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Novelty and Impact: The impact of pleural effusions on the treatment strategies and outcomes of 
patients with Wilms tumor is currently unclear. Our study helps shed light on the incidence of 
pleural effusions, the variation in management among North American pediatric institutions, and 
the resulting outcomes, using a large cohort of patients. 
 
Abstract: Wilms tumor (WT) is the most common renal malignancy in children. Children with 
favorable histology WT achieve survival rates of over 90%. Twelve percent of patients present 
with metastatic disease, most commonly to the lungs. The presence of a pleural effusion at the 
time of diagnosis of WT may be noted on staging imaging; however, minimal data exist regarding 
the significance and prognostic importance of this finding. The objectives of this study are to 
identify the incidence of pleural effusions in patients with WT, and to determine the potential 
impact on oncologic outcomes. A multi- institutional retrospective review was performed from 
January 2009 to December 2019, including children with WT and a pleural effusion on diagnostic 
imaging treated at Pediatric Surgical Oncology Research Collaborative (PSORC) participat ing 
institutions. Of 1,259 children with a new WT diagnosis, 94 (7.5%) had a pleural effusion. Patients 
with a pleural effusion were older than those without (median 4.3 vs 3.5 years; p=0.004), and 
advanced stages were more common (local stage III 85.9% vs 51.9%; p<0.0001). Only 14 patients 
underwent a thoracentesis for fluid evaluation; 3 had cytopathologic evidence of malignant cells. 
Event-free and overall survival of all children with WT and pleural effusions was 86.2% and 
91.5%, respectively. The rate and significance of malignant cells present in pleural fluid is 
unknown due to low incidence of cytopathologic analysis in our cohort; therefore, the presence of 
an effusion does not appear to necessitate a change in therapy. Excellent survival can be expected 
with current stage-specific treatment regimens 
 
1.0 INTRODUCTION 

Wilms tumor (WT) is the most common primary renal tumor and the second most common intra-

abdominal tumor in children.1,2 Advancements in therapy have resulted in survival rates over 

90% for children with favorable histology Wilms tumor (FHWT).3 Treatment in North America 

typically includes upfront surgical resection followed by adjuvant chemotherapy, with or without 

the addition of radiotherapy. Management is dependent upon patient and tumor characteristics, 

including age at diagnosis, initial tumor size, tumor weight, margin status, histologic factors, 

genetic and chromosomal abnormalities, lymph node involvement, the presence of tumor rupture 

or spill, and the presence of metastatic disease. Metastatic disease is evident in 12% of patients 



with WT at diagnosis, with the majority of distant disease found in the lung parenchyma (80%); 

less commonly in the liver (15%).4–6  

 

The presence of a pleural effusion at the time of diagnosis has been previously reported in 

approximately 4% of patients with WT.7 Given the rarity of this occurrence, its significance and 

prognostic implications remain unclear, leading to an inconsistent approach to patients with WT 

and pleural effusions, as some patients may be observed, while others may undergo a 

thoracentesis for cytopathologic analysis of the fluid. 

 

Pleural metastases have been identified in a subset of patients with WT and pleural effusions, 

though the literature regarding malignant pleural effusions in the setting of WT is currently 

limited to case reports.8–11 Malignant pleural effusions in WT have been successfully managed 

with either chemotherapy alone or chemotherapy with radiotherapy, resulting in resolution of the 

effusion without recurrence. These reports raise the question of whether pleural effusions in 

patients with WT should undergo cytologic evaluation, and how confirmed malignant effusions 

are optimally managed. The objectives of this study were to describe the incidence of pleural 

effusions in the setting of WT, and to identify the factors that indicate a malignant effusion. We 

hypothesize that pleural effusions are present more commonly than previously reported and that 

larger effusions may have oncologic significance.   

 

2.0 MATERIALS AND METHODS  

2.1 Data source 



Patients from 21 hospitals participating in the Pediatric Surgical Oncology Research 

Collaborative (PSORC) were included in this retrospective study. PSORC is a multi- institutional 

consortium of North American pediatric surgeons dedicated to advancing the surgical care of 

children with cancer. Study data were collected and managed using REDCapTM electronic data 

capture tools hosted at Cincinnati Children’s Hospital Medical Center.12  

2.2 Study population 

Patients who were 0-18 years of age with a new diagnosis of WT between January 2009 – 

December 2019 and who had available diagnostic computed tomography (CT) of the chest and 

abdomen at initial staging were included in this study. Patients older than 18 years of age and 

those without CT imaging of the chest and abdomen at initial staging were excluded from the 

study. All participating institutions provided retrospectively obtained data on the total number of 

patients with WT, the presence of a pleural effusion on initial diagnostic imaging as interpreted 

by the radiologist at the time of the scan, and the management of the pleural effusion when 

present. Additionally, participating institutions provided supplementary data on patient 

demographics, age at diagnosis, tumor size, weight, laterality, local and overall staging, 

histologic and chromosomal abnormalities, presence and location of metastatic disease, 

chemotherapy regimen, radiotherapy, and tumor recurrence for all patients with a pleural 

effusion. Supplementary data for patients without a pleural effusion were only provided by some 

of the participating institutions. Chemotherapy regimens were used based on the Children’s 

Oncology Group (COG) recommendations for tumor stage and tumor genetics. However, given 

the participation of numerous institutions across the United States and Canada, institutional 

variation in management may have been a factor.  



2.3 Statistical analysis 

Results are reported as proportions for categorical variables and medians with interquartile 

ranges for quantitative variables. Univariate comparisons between those with and without pleural 

effusions were completed using nonparametric methods: chi-square or Fisher’s exact tests for 

categorical variables and Wilcoxon rank sum tests for quantitative variables. Event-free and 

overall survival were summarized using the Kaplan-Meier method. All p-values were two-sided 

and those < 0.05 were considered statistically significant. All statistical analyses were conducted 

using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). 

3.0 RESULTS 

1,259 children with a new diagnosis of WT were evaluated, and 94 (7.5%) had a pleural effusion 

on initial diagnostic CT imaging (Figure 1). Of the children presenting with a pleural effusion, 

79 also had a chest x-ray, only 29 (36.7%) of which demonstrated a pleural effusion. Effusions 

were identified ipsilateral to the tumor in 68.5% of patients and bilateral in 27.2% of patients.  

 

Compared to children without an effusion, patients presenting with an effusion were significantly 

older (median age 4.3 years [0.3-18.0] vs 3.5 years [0.1-22.4]; p = 0.004), more likely to present 

with advanced staged tumors (local stage III 83.0% vs 51.6%; p < 0.0001; overall stage III 

43.6% vs 26.6%; p < 0.0001; overall stage IV 38.3% vs 25.5%; p < 0.0001), and to have 

preoperative tumor rupture (36.2% vs 9.0%; p < 0.0001) (Table 1). There were no significant 

differences seen in biological sex (female 55.3% vs 57.9%), race, histology (FHWT 83.3% vs 

89.4%), or presence of loss of heterozygosity at 1p/16q (LOH) or 1q gain (all p > 0.05).  

 



Of the 94 patients with an effusion, only 14 patients (14.9%) underwent diagnostic thoracentesis, 

12 of whom had effusions large enough to be seen on chest x-ray (Figure 2). It is unknown if 

these patients had symptoms related to the effusion. From the sampled effusions, only 3 had 

cytopathologic evidence of malignant cells. All 3 of these patients presented with pleural 

effusions large enough to be seen on chest x-ray and had pulmonary parenchymal metastatic 

disease at the time of diagnosis. 30 patients (31.9%) with a pleural effusion received chest 

radiotherapy as part of their therapeutic course, 29 of whom had pulmonary or mediastinal 

metastases. The single patient without pulmonary parenchymal metastatic disease who received 

chest radiotherapy presented with a local stage III (preoperative tumor rupture), overall stage IV 

(liver metastases) FH tumor, 1q gain and LOH 1p and 16q, and bilateral pleural effusions on 

initial CT that were not sampled. This patient received radiotherapy to the chest, abdomen, and 

flank, and remained free of disease after 60 months of follow-up. 64 patients (68.1%) with a 

pleural effusion did not receive chest radiotherapy, 59 (62.8%) of which had no associated 

pulmonary disease at the time of diagnosis. Only 3 patients (5.1%) with a pleural effusion and no 

history of pulmonary disease later relapsed with thoracic disease. All 3 had FHWT, none had 

their pleural effusions sampled, and only one patient obtained a chest x-ray at initial diagnosis, 

which did not appreciate an effusion. Event-free and overall survival in the cohort with pleural 

effusions was 86.2% and 91.5%, respectively, at a median follow-up of 56 months (range 1-219) 

(Figure 3). 

 
The most common chemotherapy regimen given to WT patients with a pleural effusion was DD-

4A (66.0%) (Table 2). For the 3 patients with confirmed cytopathologic evidence of a malignant 

effusion, 3 different regimens were utilized (DDA-4, I, and M). Two patients were female, and 

two patients had anaplastic histology. All patients had local stage III disease without evidence of 



preoperative rupture and overall stage IV disease with metastatic disease to the lungs on 

presentation. Age at diagnosis was 2.2, 6.9, and 18 years. All 3 patients received chest and flank 

radiotherapy. All developed recurrent disease, one patient with new metastatic disease to the 

bone and brain (deceased) and two patients with recurrent pulmonary disease (alive at last 

follow-up at 23 and 95 months from initial diagnosis).  

 

4.0 DISCUSSION 

Limited data exist regarding the significance and prognostic indications of pleural effusions in 

patients with WT. This cohort of 1,259 patients represents a large analysis of 21 children’s 

hospitals in North America investigating the incidence of pleural effusions in WT. In this multi-

institutional cohort, we identified pleural effusions in 7.5% of patients, which is higher than the 

previously reported rate of 4.3% in a similar retrospective study of 233 patients.7 As described in 

the prior report, CT was significantly more sensitive at identifying pleural effusions, as chest x-

ray only revealed 36.7% of the pleural effusions seen on CT.7 

 

We demonstrated that the presence of a pleural effusion at the time of WT diagnosis is more 

frequently seen with older patients, advanced stage disease, and in the setting of preoperative 

tumor rupture. These characteristics are also associated with an increased risk of relapse and 

mortality.13–16 Despite patients with pleural effusions having these worse prognostic features, 

their outcomes (EFS and OS) in this cohort were not different from those patients without 

effusions. The etiology of pleural effusions in patients with WT is unknown but could be due to 

various mechanisms. A reactive transudative effusion can develop from irritation of the 

diaphragm from the primary tumor, diffusion of ascites from the abdominal cavity, or low 



oncotic pressures due to hypoalbuminemia, though most patients with WT are not significantly 

malnourished.8 A malignant exudative effusion can develop due to inflammation and increased 

capillary permeability associated with tumor in the chest, thereby increasing pleural fluid 

production and/or lymphatic blockage, though extensive thoracic tumor burden is also 

uncommon in patients with WT.17 In patients with a reactive transudative effusion, the effusion 

would be expected to resolve post-nephrectomy, while patients with a malignant exudative 

effusion require systemic therapy aimed at treating underlying pulmonary or pleural metastases. 

In our cohort, all 3 patients diagnosed with a malignant effusion had concomitant pulmonary 

metastases. Furthermore, all 3 patients had pleural effusions large enough to be detected on chest 

x-ray. The question of whether larger effusions have a higher likelihood of harboring malignant 

cells, however, cannot be clearly determined from our dataset. Practice patterns from the 

participating institutions seem to favor sampling of larger effusions, perhaps due to symptoms, as 

12 of the 14 sampled pleural effusions were visualized on chest x-ray.  

 

The added benefit of chest radiotherapy in WT patients with pleural effusions in the absence of 

known thoracic metastatic disease remains unclear, given a rarity of pleural effusions that were 

cytopathologically evaluated in our cohort. Our cohort consisted of 3 patients with pleural 

effusions at initial diagnosis without any associated pulmonary disease who later relapsed with 

pulmonary disease. All patients had FHWT with ages ranging from 5 – 73 months. 

Unfortunately, none underwent thoracentesis and only one patient had a chest x-ray at the time of 

diagnosis, which did not detect the pleural effusion, indicating a smaller size of the effusion. 

Existing literature on the management of WT patients with known malignant effusions without 

concomitant metastatic pulmonary disease is limited to case reports. Patients with resolution of 



pleural effusions following treatment with either systemic chemotherapy alone or systemic 

chemotherapy in combination with chest radiation both had favorable outcomes, with no 

recurrence of disease after years of follow-up.8–10  The added benefit of chest radiotherapy is 

unclear, whereas it may add significant morbidity, given that approximately 60% of pediatric 

cancer survivors suffer from chronic health issues as young adults.3 Specifically, chest irradiation 

can result in restrictive spinal growth, scoliosis, cardiomyopathy, interstitial pneumonitis, 

restrictive lung disease, and secondary malignancies, including a 30% risk of female breast 

cancer by the age of 50 years.3,18–24 The substantial potential morbidity of these additional 

therapies obligates physicians to be more directive in their prescription, with cytology of pleural 

effusions guiding such decisions.  

 

By pooling data from multiple institutions participating in PSORC, a larger and more diverse 

cohort of patients was evaluated. However, the implications of our study remain limited. Due to 

the retrospective nature of the study, there is a risk for inherent biases, including selection bias, 

as the patient outcomes are already known, as well as reporting biases, with multiple institutions 

contributing a large amount of data that was collected from a period that spanned many years. 

Furthermore, a relatively low incidence of pleural effusions underwent cytopathologic 

evaluation. Thus, we were unable to determine the utility of thoracentesis or make strong 

recommendations on the management of patients with WT who present with suspected malignant 

pleural effusion.  

 

Thoracentesis may be beneficial in the setting of large, symptomatic, or recurrent effusions, or 

when there is diagnostic utility for suspected metastatic disease. Unfortunately, we did not have 



knowledge of symptoms in the setting of pleural effusions or indications for why thoracentesis 

was performed in this retrospective study. Although pleural effusions are not currently a 

component of the COG staging for WT, we have found them to be a marker of more advanced 

stage disease. Thoracentesis at the time of surgical resection or central line placement may be 

considered to better understand the true incidence of malignant pleural effusions and how that 

may impact therapy and patient outcomes. However, the excellent outcomes we report despite 

the presence of an effusion need to be considered against the morbidity of an additional invasive 

procedure, therefore definitive recommendations to sample pleural effusions cannot be made 

based upon this review. Clinical judgement should dictate the need for thoracentesis in specific 

scenarios, such as the presence of symptoms, a large effusion visible by chest x-ray, a persistent 

effusion following initial therapy, or if the cytology would result in treatment modification. 

 

Given the low incidence of known malignant pleural effusions, there is currently no evidence to 

support a change in the management of children with WT who present with suspected benign 

pleural effusions. Furthermore, excellent survival can be expected with current stage-specific 

WT treatment regimens. We believe consideration should be given to thoracentesis for select 

indications at the time of initial intervention for WT, specifically if the results of the procedure 

would potentially modify therapy, but routine thoracentesis for all patients with WT and a 

pleural effusion is not currently recommended.  
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Table 1. Demographic comparison of patients with and without a pleural effusion on 



presentation.  

 

Table 2. Chemotherapy regimens for patients with pleural effusion diagnosed on presentation. 

 

Figure 1. Flow diagram of children with Wilms tumor who presented with a pleural effusion on 
initial diagnostic CT and chest x-ray. 
 
Figure 2. Flow diagram of children with Wilms tumor who underwent a thoracentesis with the 
presence of malignant cytology.  
 
Figure 3. Kaplan Meier Survival curves for patients with a pleural effusion. 

 



Some Wilms tumor patients have fluid around the lungs, or pleural effusion, at diagnosis, but its 
effect on outcomes is not well known. Here, the authors evaluated data from 1259 children with 
WT from 21 hospitals in North America. Pleural effusion was present in 7.5% of patients, higher 
than the previously reported rate of 4.3%, and management was not standardized among 
different hospitals. The authors also report that patients with pleural effusion were more likely to 
present with advanced stage tumors and to have their preoperative tumor rupture, but their 
outcomes were not significantly worse than other patients. 
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Table 1. Demographic comparison of patients with and without a pleural effusion on 

presentation.  

 Pleural 
Effusion 

No Pleural 
Effusion 

p-value 

Number of patients 94 612*  
Age at diagnosis, months 
median (range) 

52 (3-216) 42 (<1-269) 0.0042 

Histology   0.15 
Favorable 74 (78.7%) 518 (84.7%)  
Anaplastic/Unfavorable 14 (14.9%) 62 (10.1%)  
Unknown 6 (6.4%) 32 (5.2%)  

Local stage   < .0001 
Stage I 4 (4.3%) 116 (19.0%)  
Stage II 8 (8.4%) 164 (26.8%)  
Stage III 78 (83.0%) 316 (51.6%)  
Unknown 4 (4.3) 16 (2.6%)  

Overall stage   < .0001 
Stage I 3 (3.2%) 104 (17.0%)  
Stage II 7 (7.5%) 134 (21.9%)  
Stage III 41 (43.6%) 163 (26.6%)  
Stage IV 36 (38.3%) 156 (25.5%)  
Stage V 5 (5.3%) 53 (8.7%)  
Unknown 2 (2.1%) 2 (0.3%)  

Tumor size, cm  
median (range) 

11.5 (1.2-25) 11.1 (1.3-28) 0.76 

Preoperative tumor rupture 34 (36.2%) 55 (9.0%) < .0001 
*Statistics for patients without a pleural effusion based on 612 (out of 1165) patients. P-values 
result from chi-square or Fisher’s exact tests for categorical variables and Wilcoxon rank sum 
tests for quantitative variables. Supplementary data on patients without pleural effusions only 
provided by some participating institutions.  
 



Table 2. Chemotherapy regimens for patients with pleural effusion diagnosed on presentation. 

Regimen N % 
DD-4A [102] VCR, dactinomycin, doxorubicin x24 wks; baseline nephrectomy or 
biopsy with subsequent nephrectomy 

62 66.0 

EE-4A [102] VCR, dactinomycin x 18 weeks post nephrectomy 6 6.4 
I [154] VCR, doxorubicin, cyclophosphamide, etoposide x 24 weeks post 
nephrectomy 

1 1.1 

M [223] VCR, dactinomycin, doxorubicin, cyclophosphamide, and etoposide with 
subsequent radiation therapy 

7 7.4 

UH1 [224] VCR, doxorubicin, cyclophosphamide, carboplatin, and etoposide x 30 
weeks with radiation therapy 

8 8.5 

UH2 [224] VCR, doxorubicin, cyclophosphamide, carboplatin, etoposide, 
vincristine, and irinotecan x 36 weeks with radiation therapy 

2 2.1 

Other regimen 8 8.5 
 


	Survival proportions: Survival of Data 1



