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The clinical applications of fluorine-18 fluorodeoxyglucose-positron
emission tomography (‘*F-FDG-PET) imaging in adults have grown
rapidly. However, only recently has this technology and the merged
technology of PET and computed tomography (PET-CT) been extended
to children and adolescents. Thus, information about the indications
and utility of PET-CT in pediatric oncology is limited. This chapter dis-
cusses the initial experience with PET and PET-CT imaging of patients
with Wilms’ tumor.

Epidemiology of Wilms’ Tumor

Wilms’ tumor is the most common malignant pediatric renal tumor and
accounts for 6% of all cases of childhood cancer in the United States each
year. Approximately eight cases are identified annually per million chil-
dren under the age of 15 years; the annual number of new cases in the
United States is estimated to be 500 (1). The frequency of Wilms’ tumor is
slightly higher in blacks than in whites but is considerably lower in
Asians than in whites. In the United States, the incidence of Wilms’ tumor
(either unilateral or bilateral) is slightly less in boys than in girls (2).

The association between Wilms’ tumor and genetic malformation
syndromes is well known, although these syndromes are present in
only a small number of patients with Wilms” tumor. The syndromes
most commonly associated with Wilms’ tumor are WAGR (Wilms’
tumor, aniridia, genitourinary malformation, mental retardation) syn-
drome, Denys-Drash syndrome (pseudohermaphroditism, glomeru-
lopathy, renal failure, and Wilms’ tumor), and Beckwith-Wiedemann
syndrome (macroglossia, omphalocele, visceromegaly, hemihypertro-
phy, Wilms’ tumor, and other cancers) (3).

Pathology
Classical Wilms’ tumor contains blastemal, epithelial, and stromal cells,

although many tumors do not contain all three types of cells (4). About
7% of tumors contain anaplasia, which is defined by cells with enlarged



S.C. Kaste and J.S. Dome

nuclei, hyperchromasia, and irregular mitotic figures (5). When pre-
sent, anaplasia usually occurs diffusely throughout a tumor but also
may be focal (6). Patients whose tumors contain focal anaplasia have
better outcomes than those whose tumors contain diffuse anaplasia (7).
Tumors that are not anaplastic at all are associated with the best prog-
nosis and are thus designated as having “favorable histology.” Less
common renal tumors of childhood include clear cell sarcoma of the
kidney, malignant rhabdoid tumor, congenital mesoblastic nephroma,
and renal cell carcinoma.

Nephrogenic rests are precursors of Wilms' tumor; these are
clusters of embryonal nephroblastic cells that persist abnormally into
childhood (8). Nephrogenic rests are found in about 40% of patients
with unilateral Wilms’ tumor and in nearly all patients with bilateral
Wilms’ tumor (8). Nephrogenic rests are classified as nascent/dormant,
maturing/sclerosing, or hyperplastic. Hyperplastic nephrogenic rests
can be quite large and are often difficult to distinguish from Wilms’
tumor (8).

Prognostic Factors

The most powerful prognostic factors for patients with Wilms’ tumor
are tumor histology and stage. Anaplastic histology predicts a
markedly higher risk of recurrence than does favorable histology. Like-
wise, advanced tumor stage is associated with increased risk of recur-
rence. Other adverse prognostic factors include older patient age (9,10),
blastemal-predominant histology after chemotherapy (11), loss of het-
erozygosity on chromosome arms 1p and 16q (12,13), gain of chromo-
some arm 1q (14), and a high level of telomerase expression (15,16).
Ongoing biology studies are likely to identify additional molecular
prognostic factors.

Treatment

The treatment of Wilms’ tumor involves surgery, chemotherapy, and,
in some cases, radiation therapy. The longstanding approach used by
the National Wilms” Tumor Study Group (NWTSG) has been a nephrec-
tomy at the time of diagnosis, with subsequent chemotherapy and radi-
ation therapy (17). The approach used by the International Society of
Pediatric Oncology (SIOP) has been to administer several weeks of
chemotherapy before nephrectomy (18). Each approach has distinct
advantages, and the outcomes are similar. Table 14.1 lists the outcomes
of patients treated on the most recently reported NWTSG studies.
Given the excellent overall survival rates of patients with Wilms’
tumor, a priority of recent clinical trials has been to limit therapy,
and its associated toxicity, in patients who are at low risk of disease
recurrence.
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Table 14.1. Outcomes of patients treated on the National Wilms’
Tumor Study Group (NWTSG) studies NWTS-3 and -4 (Data from
7,19)

Tumor histology 4-Year relapse-free 4-Year overall
and stage survival (%) survival (%)
Favorable histology
Stage 1 89.0 95.6
II 87.4 91.1
111 82.0 90.9
v 79.0 80.9
V (bilateral) - 81.7
Diffuse anaplasia
Stage I 93.8 93.3
II 71.6 70.1
III 58.7 56.3
v 16.7 16.7

Potential Applications of PET/PET-CT Imaging to
Wilms’” Tumor

Functional imaging studies such as PET or PET-CT may increase the
accuracy of tumor staging, distinguish between benign and malignant
lesions, and assess the early response to treatment in patients with
measurable tumors. Although experience with "F-FDG-PET/PET-CT
imaging in Wilms’ tumor is limited, preliminary reports (20) and our
experience suggest that Wilms’ tumors are often "*F-FDG-avid.

Tumor Staging

Diagnostic imaging studies play a key role in the staging of primary
Wilms’ tumor. Imaging studies delineate the local extent of the tumor
and detect the presence of metastatic disease (Fig. 14.1). The most
common sites of metastasis are the lungs, regional lymph nodes, and
liver. Approximately 10% of patients have lung metastases at diagno-
sis (21), and 47% have pulmonary metastases at the time of relapse (22).

Chest radiography and chest CT are routinely used to detect pul-
monary metastatic disease (23,24). Chest radiographs are limited by
resolution and sensitivity; CT imaging is complicated by inter- and
intraobserver discordance in interpreting the presence and significance
of pulmonary nodules (25). A common dilemma faced by clinicians is
the management of patients with small pulmonary nodules. The
NWTSG reported that 17% of lung nodules in patients with newly
diagnosed Wilms’ tumor were found on biopsy to be benign (26).
Therefore, the management of such lesions is particularly problematic
unless biopsy is performed. Although several studies have shown an
increased risk of pulmonary relapse in patients with CT-identified pul-
monary nodules, intensified chemotherapy and pulmonary irradiation
are not without toxic effects (25-27). As with other pediatric malig-
nancies, pulmonary metastases of Wilms’ tumor can differentiate into
benign mature tumor cells, further complicating the interpretation of
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follow-up imaging examinations on the basis of anatomic appearance
(27-29).

"F-FDG has the potential ability to differentiate metabolically hyper-
active nodules from quiescent and metabolically hypoactive nodules
(30,31). Because both malignant and inflammatory diseases can involve
glucose hypermetabolism, ""F-FDG-PET/PET-CT is unlikely to differ-
entiate benign from malignant nodules with absolute specificity.
However, with refinement of PET techniques, including quantitative
techniques and delayed imaging, characteristics that differentiate
benign from malignant lesions may be discerned. Even with the cur-
rently available techniques, hypermetabolic pulmonary lesions would
be more likely to be malignant and therefore could be preferentially
biopsied.

Accurate staging of recurrent Wilms’ tumor facilitates the design
of multidisciplinary regimens to treat all sites of disease. *F-FDG-
PET/PET-CT provides sensitive detection of metabolically active sites
of disease, some of which are undetected by other imaging modalities
(Fig. 14.2). A patient treated for recurrent anaplastic Wilms’ tumor at
St. Jude Children’s Research Hospital, Memphis, TN, had persistent
pulmonary nodules in the right middle lobe after chemotherapy. Sur-
gical removal of the affected area of the lung was considered, and a
PET-CT scan was performed to detect other possible sites of disease.
The PET-CT scan revealed FDG avidity in the right pulmonary hilum

Figure 14.1. Fluorine-18 fluorodeoxyglucose—positron emission tomography (**F-FDG-PET)-computed
tomography (CT) images of a 10-year-old girl with recurrent Wilms’ tumor. PET-CT imaging was
performed to determine the extent of disease. Note numerous sites of *F-FDG avidity. (Courtesy of
Dr. Barry Shulkin.)
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Figure 14.2. Intensely "F-FDG-avid lesions in the left proximal femur and
ischium of this patient (also shown in Fig. 14.1) were not evident on the cor-
responding CT images captured with bone windows. (Courtesy of Dr. Barry
Shulkin.)

and upper right chest, suggesting that the tumor was widespread and
that complete resection would be impossible (Fig. 14.3).

Bilateral Wilms” Tumor

The treatment of bilateral Wilms’ tumor is challenging. The goal of
treatment is to eradicate tumor cells while preserving as much renal
parenchyma as possible. Patients typically receive preoperative
chemotherapy, thereby reducing tumor burden and facilitating surgery.
Approximately 40% of tumors are reduced more than 50% in size by
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chemotherapy (32). Failure to respond can signify that the tumor cells
are anaplastic or otherwise resistant to treatment, requiring augmenta-
tion of therapy and perhaps nephrectomy. However, tumors with
extensive rhabdomyomatous differentiation or necrosis may also fail to
respond, and augmentation of chemotherapy is not indicated for these
cases. Positron emission tomography scanning has been reported to
differentiate viable germ cell tumor from mature teratoma and tissue
necrosis (33), and therefore it may also help in distinguishing between
proliferating and nonproliferating bilateral Wilms” tumor.

A theoretical obstacle to the use of PET scanning to image bilateral
Wilms’ tumor is the possibility that clearance of "F-FDG through
the genitourinary tract could mask an intrarenal tumor. However,
active tumors can be visualized within the renal parenchyma due to

Figure 14.3. A patient treated for recurrent anaplastic Wilms’ tumor underwent PET-CT imaging to
detect other possible sites of disease before undergoing a possible right middle lobectomy for pul-
monary nodules that persisted after chemotherapy. ®F-FDG avidity in the right pulmonary hilum and
upper right chest indicated widespread metastatic disease that precluded complete resection.
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higher uptake by tumor than by normal kidney (20,34). Shulkin and
colleagues (20) reported two patients with bilateral Wilms’ tumor who
underwent PET scans to guide clinical management. One patient with
bilateral multifocal Wilms’ tumor had an initial response to therapy
during the first 2 months of treatment, but then had stable disease. A
PET scan showed persistent ""F-FDG avidity in one of the right-kidney
tumors, which was confirmed by biopsy to be Wilms’ tumor. Interest-
ingly, the left kidney, which was not FDG-avid, also contained Wilms’
tumor with areas of nephroblastomatosis. It would be informative to
know whether the difference in FDG avidity reflected residual Wilms’
tumor in the right kidney that was less differentiated and proliferative
than that in the left kidney.

The second patient underwent bilateral open biopsy of bilateral renal
masses that showed favorable-histology Wilms" tumor in the right
kidney and anaplastic Wilms’ tumor in the left kidney. She underwent
F-FDG imaging after the left renal mass failed to decrease in size to
the same extent as the right renal mass in response to chemotherapy.
The PET scan revealed "*F-FDG avidity in the rim of the left renal mass
but no uptake in the right renal mass. Bilateral partial nephrectomy
revealed residual viable tumor in the left kidney but necrotic tumor
without viable elements on the right side, correlating well with the PET
findings (20). A systematic study of PET scans in patients with bilateral
Wilms’ tumor is warranted to assess whether the level of ""F-FDG activ-
ity correlates with histologic response to therapy.

Differentiating Between Nephrogenic Rests and Wilms” Tumor

The difficulty of distinguishing nephrogenic rests and nephroblastom-
atosis from Wilms’ tumor can create a diagnostic dilemma. Although
the two entities—and the spectrum between them—have some distinct
features, their imaging characteristics can be similar. Typically, nephro-
genic rests and nephroblastomatosis are multifocal or diffuse bilateral
lesions located in the subcapsular portion of the kidneys. They may be
classified by their location as intralobar and perilobar, with perilobar
nephrogenic rests being more common. On ultrasonography (US) and
CT, nephrogenic rests appear as homogeneous, hypodense, poorly
enhancing peripheral nodules. As with Wilms’ tumor, they are hypo-
intense on T1- and hyperintense on T2-weighted sequences (35). A
Wilms’ tumor is a hypervascular intrarenal mass that is usually large
and may be associated with vascular invasion. Unlike nephrogenic
rests, Wilms’ tumor is usually an inhomogeneous echogenic solid mass
on ultrasound and CT (particularly contrast-enhanced CT) studies. On
magnetic resonance imaging (MRI), Wilms’ tumor is hypointense on
T1- and hyperintense on T2-weighted sequences (35) and enhances
inhomogeneously when intravenous contrast medium is used (36-38).
Contrast-enhanced MRI improves the imaging distinction of Wilms’
tumor from nephrogenic rests, achieving an overall sensitivity of 57%
for detection of the lesion and an overall accuracy of 65%. Although
better than those of excretory urography and ultrasound, these values
are far from ideal. Further, small nephrogenic rests less than 4mm in
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size and those intermixed with Wilms’ tumor may be overlooked by
MRI (36). Rohrschneider et al. (39) found that the homogeneity of
nephrogenic rests is the imaging feature that best differentiates them
from Wilms’ tumor. The authors also reported US to be less sensitive
than CT or MRI in detecting small nephrogenic rests.

"F-FDG-PET/PET-CT imaging has the potential to distinguish
between benign nephrogenic rests and nephroblastomatosis and to
identify their potential evolution into Wilms’ tumor. Shulkin et al. (20)
described a case in which FDG uptake was observed in active sites of
Wilms’ tumor but absent in benign nephrogenic rests. It is likely that
FDG avidity varies according to the subtype of nephrogenic rest
(sclerotic vs. hyperplastic). Lesions smaller than 4 or 5mm might still
be overlooked because of the limitations of PET/PET-CT resolution,
unless they are very hypermetabolic. It would be worthwhile to
prospectively compare ""F-FDG avidity with histology in patients with
bilateral or multifocal kidney lesions.

Differentiation of Residual Tumor from Other Entities

Residual imaging abnormalities observed after treatment of unre-
sectable or metastatic Wilms’ tumor may not indicate viable tumor. It
can be difficult to distinguish active or recurrent disease from nonma-
lignant abnormalities such as postoperative changes, scarring, or
abscess formation. Although "*F-FDG avidity is not a specific indicator
of malignancy, increased avidity can identify a site of potential residual
or recurrent disease and direct biopsy to the area (20). Figure 14.4 illus-
trates this application. It shows the PET-CT scan of a patient with stage
IV Wilms’ tumor with favorable histology who presented with very
extensive lung disease. After several months of treatment with

Figure 14.4. A young boy who had experienced multiple recurrences of Wilms’ tumor had extensive
pulmonary scarring caused by multiple thoracotomies for excision of metastatic tumor. Biopsy of the
right upper-lobe mass, directed by "F-FDG-avidity, demonstrated Wilms’ tumor with rhabdomyoma-
tous differentiation, containing predominant stromal cells and a few glandular elements. Interestingly,
the mass was FDG-avid, although it was not actively proliferating. This observation raises the ques-
tion of whether tumors with rhabdomyomatous differentiation may be FDG-avid.
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different chemotherapy agents, the patient had progressive pulmonary
disease and received lung radiation and more chemotherapy. Therapy
was stopped after several more months, although CT of the chest con-
tinued to show multiple lesions, some of which were consistent with
scar tissue on biopsy. Six months after the completion of therapy, CT
scan showed an increase in the size of a right upper lobe nodule. A PET-
CT scan was done to evaluate sites of potentially viable tumor within
the markedly abnormal-appearing lungs. "*F-FDG uptake was observed
in the growing right lung nodule and the right pulmonary hilum (Fig.
14.4) but not in other abnormal areas. Computed tomography—guided
biopsy of the '*F-FDG-avid nodule revealed a cellular metastatic Wilms’
tumor consisting mostly of mature fibrous stroma.

Conclusion

Although its application in staging Wilms’ tumor and monitoring
response to treatment is not yet extensive, "*F-FDG-PET/PET-CT shows
promise for identifying metastatic disease, differentiating benign
nephrogenic rests and nephroblastomatosis from Wilms’ tumor, direct-
ing biopsy sites, and contributing to surgical planning. However, large
prospective studies are needed to determine the impact of this modal-
ity on staging, assessment of treatment response, and ultimate patient
outcome.
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