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Purpose: The determination of the presence or absence of anaplasia in Wilms tumor is difficult sometimes creating diagnostic errors and is 
worsened by the use of neoadjuvant chemotherapy, which causes cellular alterations that may mimic anaplasia. This study described the 
histological features of Wilms tumor and their association with WT1 and p53 expression in archived specimens in South Western Uganda.
Patients and Methods: A series of 308 formalin-fixed paraffin-embedded tissue blocks belonging to 85 children were retro-
spectively recruited in the only public Histopathology laboratory in South Western Uganda. Rabbit monoclonal Anti-Wilms tumor 
protein antibody [(CAN-R9) IHC-56-2] ab89901 and rabbit monoclonal Anti-p53 antibody [E26] ab32389 were used to assess the 
expression of WT1 and p53, respectively. The expression of WT1 and p53 were reported as proportions, Chi-square was also 
performed to assess for associations and statistical significance was considered when the p-value was less than 0.05.
Results: The median age was 3.5 with an interquartile range of (2–6) years. Mixed histology was the most common at 35.29% (95% 
CI:25.77–46.14). Anaplasia was present in 5.88% (95% CI:2.44–13.52) of the specimens. p53 and WT1 expressions were 13.0% (95% 
CI:7.25–22.04), and 41.0% (95% CI: 31.11–52.04), respectively.
Conclusion: Mixed-type histology is the most common histologic feature of Wilms tumor with high expression of WT1 and a low 
expression of p53 implying that these can be used routinely to confirm the diagnosis as well as anaplasia in South Western Uganda.
Keywords: children, Wilms tumor, p53, WT1, South Western Uganda

Introduction
Wilms tumor (WT), a cancer of the kidney is the commonest pediatric cancer in childhood and the commonest pediatric 
renal tumor globally, and the commonest solid tumor in Uganda.1–4 Determination of the presence or absence of 
anaplasia in WT is difficult sometimes creating diagnostic errors. The use of neoadjuvant chemotherapy worsens this; 
it causes cellular alterations that may mimic anaplasia.5 Research has already indicated that up to 39% of pathologists 
misclassified WT as having anaplasia6 and a survey done at Mbarara Regional Referral Hospital (MRRH) pediatric 
oncology in 2021 revealed 22.2% of WT cases were reported as having anaplasia by pathologists which is twice the 
global average exposing children to unnecessary chemotherapy.4 Immunohistochemical detection of p53 can be used as 
a surrogate marker for TP53 mutation hence making determination of anaplasia easy.7 In this study, we described WT 
histologic features and their association with the expression of p53 and WT1 in archived tissue blocks of children with 
a confirmed diagnosis of WT at Mbarara Regional Referral Hospital in South Western Uganda.

Materials and Methods
Study Design and Setting
This was a retrospective descriptive cross-sectional study conducted at the histopathology laboratory of Mbarara 
Regional Referral Hospital (MRRH). The laboratory handles over 5000 histology and 3000 cytology samples annually 
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from the entire South Western Uganda, neighboring districts, and countries like the Democratic Republic of Congo and 
Rwanda. The pathology department is competent staff and also equipped with a tissue embedding system, a modern 
microtome, an antiquated tissue processing device, and a manual slide staining and labeling operation.

Study Population and Recruitment Process
The study included all accessible formalin-fixed paraffin-embedded (FFPE) blocks in the archive with a diagnosis of Wilms 
tumor from January 2011 to December 2022. A retrospective collection of patient demographics and retrieval of formalin- 
fixed paraffin-embedded blocks was done followed by histologic re-evaluation of the previous diagnosis. All cases with 
complete demographics and available blocks of good quality were included in the analysis. However, exhausted tissue 
blocks, those with only necrotic tumor, as well as those with missing demographics were excluded from this study.

Sampling Method
A total of 85 patients with a confirmed histologic diagnosis of WT were included in the analysis. Sampling was done 
consecutively and all cases that met the inclusion criteria were included. The sample size was determined using finite population 
formulation by Daniel and Cross and a reference prevalence of 16.7% from a study done at the Uganda Cancer Institute.8,9

Laboratory Processing
Hematoxylin and Eosin Staining
All selected FFPE tissue blocks were sectioned at a thickness of 4µm and stained with hematoxylin and eosin. Histologic 
feature classification was based on the International Society of Pediatric Oncology (SIOP).10 Anaplasia was defined as the 
presence of three morphologic characteristics: abnormal multipolar mitoses, hyperchromatic tumor cell nuclei, and markedly 
enlarged tumor cell nuclei. Epithelial predominant, blastemal predominant, and stromal predominant where defined by 
presence of more than 66% of the viable tumor cells with one of the above components, respectively, while mixed type 
histology was defined by tumors with either epithelial and blastemal, epithelial and stromal, blastemal and stromal, or presence 
of all the three components and none constitute more than 66% of the tumor following review of the sections stained by H&E.

Immunohistochemical Staining for Immunohistochemical Expression of WT1 and p53
Selected tissue blocks were sectioned with at 4 µm thickness, placed on charged microscope slides, and dried in a tissue- 
drying oven for 45 minutes at 60°C. Sections were deparaffinized in 3 changes of xylene for 5 minutes each, rehydrated, 
and then gently rinsed using distilled water for 5 minutes. Antigen retrieval was done by steaming slides in 0.01 
M sodium citrate buffer at pH 6.0 and temperature for 20 minutes. The slides were cooled and rinsed in Tris buffer 
solution (TBS) for 1 minute. Peroxidase block was then added for 10 minutes to all slides. Slides were then rinsed 
carefully in Tris buffer for 3 minutes. Two drops of rabbit monoclonal Anti-Wilms tumor protein antibody [(CAN-R9) 
IHC-56-2] ab89901 at a dilution of 1:300 and two drops of a rabbit monoclonal Anti-p53 antibody [E26] ab32389 at 
a dilution of 1:100 was added, respectively, to the slides and incubated for 1 hour at room temperature then carefully 
rinsed in Tris buffer 3 times as above. One to two drops of secondary antibody “horse radish peroxidase” DAKO HRP 
anti-rabbit Lot 11478723, manufactured by Dako, were added to the tissue sections stained for WT1 and p53, 
respectively, then incubated for 30 minutes at room temperature. Slides were again rinsed in Tris buffer as above. 3,3′- 
diaminobenzidine tetrahydrochloride chromogen was added to the tissue and incubated for 5–10 minutes. 
Counterstaining was done with hematoxylin, mounted and interpreted under a light microscope.

Evaluation of Immunoreactivity
Interpretation of p53 was based on the protocol by Lahoti et al.11 A case was considered positive if it had more than 5% 
of cells with nuclear staining, while those with less than 5% of cells with nuclear staining were considered negative.11 

Interpretation of WT1 was based on a protocol by Goyal et al, and a tumor with <10% of cells was considered negative, 
while those with >10% cells staining were considered positive.12
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Data Collection and Analysis
Details for all retrieved tissue blocks were obtained from the histopathology register and request forms; these were each 
given a unique identification number. Data collected included age in years, gender which was recorded as either male or 
female, histologic features, necrosis, WT1 immunostaining status, p53 immunostaining status, and histologic features. 
Raw data was entered in a password-protected Excel spreadsheet 2016. The dataset was imported into STATA software 
version 17 for cleaning and analysis. Age was described using median, and interquartile range. The histological features 
of WT were described using proportions. The expression of WT1 and p53 was described as proportions with 
a corresponding 95% confidence interval. The associations were determined using the chi-square test for independence. 
The association between WT1 and histologic features, p53, and histologic features was considered statistically significant 
if the p-value is <0.05.

Ethical Considerations
The study obtained ethical approval from the Research Ethics Committee (REC) of Mbarara University of Science and 
Technology under number MUST-2022-736, which provided a waiver participant consent. Administrative clearance from 
the pathology department and Mbarara Regional Referral Hospital was also obtained. Caretakers and parents of children 
whose samples were used provided consent to have their samples stored in the histopathology for at least 10 years and 
any study that obtains ethical approval can use them. This was the basis for obtaining consent waiver for this study. There 
was therefore no further consenting needed for this study. The study respected all principles of medical ethics as 
prescribed in declaration of Helsinki.

Results
Baseline Characteristics of the Children Recruited
Table 1 shows the demographic characteristics of the children whose blocks were recruited. The median age of the 
children was 3.5 years, interquartile range was 2–6 years. Fifty-nine percent (59%) of the cases were below 4 years. 
There was almost an equal number of males and females accounting for 51% and 49%, respectively. Seventy-five percent 
(75%) of the specimens were nephrectomies.

Table 1 Baseline Characteristics of the Children 
Whose Specimens Were Recruited

Variable n (%) 95% CI*

Age

<4 years 50 (58.82%) 47.96–68.89

>4 years 35 (41.18%) 31.11–52.04

Sex

Male 43 (51%) 39.94–61.18

Female 42 (49%) 38.82–60.06

Nature of specimen

Nephrectomy 64 (75%) 64.89–83.40

Trucut 21 (25%) 16.60–35.11

Necrosis

Absent 54 (64%) 52.67–73.17

Present 31 (36%) 26.83–47.33

Note: *Confidence interval.
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Evaluation of Histologic Features and Expression of TP53 and WT1
The mixed type histology was the commonest histological feature accounting for 35.29% (95% CI 25.77–46.14) 
(Table 2). Anaplasia was present in 5.88% (2.44–13.52 95% CI) of specimens (Figure 1). The prevalence of WT1 
expression (Figure 2) was 41.0% (95% 31.11–52.04), while that of p53 (Figure 3) was 13.0% (95% CI 7.25–22.04), 
respectively, as shown in Figures 4A and 5A. Fifty-nine percent of the cases did not express WT1 (Figure 4B), while 
87% of the case did not express p53 (Figure 5B). Necrosis was present in 36% of the specimens recruited in this study.

The relationship between histologic features and WT1 was not statistically significant Fisher’s exact p-value of 
0.459. However, 50% of specimens with mixed-type histology expressed WT1. The expression of TP53 was higher 
in stromal predominant at 20% (Table 3). However, there was no statistical difference in the expression of TP53 in 
all groups with a Fisher’s exact p-value of 0.461. p53 was expressed in 20% of specimens with anaplasia on H&E, 
and 12.5% of those that did not have anaplasia on H&E; however, the difference was not statistically significant 
with Fisher’s exact p-value of 0.509 (Table 4).

Discussion
The study was carried out to describe WT histologic features and their association with the expression of p53, and WT1 
in archived tissue blocks of children with a confirmed diagnosis of WT at a Public Regional Referral Hospital in South 

Table 2 Describing the Histologic Features of Wilms 
Tumor at MRRH

Histologic feature n (%) 95% CI*

Epithelial predominant 18(21.18) 13.67–31.29

Blastemal predominant 17(20.0) 12.72–30.00

Stromal predominant 20(23.53) 15.61–33.84

Mixed type 30(35.29) 25.78–46.14

Anaplasia

Present 5(5.88) 2.44–13.52

Absent 80(94.12) 86.48–97.56

Note: *Confidence interval.

Figure 1 Showing a tumor with anaplasia X200. The green arrows show large cells with irregular nuclear membranes, hyperchromasia, and mitoses.
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Western Uganda. The main findings in this study include mixed type being the commonest histologic feature of WT, high 
expression of WT1, low expression of p53, and low prevalence of anaplasia.

The mixed type histology being the commonest histological feature of WT at 35.29% 95% CI: 25.77–46.14 is 
comparative to findings from the United Kingdom Children’s Cancer study group Wilms trial 3, Weirich et al, and 
Zuppan et al which had 25%, 29.4%, and 33.3% of specimens as mixed type histology, respectively.5,13,14 This can be 
explained by the fact that in all these studies just like this one, the same grading system was used. The findings, however, 
are different from those reported elsewhere by Darwish 97.1% triphasic predominant in Egypt, 46.7% blastemal 
predominant in Nigeria, 49.2% blastemal predominant in Egypt, 81.9% triphasic predominant in Uganda, and 43% 
blastemal predominant in Uganda.15–19 The difference can be explained by the variations in interpretations of the SIOP 
2001 protocol10 used in the classification of tumors that have received pre-operative chemotherapy, whereas the protocol 
does not recognize the term triphasic, some of the studies reported such a category that would otherwise be put under 
mixed type. The mixed type in this study is lower than 53.3% found in China among patients who had received 
chemotherapy.20 This can be explained by differences in methodology. Huang et al recruited only tumors without 
anaplasia following the COG protocol. Both trucut and nephrectomy specimens were obtained before chemotherapy. This 
is different from our study where most of the specimens recruited had received pre-operative chemotherapy which could 
have altered the histologic features.

The low prevalence (5.88%) of anaplasia is similar to findings by Dome et al, Morgan et al, and Murphy of 7.2% and 
13%, respectively.6,18,21 The similarity can be explained by the fact that all these were laboratory studies and involved 
a review of tissue blocks similar to what we did. However, this is lower than the 63% and 24.39% reported by Okello 
et al and Ekuk et al, respectively.19,22 This discrepancy can be explained by the fact that these studies were reviewing 

Positive, 35, 41%

Negative, 50, 59%

Positive

Negative

95% CI:31.11- 52.04

Figure 2 A pie chart showing the prevalence of WT1.

Posi�ve
13%

Nega�ve
87% CI: 77.96-

92.75 Positive

Negative

95%CI:7.25-22.04

Figure 3 A pie chart showing the prevalence of p53.
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patient charts on pediatric oncology and did not review histology slides. There is a possibility that some cases, especially 
those which were diagnosed outside our laboratory, were misdiagnosed.

The low expression of p53 (13%) is similar to findings from India of 9.7% and 16.0%, 16.7% from Nigeria studies, 
and 8.4% in Uganda by Morgan.16,18,23,24 All these studies involved the review of histology slides similar to what we did. 
The similarity between Nigeria and Uganda studies can also be explained by the similarity in participants’ clinical 
characteristics. The expression of p53, however, was lower than 60.3%, and 56% from Egypt and 40% from 
Kenya.15,17,21 A study by Salama recruited only nephrectomy specimens and would only include a specimen with at 
least 4 representative slides, as opposed to our study where even trucut biopsies were recruited which could have affected 
tumor topography. A study by Murphy received specimens from multiple sites which could have affected tissue 
processing. A study by Darwish used a different antibody clone from what we used of Genemed Biotechnologies, 
Mouse monoclonal anti-p53, clone BP-53-12 while in our study we used recombinant anti-p53[E26] rabbit monoclonal 
antibody from Abcam.

The expression of WT1 is lower than 66.7% reported in the study done at Osaka University in Japan and 100% by 
Murphy.21,25 The difference can be attributed to the different clone 6F-H2 anti-rabbit antibody used as opposed to our 
CAN-R9 IHC-56-2, while a study by Murphy recruited only blocks for 21 patients.

Figure 4 (A) Shows a tumor positive for WT1, and (B) Shows a tumor negative for WT1. All images were taken at x200.
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The findings of the association between p53 and histologic features are similar to studies in India and Belgium.23,24 

The presence of p53 in non-anaplastic tumors is similar to what was found by Govender et al.26 The findings are, 
however, different from the findings by Salama et al, Atanda et al, and Darwish et al who found a significant relationship 
between histology component and TP53. This could also be attributed to the dominant mixed-type histology in our study 

Figure 5 (A) Shows a tumor positive for p53, and (B) Shows a tumor negative for p53 all images were taken at x200.

Table 3 Describing the Relationship Between Histologic Features and WT1

Variable Negative n (%) Positive n (%) Total Fisher’s Exact p-value

WT1

Epithelial predominant 12 (66.67) 6 (33.33) 18 (100) 0.459

Blastemal predominant 9 (52.94) 8 (47.06) 17 (100)

Stromal predominant 14 (70) 6 (30) 20 (100)

Mixed type 15 (50) 15 (50) 30 (100)
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compared to the blastemal component in these studies where p53 is mostly expressed.15–17 The number of anaplastic 
tumors positive for p53 was lower than 76.2% reported in a study by Hill27 which can be attributed to the large sample 
size of tumors known to have anaplasia recruited in this study. The difference can be explained by the fact that Hill et al 
recruited nephrectomy and trucut specimens that had not received preoperative chemotherapy as opposed to our study 
where most samples were after preoperative chemotherapy. The 20% positivity of TP53 in anaplastic tumors is also lower 
than the 83.3% reported by Morgan at Makerere histopathology laboratory.18 The lack of statistically significant 
association between p53 and histologic features can be explained by the fact that most cases had mixed-type histology 
which virtually does not express p53.28

The strength of the study is that this is the known laboratory-based study describing histology features of Wilms 
tumor and expression of p53 and WT1 in South Western Uganda.

The weakness is that this is a single-site study whose findings may not be generalizable to other sites. There is 
therefore need to carry out multisite studies to obtain findings that can be generalized. The study reports a low expression 
of p53 in anaplastic cases which may not be generalized to other sites. There is therefore need for another study using the 
ready to use antibody that have been used in other studies that reported a high expression of p53.

In conclusion, mixed-type histology is the most common histologic feature of WT in South Western Uganda with high 
expression of WT1 and low expression of p53. The low expression of p53 correlates well with the low prevalence of 
anaplasia detected on H&E. This implies that these markers can be used routinely in confirmation of WT diagnosis as well as 
ruling out anaplasia which will in turn reduce unnecessary exposure to high doses of post-operative chemotherapy in children 
with Wilms tumor. We recommend standardized reporting of Wilms tumor samples based on the SIOP protocol to provide 
clear guidance to clinicians on the next course of action in terms of postoperative chemotherapy regimens. There is a need to 
routinely use WT1 and p53 in Wilms tumor cases in South Western Uganda especially those where neoadjuvant chemother-
apy has been administered and anaplasia is suspected on hematoxylin and eosin-stained sections.
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Table 4 Showing association between histologic features and p53

Histologic Features Negative n (%) Positive n (%) Total Fisher’s Exact  
p-value

p53

Epithelial predominant 16 (88.89) 2 (11.11) 18 (100) 0.461

Blastemal predominant 14 (82.35) 3 (17.65) 17 (100)

Stromal predominant 16 (80) 4 (20) 20 (100)

Mixed type 28 (93.33) 2 (6.67) 30 (100)

Anaplasia p53

Absent 70 (87.50) 10 (12.50) 80 (100) 0.509

Present 4 (80) 1 (20)s 5 (100)
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