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Abstract

Introduction: Evidence on prognostic determinants in Vietnamese children with Wilms’ tumor presenting
with imaging-defined risk features remains limited despite internationally standardized use of neoadjuvant
chemotherapy. To describe treatment outcomes and explore factors associated with event-free survival (EFS)
in children with unilateral stage [I-1V Wilms’ tumor treated with SIOP-2001—based neoadjuvant chemotherapy
followed by delayed nephrectomy at a single tertiary center in Vietnam. Materials and Methods: We conducted
a prospective cohort study of 64 consecutive children managed at Children’s Hospital 2 (Ho Chi Minh City)
between April 2013 and June 2016, with follow-up through June 2019. Eligibility required >1 imaging-defined
risk feature on baseline computed tomography. Patients received SIOP-2001-based neoadjuvant chemotherapy
(vincristine and actinomycin D with risk-adapted addition of doxorubicin), followed by delayed nephrectomy
and postoperative risk-adapted therapy. Tumor volume was calculated by the ellipsoid formula, and relative
volumetric response was recorded. Chemotherapy response was assessed using RECIST 1.1. EFS was estimated
by Kaplan—Meier analysis. Given the small number of events (n = 4), Cox regression was prespecified as
exploratory, with parsimonious multivariable models and emphasis on effect sizes and confidence intervals.
Results: Median tumor volume decreased from 487.9 cm? to 206.8 cm? (p < 0.001). Imaging-defined risk features
declined substantially (e.g. perirenal fat invasion 85.9%—43.8%, renal/IVC thrombus 20.3%—6.3%, suspicious
hilar nodes 20.3%—4.7%, tumor rupture 9.4%—3.2%). Overall response rate was 89.1% (complete or partial
response); 10.9% had stable or progressive disease. At a mean follow-up of 46.9 months, 4 events (2 relapses, 2
deaths) occurred, corresponding to a 4-year EFS of 92.2%. In exploratory multivariable Cox models limited to
two predictors, high histopathologic risk and poor chemotherapy response were associated with higher hazards of
relapse or death, but with wide confidence intervals reflecting limited precision. Conclusions: In this exploratory
analysis, postoperative histopathologic risk grouping and preoperative chemotherapy response appeared more
informative for prognosis than baseline imaging extent. These findings are hypothesis-generating and should be
validated in larger multicenter cohorts.
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Introduction

Wilms’ tumor is an embryonal renal malignancy arising
from aberrant proliferation of nephrogenic blastemal cells.
It accounts for approximately 80-90% of malignant renal
tumors in children and ranks as the fourth most common
pediatric solid malignancy after primary brain tumors,
lymphomas, and neuroblastoma. Two evidence-based

therapeutic paradigms are widely implemented worldwide:
the National Wilms’ Tumor Study (NWTS-5) approach,
which prioritizes upfront nephrectomy followed by
adjuvant therapy, and the International Society of
Paediatric Oncology (SIOP-2001) strategy, which
favors neoadjuvant chemotherapy followed by delayed
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nephrectomy. Both strategies achieve 5-year survival
rates exceeding 90% in contemporary series [1-3]. In
cases presenting with large primary tumors, invasion of
adjacent organs or major vessels, or distant metastases,
neoadjuvant chemotherapy can reduce tumor bulk and
attenuate adverse local and occult distant disease features,
thereby facilitating safer nephrectomy with lower rates
of intraoperative rupture, tumor spillage, and subsequent
recurrence [4]. Vietnam, a lower—middle-income setting
in Southeast Asia, shares the epidemiologic pattern
observed across many low- and middle-income countries,
where most children with Wilms’ tumor present late,
often with bulky, locally invasive, or metastatic disease
[5-8]. Historically, management at Vietnamese pediatric
surgical centers has relied predominantly on upfront tumor
resection or biopsy followed by adjuvant therapy, with
suboptimal outcomes (approximately 78% three-year
survival). In 2013, the Department of Pediatric Surgery at
Children’s Hospital 2 adopted neoadjuvant chemotherapy
for Wilms’ tumor. The present study evaluates the
effectiveness of this approach and identifies prognostic
factors associated with treatment outcomes in children
managed at this center.

Materials and Methods

We conducted a prospective cohort study of 64
children with Wilms’ tumor who received neoadjuvant
chemotherapy followed by delayed nephrectomy at the
Department of Pediatric Surgery, Children’s Hospital
2 (Ho Chi Minh City) from April 2013 to June 2016,
with follow-up through June 2019. All patients received
preoperative chemotherapy according to the SIOP-2001
protocol. In brief, children with non-metastatic, standard-
risk disease were treated with a two-drug regimen
consisting of vincristine and actinomycin D for 4-6
weeks, with doses adjusted for age and body surface area.
Patients who presented with metastatic disease or other
high-risk features received a three-drug regimen including
vincristine, actinomycin D, and doxorubicin for 6 weeks.
The number of preoperative cycles was determined
by radiologic response and multidisciplinary team
consensus, to achieve maximal safe tumor downsizing
before nephrectomy while avoiding unnecessary delay
to surgery. Chest—abdominal computed tomography
(CT) was performed at diagnosis and repeated after
completion of neoadjuvant therapy. Based on paired CT
studies, we assessed pre- to post-treatment changes in
tumor characteristics, tumor volume, and the radiologic
extent/stage of disease. Tumor volume was calculated
using the ellipsoid formula: VVV (cm?®) = axbxcx0.523a
\times b \times ¢ \times 0.523axbxcx0.523, where aaa,
bbb, and ccc denote the largest right-left, anteroposterior,
and craniocaudal dimensions, respectively. Surgery
and perioperative outcomes: delayed nephrectomy was
scheduled after completion of neoadjuvant chemotherapy
once imaging suggested maximal response or plateau. All
procedures were performed via an open transabdominal
approach. Radical nephrectomy with regional lymph
node sampling was intended in all cases. Intraoperative
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variables recorded included operative time, estimated
blood loss, tumor rupture or spillage, vascular control
of the renal vein and inferior vena cava, additional
organ resection, and requirement for blood transfusion.
Postoperative risk-adapted therapy: Postoperative
treatment was tailored according to SIOP-2001 risk-
adapted recommendations, integrating pathologic stage,
histopathologic risk group, and response to neoadjuvant
chemotherapy. Children with low-risk or intermediate-risk
histology and favorable pathologic features predominantly
received two-drug regimens (vincristine and actinomycin
D) for a total treatment. Patients with high-risk histology,
positive lymph nodes, residual disease, or intraoperative
tumor spillage received intensified three-drug regimens
including doxorubicin and, where indicated, radiotherapy.
Radiotherapy was delivered to the flank or whole
abdomen depending on the extent of disease, with
doses prescribed according to SIOP-2001 guidelines.
Chemotherapy response was evaluated according to
RECIST 1.1.Data were analyzed in SPSS version 20.0.
Proportions were compared using the chi-square test;
two-group means with the t test or Wilcoxon test, and
multiple means with ANOVA or the Kruskal-Wallis test
as appropriate. Event-free survival (EFS) was estimated
by the Kaplan—Meier method, with between-group
comparisons by the log-rank test and Cox proportional
hazards modeling. We restricted multivariable models to a
parsimonious set of predictors and interpreted effect sizes
and 95% confidence intervals rather than p values as the
primary measure of association. Statistical significance
was set at p < 0.05. The study was approved by the
Institutional Review Board of Children’s Hospital 2 on
16 April 2013; written parental consent was obtained.

Results

The median age at diagnosis was 23.8 months
(range, 1.5-115 months). Children aged 6 months to
5 years comprised 85.7% of the cohort, whereas those
<6 months and >5 years accounted for 7.8% and 4.7%,
respectively. Males represented 54.7% (35/64). Laterality
was right in 53.1% (34/64) and left in 46.9% (30/64).
At presentation, 78.1% had radiologic stage II disease, and
the mean baseline tumor volume was 487.9 + 365.3 cm?
(range, 124.9-2757 cm?).

Following neoadjuvant chemotherapy, adverse
imaging features declined substantially: perirenal fat
invasion decreased from 85.9% to 43.8%; suspicious hilar
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Figure 1. Shift in Radiologic Extent based on Imaging
Risk Features before and after Neoadjuvant

400 Asian Pacific Journal of Cancer Care® Vol 11 Issue 3



apjcc.waocp.com Nhan Truong Vu and Hoang Viet Tran: Prognostic Factors in Wilms’ tumor after Neoadjuvant Chemotherapy

Table 1. Univariable (log-rank) Analysis of Factors Associated with Event-free Survival

Factor The event-free survival rate (%) X2, p*

Vascular invasion
None
Renal vein invasion
IVC invasion

Tumor rupture status
No rupture
Intratumoral hemorrhage
Overt rupture

Radiologic extent at presentation
Stage I-11
Stage III-1IV

Histopathologic risk group
Low—intermediate
High

Chemotherapy response (RECIST 1.1)
Complete response
Partial response

Stable or progressive disease

96.1 5.85;0.054
80
66.7

95.8 6.52;0.038
90
66.7

96 4.36; 0.037
78.6

94.5 3.59; 0.058
77.8

97.6 16.87; <0.001
93.8
57.1

*Notes: p values between 0.05 and 0.10 (e.g., 0.054 and 0.058) indicate a trend and were not considered statistically significant. “Radiologic extent”
reflects imaging-defined extent at baseline and is not equivalent to postoperative SIOP pathologic stage.

lymph nodes from 20.3% to 4.7%; vascular invasion from
20.3% to 6.3% (IVC thrombus from 4.7% to 1.6%); and
tumor rupture amenable to conservative management from
9.4% to 3.2%. Mean tumor volume fell from 487.9 +365.3
cm? t0 206.8 + 135.0 cm?® (p < 0.001). The distribution of
radiologic stage also shifted after therapy stage I increased
from 0% to 56.3%, stage II decreased from 78.1% to
37.5%, stage 111 from 18.8% to 6.3%, and stage IV from
3.1% to 0% (p = 0.002) (Figure 1).

Preoperative chemotherapy response: the overall
response rate (ORR; complete or partial response) was
89.1%, whereas stable disease (SD) or progressive disease
(PD) occurred in 10.9% (Figure 2). Histopathologic
risk groups (post-neoadjuvant specimens): low 10.9%,
intermediate 75.0%, and high 14.1%. Treatment
outcomes: relapse occurred in 6.7% and death in 6.7%.
The event-free survival rate at a mean follow-up of 46.9
months was 92.2% (Figure 3).

Prognostic factors: In univariable analyses using
the log-rank test, event-free survival was lower in
children with vascular invasion (p = 0.054), tumor
rupture (p = 0.038), more advanced radiologic extent at
presentation (p = 0.037), high histopathologic risk group
(p=0.058), and poor chemotherapy response (p <0.0001)
(Table 1). We examined five candidate factors without
formal adjustment for multiple comparisons, and all
p-values are therefore reported as descriptive measures
of association rather than strict thresholds of statistical
significance.

In an exploratory multivariable Cox proportional
hazards model restricted to two clinically selected
predictors, histopathologic risk group and chemotherapy
response showed the strongest associations with

outcome. High histopathologic risk was associated with
a higher hazard of relapse or death compared with low/
intermediate risk (HR 17.3; p = 0.046), and stable or
progressive disease after neoadjuvant chemotherapy was
associated with a higher hazard relative to complete or
partial response (HR 12.7; p=0.01) (Table 2). However,
both estimates were accompanied by very wide 95%
confidence intervals, reflecting the small number of events
(n=4) and limited statistical power; these findings should
therefore be interpreted as hypothesis-generating rather
than confirmatory.

Discussion

Most children in our cohort presented late, with
radiologic extent consistent with advanced local
disease at diagnosis: 78.1% had features corresponding
to stage II-type extent and 18.8% to stage IlI-type
extent on imaging, whereas no cases met stage I-type
criteria at presentation; the mean tumor volume was
large (487.9 cm?; maximum 2757 cm?). It is important
to emphasize that the “radiologic stage” used in this
study refers to imaging-defined extent of disease at
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Figure 2. Distribution of RECIST 1.1 Response
Categories after Neoadjuvant Chemotherapy in Wilms
Tumor
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Table 2. Multivariable Cox Regression Identifying Independent Predictors of Event-free Survival

Factor Hazard ratio (HR)* 95% C1 p
Vascular invasion 59 0.2-219.7 0.3
Tumor rupture status 2.5 0.04 - 165.3 0.7
Radiologic extent at presentation 0.5 0.01-3779.3 0.9
Histopathologic risk group (high vs low/intermediate) 17.3 1.1-285.1 0.046
Chemotherapy response (stable/progressive vs complete/partial) 12.7 1.8 - 88.6 0.01

*Notes: HR > 1 indicates higher hazard of relapse or death. Wide confidence intervals reflect limited sample size and event counts.
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Figue 3. Kaplan—Meier Curve of Event-free Survival

diagnosis, whereas definitive SIOP staging is assigned
postoperatively based on surgical and histopathologic
findings. Our comparison of pre- and post-treatment
radiologic stages, therefore, reflects changes in imaging-
defined risk features rather than reclassification of formal
SIOP pathologic stage. These findings mirror reports
from lower- and middle-income settings, where delayed
presentation is common and early detection programs
for pediatric cancers particularly renal tumors are
limited [5-10]. Neoadjuvant chemotherapy was effective
in children presenting with advanced Wilms’ tumor.
In our cohort, post-treatment imaging demonstrated
consistent tumor downsizing with reductions in adverse
local features, vascular involvement, and metastatic
findings. Notably, suspicious hilar lymphadenopathy
decreased from 20.3% at baseline to 4.7% after therapy.
This pattern aligns with prior series for example, Ng YY
et al. reported a decline in nodal metastases from 44%
to 11% following neoadjuvant treatment supporting the
observation that hilar nodes in Wilms’ tumor are highly
chemosensitive and frequently regress with preoperative
chemotherapy [11]. Distant metastatic lesions in the
lung, liver, and peritoneum resolved completely after
neoadjuvant chemotherapy in all three affected cases in
our cohort. Consistent with these observations, Dix and
colleagues reported that most distant metastases in Wilms’
tumor respond robustly to preoperative chemotherapy,
rendering surgical resection of metastatic deposits
generally unnecessary [12]. In our series, inferior vena
cava involvement decreased from 4.7% to 1.6% after
neoadjuvant chemotherapy. This is concordant with Lall et
al., who reported that approximately 80% of intravascular
and atrial tumor thrombi regressed or resolved following
initial chemotherapy [13]. In our cohort, Wilms’ tumor
rupture was stabilized with conservative management
and remained highly chemosensitive to neoadjuvant
chemotherapy: the proportion with clinically evident
rupture decreased from 9.4% to 3.2% after initial
treatment. Consistent with this, Brisse et al. reported that
54.2% of patients initially considered stage III due to

tumor rupture were subsequently classified as stage I-11
after preoperative chemotherapy and delayed surgery,
reflecting substantial mitigation of rupture-related risk
before nephrectomy [14]. Tumor volume decreased
markedly after neoadjuvant chemotherapy: the mean
volume fell from 487.9 cm? at diagnosis to 206.8 cm?
post-treatment (p < 0.001). This magnitude of shrinkage
is consistent with prior reports for example, Irtan et
al. [15] documented a reduction from 374.5 cm? to
137.1 cm?® following preoperative chemotherapy [16].
Neoadjuvant chemotherapy favorably modifies disease
extent, with marked reductions in imaging-defined risk
features that facilitate complete resection and lower
the risk of intraoperative spillage. In the pathologic
staging literature, cohorts treated with preoperative
chemotherapy show a higher proportion of stage I and
fewer stage III tumors at postoperative assessment
compared with immediate surgery, which can translate
into fewer indications for intensified adjuvant therapy
(e.g., doxorubicin and radiotherapy). In our setting, these
shifts are consistent with a potential reduction in the
number of children requiring escalation of postoperative
treatment, acknowledging that definitive SIOP staging is
assigned only after surgery [16-18]. Most children in this
cohort presented late, with substantial tumor burden at
diagnosis (mean volume 487.9 cm?; maximum 2757 cm?)
and imaging-defined features consistent with advanced
local extent; none met imaging criteria consistent with
limited (I-type) extent at baseline. After neoadjuvant
chemotherapy and delayed surgery, postoperative
assessment showed a favorable redistribution of SIOP
pathologic stages, with stage I comprising 56.3% and
stage III decreasing from 18.8% (at baseline by imaging
extent) to 6.2% postoperatively patterns that mirror
international series in which preoperative chemotherapy
increases the proportion of pathologic stage I and
reduces stage III disease [15, 17]. The overall response
rate was 89.1% (complete 25.0%, partial 64.1%),
whereas 10.9% had stable or progressive disease
(7.8% SD; 3.1% PD), consistent with Graf et al., who
reported tumor enlargement in ~11% after preoperative
chemotherapy [16]. Histopathologic risk distribution
in neoadjuvant-treated specimens also paralleled prior
literature: high-risk (blastemal-predominant/anaplasia)
histology accounted for 5-14% in neoadjuvant cohorts
far lower than the 38—40% reported in immediate-surgery
series supporting a chemotherapy-related shift away from
the poorest-prognosis subtype [4, 16]. The distribution
of histopathologic risk groups in our cohort, with a
predominance of intermediate-risk tumors and a relatively
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low proportion of high-risk histology, is consistent with
published SIOP series using preoperative chemotherapy,
in which high-risk subtypes (predominantly blastemal
or anaplastic) typically account for around 5-14% of
cases, compared with about one-third of tumors in the
immediate-surgery arm of the UKW3 randomized trial
[3, 17]. Our findings suggest that a similar pattern can be
achieved in a resource-limited Vietnamese setting, in line
with SIOP PODC and Wilms’ Africa data demonstrating
the feasibility of SIOP-based neoadjuvant protocols in
low-income environments where children frequently
present with advanced disease [19].

Four-year event-free survival (EFS) was 92.2%,
comparable to neoadjuvant reports from high-income
settings (e.g., Pritchard-Jones: 2-year survival 92.6%;
Graf: 5-year survival 90%) [16, 20]. In univariable
analyses, EFS related to vascular invasion, tumor rupture
status, radiologic extent at presentation, histopathologic
risk group, and chemotherapy response. However,
in multivariable Cox regression, only two factors
remained independently prognostic: high histopathologic
risk (hazard ratio [HR] 17.3; p = 0.046) and poor
chemotherapy response (stable/progressive disease vs
complete/partial response; HR 12.7; p = 0.01), because
of the low event count and wide confidence intervals,
the present analysis does not provide definitive effect
size estimates but rather generates hypotheses that
warrant validation in larger multicenter cohorts. Poor
responders were over-represented among children with
adverse histopathologic features and accounted for a
disproportionate number of events, although the absolute
numbers were small. These observations support the
hypothesis that limited volumetric and radiologic response
may be an early clinical marker of aggressive tumor
biology. When poor response is identified, it may warrant
closer multidisciplinary review and consideration of
intensified postoperative therapy or, in future protocols,
early response-adapted treatment modifications. Vascular
invasion at diagnosis did not retain significance (4-year
EFS 96.1% with no invasion vs 80.0% renal-vein vs 66.7%
IVC; p > 0.05), aligning with Lall et al., who found no
significant 5-year EFS difference between children without
and with venous invasion managed with preoperative
chemotherapy (82.6% vs 74.3%; p > 0.05); notably,
perioperative mortality from hemorrhage with IVC
thrombus was much lower after neoadjuvant therapy
than with immediate surgery (5.1% vs 43% in NWTS-3)
[13]. Tumor rupture at presentation influenced EFS
on univariable testing (95.8% no rupture; 90.0%
intratumoral hemorrhage; 66.7% overt rupture; p < 0.05)
but not in multivariable models; similarly, Brisse et
al. reported excellent 5-year overall survival (94.4%)
among conservatively stabilized ruptures treated with
preoperative chemotherapy [14]. Radiologic extent
groups (I-II vs III-1V) also separated on univariable
analysis (4-year EFS 96.0% vs 78.6%; p < 0.05) but
were not independently predictive; prior neoadjuvant
cohorts likewise show small survival differences between
postoperative stages Il and I1I (e.g., Graf 96.7% vs 91.5%;
Tournade 88% vs 85%) [16, 21].
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By contrast, histopathologic risk grouping and
preoperative chemotherapy response consistently stratified
outcomes. In our data, low/intermediate-risk tumors
had a 4-year EFS of 94.5% versus 77.8% for high-risk
(p <0.05), concordant with Graf (97.7%/96.8% vs 77.2%)
and Rancelyte (100%/91.9% vs 25%) [16, 22]. Likewise,
complete or partial responders achieved superior 4-year
EFS (97.6% and 93.8%) compared with stable/progressive
disease (57.1%; p < 0.05). External validation comes
from volumetric response analyses: Reinhard noted worse
survival when post-NACT tumor volume remained >500
cm?® (70% vs 93%), [23] and Weirich reported higher
5-year overall survival when volume shrank >40%
versus <40% (95% vs 80.4%) [18]. Together, these
findings emphasize that inadequate tumor regression after
neoadjuvant chemotherapy and high-risk histopathology at
definitive surgery are the principal drivers of relapse and
death. In contrast, baseline anatomic extent and rupture
lose prognostic weight once response and histology are
accounted for.

In conclusion, in our single-center cohort from a
lower—middle-income country, most children with Wilms’
tumor presented with large, locally advanced disease, yet
SIOP-2001-based neoadjuvant chemotherapy was feasible
and achieved marked tumor downsizing and excellent
short-to mid-term event-free survival. Postoperative
histopathologic risk grouping and preoperative
chemotherapy response appeared more informative
for prognosis than baseline imaging extent and should
be integrated into postoperative, risk-adapted therapy.
Given the very small number of events, these prognostic
findings are exploratory and require confirmation in larger,
multicenter studies.
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