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Abstract

Background: Wilms tumor is the commonest malignant renal neoplasm in children. Surgery plays a pivotal role in
the management, and evidence-based guidelines for surgical resection have been established by the major
international groups. Any deviation from the protocol is considered as a violation. The goal of this study was to
evaluate outcomes of the patients with unilateral Wilms tumor treated at a developing country and to analyze
surgical violations (SV) and their impact on the prognosis. A retrospective review was conducted for 37 patients
who were presented to our hospitals and underwent nephrectomy for WT from January 2016 to December 2018.
All participating centers adopt Children’s Oncology Group protocol. The SV were analyzed by logistic regression.
Overall survival (OS) and event-free survival (EFS) were estimated by the Kaplan-Meier method.

Results: There were 12 (32.4%), 11 (29.7%), 10 (27%), and 4 (10.8%) stages I, II, III, and IV, respectively. Their median
age at time of diagnosis was 3.1 years. Upfront nephrectomy was performed for 30 cases. Six patients had tumor
relapse (2 lungs and 4 local recurrences) at a median follow-up of 15.7 months. Out of the relapsed patients, two
had unfavorable histology, and regarding their staging, four were stage III, one was stage II, and one was stage IV.
Thirty-month OS and EFS were 84.3% and 81.1%, respectively. Twenty-seven SV occurred within 25 patients. Lack or
inadequate lymph node sampling represented 74.07% (20/27), intraoperative tumor rupture and spillage accounted
for 18.52% (5/27), and unwarranted preoperative biopsy happened in 7.41% (2/27). The SV were not correlated with
mortality (p value = 0.381); however, they had a significant impact on the relapse (p value = 0.001). On further analysis;
tumor rupture and spillage was a predictor for recurrence reaching a statistical significance (p value = 0.003), whereas
the other violations were not.

Conclusions: Favorable outcomes could be achieved by compliance with evidence-based guidelines even in a
resource-limited country like ours. Violations were correlated with relapse; however, only tumor rupture and spillage
was of statistical significance in multivariate analysis. Failure of lymph node documentation was the main problem
encountered, and it should be avoidable in future practice.
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Background
Wilms tumor [WT] is the commonest malignant renal
neoplasm in children, and it is also considered as the
third most frequently encountered malignancy in the
pediatric age group [1]. The management of WT is a
true story of success regarding the multimodal treatment
in children’s oncology. Recent reports indicate that
about 90% of the patients suffering from this tumor
could have an opportunity to be cured [2].
Surgery always plays a pivotal role in any therapeutic

strategy directed towards this tumor, and definitely,
complete tumor resection is the cornerstone of the man-
agement and prognosis. The evidence-based guidelines
for surgical resection of WT have been established and
recommended by the major international groups’ studies
[3–5]. Following precise surgical guidelines is fundamen-
tal for obtaining favorable results and any deviation from
the protocol is considered as a violation [6].
The treatment of WT in health facilities with limited

resources represents a major challenge facing pediatric
oncology surgeons [7]. The goal of this study was to
evaluate short-term clinical outcomes of the patients
with unilateral WT in a multicenter study conducted at
a developing country. Another purpose was to analyze
surgical aspects performed during nephrectomies, types
and numbers of iatrogenic protocol violations, and their
impact on the prognosis.

Methods
This is a retrospective study of prospectively collected
data including all children with unilateral WT who were
managed at three surgical units and their affiliated re-
gional centers by five consultant surgeons between Janu-
ary 2016 and December 2018. Patients with bilateral
tumors were excluded from the analysis. Following
obtaining IRB approval from all participating centers,
data were retrieved and collated in a single sheet for
reviewing patients’ characteristics, radiological findings,
treatment regimens, full surgical details, postoperative
pathological reports, complications, survival data, and
outcome. Informed consents were signed by all parents
for surgery, anesthesia and data use in scientific pur-
poses only.
The management protocol in all participating units

was uniform and adopted accordingly to Children’s On-
cology Group [COG] guidelines, formerly named Na-
tional Wilms Tumor Study Group [NWTSG] [8, 9].
Patients were diagnosed by abdominal ultrasound (US)
and computed tomography (CT). US was used for con-
firmation of the renal origin of the tumor, and the as-
sessment of tumor extension and lymph node status
were based on CT. Chest X-ray and CT were performed
for the detection of pulmonary metastases. Tumor sta-
ging, histopathological typing, and adjuvant therapy were

based on the same aforementioned protocol. Patients
were closely monitored till January 2019, and follow-up
visits were scheduled at the outpatients’ clinics or by
contact with the parents via telephone.
The violations of the current protocol were analyzed

regarding the types, rates, and their impact on the out-
come. They included unwarranted or unnecessary pre-
operative biopsy which causes tumor upstaging,
incorrect abdominal incisions, intraoperative tumor rup-
ture and spillage, absence or inadequate lymph node
sampling [less than 7 nodes], and extensive resection of
vital organs [other than the adrenal gland or a small part
of the diaphragm] as reported in former literature re-
ports [4, 10]. Figure 1 shows current COG recommenda-
tions regarding the timing of management for stage III
and IV tumors.
Statistical data analysis was performed using SPSS

(Statistical Package for Social Science version 21.0).
Overall survival (OS) and event-free survival (EFS) rates
were estimated using the Kaplan-Meier method and re-
ported at 30 months. OS was calculated from the date of
diagnosis to the date of death or last follow-up, while
EFS was measured from the date of diagnosis to the date
of any event. Surgical violations were analyzed by logistic
regression. A p value equal or less than 0.05 was consid-
ered to be of statistical significance.

Results
Patients’ characteristics
A total of 37 patients with full details were included and
analyzed. There were 21 males and 16 females. Median
age at diagnosis was 3.1 years (range 0.33–8.5 years).
Palpable abdominal mass was the most common presen-
tation among children in this study (20 cases). Twenty
patients were presented with left-sided tumors, while the
remaining 17 had right-sided lesions. Out of all cases,

Fig. 1 Current COG recommendations regarding the timing of
management for stage III and IV tumors
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four had lung metastases at time of diagnosis and five
had associated non-syndromic anomalies. Follow-up
time ranged between 1.4 and 35.5 months with a median
of 15.7 months. The patients’ demographics, clinical
characteristics, and staging are summarized in Table 1.

Management and complications
Primary surgery was planned to be performed for all
cases as shown in Figs. 2 and 3; however, thirty patients
had upfront nephrectomy. The remaining 7 children
underwent post-chemo resection after an imaging-
guided tru-cut biopsy. Four of them were metastatic and
the other three were stage III. Transverse transperitoneal

incision was adopted in all nephrectomies without
reporting of any violations. There were 12 (32.4%), 11
(29.7%), 10 (27%), and 4 (10.8%) patients with WT clas-
sified into stages I, II, III, and IV, respectively as per the
current COG protocol [9]. Four patients had unfavorable
histology (one was stage III and 3 were stage IV). Out of
all patients, 7 had different postoperative staging with
regard to initial staging, tumor rupture occurred in 5 pa-
tients, and 2 had positive lymph nodes metastases.
Nineteen patients (51.35%) had adrenalectomy as a

part of en bloc resection during nephrectomy. Two of
them had additional resection of a small part of the dia-
phragm due to tumor adherence. Five patients (13.5%)
had tumor rupture and spillage intraoperatively (3 left
and 2 right-sided) during attempts of primary surgery as
shown in Figs. 4 and 5. There were no other intraopera-
tive complications or mortality. Regional lymph node
sampling from the renal bed and around major vessels
was performed in 29 patients (78.4%) with a median of 7
nodes (range 2–11); 12 of them had less than 7 nodes

Table 1 The patients’ demographics, clinical characteristics, and
staging

Parameters N (%)

Gender

Male 21 (56.8%)

Female 16 (43.2%)

Age

Under 3 years 20 (54.1%)

Above 3 years 17 (45.9%)

Main mode of presentation

Palpable abdominal mass 20 (54.1%)

Increased abdominal girth and distention 6 (16.2%)

Abdominal pain 5 (13.5%)

Hematuria 3 (8.1%)

Recurrent fever 3 (8.1%)

Metastases at diagnosis

Metastatic (lung) 4 (10.8%)

Non-metastatic 33 (89.2%)

Tumor side

Left 20 (54.1%)

Right 17 (45.9%)

Associated anomalies

No 32 (86.5%)

Inguinal hernia 3 (8.1%)

Undescended testicles 1 (2.7%)

Hypospadias 1 (2.7%)

Staging according to COG

I 12 (32.4%)

II 11 (29.7%)

III 10 (27%)

IV 4 (10.8%)

Histopathology

Favorable 33 (89.2%)

Unfavorable 4 (10.8%)

Fig. 2 Upfront nephrectomy

Fig. 3 Bloodless operative field after primary surgery
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sampled. While in the remaining 8, no lymph nodes
were retrieved from the specimen. Out of all patients;
three (8.1%) had postoperative complications, one devel-
oped intussusception on the 5th day after surgery that
was managed by laparotomy and reduction and two pa-
tients readmitted with adhesive intestinal obstruction
during receiving adjuvant therapy, and both of them
underwent small intestinal resection anastomosis.
Regarding additional therapies, all patients received

adjuvant chemotherapy and 14 had post-excision radio-
therapy (10 cases stage III and 4 cases stage IV). Flank
radiation was given to 9 patients, whereas the other 5 re-
ceived whole abdomen radiotherapy due to the occur-
rence of tumor rupture and spillage.

Outcome and survival analysis
Six patients had tumor relapse; two of them had lung re-
currence. The other four had local recurrence (2 at the

operative bed, one at the para-aortic area, and one at
segment VI of the liver). All locally relapsed patients had
tumor rupture and spillage during primary surgery, and
no lymph nodes were sampled in one of them. All cases
with recurrences received intensive chemotherapy and
two patients underwent secondary surgery (one for hep-
atic recurrence and the other for tumor bed relapse).
Disease progression occurred in three children (2 with
lung recurrence and one with local relapse) and died
without any surgical intervention. Their histology was as
follows: 2 with lung relapse (one favorable and unfavor-
able) and one with local recurrence (favorable histology).
At the end of follow-up, thirty-four patients were still
alive. Thirty-month OS and EFS for all patients were
84.3% and 81.1%, respectively (Figs. 6 and 7).

Surgical protocol’s violations
Twenty-seven violations occurred within 25 patients.
Failure of lymph node documentation either absence or
inadequate sampling (less than 7 nodes) were encoun-
tered in 18 patients. Intraoperative tumor rupture and
spillage occurred in three, two patients had a double vio-
lation (inadequate sampling in addition to tumor spill-
age), and 2 cases had unwarranted preoperative tumor
biopsy. The types and rates of surgical violations prac-
ticed in this study are listed in Table 2.
Absence or inadequate lymph node documentation

was the most common problem representing about 74%
(20/27) of all violations. In 8 of them, lymph nodes were
not sampled at all. Whereas in the remaining 12, the re-
trieved nodes were less than 7 nodes (range 2–4) and all
of them were negative for malignancy. Fourteen cases
were of stages I and II among the patients who had
lymph node violations. Regarding the 7 children who
underwent imaging-guided preoperative biopsy, 5 had
biopsy due to a doubtful radiological diagnosis with
neuroblastoma (not a protocol violation), while 2 pa-
tients had an unwarranted biopsy, and this is considered
as a violation according to the current COG guidelines.
Patients staged as stage III were due to intraoperative
tumor rupture in 50% (5/10, one of them also had posi-
tive nodes), while preoperative tumor biopsy was re-
sponsible for 30% (3/10, 2 of them also had positive
nodes) and the remaining 20% (2/10) were due to posi-
tive malignant lymph nodes. Figure 8 demonstrates the
occurrence of violations in relation to tumor stage.
Regarding the influence of surgical violations on the

survival outcome, they were not correlated with mortal-
ity (p value = 0.381); however, they had a significant im-
pact on tumor relapse (p value = 0.001). On multivariate
analysis, intraoperative tumor rupture and spillage was
reported as the only significant predictor for recurrence
among all violations (p value = 0.003). The logistic

Fig. 4 Intraoperative tumor rupture and spillage during
upfront surgery

Fig. 5 Tumor rupture and spillage during upfront surgery
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regression of surgical violations on the relapse is shown
in Table 3.

Discussion
Management of WT in developing countries provides
well-known challenges such as late presentations par-
ticularly in malnourished children, failure or abandon-
ment of therapy, insufficient capacity of specialized

hospitals, and deficiency in treatment facilities [11, 12].
Some experts analyzed that primary surgery might be
unsuitable to be practiced in resource-constrained set-
tings due to the aforementioned problems; therefore, de-
layed resection should be the principal modality [13].
The current study has special considerations as being
carried out in a resource-limited society where patients
presented with huge masses due to delayed diagnosis;

Fig. 6 Overall survival of all patients

Fig. 7 Event-free survival of all patients
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meanwhile, surgeons adopt upfront nephrectomy and
COG guidelines.
Median age at presentation in this study was found to

be nearly the same compared to other reports from North
Africa, Asia, and Europe [7, 14, 15], and slightly lower
than that reported by a North American study [16]. Gen-
der distribution among our cases was in favor of males
and the same result was documented in an Asian study
[14], in contrast with Western data [15]. Palpable abdom-
inal mass was the commonest presentation in this study
and the same findings were observed in other studies con-
ducted at developing countries [7, 14], while other com-
plaints in addition to palpable mass were reported in
African patients due to a more advanced disease [17]. In
contrast, there were earlier referrals in affluent societies,
and even there were differences between them regarding
the percentage of cases discovered incidentally. Pritchard-
Jones et al. observed that a lesser proportion of patients in
the UK were diagnosed incidentally when compared to
Germany [18].
The percentage of metastatic disease was 10.8% in this

study, and this was similar to an Indian study [19]. Inter-
estingly, this incidence was lesser when compared to
several studies at other developing countries ranging be-
tween 14 and 30.5% including one of them also reported
in India [14, 20–22]. Such difference could be due to the
number of patients, duration of series, and referral bias
and might be that locally advanced tumors were more
than the metastatic disease as in our cohort.

The majority of patients in this study were managed by
primary surgery. Although the aforementioned difficulties
of selecting such protocol in our environment, it was posi-
tive to observe that intraoperative complications were only
due to tumor ruptures, and there were no other operative
morbidity or mortality. However, relapse related to rup-
ture was a cause of postoperative death in one patient. It
is also very interesting to notice that some centers in de-
veloping countries adopt the International Society of
Paediatric Oncology (SIOP) protocol [7, 14, 22] in order
to overcome the delayed presentations, whereas others de-
pend on COG recommendations [20, 23, 24].
The participating centers in this study prefer COG

guidelines to avoid administration of preoperative
chemotherapy to non-WT or benign disease [13]. Add-
itionally, there is an evident psychological factor of up-
front nephrectomy on families in our community and
their comfort towards surgery as a primary step. Relying
on the SIOP protocol needs specialized radiologists and
pathologists to avoid imaging misdiagnosis or understa-
ging due to change of tumor histology, whereas COG
protocol exposes patients to more abdominal radiation
due to more tumor rupture [13]. Eventually, the end re-
sults are very similar between both approaches [25], and
every center whatever its location can choose according
to the experiences.
The survival rates were reported above 90% in high-

income countries [21]. In this study, such data was bet-
ter than the declared in a previous national series [OS
78.9%] [26]. Meanwhile, our results were within reason-
able range among those reported from other developing
countries in North Africa and Asia [OS 74–89%, EFS
73–86%] [7, 14, 19, 20]. Impressive outcomes were
achieved by a study in Latin America with OS and EFS
of 91% and 85%, respectively [22]. While, dismal survival
rates were observed in sub-Saharan Africa of 25–46%
[17, 21].

Table 2 The types and rates of surgical violations practiced in
this study

Type of violation N (%)

Failure of lymph nodes documentation 20 (74.07%)

Intraoperative tumor rupture and spillage 5 (18.52%)

Unnecessary or unwarranted preoperative tumor biopsy 2 (7.41%)

Fig. 8 The occurrence of violations in relation to tumor stage
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Improvements in the management could be achieved
by adherence to the evidence-based guidelines and
avoidance of violations. Due to the crucial role of sur-
geons in complete resection, staging, and avoiding tumor
rupture, recommended surgical guidelines must be
adopted in order to optimize outcomes [4]. Despite the
high percentage of violations practied in this study, the
majority of them lack or fault in lymph node manage-
ment, and this was similar when compared to a recent
COG study reporting that 65% of all violations were ab-
sence of lymph node sampling [6]. Furthermore, the
same problem was declared in an SIOP study, which
documented that incorrect sampling occurred in 88.2%
of patients [27]. The minimum of seven nodes sampled
is crucial for detecting metastases by COG [6], and it is
of six nodes by SIOP, which formerly reported that only
three nodes were sufficient [27, 28]. Such violation re-
mains the commonest mistake made by surgeons every-
where, and its consequences lead to less aggressive
adjuvant therapy and high risk of recurrence. However,
it was not correlated with relapse in our series and also
had no impact on EFS by a COG report [29].
Tumor rupture was documented as a predictor for re-

currence as per NWTSG [5], and we observed the same
with a significant difference in this study. Intraoperative
tumor rupture in this cohort was similar to that reported
by a COG report (11.5%) [30], whereas it was higher
than the declared by an SIOP study (1.45%) [27]. This
notable difference is due to adoption of delayed surgery
by SIOP and the role of preoperative chemotherapy in
making tumors more solid and downsized. Biopsy due to
an equivocal initial diagnosis with other neoplasms, such
as nueroblastoma or lymphoma, was not considered as a
violation in the current protocol [6]. Thus, this study
had minor violations of unwarranted preoperative bi-
opsy. We also did not report any violation regarding sur-
gical incisions or extensive organs resection. Finally, The
authors of this study propose that careful assessment of
resectability in multidisciplinary team meetings and ad-
equate lymph node sampling can surely reduce the oc-
currence of violations in the future.
Several limitations were observed in this study as its

retrospective nature, small sample size, and few numbers
of participating centers with short-term results. The last
drawback might be due to lacking of registration systems
in our nation and the authors invited other centers to

share their experience; however, data loss was the main
obstacle. We believe that a further study with more
number of patients is warranted for more confirmation.

Conclusions
Favorable outcomes could be achieved by compliance
with evidence-based guidelines even in a resource-
limited country like ours. Surgical violations were corre-
lated with relapse; however, multivariate analysis showed
that only tumor rupture and spillage was of statistical
significance. Failure of lymph node documentation was
the main problem encountered, and it should be avoid-
able in future practice.
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