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Background. Nephroblastoma is a common childhood solid tumour in South Africa.

Objective. The aim was to determine outcomes of patients diagnosed with nephroblastoma between 1990 and 2018 and compare outcomes
of two cohorts treated with consecutive International Society of Paediatric Oncology (SIOP) nephroblastoma protocols.

Methods. This was a retrospective, descriptive study of two cohorts in Tygerberg Hospital. Cohort 1 (1990 - 2007) was treated with the
SIOP 9 and SIOP 93-01 protocols, and Cohort 2 (2008 - 2018) with the SIOP 2001 protocol. Data included demographic data (age at
diagnosis, sex), HIV status, pre- and postoperative staging, surgical complications, histological types, lymph node sampling, overall
survival (OS) and event-free survival (EFS) with the end point two years after diagnosis.

Results. There were 60 children (M:F ratio 1:1.14) in Cohort 1 with an older mean age of 42 months (interquartile range (IQR)
16.25 - 56.5 months) v. 45 children (M:F ratio 1:0.8) in Cohort 2 with a mean age of 37 months (IQR 22 - 45.5 months). Cohort 2 had
more patients with localised disease (76%) than Cohort 1 (55%) (trend towards significance p=0.076). Both cohorts had a good OS
(respectively 88% and 93%) and EFS (respectively 82% and 80%). Half of Cohort 1 (50%; n=30/60) did not have lymph nodes sampled
with four subsequent relapses, significantly associated with OS (p<0.001) and EFS (p=0.006). There was a significant association
between OS and EFS and underlying histology (respectively p=0.006 and p=0.015) for Cohort 1, but only for EFS and histology (p=0.02)
for Cohort 2.

Conclusion. There was good OS for children with nephroblastoma treated with consecutive SIOP protocols in a single institution in

South Africa.
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Nephroblastoma, a renal tumour, represents 6% of paediatric
cancers.! It is the most common solid tumour, with its incidence
exceeding 10% in Africa and South Africa.**! Median age at
diagnosis is 42 months!"®” with a slight female predominance.!"®
Axt et al.” reported an increased incidence among North American
children of African-American descent.

Children usually present with an asymptomatic abdominal mass,
discovered incidentally."*'?! Associated signs and symptoms include
abdominal pain, haematuria and hypertension, probably owing to an
increase in renin activity."” Ekenze et al."* reported late presentation
in Nigeria (average duration of symptoms 4.7 months). Soyemi et al.!""
reported that most nephroblastoma tumours exceeded 500 g, also
indicating late presentation.

Nephroblastoma usually occurs sporadically; 1% of cases are
familial."*) Congenital abnormalities occur in 12 - 15% of cases.!"]
Five percent of tumours occur in association with one of the 50
predisposing genetic syndromes described,'”! such as WAGR
(Wilms' tumour, Aniridia, Genitourinary anomaly and mental
Retardation), Denys-Drash and overgrowth syndromes, including
Beckwith-Wiedemann, Simpson-Golabi-Behmel, and Sotos
syndrome."”!¥ Some syndromes result from a disruption of the WT1
gene (crucial for renal and gonadal embryogenesis) which results in
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genitourinary abnormalities and a predisposition to nephroblastoma
development.!'”1¥!

Nephroblastoma has an excellent five-year overall survival (OS)
exceeding 90%" in localised disease and 70%" in metastatic disease.
Treatment consists of chemotherapy, surgery and radiotherapy.*” The
International Society of Paediatric Oncology (SIOP) nephroblastoma
studies offer pre-operative chemotherapy to reduce tumour size to
prevent tumour rupture.”” The SIOP-9 protocol demonstrated the
non-inferiority of four v. eight weeks of pre-operative chemotherapy
for localised disease. SIOP 93-01 showed that a reduced postoperative
chemotherapy duration in stage 1 tumours with intermediate risk
histology or anaplasia was not inferior to standard chemotherapy."
SIOP 2001 found that doxorubicin could be omitted for stages 2 and
3 intermediate-risk nephroblastoma when the histological response to
preoperative chemotherapy was incorporated into risk stratification.!!

SIOP nephroblastoma protocols were implemented since 1990 in
the Tygerberg Hospital Paediatric Oncology Unit (POU). The primary
objective of the present study was to compare OS and EFS for two
cohorts treated with SIOP protocols respectively between 1990 and
2007 and 2008 and 2018. Secondary objectives investigated whether
surgical complications, lymph node sampling or histological type had
an association with OS and EFS.
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Patients and methods

This was a retrospective descriptive cohort study at the Tygerberg
Hospital POU in the Western Cape, South Africa, including children
under 16 years of age with newly diagnosed nephroblastoma.
Parental consent for entry of data in the South African Children’s
Cancer Study Group (SACCSG) Tumour Registry was obtained. Data
collected included demographics (age, sex, ethnicity, socioeconomic
status), nutritional status at diagnosis, tumour laterality and disease
stage. Surgical details included tumour spillage or rupture, intra-
and postoperative complications, lymph node sampling and post-
chemotherapy tumour histology. The electronic radiology system
and the National Health Laboratory Services database were reviewed
for imaging studies and histology. There were two cohorts: Cohort 1
(treated 1990 to 2007 with SIOP protocols 9 and 93-01)1222) and
Cohort 2 (treated 2008 to 2018 with SIOP 2001).?* The SIOP
protocols use the terminology of localised, metastatic and bilateral
disease for preoperative categorisation.” The OS and EFS end
points were two years post diagnosis.

Categorical data were summarised using frequency tables
determined with IBM SPSS version 26. Mean survival time and 95%
confidence intervals were calculated using Kaplan-Meier survival
analysis and demonstrated OS and EFS. Log rank tests were used to
compare time to event between groups. A Cox proportional hazards
model was used to model the effects of covariates for the outcome
of time to EFS event while controlling for the cohort. Associations
among variables were tested using Fisher’s exact two-sided tests
owing to small sample sizes and low frequency of events. A p-value
less than 0.05 was statistically significant.

Results

Cohort 1 included 60 patients. Cohort 2 included 45 patients with
three exclusions: one rhabdoid tumour, one patient transferred in,
and one transferred out (Fig. 1).

The overall male to female (M:F) ratio was 1:1.1, with a mean
age of 40 months (median 34, interquartile range (IQR) 18 - 54.5
months) with a M:F ratio of 1:1.14 for Cohort 1 v. 1:08 for Cohort 2.
The mean age for Cohort 1 was 42 months (median 35, IQR 16.25
- 56.5 months); older than for Cohort 2 (mean age of 37 months
(median 33, IQR 22 - 45.5 months)) (p=0.815). The HIV status for
most (95%; 57/60) Cohort 1 patients was unknown, with one patient
infected, while HIV status was known in 100% for Cohort 2 (2%
infected (n=1/45)).

Cohort 1 Cohort 2

3 exclusions
« Rhabdoid tumour
« Relocation to another POU

No exclusions

- Transfer in as long-term follow-up
patient from another province

Fig. 1. Patient selection flow diagram. (POU= paediatric oncology unit).
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Seven percent (1=4/60) of Cohort 2 patients required treatment for
hypertension compared with 36% (n=16/45) of Cohort 1 patients.
In Cohort 2, there was an association between stage at presentation
and hypertension (p=0.013), with nine patients with limited disease
(eight patients with stage 1 and one with stage 2) presenting with
hypertension v. seven with advanced disease (four with stage 4; three
with stage 5). There was no association between blood pressure at
diagnosis and OS (p=0.757) or EFS (p=0.869).

Most patients presented with localised disease: 69% in Cohort 1
(n=41/60) and 75% in Cohort 2 (n=34/45), although not significant
(p=0.440). Postoperative stages for Cohort 1 were respectively 38%
(n=23/60) stage 1, 18% (n=11/60) stage 2, 20% (n=12/60) stage
3, 17% (n=10/60) stage 4 and 5% (n=3/60) with stage 5 disease.
One patient in Cohort 1 did not have surgery owing to sudden
cardiovascular collapse and death. Four patients had high-risk
disease: one each with stage 1 and 3 and two with stage 4 disease
with blastemal predominant histology. Three were alive and one
had died. Four patients with anaplasia were difficult to classify into
a risk group as the extent of anaplasia (diffuse or focal) was not
documented.

The postoperative stages for Cohort 2 were 49% (n=22/45) stage
1, 13% (n=6/45) stage 2, 22% (10/45) stage 3, 9% (n=4/45) stage 4
and 5% (n=2/45) with stage 5 disease, respectively. One patient with
stage 5 disease and Denys-Drash syndrome did not have surgery
as tumours were unresectable (kidney transplant was impossible
for this child in South Africa). The patient was still alive at last
follow-up. Three patients had high-risk stage 1 disease (two alive;
one unknown), three patients with stage 2 high-risk disease (alive)
and one with stage 3 high-risk disease (died). Postoperative stage
between the two cohorts did not differ significantly (p=0.799).

Cohort 1 had an OS of 88% v. 93% for Cohort 2, with similar EFS
for both (Cohort 1 82%; Cohort 2 80%) (p=0.738). Cohort 1 had OS
and EFS of 100% for stages 2 and 5, whereas Cohort 2 had 100%
OS for stages 1 and 4, as well as the patient without surgery (Fig. 2,
Fig. 3).

Intra-operative complications were present in 10% (6/60) of
Cohort 1v.11% (n=5/45) of Cohort 2), but slightly more postoperative
complications occurred in Cohort 2 (13%; n=6/45) than in Cohort 1
(7%; n=4/60). Cohort 1 complications included tumour spillage
(n=1), tumour rupture (n=2), colectomy (n=1) and ileus (n=2),
while Cohort 2 complications included tumour rupture (n=1),
tumour spillage (n=1), intra-operative cardiac arrest (n=1), hemi-
colectomy (n=1) and diaphragmatic injury (n=1). The association
between OS and EFS with intra- and postoperative complications
was significant (respectively p<0.001 and p=0.004) for Cohort 1, but
had no significance for Cohort 2 (OS and intra- and postoperative
complications respectively p=0.069 and p=0.598), EFS and intra-
and postoperative complications p=0.564). Tumour spillage was
present in both cohorts (5%; 3/60 v. 4.4%; 2/45). For Cohort 1 there
was an association with tumour spillage and OS (p<0.001) and EFS
(p<0.001), but no association for Cohort 2 (tumour spillage and
OS p=0.601; EFS p=0.486). In Cohort 1, 45% (n=27/60) of tumours
were right sided, 42% (25/60) left sided, 12% (n=7/60) bilateral and
1% (n=1/60) were undocumented. In Cohort 2, 42% (19/45) were
right sided, 51% (23/45) left sided and 7% (n=3/45) bilateral. Intra-
operative complications and tumour laterality had no significant
association (Cohort 1 p=0.681; Cohort 2 p=0.938).

Half of Cohort 1 (50%; n=29/60) did not have lymph node
sampling, with four subsequent relapses significantly associated
with OS (p<0.001) and EFS (p=0.006), probably owing to incorrect
postoperative stage. Three with stage 1 disease had relapses: one
peritoneal relapse, one lung relapse and one defaulted treatment.
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Fig. 2. Cohort 1: Event-free survival according to postoperative stage.

For 11 (18%) with no lymph node sampling,
surgery was done at another institution.

and intermediate-risk stromal types (2%;
n=1/60). Four had anaplasia (7%), but the
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Fig. 3. Cohort 2: Event-free survival according to postoperative stage.

Lymph node sampling for Cohort 2 was
done in 75% (n=34/45) with no association
with OS (p=0.340) and EFS (p=0.497),
probably indicating correct postoperative
stage. In some patients, no lymph nodes
were found intra-operatively; for others
there was no documented reason for non-
sampling. Three patients in Cohort 2 who
had no lymph node sampling done, relapsed.

Cohort 1 and histology: Most had
intermediate-risk  triphasic  histology
(68%; n=41/60), followed by high-risk
blastemal predominant (7%; n=4/60)
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extent (diffuse or focal involvement) was
unspecified; these cases were added to the
‘other’ subtypes group (18%; n=11/60).
Triphasic subtype had an OS of 89.5% and
EFS of 82.9% (two deaths). The blastemal
predominant group had a lower OS of 85.7%
(one death) and an EFS of 75%. The EFS
and OS for the ‘other’ group was 57%. The
patients with unspecified anaplasia had an
OS and EFS of 75% (p=0.006) and EFS
(p=0.015) (Table 1). The four patients with
a blastemal predominance were aged 8, 40,
47 and 74 months, respectively, whereas

the patients with subtype containing an
unknown extent of anaplasia were aged
44, 55, 66 and 115 months. The deaths
present in each group occurred in the oldest
patients.

Cohort 2 and histology: Intermediate-
risk triphasic histology (42%; n=19/45) was
predominant, while the rest were respectively
epithelial (20%; 9/45), stromal (9%; n=4/45)
and high-risk blastemal predominant (16%;
n=7/45) types. Epithelial and stromal
subtypes had 100% OS compared with
89.5% for triphasic histology with an EFS
of 73.7% owing to five events, including two
deaths. The blastemal predominant type
had an OS and EFS of 86% (one death)
and the stromal group had an EFS of 75%
with one event occurring. There were no
anaplasia subtypes in this cohort. There was
a significant difference in EFS in association
with histological subtype (p=0.02) but no
association with OS (p=0.97) for Cohort 2
(Table 1). There were seven patients in the
blastemal predominant group, with ages 7,
32, 39, 46, 56, 68 and 71 months. Similarly,
the one death occurred in the oldest patient
aged 71 months.

Cohort 1 had 11 events: seven deaths
secondary to relapse, a cardiovascular
collapse, two secondary malignancies.
Cohort 2 had nine events: three deaths
secondary to relapse and six alive after
relapses (two pulmonary, three hepatic and
one peritoneal carcinomatosis).

Healthcare was free for most children
in both cohorts (Cohort 1 68%; Cohort 2
80%) as they were under six years of
age.’ The Cohort 1 families (18%
unemployed parents, 34% some income,
20% medical insurance and 28% unknown
socioeconomic status) were at a greater
socioeconomic disadvantage than Cohort 2
families (9% unemployed parents, 67%
some income, 18% medical insurance and
6% unknown socioeconomic status). There
was a significant improvement in families’
socioeconomic circumstances between the
two time periods (p=0.014).

Nutritional status was superior for
Cohort 2 (no acute malnutrition in 96%
of Cohort 2 v. 58% in Cohort 1; 80%
in Cohort 2 with normal height v. 55%
in Cohort 1; 93% with normal weight
in Cohort 2 v. 62% in Cohort 1). There
were significant differences between
the nutritional status of the two cohorts
with regards to weight for age (p=0.002),
height for age (p=0.004) and weight for
height (p<0.001). There was no association
between EFS and OS and weight for age
and weight for height or nutritional status
and relapses or deaths.

SAJCH SEPTEMBER 2023 Vol.17 No.3



RESEARCH

Table 1. Cohorts 1 and 2 histology types and associations with outcomes

Cohort 1
Histology type n=60 No. of events OS p-value No. of events EFS p-value
Low-risk group
Cystic 2 (3%) 0 100% 0 100%
Necrotic 2 (3%) 0 100% 0 100%
Intermediate-risk group
Stromal 1 (2%) 100% 0 100%
Triphasic 41 (68%) 3 93% 83%
Epithelial 0.006 0.015
Biphasic 3 (5%) 0 100% 0 100%
High-risk group
Blastema 4 (7%) 1 75% 1 75%
Other
Anaplastic 4 (7%) 1 75% 1 75%
No data available 2 (3%) 1 50% 1 50%
No surgery 1(2%) 1 0.0% 1 0%
Cohort 2
Histology type n=45 No. of events OS p-value No. of events EFS p-value
Low-risk group
Cystic 0 100% 1 50%
Necrotic 2 (4%) 0 100% 100%
Intermediate-risk group
Stromal 4 (9%) 0 100% 1 75%
Epithelial 9 (20%) 0 100% 0 100%
Triphasic 19(42%) 2 90% 0.970 5 73% 0.02
Biphasic 1 (2%) 0 100% 1 0.0%
High-risk group
Blastema 7 (16%) 1 86% 1 86%
Anaplastic
Other
No data available
No surgery 1(2%) 0 100% 0 100%

OS = overall survival; EFS = event-free survival.

In summary, this study demonstrated slightly better OS in Cohort 2,
but similar EFS. Intra- and postoperative complications were
associated with a poorer OS for Cohort 1. Lymph node sampling
was important for postoperative staging as three patients with
no sampling relapsed. Histology subtype was only significantly
associated with OS and EFS in Cohort 1. Nutritional status at
diagnosis had no significant association with either OS or EFS.

Discussion

Visser et al.?”) reported a better OS (86.4%) with SIOP protocols
than with a National Wilms' Tumor Study Group (NWTSG)
protocol (61.5%) in a previous nephroblastoma review at the same
POU. A similar study from Johannesburg demonstrated an OS of
89% for limited disease, utilising the SIOP 9 protocol.?® Our study
demonstrated similar improved OS for both cohorts.

Cunningham et al.? reported that OS ranged from 70% to
97% in high-income countries (HICs) v. 61% to 94% in upper-
middle-income countries, 0% to 85% in lower-middle-income
countries (LMICs) and 25% to 53% in low-income countries. The
Groupe Franco-Africain dOncologie Pediatrique (GFAOP)(GFAOP-
NEPHRO-02 study) used an adapted SIOP 2001 protocol and reported
a three-year OS of 72% and EFS of 69%."” Advanced tumour
presentation was reportedly more common in Africa.**!! Diagnostic
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delay, lack of treatment and inadequate follow-up contributed to these
differences.” OS in the present study corresponds to that of HICs (OS
respectively 88% and 93% for Cohort 1 and Cohort 2; EFS respectively
82% and 80% for Cohort 1 and Cohort 2). The outcome for stage 4 in
this study was superior to that reported in SIOP 20015 but the sample
was very small.

Financial constraints!’*** have contributed to poor outcomes for
patients in Africa, emphasising the importance of socioeconomic
status. The present study demonstrated an improvement in both
socioeconomic and nutritional status for the two time periods.
Nutritional improvement was probably due to food fortification and
national school nutrition programmes, improved primary healthcare,
supplement provision and dietetic involvement in communities.**
In Cape Town, the Integrated Nutrition Programme aims to improve
the nutritional status of residents.*” Though the study showed an
improved nutritional status, it is important to note that in children
with cancer, specifically those with abdominal tumours, weight is an
inadequate marker of nutritional status.*!

The complication rate for nephroblastoma surgery varies from
13% to 28%"” and includes intestinal obstruction, haemorrhage,
infection and vascular injury. Complications were more likely if
the tumour extended into the inferior vena cava or right atrium, if
a different surgical approach was used, if a tumour was larger than
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10 cm or if the surgery was performed by a general surgeon instead of
a paediatric surgeon. SIOP publications have shown that complications
are reduced to below 8% if preoperative chemotherapy is given.*”! The
current study found an intra- and postoperative surgical complication
rate for Cohort 1 of 17% and 24% for Cohort 2. This increase needs
further investigation in prospective studies.

Intra-operative spillage (I0OS) from the primary tumour or renal

vein, or tumour rupture is an important surgical complication.
Tumour size larger than 10 cm or tumour volume greater than 1 000 cc
and right-sided location are associated with increased risk.***! In the
present study, post-nephrectomy tumour volume was not calculated
owing to incomplete data. There was no association between
tumour laterality and intra-operative complications, but there was an
association between OS and EFS and tumour spillage for Cohort 1.
Surgeries were performed by paediatric surgeons; therefore, this was
not the reason for more complications.
Lymph node sampling provides important prognostic and staging
information." In the present study, lymph node sampling was
increased in Cohort 2 (75% v. 50%) while reduced sampling
negatively affected OS and EFS in Cohort 1. Reasons for non-
sampling include the surgeons” impression that it was unnecessary in
metastatic or early disease or those with positive tumour margins.""! The
reasons for incomplete lymph node sampling in the present study are
unknown and need to be elucidated further.

In the present study, triphasic-type histology was predominant
in both cohorts, a similar finding reported by Weirich et al.l*?! with
triphasic variant predominant (45.1%), followed by blastemal type
(39.4) with a poorer outcome. In studies from Nigeria, Egypt and
Kenya, blastemal predominant type (44.4%) was most frequent,!
also associated with a poor outcome.*! In the present study, the
blastemal predominant type occurrence increased from Cohorts
1 to 2 (7% to 16%) and was higher than the reported incidence of
about 9% in the SIOP93-01 and SIOPWT2001 trials."” This finding
may indicate a larger poor prognostic group in the South African
population.

Anaplasia is a high-risk nephroblastoma factor which confers a
worse prognosis. Diffuse anaplasia is classified as high risk and focal
anaplasia as intermediate risk.*®! In the present study, distinction
between focal and diffuse anaplasia was missing from the records;
therefore the subtype could not be accurately classified. As the OS
and EFS was 75% for this unspecified anaplasia group in Cohort 1,
it could be speculated that the cases most likely had focal anaplasia.
The deaths in the blastemal predominant and unspecified anaplasia
cases occurred in children older than five years of age, who have a
poorer outcome, as expected.*”)

A new treatment protocol for nephroblastoma was recently
developed by the Renal Tumour Study Group of SIOP (SIOP-RTSG)
(UMBRELLA SIOP-RTSG 2016).%! Despite the excellent outcomes
of patients with nephroblastoma, there is a group of patients
with increased relapse rates and poor prognosis. Identification of
these patients is important to improve treatment stratification and
outcomes and to decrease late effects of chemotherapy for those
with a better outcome. The UMBRELLA protocol aims to validate
new prognostic factors; for example, blastemal tumour volume and
molecular markers.

Study limitations
This was a retrospective study from a single institution in South
Africa with missing data, limiting investigation into associations

between lymph node sampling, radiological tumour volume, post-
nephrectomy volume and OS.
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Conclusion

The use of SIOP protocols yielded excellent patient outcomes
in this study, confirming this to be a feasible and appropriate
treatment approach in an upper-middle-income country. It is
imperative to strictly adhere to the treatment protocol guidelines to
identify high-risk patients and to ensure that lymph node sampling
is undertaken during surgical resection. The implementation of
a national nephroblastoma treatment protocol would assist in
ensuring uniformity in patient care across all paediatric oncology
units in South Africa and should result in improved outcomes.
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