gender
Male 1.188  (0.578-2.444) 0.640 NA  

Female** 1    

Age group
≤50 years 0.422  (0.194-0.919) 0.030* 0.375  (0.139-1.015) 0.053

>50 years**  1  1  

Lamina propria invasion
Present 19.54  (6.454-59.174) 0.0001* 21.93  (6.52-73.76) -

Absent** 1   1  

Recurrence  
Yes 1.15  (0.598-2.215) 0.674 NA -

No** 1    

Survival status
Alive 0.28  (0.11-0.72) 0.009* 0.23  (0.084-0.68) 0.008*

Expired**  1  1  

Deep muscle invasion
Present 0.37  (0.185-0.757) 0.006* 0.81  (0.31-2.06) 0.659

Absent  1   1  

TABLE 5: Odds ratios by univariate and multivariate binary logistic regression for high-grade
urothelial carcinoma
Univariate and multivariate binary regression were applied

*p-Value significant as < 0.05

**Reference group

CI, confidence interval

We evaluated the association of tumor grade with overall survival by plotting Kaplan-Meier curves and found
a significant association of tumor grade with overall survival (p = 0.005), as shown in Figure 4.
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FIGURE 4: Survival analysis using the Kaplan-Meier method for tumor
grade

Discussion
In this study, we assessed the association of tumor grade and deep muscle invasion with various prognostic
parameters by univariate and multivariate analysis and found a significant association of deep muscle
invasion with gender and grade. Alternatively, high tumor grade was found to be significantly associated
with survival status by multivariate analysis.

Several studies have evaluated prognostic parameters in bladder cancers. A meta-analysis involving 33
studies and 19,702 patients concluded that high tumor grade and deep muscle invasion (tumor stage) were
associated with cancer-specific survival [9]. Concordant with these findings, we also noted a significant
association of tumor grade with overall survival. Conversely, by multivariate analysis, we did not find any
significant association of deep muscle invasion with overall survival. This lack of association in our study
can be due to the limited number of cases. An interesting finding in our study was the association of male
gender with deep muscle invasion. Although we did not evaluate the impact of male gender on survival for
bladder cancer in our study, these sex differences in cancer-specific survival were also reported in a large
German multi-center study involving about 2,500 patients with bladder cancer [10].

Some studies have also reported the prognostic significance of lymphatic and vascular invasion in bladder
cancer. Muppa et al. also delineated the predictive value of lymphatic and vascular invasion for nodal
metastasis in bladder cancer [11]. In our study, we did not assessed lymphatic and vascular invasion as most
of the specimens were of transuretheral resection rather than radical cystectomies.

Early diagnosis of any cancer is key to improved prognosis. In developed countries like the United States, the
prognosis of prostate cancer has improved after the implementation of prostate specific antigen (PSA)
testing based screening programs. Moreover, if PSA levels are high, the threshold for prostate biopsy is low,
and that leads to early detection of prostate cancer, resulting in better prognosis. Unfortunately, in
underdeveloped countries, like Pakistan, there are no such screening protocols, and due to this patients
present late, leading to poor overall prognosis. Hence, there is an immense need to implement screening
protocols in our country to improve the prognosis of patients with prostate cancer.

We acknowledge a few limitations to our study, as retrospective studies are inherently subjected to some
biases. The sample size of our study was small, and the number of cases of radical cystectomies was limited.

Conclusions
In this study by multivariate analysis, we a found significant association of deep muscle invasion with male
gender and high grade. Alternatively, high-tumor grade was significantly associated with survival status.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. N/A issued approval N/A. Not
needed for retrospective studies. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure
form, all authors declare the following: Payment/services info: All authors have declared that no financial
support was received from any organization for the submitted work. Financial relationships: All authors
have declared that they have no financial relationships at present or within the previous three years with
any organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Ploeg M, Aben KK, Kiemeney LA: The present and future burden of urinary bladder cancer in the world .

World J Urol. 2009, 27:289-293. 10.1007/s00345-009-0383-3
2. Castellano D, Carles J, Esteban E, et al.: Recommendations for the optimal management of early and

advanced urothelial carcinoma. Cancer Treat Rev. 2012, 38:431-441. 10.1016/j.ctrv.2011.10.004
3. Compérat EM, Burger M, Gontero P, et al.: Grading of Urothelial Carcinoma and The New "World Health

Organisation Classification of Tumours of the Urinary System and Male Genital Organs 2016". Eur Urol
Focus. 2019, 5:457-466. 10.1016/j.euf.2018.01.003

4. Hashmi AA, Hussain ZF, Irfan M, Hashmi SK, Asif H, Faridi N: Prognostic significance of p16
immunohistochemical expression in urothelial carcinoma. Surg and Exp Pathol. 2019, 2:3.

5. Hashmi AA, Hussain ZF, Irfan M, Edhi MM, Kanwal S, Faridi N, Khan A: Cytokeratin 5/6 expression in

2020 Hashmi et al. Cureus 12(10): e10802. DOI 10.7759/cureus.10802 9 of 10

https://dx.doi.org/10.1007/s00345-009-0383-3
https://dx.doi.org/10.1007/s00345-009-0383-3
https://dx.doi.org/10.1016/j.ctrv.2011.10.004
https://dx.doi.org/10.1016/j.ctrv.2011.10.004
https://dx.doi.org/10.1016/j.euf.2018.01.003
https://dx.doi.org/10.1016/j.euf.2018.01.003
https://surgexppathol.biomedcentral.com/articles/10.1186/s42047-019-0030-2
https://dx.doi.org/10.1186/s13104-018-3319-4


bladder cancer: association with clinicopathologic parameters and prognosis. BMC Res Notes. 2018, 11:207.
10.1186/s13104-018-3319-4

6. Hashmi AA, Hussain ZF, Irfan M, et al.: Prognostic significance of epidermal growth factor receptor (EGFR)
over expression in urothelial carcinoma of urinary bladder. BMC Urol. 2018, 18:59. 10.1186/s12894-018-
0373-0

7. Mumtaz S, Hashmi AA, Hasan SH, Edhi MM, Khan M: Diagnostic utility of p53 and CK20
immunohistochemical expression grading urothelial malignancies. Int Arch Med. 2014, 7:36. 10.1186/1755-
7682-7-36

8. Mumtaz S, Hussain Z, Janjua TK, Hashmi AA, Qureshi S, Tariq M, Faridi N: Androgen receptor: evaluation
and correlation with recurrence and clinicopathological parameters in papillary urothelial carcinomas of the
urinary bladder. Cureus. 2020, 12:6715. 10.7759/cureus.6715

9. Zhang L, Wu B, Zha Z, Qu W, Zhao H, Yuan J: Clinicopathological factors in bladder cancer for cancer-
specific survival outcomes following radical cystectomy: a systematic review and meta-analysis. BMC
Cancer. 2019, 19:716. 10.1186/s12885-019-5924-6

10. Otto W, May M, Fritsche HM, et al.: Analysis of sex differences in cancer-specific survival and perioperative
mortality following radical cystectomy: results of a large German multicenter study of nearly 2500 patients
with urothelial carcinoma of the bladder. Gend Med. 2012, 9:481-489. 10.1016/j.genm.2012.11.001

11. Muppa P, Gupta S, Frank I, et al.: Prognostic significance of lymphatic, vascular and perineural invasion for
bladder cancer patients treated by radical cystectomy. Pathology. 2017, 49:259-266.
10.1016/j.pathol.2016.12.347

2020 Hashmi et al. Cureus 12(10): e10802. DOI 10.7759/cureus.10802 10 of 10

https://dx.doi.org/10.1186/s13104-018-3319-4
https://dx.doi.org/10.1186/s12894-018-0373-0
https://dx.doi.org/10.1186/s12894-018-0373-0
https://dx.doi.org/10.1186/1755-7682-7-36
https://dx.doi.org/10.1186/1755-7682-7-36
https://dx.doi.org/10.7759/cureus.6715
https://dx.doi.org/10.7759/cureus.6715
https://dx.doi.org/10.1186/s12885-019-5924-6
https://dx.doi.org/10.1186/s12885-019-5924-6
https://dx.doi.org/10.1016/j.genm.2012.11.001
https://dx.doi.org/10.1016/j.genm.2012.11.001
https://dx.doi.org/10.1016/j.pathol.2016.12.347
https://dx.doi.org/10.1016/j.pathol.2016.12.347

	Prognostic Implications of Deep Muscle Invasion and High Grade for Bladder Urothelial Carcinoma
	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Low-grade urothelial carcinoma. (A) H&E stained sections at 100x magnification showing fused and branching papillae. (B) 400x magnification revealing moderate atypia of tumor cells.
	FIGURE 2: High-grade urothelial carcinoma. (A) H&E sections at 100x magnification showing fused branching papillary architecture. Lamina propria invasion is also noted (arrow). (B) 200x magnification showing loss of polarity. (C) 400x magnification revealing severe atypia and mitosis (arrow). (D) 100x magnification showing deep muscle invasion (arrow).
	Statistical analysis

	Results
	Clinicopathological characteristics of the population under study
	TABLE 1: Descriptive statistics of population under study

	Association of deep muscle invasion with prognostic parameters
	TABLE 2: Association of deep muscle invasion with clinicopathological parameters
	TABLE 3: Odds ratios by univariate and multivariate binary logistic regression for muscle-invasive urothelial carcinoma
	FIGURE 3: Survival analysis using the Kaplan-Meier method for deep muscle invasion

	Association of tumor grade with prognostic parameters
	TABLE 4: Association of tumor grade with clinicopathological parameters
	TABLE 5: Odds ratios by univariate and multivariate binary logistic regression for high-grade urothelial carcinoma
	FIGURE 4: Survival analysis using the Kaplan-Meier method for tumor grade


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


