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Abstract: Pediatric renal and suprarenal cancers are relatively rare malignancies, but are not without 
significant consequence to both the patient and caretakers. These tumors are often found incidentally and 
present as large abdominal masses. Standard of care management involves surgical excision of the mass, 
but contemporary treatment guidelines advocate for use of neoadjuvant or adjuvant chemotherapy for 
advanced stage disease, such as those cases with lymph node involvement (LNI). However, LNI detection is 
based primarily on surgical pathology and performing extended lymph node dissection can add significant 
morbidity to a surgical case. In this review, we focus on the use and performance of imaging modalities to 
detect LNI in Wilms’ tumor (WT), neuroblastoma, and pediatric renal cell carcinoma (RCC). We report 
on how imaging impacts management of these cases and the clinical implications of LNI. A literature search 
was conducted for studies published on imaging-based detection of LNI in pediatric renal and suprarenal 
cancers. Further review focused on surgical and medical management of those cases with suspected LNI. 
Current imaging protocols assisting in diagnosis and staging of pediatric renal and suprarenal cancers are 
generally limited to abdominal ultrasound and cross-sectional imaging, mainly computed tomography 
(CT). Recent research has investigated the role of more advance modalities, such as magnetic resonance 
imaging (MRI) and positron emission tomography (PET), in the management of these malignancies. 
Special consideration must be made for pediatric patients who are more vulnerable to ionizing radiation 
and have characteristic imaging features different from adult controls. Management of pediatric renal and 
suprarenal cancers is influenced by LNI, but the rarity of these conditions has limited the volume of clinical 
research regarding imaging-based staging. As such, standardized criteria for LNI on imaging are lacking. 
Nevertheless, advanced imaging modalities are being investigated and potentially represent more accurate 
and safer options.
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Introduction

Abdominal masses in children can result from a number 

of etiologies ranging from benign conditions to malignant 

tumors. Most pediatric abdominal masses arise from the 
kidney and are benign (1). In fact, a pediatric renal mass 
is more likely to be hydronephrosis, or if solid, congenital 
mesoblastic nephroma (1,2). Nevertheless, abdominal 
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masses, which are often detected incidentally by the child’s 
caretaker, may be malignant neoplasms. Neuroblastomas 
are the most common extracranial malignancy in children 
presenting most frequently in the adrenal glands. While 
relatively more rare, pediatric renal cancer makes up 
approximately 6% to 7% of all pediatric cancers (1,3,4) 
including Wilms’ tumor (WT), renal cell carcinoma (RCC), 
rhabdoid tumor, clear cell sarcoma, and other less frequent 
pathologies. 

Many of these conditions can present as locally-advanced 
or with metastases to lymph nodes, lungs, brain and 
bones. Advanced stage disease often requires multimodal 
treatments including nephrectomy, lymph node dissection, 
chemotherapy, and radiotherapy (2). Therefore, imaging to 
effectively gauge the extent of disease is vital to assessing 
patient prognosis and planning treatment. 

There are different considerations for which imaging 
modality to choose for a pediatric patient as compared to 
an adult. For abdominal imaging, abdominal ultrasound is 
generally the first imaging investigation pursued, but most 
guidelines recommend additional imaging such as computed 
tomography (CT) or magnetic resonance imaging (MRI) 
for additional detail (5). When working with pediatric 
patients, however, patient cooperativity during exam must 
be addressed. Pediatric patients often require assistance or 
sedation to remain motionless during extending imaging 
studies (i.e., MRI) and their cooperation can vary widely 
depending on the age of the child (5). CT imaging 
utilizes ionizing radiation, which is more concerning for 
development of radiation-associated cancers in pediatric 
patients (6). MRI is attractive because it does not expose 
the patient to ionization radiation. Moreover, the relatively 
smaller size of pediatric patients allows for use of whole 
body MRI (WBMRI). Given the risk of widespread 
metastases in pediatric renal and suprarenal cancer, 
WBMRI offers an attractive option for complete imaging 
assessment of pediatric patients with these malignancies (4).

Imaging of lymph nodes in pediatric patients poses 
additional challenges. There is lacking standardization 
for what constitutes abnormally enlarged lymph nodes in 
children of different ages and radiologists frequently employ 
their personal interpretations when classifying nodes as 
suspicious or benign (7).

In this review, we will examine the role of lymph 
node involvement (LNI) in prognosis and treatment for 
pediatric renal and suprarenal cancers, specifically WT, 
neuroblastoma, and RCC. Through this lens, we will 
report on research regarding imaging detection of LNI in 

these cancers how these imaging studies impact treatment 
decisions.

WT

WT is the most common primary renal malignancy in 
pediatric patients (5,8). There are an estimated 650 cases of 
WT in North America each year (3,9). This tumor arises 
unilaterally in most cases or, rarely, bilaterally (approximately 
5% of cases). These children present at a mean age of 
3.5–4.0 years (2,8). The WT1 gene is a tumor suppressor 
gene located on chromosome 11p (2). Alterations affecting 
this gene can occur in multiple hereditary syndromes such as 
WAGR (WT, aniridia, and growth retardation) syndrome, 
Denys-Drash (gonadal dysgenesis, nephropathy, and WT) 
syndrome, or Beckwith-Wiedemann syndrome (macroglossia, 
macrosomia, microcephaly, midline abdominal wall defects, 
hemihypertrophy, neonatal hypoglycemia, and WT) (2). 
More often, WTs are first detected incidentally by a parent as 
an abdominal mass or can present with hypertension in up to 
65% of cases (2,10,11).

Over the last 20–30 years, prognosis of patients with WT 
has dramatically improved to 5-year survival rates of greater 
than 90% due to improvements in multimodal treatment 
regimens and more sensitive methods of detection (12,13). 
Despite these developments, patients with advanced stage 
disease have diminished 5-year survival rates (approximately 
75%) and undergo more rigorous treatment regimens that 
carry significant morbidity (14). In long-term follow-up, 
nearly one quarter of patients suffer from chronic health 
problems by 25 years after initial WT treatment (12). 

Treatment algorithms published by consensus groups 
such as the Society of Paediatric Oncology (SIOP) and 
the National Wilms Tumor Study (NWTS) detail use of 
multimodal therapy to bolster efficacy of surgical excision. 
Chemotherapy and radiotherapy regimens intensify as WT 
stage increases (15). In fact, SIOP recommends neoadjuvant 
chemotherapy for advanced stage WT. This has shown 
to reduce surgical morbidity via tumor shrinkage but has 
produced equivocal effects on survival as compared to 
adjuvant chemotherapy (16). 

Involvement of lymph nodes in WT is a marker for 
advanced stage disease (Table 1) whether they are regional 
(stage III) or non-regional (stage IV) nodal metastases (14). 
Approximately 41% of stage III patients are characterized 
as such based solely on nodal involvement. Due to the 
associated risk for postsurgical recurrence and mortality, 
retroperitoneal lymph node dissection is strongly 
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recommended for all WT resections (17). Raval et al. (9) 
demonstrated that lymph node dissection was associated 
with improved overall survival (OS) as compared to 
patients who did not undergo lymph node dissection. In 
a study of 3,409 patients in the NWTS, Kieran et al. (18) 
found that stage II WT patients especially benefited from 
nodal dissection due to the potential for under-sampling 
and missed disease. For stage I patients who often do not 
receive adjuvant therapy, Shamberger et al. determined 
that retroperitoneal nodal dissection also reduced the risk 
of recurrence (19). While there is no standard number of 
nodes to sample during WT surgeries, some studies have 
shown that increasing the number of nodes (many have used 
>7 nodes as a threshold value) improves detection of nodal 
involvement (18,20), although nodal positivity was shown to 
negatively impact survival (9,21). 

Despite the improved staging accuracy and potential 
survival benefit associated with lymph node dissection in 
WT surgeries, patients are routinely under-sampled. In 
the series presented by Nanda et al. (20), 75% of patients 
had fewer than seven nodes sampled and other trials 
have reported no lymph node sampling in 9% of patients 
(9,17,19). When lymph node dissection is performed, 
intraoperative discrimination between benign and malignant 
lymph nodes is relatively poor. One surgical series reported 

a false-negative rate of 31.3%, a false-positive rate of 18.1%, 
and a positive predictive value of 56.4% (22). This would 
support a need for increased numbers of nodes sampled 
during dissection (as detailed above). However, with 
increased nodal sampling there is increased risk of surgical 
morbidity and complications. Given these challenges and 
treatment implications of detecting positive lymph nodes in 
WT cases, there is certainly a need to improve detection of 
LNI and if possible, do so in anticipation of surgery.

Current preoperative imaging protocols for WT are 
well-established. When an intraabdominal mass is detected 
in a pediatric patient, abdominal ultrasound is first utilized 
in an attempt to determine the origin of the mass, gauge 
whether it is cystic or solid, and visualize possible tumor 
thrombi (23). If ultrasound findings are suspicious for 
a solid renal mass, it is advised to add a cross-sectional 
imaging of the abdomen for improved detection of tumor 
size, invasion, contralateral kidney assessment, metastases, 
and LNI (5). If there is concern for metastasis, chest X-ray 
or bone scan should be ordered, as well. 

To quantify the added value of cross-sectional imaging 
after US, McDonald et al. performed a retrospective 
review of 52 patients with histologically-proven WT, of 
the cases reviewed, 45% had additional WT findings on 
CT or MRI including two patients with bilateral tumors 

Table 1 Staging criteria for selected pediatric renal and suprarenal cancers

Stage Wilms’ tumor Neuroblastoma Renal cell carcinoma
†

I Confined to kidney & 
completely excised

Localized tumor; complete gross excision (I) Tumor <4 cm; limited to kidney;

(II) Tumor 4–7 cm; limited to kidney

II Tumor outside kidney but 
completely excised; local 
tumor spillage during 
surgery; nodes negative

(I) Localized tumor; incomplete excision; 
ipsilateral nonadherent nodes negative;

(I) Tumor 7–10 cm; limited to kidney

(II) Localized tumor; ± complete excision; 
ipsilateral nonadherent nodes positive

(II) Tumor >10 cm; limited to kidney

III Non-hematogenous disease 
confined to abdomen; 
diffuse tumor spillage; 
perioperative renal capsule 
rupture; incompletely 
excised; nodes positive

Unresectable unilateral tumor crossing 
midline ± regional nodes positive; or 
localized unilateral tumor with contralateral 
nodes positive 

(I) Tumor invades renal vasculature; or invaded perirenal 
sinus fat; does not extend beyond Gerota’s fascia; 

(II) Tumor invades vena cava below diaphragm;

(III) Tumor invades vena cava above diaphragm or vena 
cava wall

IV Hematogenous metastases (I) Dissemination to distant lymph nodes, 
lungs, liver, skin, marrow, etc.;

Tumor invades beyond Gerota’s fascia; invades adrenal 
gland

(II) Localized tumor with dissemination to 
skin, liver, or marrow (infants <1 year)

V Bilateral renal involvement – –
†
,
 
nodal status for pediatric renal cell carcinoma defined as regional nodal involvement (N1) as part of TNM staging.
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(stage V disease), three patients with abdominal LNI, and 
two with tumor rupture/hemorrhage. When correlated 
with histology, five patients were determined to have false-
negative findings on added cross-sectional imaging that 
included two cases of inferior vena cava (IVC) thrombi 
and three cases of enlarged abdominal lymph nodes. Six 
patients were determined to have false-positive findings that 
included one case of abdominal lymph node enlargement, 
one case of IVC thrombus, two cases of adjacent invasion, 
and one case of liver metastasis. While the study authors 
contend that the cross-sectional imaging does provide 
valuable additional diagnostic information, the lack of 
diagnostic accuracy for detection of lymph node invasion is 
problematic. Furthermore, despite widespread use of cross-
sectional imaging for work-up of WT cases, there is a lack 
of established imaging criteria by which diagnosis of lymph 
node invasion in WT cases is made.

In a large, 25-year retrospective review of WT patients, 
Lubahn et al. (7) sought to determine the association 
between enlarged lymph nodes on abdominal CT and final 
pathology. They identified 52 patients who underwent 
preoperative abdominal  CT without neoadjuvant 
chemotherapy prior to surgery. All CT scans were 
performed with slice thickness ≤5 mm. Ten patients (19.2%) 
had pathologically-confirmed positive lymph nodes. When 
correlated back to preoperative CT imaging, the median 
diameter of the largest regional lymph node in those cases 
was 8.5 mm (range, 3–11 mm), but median diameter of 
largest regional lymph node in patients without LNI was 
6.0 mm (range, 2–15 mm), P=0.089. A median of five lymph 
nodes were surgically resected and the authors found no 
statistically significant correlation between patient age and 
lymph node size. Using a cut-off of 7.0 mm for enlarged 
lymph nodes measured on CT imaging, the authors 
determined the sensitivity and specificity for detecting 
lymph node invasion to be 70.0% and 57.1%, respectively, 
and a negative predictive value of 89.0%. Overall, CT 
imaging was found to have moderate-to-poor diagnostic 
ability for lymph node invasion with an area under the 
curve of 0.67 (95% CI, 0.48–0.87, P=0.09). Other studies 
also call into question the ability of CT to stage WT cases 
by finding high rates of incorrect staging on final pathology 
due to missed preoperative detection of capsular penetration 
or reported lymph node enlargement (24). Furthermore, 
without specific definitions for lymph node enlargement 
in these cases, it is difficult to assess the true ability of CT 
imaging to diagnose lymph node invasion. 

There is clearly a need for standardized criteria for 

diagnosing nodal invasion in WT cases and exploration 
of contemporary imaging modalities to improve overall 
nodal visualization. As noted above, MRI is an attractive 
option because it offers improved spatial resolution and 
lack of ionizing radiation exposure (25). When examining 
multiparametric MRI data from pediatric patients with 
abdominal lesions, Meeus et al. (26) were able to use 
apparent diffusion coefficient (ADC) mapping and the 
intravoxel incoherent motion (IVIM) model to distinguish 
between different abdominal tumor histologic types. Not 
only could MRI discriminate between benign and malignant 
tumors, it also was able to specifically identify WT apart 
from neuroblastomas based on diffusion and perfusion 
characteristics. When examining only WT cases, Hales 
et al. (25) were able to use ADC mapping to differentiate 
between WT subtypes (i.e., blastemal, epithelial, stromal, 
and regressive) and track changes in viable tumor tissue 
following chemotherapy. Similar to preoperative staging, 
preoperative assessment of WT subtype has important 
implications in prognostic factors such as recurrence and 
survival, and potentially allows for necessary adjustments to 
neoadjuvant therapy.

While MRI shows promise in the preoperative 
characterization of WT, there are no studies that look 
specifically at detection of lymph node invasion with MRI. 
Moreover, investigations of positron emission tomography 
(PET)/CT or MRI have focused on characterizing primary 
WT sites and response to treatment, but not nodal invasion 
(27,28). As advanced imaging modalities continue to evolve 
and neoadjuvant chemotherapies are further developed, 
there is opportunity to investigate image-based staging of 
WT, especially regarding lymph node invasion.  

Neuroblastoma (NB)

NB is the most common extracranial malignancy in children 
and in general, NB is the third most common pediatric 
malignancy behind leukemia and central nervous system 
tumors (29). NBs have an incidence of ten per one million 
live births (2). 

NB arises from neural crest cells that compose the adrenal 
medulla as well as sympathetic ganglia. The vast majority of 
NBs arise in the retroperitoneum within the adrenal gland 
and sympathetic ganglia (30). There is a wide spectrum 
of clinical presentations and clinical courses in regard 
to NBs due to varied locations and tumor biology (31).  
Of note, amplification of the MYCN gene confers a worse 
prognosis in NB (32). 
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Appropriate staging in NB is critical to determining 
treatment and prognosis (Table 1). The International 
Neuroblastoma Staging System (INSS) was developed 
to ascertain risk and assist in clinical decision making 
as specific treatment protocols exist depending on NB 
stage. According to the INSS, lymph node invasion can 
occur at any stage of disease, but their position relative 
to the primary site determines more advanced stage 
disease. Whereas stage I and II disease may have LNI 
ipsilateral to the tumor, stage III disease may be defined 
by contralateral LNI. Stage IV disease is defined as any 
primary tumor with dissemination to distant lymph nodes, 
bone, bone marrow, liver, skin and/or other organs. 
Approximately 60% of patients present with metastatic NB 
including invasion of lymph nodes while hematogenous 
spread to the lungs or brain is far less common (33).  
In a meta-analysis, Morgenstern et al. (34) analyzed the 
International Neuroblastoma Risk Group Database and 
found 2,250 patients with stage IV disease and complete data 
from 1990–2002. One hundred fourty-six (6.5%) were found 
to have 4N disease (confined to distant lymph nodes) and 
more than half of these patents were less than 18 months of 
age. The authors discovered an inverse correlation between 
MYCN-amplification status and stage 4N NB disease. 
Importantly, stage 4N disease was found to be independently 
associated with improved outcomes vs. solid organ metastasis 
after adjusting for age and MYCN status (34). This is in 
congruence with additional case series and reports that have 
found that metastatic disease limited to lymph nodes or 4N 
disease may potentially have superior outcomes compared 
to others with extra-nodal NB (34). Considerations for a 
diagnosis of stage 4N NB may be that these patients may 
necessitate less intense treatment regimens.

Given the propensity for NBs to spread beyond a 
primary site and the importance of precise localization of 
LNI, multimodal imaging studies are generally employed 
for accurate staging and diagnosis. Identification of LNI in 
NB not only informs selection of multimodal treatments, 
but also guides surgical approach to maximize removal of 
malignant lesions. This can prove beneficial for patient 
outcomes as Mullassery et al. (35) found a significant 
advantage in those stage IV patients who have gross total 
resection versus those who have subtotal resection. It can 
be postulated that preoperative localization of clinically 
positive lymph nodes could provide a more complete 
resection that would yield a superior prognosis.

Treatment regimens for NB are dependent on risk 
stratification, which is based on a combination of patient 

age, stage, MYCN mutational status, DNA index, and 
histopathologic findings (30). Patients with low-risk 
disease may avoid chemotherapy altogether staving off the 
significant morbidities and long-term toxicities associated 
with systemic treatments in children. Survival is >90% 
with surgical intervention for low-risk NB, >90% with 
combined surgical and chemotherapeutic intervention for 
intermediate-risk NB, but can fall to <30% despite intense 
multimodal therapy in high-risk NB, especially those with 
amplification of MYCN (30). Younger patients (age one 
or less) typically have better outcomes in terms of survival 
compared to older patients likely due to improved tumor 
biology at that time point. Moreover, improved survival is 
seen with non-adrenal primary NB (2). 

Imaging work-up for NB, which often presents as 
an incidentally-found abdominal mass, generally begins 
with abdominal ultrasound and cross-sectional CT. More 
recently, MRI has demonstrated equivalence and even 
indications of superiority to CT for delineation of primary 
tumor, metastatic involvement, and post-treatment NB 
surveillance (36,37). However, MRI may lack sensitivity for 
detection of smaller involved lymph nodes (30). In general, 
both CT and MRI have low positive predictive value for 
LNI, but the inclusion of additional pulse sequences, such 
as diffusion weighted imaging, as part of a multiparametric 
MRI may improve positive lymph node detection (4). Use 
of ADC mapping values calculated from diffusion-weighted 
imaging with background body signal suppression (DWIBS) 
has been shown to differentiate NB from other abdominal 
lesions, both benign and malignant, and gauge response to 
chemotherapy (38,39). 

Unlike WT or pediatric RCC, NB is identifiable by 
its associated hypersecretion of urinary metabolites: 
vanillylmandelic acid, homovanillic acid, and dopamine (40). 
Scintigraphic studies make use of this metabolic activity for 
imaging. Metaiodobenzylguanidine (MIBG) is taken up by 
neuroblastic cells and when combined with a radiotracer 
(such as 123I), it can concentrate allowing for scintigraphic 
visualization in neuroblastoma primary sites and metastases 
(37,41). Pfluger et al. (37) combined 123I MIBG and MRI to 
improve sensitivity and specificity of primary NB detection 
to 99% and 95%, respectively. Regarding detection of LNI, 
MRI was falsely-positive in two cases that were subsequently 
ruled out on 123I MIBG scintigraphy. 

131I MIBG is not only utilized for imaging, but also 
has a likely therapeutic benefit due to its toxic uptake 
in neuroblastoma cells (42). It has been shown to be 
particularly effective for treatment of relapsed disease (41).  
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A comparative study between 131I MIBG and 123I MIBG 
radiotracers suggest that 123I MIBG is preferable for 
imaging studies due to greater sensitivity, image quality, and 
decreased toxicity (43).

PET imaging also makes use of the significant metabolic 
activity exhibited by NB tumors and can be useful for NB 
imaging in cases in which NB does not express sufficient 
norepinephrine transporter for MIBG uptake or when cost 
of and/or access to MIBG radiotracer is prohibitive (44). 
In a comparative study of fluorine-18 fluorodeoxyglucose 
(18F-FDG) PET/CT versus 131I MIBG scintigraphy by Dhull 
et al. (44), PET/CT was far more sensitive for detection 
of lymph node metastases. PET/CT detected 22 nodal 
lesions versus only five seen on 131I MIBG scintigraphy, 
P=0.001. In a case study by Colavolpe et al .  (45),  
FDG PET/CT demonstrated utility in monitoring NB 
following treatment because these tumors can lose MIBG 
avidity resulting in falsely negative findings. These findings 
were also seen in the study by Dhull et al. (44).

A l t e rna t i ve  PET t racer s ,  such  a s  18F- f luoro-
dihydroxyphenlalanine (18F-DOPA) have been investigated 
with FDG PET/CT for NB staging. Liu et al. (46) 
measured pre-treatment volumetric parameters on FDG 
PET/CT and F-DOPA PET/CT to determine associations 
with negative prognostic features. For patients with lymph 
node metastases, F-DOPA PET/CT demonstrated higher 
uptake values in primary tumors while FDG PET/CT 
did not successfully differentiate between patients with 
or without LNI. The study did not address uptake at the 
lymph nodes specifically.

Developments in MRI, scintigraphy, and PET imaging 
are improving NB detection and staging, while informing 
treatment decisions to impact patient survival and minimize 
unnecessary morbidity. The unique metabolic characteristics 
of NB provide strong opportunity to continue improving 
non-invasive biomarkers of lymph node invasion and other 
metastatic sites via advanced imaging modalities. 

Pediatric RCC

RCC is rare in the pediatric population, accounting 
for <5% of all pediatric renal tumors (47). Presenting 
symptoms include frank hematuria, flank pain, and/or a 
palpable abdominal mass. These tumors usually occur 
in the second decade of life with age being strongly 
associated with risk of RCC diagnosis (48). It is important 
to differentiate RCC from other tumors; hematuria is 
uncommon in WT while older children and teenagers tend 

to have RCC. Additionally, calcification seen on imaging 
is suggestive of RCC, noted in up to 53% of patients (47). 
In contrast to adults where up to 50% of RCC are found 
incidentally, up to 88% are diagnosed after evaluation of the 
aforementioned symptoms in the pediatric population (49). 

RCC originates from the epithelial cells of the renal 
tubules and includes a subset of morphologies including 
papillary, clear cell, chromophobe, and oncocytoma (4). The 
papillary subtype is most common (20–50%) in the pediatric 
population (47). RCC is often associated with a chromosome 
translocation involving the TFE gene located on Xp11.2 and 
6p21. RCC is also associated with multiple genetic disorders 
including von Hippel-Lindau (VHL), tuberous sclerosis, 
Birt-Hogg-Dube, hereditary leiomyomatosis renal cell 
cancer, hereditary papillary renal carcinoma, and succinate 
dehydrogenase RCC and therefore it is important to know 
any family history of disease in order to make a diagnosis 
and as the patient ages watch for the manifestations of these 
syndromes (47). Five-year OS is >90% for patients with stage 
I, >80% for stage II, 70% for stage III, and <15% for stage 
IV disease (Table 1) (50).

Ultrasound is often the first modality utilized to detect 
the lesion due to low cost and no exposure to radiation. 
CT/MRI is then used to assess tumor size, local extension, 
enhancement pattern, presence of calcification, LNI, 
vascular invasion, contralateral lesions, and metastatic 
lesions. Geller et al. found radiologic studies have poor 
sensitivity (missing >42% of positive lymph nodes) when 
assessing for positive LNI (51). 

RCC is notorious for its resistance to chemotherapy and 
radiation, therefore the mainstay of treatment is surgical 
resection (52). The preferred treatment option is surgical 
removal with partial or radical nephrectomy and lymph 
node dissection (47,50). Lymph node dissection is the 
standard of care for WT but given a paucity of a data, its 
utility as a prophylactic measure in RCC has not proven 
sufficiently beneficial (48). 

A retrospective review done by Geller and Dome at St. 
Jude Children’s Research Hospital (53) found LNI in the 
pediatric population in the absence of metastatic disease 
has a relatively favorable long-term prognosis, with 72.4% 
disease-free survival at the last follow (follow up was 2–9 
years). They also found that in those with node positive 
disease who underwent adjuvant therapy (radiotherapy, 
immunotherapy, and/or chemotherapy; specific treatment 
regimens were not discussed), there was no improvement 
in disease-free or OS (52). Although Geller et al. showed 
favorable long-term prognosis with no significant effect of 
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adjuvant therapy, some argue lymph node dissection during 
time of nephrectomy contributes to the higher survival 
rates. 

Lymph node positivity is high in the pediatric population; 
the AREN03B2 study found positive lymph nodes in 47.5% 
of patients with primary tumors less than 7 cm (53). Given 
the higher prevalence of positive lymph nodes in pediatric 
patients and poor accuracy, Geller et al. advocate for a more 
comprehensive approach to LN sampling and dissection (53).  
Additional studies are required to further elucidate the role 
of lymph node dissection in RCC. Lastly, it should be noted 
that nephron sparing surgery has been employed in the 
pediatric population in select populations including children 
with genetic disorders predisposing them to recurrent renal 
tumors (47).

Conclusions

Accurate lymph node imaging in pediatric renal and 
suprarenal cancers is critical because disease staging, 
treatment regimens, and clinical prognosis are highly 
dependent on lymph node invasion status and location. 
Surgical experience in WT and pRCC cases demonstrates 
additional importance of preoperatively localizing 
suspicious lymph nodes as extensive dissection has 
prognostic and therapeutic value, but also potentially 
increases morbidity. Despite this need, current standard-
of-care imaging protocols, such as CT or MRI, have 
limited predictive ability. Strict imaging criteria for LNI in 
pediatric renal tumors has not been established. However, 
studies in both WT and pRCC have suggested size criteria 
to increase sensitivity and specificity, and while their results 
are encouraging, sample sizes are limited and large-scale 
studies are lacking (7,53). Research in NB staging has 
utilized advanced imaging modalities such as scintigraphy 
and PET to identify regional and distant spread of disease 
that is often undetected on conventional imaging. While 
the metabolic activity in NB is conducive to scintigraphy 
and PET, these modalities have been less intensely and 
successfully studied in WT and pRCC. Future research 
may show the benefit of incorporating advanced imaging 
modalities into dissection schema in future research.

Ultimately, pediatric renal and suprarenal tumors 
are relatively rare pathologies, but have high metastatic 
potential, and dramatically influence a young child’s life. 
As imaging modalities continue to evolve, expanded use for 
lymph node imaging in these pediatric cancers should be 
investigated.
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