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Background. Nephroblastoma (Wilms tumour) is one of the most common solid tumours of all paediatric cancers (prevalence of 5%
globally and 13.5% in South Africa (SA)), with suboptimal survival outcomes, impacting children’s lives. Consequently, there is an urgent
need for enhanced early detection strategies, addressing survival rate disparities and late-stage presentations to improve outcomes.
Objectives. To assess profiles, disease presentations, management and outcomes of patients with nephroblastoma at Universitas Academic
Hospital Complex (UAHC), and to compare patients from SA and Lesotho, including differences between early and late presenters and
reasons for delayed presentation.

Methods. This retrospective cross-sectional study included 207 paediatric oncology patients treated for nephroblastoma at the Paediatric
Haematology and Oncology Unit at UAHC, Bloemfontein, SA, from January 2000 to December 2020.

Results. The median age of the study population was 38 months, with a marginal male predominance (50.7%). A 1-month delay occurred
between symptom onset and diagnosis, commonly attributed to delayed care-seeking, impacting survival rates. Compared with similar SA
studies, a higher stage IV disease rate (29.5%) was observed, and encouraging survival rates (59.4%) correlated with favourable preoperative
histology and no relapse. In comparison, Lesotho patients experienced longer delays and presented with more severe disease.

Conclusion. This study highlights the need for collaboration between SA and Lesotho healthcare providers to improve outcomes by
addressing diagnostic delays, treatment defaults and response variations in resource-limited settings through community health education,
improving access to primary care, offering care-provider training, improving diagnostic resources and addressing socioeconomic barriers.
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Nephroblastoma (Wilms tumour) is a childhood malignancy
primarily affecting the kidneys.!! It accounts for ~5% of all
paediatric cancers globally, and is the most common form of
renal cancer in children aged <15 years,? significantly impacting
young lives.” Its prevalence in South Africa (SA) (10% - 13.5%) is
concerning,*® presenting a considerable healthcare challenge that
demands immediate attention and thorough investigation.>**!

The clinical manifestation typically includes the insidious
development of an asymptomatic abdominal mass, abdominal
discomfort, haematuria, hypertension and urinary tract infections.™!
The disease can affect a single kidney or both kidneys. Diagnosis relies
on meticulous physical examinations, urinalysis and comprehensive
imaging studies."”! Consequently, asymptomatic patients may not be
identified until the disease is advanced.

Early detection and appropriate treatment are crucial for managing
nephroblastoma.*!”! The standard of care in SA aligns with a modified
International Society of Paediatric Oncology (SIOP) protocol for
African countries.” It classifies the disease into five distinctive
stages based on parameters such as tumour extent, histological
characteristics and bilateral involvement, guiding treatment strategies
and predicting patient outcomes.”’ There is variation across stages,
with slightly more cases of stages I (30 - 37%) and IIT (24 - 32%)
compared with stage I (18%) and stage IV (21%) in SA studies.”*
These discrepancies could stem from treatment protocol differences,
such as the National Wilms Tumour Study Group protocol at the Red

Cross Children’s Hospital in Cape Town, SA,"*! or from demographic
variations.>7%1°]

Global survival rates for nephroblastoma exhibit significant
disparities, with developed nations reporting 4-year rates of up to
90%.2*" This starkly contrasts with sub-Saharan African figures,
ranging from 11% in Sudan to 66% in SA.""!"! These variations result
from multifaceted factors, including late-stage disease presentation in
lower-income countries, compromised health indicators and treatment
abandonment due to socioeconomic challenges.*!"?l Recognising
these intricacies becomes pivotal for tailoring interventions and
improving outcomes.

Late presentation in developing countries poses a significant
challenge, negatively impacting treatment outcomes and overall
survival.®!31 A retrospective study at the Universitas Academic
Hospital Complex (UAHC) in Bloemfontein and Tygerberg Hospital
in Stellenbosch, SA, located in the Free State and Western Cape
provinces, respectively, underscored the correlation between disease
staging and survival rates, reporting 81%, 69%, 58% and 46% for
stages I to IV, respectively.! Black African children presenting at later
stages experienced diminished survival rates, potentially linked to
delayed presentation, poor nutritional status and comorbidities such
as HIV and tuberculosis.™*'"!

Timely and appropriate medical care is critical to prevent delayed
diagnoses resulting in advanced disease stages. Contributing factors
to delayed presentation include limited access to primary care
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and diagnostic resources, poverty and the pursuit of unorthodox
treatments.*'”) Compounding the issue are parental negligence,
delays in referral and treatment default.!'”-'*!

The UAHC in central SA encounters unique challenges stemming
from limited healthcare resources, late-stage disease presentations
and socioeconomic disparities.??! Understanding the patient
profile, disease presentation, treatment modalities and outcomes
at this facility is essential. Furthermore, addressing the factors
underlying delayed referrals for treatment could improve survival
rates.*1*2") Examining cultural and regional influences on healthcare-
seeking behaviour and treatment accessibility may reveal challenges
faced by healthcare providers and patients.

This study investigated nephroblastoma among paediatric patients
at the UAHC to determine challenges affecting patient outcomes. The
high prevalence of nephroblastoma in SA"® emphasises the need for
targeted research and healthcare efforts, as well as early detection
mechanisms to improve survival rates and reduce disparities
among diverse demographic groups. The aim of the study was to
describe the profile of patients treated for nephroblastoma at UAHC,
including their disease presentation, management and outcomes,
and furthermore, to compare patients who survived v. died, and SA
v. Lesotho patients, and gain insights into the reasons for delayed
presentations.

Methods

Study context

The Free State Province, SA, provides paediatric oncology services to
most of central SA, including parts of the Eastern and Northern Cape
provinces and the neighbouring Lesotho.

Study participants and measurement

This retrospective cross-sectional study encompassed all paediatric
oncology patients who underwent treatment for nephroblastoma
at the Paediatric Haematology and Oncology Unit at UAHC,
Bloemfontein, from January 2000 to December 2020. Data for
this study were sourced from the Paediatric Haematology and
Oncology Tumour Registry and individual patient records. Data
collected included demographic, diagnostic, treatment and outcome
information.

Pilot study

A pilot study was undertaken with the initial 10 patients to assess the
data collection feasibility and the datasheet’s adequacy. Subsequently,
no modifications were made to the data collection form, and these
patients were incorporated into the main study.

Data analysis

Data were captured on a Microsoft 365 Excel spreadsheet (version
2307; Microsoft Corporation, USA) and analysed by the Department
of Biostatistics, Faculty of Health Sciences, University of the Free
State. We performed the statistical analysis using R (version 4.3.0;
R Foundation for Statistical Computing, Austria). Results were
summarised by frequencies and percentages (categorical variables)
and mean and standard deviations (numerical variables). Subgroups
were compared using x* or Fisher’s exact tests (categorical variables)
and Mann-Whitney or Kruskal-Wallis tests (numerical variables).
The 95% confidence intervals (Cls) were calculated for differences
between medians of subgroups.

For univariate analysis, an adjusted Cox proportional hazard model
was used, adjusting for specific variables associated with the survival
of patients with nephroblastoma, such as high-risk stratification,
metastasis to the lungs, metastasis to more than one site, histology

(anaplastic and blastemal type nephroblastoma), age at diagnosis and
chemotherapy. Multivariate analysis determined the factors affecting
the survival of paediatric nephroblastoma, using a standard Cox
proportional hazards model for time to mortality. We adjusted for
all factors from the univariate analysis. We summarised the results
with an adjusted hazard ratio (adj. HR), 95% CI and p-value, and
constructed an adjusted Kaplan-Meier curve for risk stratification.

Ethical considerations

Ethics approval was obtained from the Health Sciences Research
Ethics Committee (HSREC) of the University of the Free State (ref. no.
UFS-HSD2021/0448/3108) and the Free State Province Department
of Health. Patient information was anonymised, and no identifying
details were documented. Data were stored on a password-protected
computer to ensure data security. Because data were collected from
archived patient records, informed consent was not required.

Results

Demographic variables

In total, 207 patients’ files were included in the study, of whom
50.7% (n=105) were male. The majority were black (n=176; 85.0%)
(Table 1). The median (interquartile range (IQR)) diagnosis age
was 38 (24 - 63) months (Table 2), with 59.4% (n=123) diagnosed
<4 years of age. Geographically, the majority of patients were from
SA (n=151; 72.9%) (Table 1), mainly from the Free State Province
(n=111; 73.5%), followed by the Northern Cape (n=31; 20.5%), North
West (n=4; 2.6%), Eastern Cape (n=4; 2.4%) and one (0.5%) patient
from Mpumalanga.

Diagnostic aspects

The median (IQR) symptom-to-diagnosis time was 30 (10 - 60)
days (Table 2), ranging from immediate to 1 year. Notably, 56.0%
of patients (n=116/207) experienced symptoms for >2 weeks before
presenting at UAHC. In 47.4% (n=55) of these cases, no specific
reasons were provided for the delay in diagnosis (Table 1). Stage
I disease was diagnosed in 80 (38.6%), patients followed by stage
IV (n=61; 29.5%). Some patients died before definitive staging or
treatment, comprising an unstaged group of 4.3% (n=9, including one
with metastasis). No significant correlation between tumour stage
and the duration of symptoms was found (p>0.9) (Table 1).

Tumours were primarily unilateral (1=195; 94.2%), with a slight
left-sided kidney tumour predominance in 51.3% (1n=100/195) of
these patients (Table 1). At diagnosis, the median (IQR) lactate
dehydrogenase (LDH) level, indicating tissue injury and tumour
burden, was 783 (137 - 494) U/L (Table 2). Metastatic disease was
found at diagnosis in 32.4% (n=67) of patients, with the lungs being
the most prevalent site (1=46/67; 66.7%) (Table 1). Negative isotope
studies demonstrated skeletal involvement in 143 (69.1%) patients,
liver involvement in 128 (61.8%) and clear bone marrow aspirates in
189 (91.3%).

Based on risk stratification, patients were predominantly
categorised as being in the intermediate risk category (n=121; 58.5%).
Low-risk cases constituted only 1.4% (n=3), while in 5.3% (n=11),
risk stratification was not determined (Table 1). Tumour histology
revealed intermediate risk in 159 (76.8%) patients, high risk in 12
(8.8%) and low risk in 8 (3.9%) patients. Table 3 summarises the
breakdown of specific histology findings per risk group. In all 8 low-
risk patients, histological investigations showed necrosis.

Treatment
In 98.1% (n=203) of cases, patients adhered to the modified SIOP
protocol for African nations,” while 1.9% (n=4/207) did not. As
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Table 1. Comparison between patients who were alive and died by the end of the study period (N=207)

Variable Total, n (%) Alive (n=123), n (%) Died (n=84), n (%) p-value*
Sex 0.3
Male 105 (50.7) 59 (48.0) 46 (54.8)
Female 102 (49.3) 64 (52.0) 38 (45.2)
Ethnicity 0.5
Black 176 (85.0) 105 (85.4) 71 (84.5)
White 11 (5.3) 8 (6.5) 3 (3.6)
Mixed race 20 (9.7) 10 (8.1) 10 (11.9)
Country 0.7
Lesotho 56 (27.1) 32 (26.0) 24 (28.6)
South Africa 151 (72.9) 91 (74.0) 60 (71.4))
Diagnosis
Delayed >2 weeks 116 (56.0) 70 (56.9) 46 (55.4) <0.001
No reason 55 (47.4) 30 (42.9) 25 (54.3) 0.2
Delayed seeking care 21 (18.1) 14 (20.0) 7 (15.2) 0.5
Delayed referral 26 (22.4) 19 (27.1) 7 (15.2) 0.13
Wrong initial diagnosis 11 (9.5) 5(7.1) 6 (13.0) 0.3
Passport problems 2 (1.7) 2(2.9) 0 (0) 0.5
Other 1(0.9) 0 (0) 1(22) 0.4
Tumour side 0.052
Unilateral 195 (94.2) 117 (95.1) 78 (92.9)
Left 100 (51.3) 68 (55.3) 32 (38.1)
Right 95 (48.7) 49 (39.8) 46 (54.8)
Bilateral 12 (5.8) 6 (4.9) 6(7.1)
Metastasis 67 (32.4) 26 (21.1) 41 (48.8) <0.001
Site of metastasis (n=67)
Lungs 46 (68.9) 21 (17.1) 25 (29.8) 0.031
Liver 21 (31.3) 7 (5.7) 14 (16.7) 0.010
Inferior vena cava 6 (9.0) 0 (0) 6(7.1) 0.004
Bone marrow 4 (6.0) 1(0.8) 3 (3.6) 0.3
Stage
I 80 (38.6) 67 (54.5) 13 (15.5) <0.001
11 24 (11.6) 17 (13.8) 7 (8.3) 0.2
111 22 (10.6) 9 (7.3) 13 (15.3) 0.061
v 61 (29.5) 25 (20.3) 36 (42.9) <0.001
% 11 (5.3) 5 (4.1) 6(7.1) 0.4
Unstaged 9 (4.3%) 0 (0) 9 (4.3%)
Treatment
Received neo-adjuvant chemotherapy 196 (94.7) 121 (98.4) 75 (89.3) 0.008
Response to chemotherapy (n=196) 0.002
Good 135 (68.9) 92 (74.8) 43 (51.2)
Poor 40 (20.4) 22 (17.9) 18 (21.4)
Unknown 21 (10.7) 7 (5.7) 14 (16.7)
Received surgery 180 (87.0) 123 (100) 57 (67.9)
Received radiotherapy 37 (17.9) 17 (13.8) 20 (23.8) <0.001
Refused treatment 7 (3.4) 1(0.8) 6(7.1) 0.066
Defaulted treatment 20 (9.7) 8 (6.5) 12 (14.3) 0.019
Completed treatment 132 (63.8) 107 (87.0) 25 (29.8) <0.001
Risk stratification <0.001
High 72 (34.8) 28 (22.8) 44 (52.4)
Intermediate 121 (58.5) 92 (74.8) 29 (34.5)
Low 3(1.4) 3 (2.4) 0 (0)
Not determined 11 (5.3) 0 (0) 11 (13.1)
Outcome
Lost to follow-up 26 (12.6) 18 (14.6) 8 (9.5) 0.3
Relapsed 42 (20.3) 4(3.3) 38 (45.2) <0.001
Relapsed during treatment 18 (42.9) 2 (50.0) 16 (42.1)
Relapsed post-treatment 18 (42.9) 2 (50.0) 16 (42.1)
Relapsed after default 6(7.1) 0 (0) 6 (15.8)

*p-value for alive v. died determined by Pearson’s x* test, Fisher’s exact test or Wilcoxon rank sum test; p<0.05 = statistically significant difference between groups.
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Table 2. Comparison of medians and IQRs for total group, alive v. died and Lesotho v. SA patients (N=207)

Outcome
Alive (n=123), Died (n=84), p-value*
Variable Median (IQR) median (IQR) median (IQR)
Age (months) 38 (24 - 63) 37 (24 - 63) 41 (25 - 63) 0.6
Symptoms-to-diagnosis time (days) 30 (10 - 60) 21 (7 - 60) 30 (16 - 90) 0.007
LDH level at diagnosis (U/L)" 738 (137 - 494) 710 (468 - 1 220) 979 (547 - 1 736) 0.002
Time to chemotherapy (days) 4(2-6) 4(2-6) 4(2-7) 0.7
Time to refusal of treatment (days) 20 (16 - 116) 162 (162 - 162) 19 (14 - 58) 0.063
Time to surgery (days) 55 (45 - 63) 50 (37 - 62) 51 (32 - 70) 0.066
Time to relapse (days) 294 (238 - 519) 294 (268 - 490) 295 (233 - 498) 0.8
Survival time (months) 27 (9 - 82) 66 (24 - 118) 10 (2 - 18) <0.001
Country of residence
Lesotho (1=56) SA (n=151)
Age (months) 38 (24 - 63) 46 (34 - 63) 34 (22 - 64) 0.073
Symptom-to-diagnosis time (days) 30 (10 - 60) 46 (21 - 90) 25 (7 - 60) 0.002
LDH level at diagnosis (U/L)" 738 (137 - 494) 977 (565 - 1 778) 749 (480 - 1 278) 0.016
Time to chemotherapy (days) 4(2-6) 3(2-6) 4(2-6) 0.8
Time to refusal of treatment (days) 20 (16 - 116) 10 (10 - 10) 45 (19 - 130) 0.3
Time to surgery (days) 55 (45 - 63) 52 (38 - 76) 49 (35 - 59) 0.2
Time to relapse (days) 294 (238 - 519) 334 (270 - 659) 294 (223 - 412) 0.2
Survival time (months) 27 (9 - 82) 15 (5 - 43) 35 (11 -92) 0.01

IQR = interquartile range; SA = South Africa.; LDH = lactate dehydrogenase.

*p-value for difference between groups determined by Pearson’s x* test, Fisher’s exact test or Wilcoxon rank sum test; p<0.05 = statistically significant difference between groups.

"Normal range for children 1 - 15 years: 143 - 370 U/L.*!

Table 3. Histological findings of risk categories in patients
with nephroblastoma (N=207)

Category and
histological type n (% of total) % of risk group
High risk 12 (5.8) -
Anaplastic 7 (3.9) 58.3
Blastemal 5(2.4) 41.7
Intermediate risk 159 (76.8) -
Unspecified 99 (47.8) 62.3
Regressive 36 (17.4) 22.6
Mixed 12 (5.8) 7.5
Stromal 9 (4.3) 5.7
Epithelial 2 (1.0) 1.3
Mesenchymal 1(0.5) 0.6
Low risk 8(3.9) -
Necrotic 8 (3.9) 39
Histology results unavailable 28 (13.5) -
Histology not performed 25(12.1) 89.3
Missing data 3(1.4) 10.7

shown in Table 1, treatment refusal occurred in 3.4% (n=7) of cases,
with a median (IQR) time of 20 (16 - 116) days after treatment
initiation. Neo-adjuvant chemotherapy was administered to 196
(94.7%) patients, starting a median (IQR) of 4 (2 - 6) days after
diagnosis (Tables 1 and 2). Surgery was performed on 180 (87.0%)
patients, with a median (IQR) time to surgery of 50 (36 - 62) days
(Tables 1 and 2). The outcomes of patients receiving neo-adjuvant
chemotherapy are summarised in Table 1. Twenty-one (10.7%)
patients had an unknown response, as they did not proceed to
surgery. Of the 37 (17.9%) patients who received radiotherapy, 19
(51.4%) had stage IV disease, 17 (46.0%) stage IIl and 1 (2.7%) stage
II disease.

Outcome

Throughout the study period, 59.4% (n=123) of patients survived,
with a median (IQR) survival rate of 27 (9 - 82) months (Table 2). A
significant correlation was observed between survival and duration of
symptoms (p=0.007), risk stratification (p<0.001), metastatic disease
(p<0.001) and tumour burden (LDH level) (p<0.002), indicating
decreasing survival with prolonged symptom duration and advancing
disease stages.

Treatment was completed by 63.8% (n=132) of patients (Table 1),
of whom 81.1% (n=107) survived. Survival was significantly higher
among patients who completed treatment (81.1%) compared with
non-completers (n=25/84; 29.8%; p<0.001). Twenty (9.7%) patients
defaulted on their treatment and 26 (12.6%) were lost to follow-up,
although no significant subsequent impact on survival was observed
(Table 1).

Approximately one-fifth of patients relapsed (n=42; 20.3%), with
a median (IQR) time from diagnosis to relapse of 294 (238 - 519)
days (Tables 1 and 2), and mostly post treatment or during
treatment (both n=18; 42.9%) (Table 1). Of the patients who relapsed,
92.9% (n=32/42) succumbed. Patients with disease relapse had a
significantly higher mortality rate (45.2%) than those who survived
(3.3%; p<0.001). Common relapse sites included the lungs (1=20/42;
47.6%), liver (n=12/42; 28.6%) and local tumour bed (n=13/42;
31.0%), among other areas (1=9/42; 21.4%).

Of the patients with local tumour bed relapses (n1=13), 15.4% (n=2)
had stage V (bilateral) disease with distant metastasis, leading to
both kidneys being classified as stage IV. Tumours were categorised
as stage IV in 30.8% (n=4/13) of patients, stage III in 23.1%
(n=3/13), stage IT in 7.7% (n=1), and stage I in 23.1% (n=3/13). Risk
stratification included high risk in 46.2% (n=6/13) and intermediate
risk in 53.8% (n=7/13) of patients. All these patients received neo-
adjuvant chemotherapy and 92.3 % (n=12) responded well. The
median (IQR) time to surgery was 55 (45 - 63) days, and 38.5%
(n=5/13) received radiotherapy. Relapse occurred post treatment in
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46.2% (n=6/13) of patients, during treatment in 46.2% (n=6/13) and
after treatment default in 7.7% (n=1/13). The median (IQR) time to
local tumour bed relapse was 288 (255 - 436) days. The mortality rate
of these patients was 100% (p<0.001), with a median (IQR) survival
time of 14 (10 - 28) months (Tables 1 and 2).

Lesotho v. SA patients

Of the 151 SA patients, 79 (52.3%) were male, while 30 of the 56
(53.6%) Lesotho patients were female (Table 4). All Lesotho patients
were black Africans. The SA patients median (IQR) age was 34
(22 - 64) months, compared with Lesotho patients’ 46 (34 - 63)
months (Table 2).

SA patients had a median (IQR) symptom-to-diagnosis time of
25 (7 - 60) days, while Lesotho patients had a delay of 46 (21 - 90)
days, a statistically significant difference (p=0.002) (Table 2). Delayed
diagnosis (>2 weeks) affected 50.3% (n=76/151) of SA and 71.4%
(n=40/56) of Lesotho patients (p=0.03). In both cohorts, the reason
for the delay was often unknown (Lesotho n=21/40, 52.5%; SA
n=34/76, 44.7%) (Table 4).

As summarised in Table 4, metastatic disease, response to
chemotherapy, completion of treatment and risk stratification
differed significantly between patients from the two countries, as
did tumour load (Table 2). Staging significantly varied (p=0.017),
with Lesotho patients having a higher stage IV prevalence (n=25/56;
44.6%) (p=0.004), while SA had more stage I cases (n=67/151;
44.3%) (p=0.005) (Table 4). Tables 2 and 4 summarise differences
between SA and Lesotho patients regarding treatment and surgery
rates, time to chemotherapy and surgery, completion of and response
to chemotherapy. There was a significant difference (p=0.02)
in chemotherapy response, with double the percentage of poor
responses in Lesotho patients (31.4%, n=16/51) compared with SA
patients (16.6%, n=24/145) (Table 4).

Patient outcomes were comparable (Table 4). At the end of the
study period, 60.3% (1n=91/151) of SA patients were alive, while
57.1% (n=32/56) of patients from Lesotho survived (p=0.7). The two
countries had almost equal rates of patients who relapsed, and those
who were lost to follow-up. However, the median (IQR) survival time
differed significantly between the countries (p=0.010), with patients
from SA (35 (11 - 92) months) surviving twice as long as Lesotho
patients (15 (5 - 43) months) (Table 2).

Factors associated with outcome
In the univariate analysis (Table 5), individuals categorised as high
risk showed a significantly higher hazard of mortality (HR 2.89; 95%
CI 1.88 - 4.45; p<0.001) than those in other risk groups. Patients with
lung metastasis had an 85% higher hazard of mortality (HR 1.85;
95% CI 1.15 - 2.95; p=0.010) compared with metastasis to different
locations. Additionally, individuals with metastasis to >1 site had
a 2.56-fold higher mortality hazard (HR 2.56; 95% CI 1.32 - 4.97;
p=0.005) than those with metastasis to a single site. Patients with
histological features classified as anaplastic and blastemal had a
3.83 x higher hazard of death (HR 3.83; 95% CI 1.95 - 7.53; p<0.001)
compared with other histological types, while patients with relapse
had a 3.72 x higher hazard of death (HR 3.72; 95% CI 2.39 - 5.78;
p<0.001) compared with patients who did not experience a relapse.
In the multivariate analysis (Table 5), after adjusting for
variables such as metastasis to multiple sites, age at diagnosis and
chemotherapy, only high-risk stratification and specific histological
types were linked to increased mortality hazard. Those classified
as high risk had an 88% higher hazard of mortality compared with
other risk groups (adj. HR 1.88; 95% CI 1.02 - 3.45; p=0.042) after
adjusting for metastasis to multiple sites, histology (anaplastic and

blastemal), age at diagnosis, chemotherapy and relapse. As illustrated
in Fig. 1, representing the adjusted Kaplan-Meier survival curve,
we noted a statistically significant distinction in the survival of
paediatric patients with nephroblastoma between high- and low-risk
stratification from the time of diagnosis. Relapse was associated with
a 4.14 x higher hazard of mortality compared to other types (adj.
HR4.14; 95% CI 2.53 - 6.77; p<0.001) after accounting for metastasis
to multiple sites, high-risk stratification, histology (anaplastic and
blastemal), age at diagnosis and chemotherapy.

Discussion

Early diagnosis and management of nephroblastoma poses a
significant challenge in paediatric oncology worldwide. Our 21-year
study at UAHC in SA aimed to understand nephroblastoma better,
and provide insights into patient profiles, disease presentations,
treatment approaches and outcomes. The findings emphasise the
unique challenges faced by this medical facility due to limited
resources and experience in referral areas, delayed presentations
and socioeconomic disparities in the region. Our analysis revealed
that high-risk stratification and relapse were associated with an
increased hazard of mortality after adjusting for metastasis at
multiple sites, histology (anaplastic and blastemal), age at diagnosis
and chemotherapy.

Most of the study population was from the Free State province
and Lesotho. We observed a marginally higher incidence among
males (50.7%), contrary to international and local studies where
females predominated.”??! Although the median age at diagnosis
in this study (38 months) was younger than in other SA studies
(42 - 45 months), " it aligned with multicentre international studies
(38 - 39 months)??” and a Nigerian study (36 months).?’ These
age differences might also indicate variations in disease presentation
across regions.

The patients’ ethnicity in this study closely resembled that of the
Free State province.’” Most patients were black African (85.0%),
which was similar to previous findings."*¢#1° The low representation
of white patients (5.3%) might be attributed to variations in health-
seeking behaviour, as this group more commonly has access to private
healthcare initially.>%!

The delay between symptom onset and diagnosis in this study
(median 30 days) was concerning, surpassing reported durations in
other studies (Tygerberg Hospital, SA, 5 - 20 days;™” Egypt 8 - 28 days;*!!
UK 7 days®), contributing to generally poorer outcomes.!”*
The delay between symptoms and diagnosis in 56% of patients
postponing seeking care and exceeding 90 days among patients
who died underscores the urgent need for enhanced health literacy
and improved healthcare accessibility.”?*%2) Approximately 10%
of referred patients facing delayed referral to UAHC received an
incorrect initial diagnosis, a rate lower than observed in comparable
studies (Tygerberg Hospital 58%;!"” Egypt 33%["). The reason for
better diagnostic accuracy in our study could be delayed presentation
with more advanced disease stages, making it easier to diagnose
correctly the first time.

The tumour stage distribution revealed a comparable prevalence
in stage I (38.6%) disease, with lower stages II (11.6%) and III
(10.6%), compared with other SA studies.”'”) However, we found a
higher prevalence of stage IV (29.5%) disease, particularly among
Lesotho patients (44.6%), which was similar to the advanced
disease presentation reported in a Nigerian study,® prompting
questions about factors contributing to this discrepancy. Despite
no significant correlation between symptom duration and tumour
stage, the increased prevalence of advanced disease at initial
presentation suggests that relying solely on symptom duration might
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Table 4. Comparison between patients from Lesotho and SA

Total group (1=207) Lesotho (1=56) SA (n=151)
Variable n (%) n (%) n (%) p-value*
Sex 0.5
Male 105 (50.7) 26 (46.4) 79 (52.3)
Female 102 (49.3) 30 (53.6) 72 (47.7)
Ethnicity <0.001
Black 176 (85.0) 56 (100) 120 (79.5)
White 11 (5.3) 0 (0) 11 (7.3)
Mixed race 20 (9.7) 0 (0) 20 (13.2)
Diagnosis
Delayed >2 weeks 116 (56.0) 40 (71.4) 76 (50.3) 0.03
No reason 55 (47.4) 21 (52.5) 34 (44.7) 0.4
Delayed seeking care 21 (18.1) 9 (22.5) 17 (22.4) >0.9
Delayed referral 26 (22.4) 7 (17.5) 14 (18.4) >0.9
Wrong initial diagnosis 11 (9.5) 1(2.5) 10 (13.2) 0.094
Passport problems 2(1.7) 2 (5.0) 0 (0) 0.12
Other 1(0.9) 0 (0) 1(1.3) >0.9
Tumour side 0.2
Unilateral (n=195) 195 (94.2) 55 (98.2) 140 (92.7)
Left 100 (51.3) 25 (44.6) 75 (49.7)
Right 95 (48.7) 30 (53.6) 65 (43.0)
Bilateral 12 (5.8) 1(1.8) 11 (7.3)
Metastasis 67 (32.4) 26 (46.4) 41 (27.2) 0.008
Site of metastasis (1=67)
Lungs 46 (68.9) 17 (30.4) 29 (19.2) 0.086
Liver 21 (31.3) 11 (19.6) 10 (6.6) 0.006
Inferior vena cava 6 (9.0) 3 (5.4) 3(2.0) 0.3
Bone marrow 4 (6.0) 1(1.8) 3(2.0) >0.9
Stage 0.017
I 80 (38.6) 13 (23.2) 67 (44.4) 0.005
11 24 (11.6) 8 (14.3) 16 (10.6) 0.5
11 22 (10.6) 7 (12.5) 15 (9.9) 0.6
v 61 (29.5) 25 (44.6) 36 (23.8) 0.004
% 11 (5.3) 1(1.8) 10 (6.6) 0.3
Unstaged 9 (4.3) 2 (3.6) 7 (4.6) >0.9
Treatment
Received neo-adjuvant chemotherapy 196 (94.7) 51 (91.1) 145 (96.0) 0.2
Response to chemotherapy (n=196) 0.026
Good 135 (68.9) 27 (52.9) 108 (74.5)
Poor 40 (20.4) 16 (31.4) 24 (16.6)
Unknown 21 (10.7) 8 (15.7) 13 (9.0)
Received surgery 180 (87.0) 46 (82.1) 134 (88.7) 0.2
Received radiotherapy 37 (17.9) 12 (21.4) 25 (16.6) 0.4
Refused treatment 7 (3.4) 1(1.8) 6 (4.0) 0.7
Defaulted treatment 20 (9.7) 9 (16.1) 11 (7.3) 0.057
Completed treatment 132 (63.8) 29 (51.8) 103 (68.2) 0.029
Risk stratification 0.042
High 72 (34.8) 27 (48.2) 45 (29.8)
Intermediate 121 (58.5) 25 (44.6) 96 (63.6)
Low 3 (1.4) 0 (0) 3 (2.0)
Not determined 11 (5.3) 4(7.1) 7 (4.6)
Outcome 0.7
Alive 123 (59.4) 32 (57.1) 91 (60.3)
Died 84 (40.6) 24 (42.9) 60 (39.7)
Lost to follow-up 26 (12.6) 7 (12.5) 19 (12.6) >0.9
Relapsed (n=42) 42 (20.3) 12 (21.4) 30 (19.9) 0.8
Relapsed during treatment 18 (42.9) 4(33.3) 14 (46.7)
Relapsed post-treatment 18 (42.9) 6 (50.0) 12 (40.0)
Relapsed after default 6(7.1) 2 (16.7) 4(13.3)

SA = South Africa.

*p-value for Lesotho v. South African patients determined by Pearson’s x* test, Fisher’s exact test or Wilcoxon rank sum test; p<0.05, statistically significant difference between groups.
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Table 5. Factors associated with outcome in patients with nephroblastoma

Univariate analysis

Multivariate analysis

Characteristic HR 95% CI p-value Adj. HR 95% CI p-value*

Risk stratification: high risk 2.89 1.88 - 4.45 <0.001 1.88 1.02 - 3.45 0.042

Metastasis site (multiple options) (choice: lungs) 1.85 1.15-2.95 0.010 - - -

Metastasis to >1 site 2.56 1.32 - 4.97 0.005 1.55 0.67 - 3.61 0.3

Histology (anaplastic and blastemal) 383  1.95-7.53 <0.001 2.10 0.92 - 4.80 0.078

Age at diagnosis (months) 1.00 1.00 - 1.01 0.60 0.99 0.99 - 1.00 0.11

Chemotherapy 1.39 0.82 - 2.36 0.22 1.39 0.81 - 2.38 0.2

Relapse 3.72 2.39 -5.78 <0.001 4.14 2.53 -6.77 <0.001

HR = hazard ratio; CI = confidence interval; adj. HR = adjusted hazard ratio.

*p<0.05 = statistically significant.
similar to previous findings.?”3%4

1.0 Common relapse areas mirrored other
studies,®*" with local tumour bed relapse
rates (31.0%) corresponding with the
literature (17.1%-53.3%),125%*] suggesting
meticulous surgical techniques during
p =0.0421
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Fig. 1. Adjusted Kaplan-Meier survival curve for relapse in paediatric patients with nephroblastoma.

be an unreliable indicator. Furthermore, the
multivariate analysis indicated that patients
with high-risk stratification had an increased
hazard of mortality, which corroborated
findings from a previous study.!

Treatment dynamics in our study revealed
patterns and challenges. Most (98.1%) patients
were treated according to the modified SIOP
protocol for African nations, aligning closely
with recommended guidelines that focus on
neo-adjuvant chemotherapy for most cases.”
Despite following the same protocol, we
identified a pronounced chemotherapy
response difference between Lesotho
(poor response 31.4%) and SA patients
(poor response 16.6%), emphasising the
need for customised strategies to enhance
outcomes. Despite variable chemotherapy

responses in our study cohort, there were
lower treatment default rates in this study
(9.7%) than reported in other sub-Saharan
African countries (17.1% - 28.6%).2%3¢
However, poor responses and treatment
default remain a concern, warranting
further investigation examining multifaceted
factors, e.g. ignorance, belief in incurability,
strong religious beliefs and socioeconomic
considerations. 243237

Furthermore, our cohort’s relapse rate
(20.3%), although comparable with studies
in other low- to middle-income countries
(LMICs) (21% - 30%),125%) surpassed large
multicentre studies (8.9% - 13%),27363
highlighting persistent challenges in
sustaining long-term The
median time to relapse (294 days) was

remission.

tumour resection. Our study’s relapse-
related mortality rate (45.2%) was in
keeping with the literature (20% - 52%).
12738391 However, intensified surveillance
and targeted interventions to enhance
post-treatment outcomes remain a priority.
The multivariate analysis showed that
relapsing patients had an increased hazard
of mortality, corroborating findings from a
previous study.*!)

Although the 2-year overall survival rate
of 59.4% in our study was comparable with
other LMICs,>1°%! jt lagged behind high-
income countries.” Treatment default and
death rates were in line with other LMICs, )
while treatment refusal rates were low,
and patients who completed treatment
had similar survival rates to high-income
countries.””) Early-stage disease and early-
diagnosed patients exhibited better survival
rates, consistent with previous findings.
B4 Lesotho patients generally performed
worse due to advanced-stage disease and
lower survival rates attributed to healthcare
infrastructure limitations, delayed diagnoses
and socioeconomic challenges in Lesotho.*?!

High-risk stratification, unfavourable
histology and metastasis to the lung and to
multiple sites had statistically significant
increased mortality odds, which matched
previous findings.[#791017.27:29:383% The impact
of these risk factors on mortality emphasises
the importance of early tumour detection,
treatment compliance, regular follow-up
and continued research to refine treatment
approaches.

Study limitations

Reliance on patient files at UAHC, some of
which had been destroyed, transferred, or
lost over the 21-year study period, raised
concerns about data completeness due to
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missing information. Incomplete patient information, specifically
regarding symptom history and reasons for delayed presentation,
might have introduced bias when categorising patients who had a
delayed diagnosis. Additionally, confounding factors such as HIV/
AIDS"™ and nutritional deficiencies!*! were not investigated in this
study, emphasising the need for future research to analyse these
aspects thoroughly.

The authors propose the following
(i) implement community health education, increase access to
primary care and streamline referrals to improve early detection
and reduce delays; (ii) address socioeconomic barriers with financial

recommendations:

support, train care providers to recognise early symptoms, promote
screening for high-risk groups and enhance diagnostic infrastructure;
and (iii) collaboration among healthcare providers, government and
non-governmental organisations, along with continuous evaluation,
is key to refining strategies and improving outcomes.

Conclusion

In this study of 207 patients, mainly black and from SA or Lesotho,
we found a median age at diagnosis of 38 months. Lesotho patients
experienced more severe disease and longer diagnostic delays.
Treatment completion was 63.8%, with 81.1% following protocols.
Radiotherapy was given to 17.9% of patients with advanced disease. The
overall survival rate was 59.4%, with a median survival of 27 months.
Survival was linked to symptom duration, risk, metastasis and tumour
burden. Improved cross-border healthcare collaboration between SA
and Lesotho is needed to reduce delays and enhance outcomes.

This study emphasised the need for targeted interventions to address
diagnostic delays and improve healthcare accessibility, especially in
Lesotho. Strategies include enhancing health literacy, refining referral
processes, minimising misdiagnoses and addressing socioeconomic
barriers to reduce treatment default rates. Additionally, patients at risk
of relapse should be fast-tracked to treatment. Future research should
explore the reasons behind diagnostic delays, including cultural and
regional variations in healthcare-seeking behaviour. Collaborative
initiatives between healthcare providers in SA and Lesotho are
essential to address these challenges comprehensively. A collaborative
effort has the potential to shape tailored strategies, improve early
detection, streamline treatment pathways and ultimately enhance
outcomes for children with nephroblastoma.

This 21-year study on nephroblastoma at UAHC revealed unique
challenges. Noteworthy observations on patient demographics,
diagnostic delays, tumour stage distribution and treatment dynamics
revealed regional variations, emphasising the need for targeted
interventions. Future research should analyse confounding factors
to gain a more comprehensive understanding of the complexities of
nephroblastoma.
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