
ORIGINAL ARTICLE

Use of positron emission tomography for staging,
preoperative response assessment and posttherapeutic
evaluation in children with Wilms tumour

Daniel Misch & Ingo G. Steffen & Stefan Schönberger &

Thomas Voelker & Christian Furth & Brigitte Stöver &

Hubertus Hautzel & Günter Henze & Holger Amthauer &

Timm Denecke

Received: 16 February 2008 /Accepted: 18 April 2008 /Published online: 29 May 2008
# Springer-Verlag 2008

Abstract
Purpose To evaluate FDG-PET for staging, grading,
preoperative response assessment and posttherapeutic eval-
uation in children with Wilms tumour (WT).
Methods In this study, 23 FDG-PET examinations in 12
paediatric patients (female, n=5; male, n=7; age, 1–
19 years) with WT (primary, n=9; relapsed, n=3) were
analysed. All patients were examined with conventional
imaging methods (CIM) according to the SIOP2001/GPOH
trial protocol. Additionally, FDG-PET/PET-CT was per-
formed for staging (n=12), preoperative response assess-
ment (n=6) and posttherapeutic evaluation (n=5). Imaging
results of FDG-PET and CIM were analysed regarding the
accuracy in tumour visualisation, impact on therapeutic

management and preoperative response assessment, with
clinical follow-up and histopathology as the standard of
reference.
Results FDG-PET and CIM showed concordant results for
staging of primary WT, whereas FDG-PET was superior in
1/3 cases with recurrent WT. Concerning histological
differentiation, one case with anaplastic WT had an
standard uptake value (SUV) of 12.3, which was remark-
ably higher than the average SUV in the eight cases with
intermediate risk histology. No parameter analysed for PET
or CIM was reliably predictive for histological regression or
clinical outcome. After completion of therapy, FDG-PET
was superior to CIM in 2/5 cases in detecting residual
disease with therapeutic relevance.
Conclusion FDG-PET does not provide additional infor-
mation to the traditional imaging work-up for staging WT
patients, preoperative response assessment and clinical
outcome. FDG-PET was advantageous in ruling out
residual disease after completion of first line treatment
and in pretherapeutic staging of relapse patients. Further-
more, there seems to be a good correlation of initial SUV
and histological differentiation.
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Introduction

For more than 30 years, Wilms tumour (WT) patients were
treated in international therapy optimisation trials initiated
by the International Society of Paediatric Oncology/Hema-
tology (SIOP). Within these trials, the 5-year overall
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survival rates were gradually increased from approx. 64%
(SIOP-1) up to 89.5% (SIOP-9) [1, 2]. Currently (SIOP-9),
the 5-year overall survival rate of WT patients is 91.7% in
localised and 76.3% in metastasised tumours [2]. Because
of the inferior prognosis of patients with metastatic spread,
intensified therapy regimes, including surgery or radiother-
apy of all accessible metastases and, in selected cases, high-
dose polychemotherapy with autologous stem cell rescue,
has been recommended [2–4]. Therefore, accurate initial
staging is needed to assess tumour spread and to assign
patients appropriately to the different risk branches.

Although nine out of ten paediatric WT patients can be
cured today, there are still issues concerning the management
of WT patients, such as anaplastic histology or treatment of
recurrent disease [2, 5, 6]. Another important point is the
value of neoadjuvant chemotherapy as applied by the SIOP
studies vs. primary resection favored by the NWTS (National
Wilms tumour study) study group. Although no difference
concerning survival rates is known, there are advantages and
disadvantages of either method [7, 8]. Advantages of
neoadjuvant chemotherapy, as applied in the present study,
are the lower rate of tumour ruptures during tumour
nephrectomy as compared to primary resection observed
within the NWTS studies and the possibility to assess
response to chemotherapy as a prognostic factor [5, 7, 9].
However, one important disadvantage described in the
literature is the missing histological proof of WT and its
subgroups at the time of diagnosis. This may result in over-
treatment in case of benign lesions (approximately 1.8%)
and, on the other hand, preoperative treatment not adapted to
the histological subtypes of WT or even other renal
malignancies (e.g. clear cell sarcoma, malignant rhabdoid
tumour) [5, 7, 10]. To overcome the disadvantages of
preoperative chemotherapy, a noninvasive method for
grading of renal tumours suspicious for WT is desirable to
enable risk-adapted treatment strategies.

Another group of patients, which is believed to require
more intensive therapy because of the higher risk of
relapse, is represented by poor response with persisting
viable tumour or even progressive disease after neoadjuvant
treatment [5, 11]. Thus, a reliable preoperative response
assessment by noninvasive imaging even prior to definite
surgery is needed to enable modifications of therapy and to
gain prognostic information.

Even though second-line therapy in WT patients is
effective and improved the survival of recurrent WT over
the last decade, there is still a relevant proportion of
patients who cannot be cured [6, 12, 13]. Beside the
histological category and initially applied therapy, the site
of recurrence and the completeness of surgical resection of
the recurrent tumour deposits are significantly predictive for
survival [6]. Therefore, after first line therapy, it has to be
ensured that a complete remission has been achieved. Any

residual tumour deposits require continuing individualised
treatment, including chemotherapy, as well as local treat-
ment using surgery or radiotherapy [6]. This, as well as
restaging in patients suspicious for late locoregional or
metastatic relapse, is a diagnostic challenge as there is no
reliable tumour marker for WT. Furthermore, scar tissue
may be difficult to be differentiated from viable tumour,
and patient compliance to the armamentarium of diagnostic
tests might be limited [14].

Imaging modalities currently used for staging, character-
isation, preoperative response assessment and follow-up
comprise ultrasound (US), chest X-ray, magnetic resonance
imaging (MRI), computed tomography (CT) and bone scan.
The use of FDG-PET was shown to have potential
advantages concerning staging, preoperative response as-
sessment and follow-up in many tumour entities of the
paediatric patient population [15–26]. Concerning tumour
grading, FDG-PET has been shown to be valuable in
several tumour entities, i.e. sarcoma patients [27–29]. Such
data are not available for WT so far.

If these experiences were transferable to WT, FDG-PET
may represent a promising adjunct to current imaging
standards in WT patients. If there is a positive effect of
using an alternative imaging method, it should not be
withheld to the patients. There is only one dedicated report
published so far, which describes successful FDG-PET
imaging in three WT patients [30]. In order to further define
the value of FDG-PET in staging, grading, preoperative
response assessment and posttherapeutic evaluation, the
present study was initiated.

Materials and methods

Patients

In this study, 12 patients treated for WT (female, n=5; male,
n=7; mean age, 5.91 years; range of age, 1–19 years;
primary WT, n=9; recurrent WT, n=3) from two institutions
were enrolled consecutively during a pilot phase (n=6) and
within the bounds of a prospective multicentric study on a
variety of paediatric malignant diseases (n=6; Table 1).

All patients were examined according to the standard
algorithms for diagnostic imaging of the therapy optimisation
trial SIOP2001/GPOH. Adjusted to this conventional imaging
algorithm, FDG-PETwas performed 1–7 days prior to therapy
for initial staging in all patients, after preoperative chemo-
therapy (1–14 days prior to local therapy) for assessment of
therapy response in six patients and 2–4 weeks upon
completion of therapy to exclude residual or early recurrent
disease in five patients (Tables 1 and 2).

An oral and written informed consent was obtained from
the parents of all enrolled children. The study was carried
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out in accordance with the Declaration of Helsinki and the
principles of good clinical practice. The study protocol was
approved by the local ethics committee. Furthermore,
approval was granted by the German Federal Office on
Radiation Protection (Bundesamt für Strahlenschutz), as
well as by the corresponding local authorities.

Conventional imaging modalities—acquisition and analysis

For initial staging of WT patients, conventional imaging
modalities (CIM) consisted of contrast-enhanced MRI of
the primary tumour site, chest X-ray, ultrasound of the
abdomen and other suspicious regions and bone scan when
clinically indicated.

For assessment of therapy response, the MRI scan of the
primary tumour site was repeated prior to tumour nephrecto-
my. Depending on the initial tumour spread, reevaluation was
completed by ultrasound, chest X-ray, CT and bone scan.

After completion of therapy, all imaging procedures were
repeated. During follow-up, diagnostic tests were performed
according to the schedules of the SIOP/GPOH2001 trial.

All CIM images were reviewed by two experienced
radiologists in consensus and blinded to the results of FDG-
PET and clinical follow-up information. All findings judged
as deposits of WT were documented. For evaluation of
response to neoadjuvant chemotherapy by CIM, the
reduction of tumour size was evaluated by MRI as an
indicator of tumour regression, and a 40% reduction was
used as the cut-off for response [2].

FDG-PET—acquisition and analysis

A total of 23 FDG-PET examinations were performed at
two dedicated stand-alone full ring scanners (n=18 exami-
nations; Ecat Exact 47 and Ecat Exact HR Plus, Siemens,
Erlangen, Germany) and one PET-CT device (n=5 exami-
nations; Biograph 16, Siemens, Erlangen, Germany).
Details of the examination protocol can be read elsewhere
[17].

FDG-PET images were transferred to a workstation with
dedicated PET software (e.soft 4.0 Leonardo, Siemens,
Erlangen, Germany) and reviewed by two experienced

Table 1 Patient characteristics and imaging results for initial staging

No. Sex Age (years) Histology SUV Primary
location

Metastases Imaging results Outcome

CIM PET

1 F 2 Intermediate 4.2 Left kidney None + + Remission
(29 months)

2 M 8 Intermediate 6.4 Left kidney Retroperitoneal
LN

+ + Relapse after
3 months

3 F 3 Intermediate 3.9 Left kidney None + + Remission
(15 months)

4 M 4 Intermediate 5.9 Left kidney Retroperitoneal
LN

+ + Remission
(30 months)

5 F 6 Intermediate 6.2 Left kidney None + + Remission
(23 months)

6 M 5 Anaplastic
high risk

12.3 Right kidney None + + Early relapse after
2 months

7 F 1 Blastemal 7.5 Right kidney None + + Remission
(92 months)

8 M 5 Intermediate 7.1 Left kidney Retroperitoneal
LN

+ + Relapse after
34 months

9 F 2 Intermediate 7.3 Left kidney None + + Remission
(81 months)

10 M 6 Anaplastic
high risk

7.2 Relapse, right
kidney region

None + + Remission
(32 months)

11 M 19 Intermediate 25.2 Relapse, right
kidney region

Retroperitoneal
and mediastinal LN,
multiple lung,
peritoneum

− (less
extent
of LN
involvement,
peritoneum)

+ 2nd relapse after
1 month, deceased

12 M 10 Intermediate 6.8 2nd relapse,
neck

None + + Remission
(3 months)

No. Patient number, SUV maximal standard uptake value, CIM conventional imaging methods, including local MRI, chest X-ray and/or chest CT
and ultrasound, M male, F female, LN lymph node, + visualisation of all tumour deposits, − incomplete visualisation of tumour deposits
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nuclear medicine specialists in consensus and blinded to the
results of CIM and clinical follow-up information.

For initial staging, all regions with pathologically increased
FDG uptake identified as tumour deposits by visual analysis
were recorded. For assessment of response to therapy, the
maximal standard uptake value (SUV; corrected to body
weight and injected FDG dose; determined with a 3D volume
of interest covering the entire hypermetabolic tumour), the
SUV reduction in the primary tumour after neoadjuvant
therapy as compared with baseline, SUV after therapy and
visual interpretation were tested.

Standard of reference

All imaging results were reviewed by an interdisciplinary
tumour board consisting of paediatric oncologists, paediat-
ric surgeons, radiologists, nuclear medicine physicians, as
well as pathologists. To determine the benign or malignant
status of every lesion revealed by diagnostic imaging,
clinical data, including all staging examinations, histopa-
thology of resected primary tumours and locoregional
lymph nodes, as well as clinical and imaging follow-up,
were used. Lesions, which were positive in both PET and
CIM, were judged as tumour deposits if clinical data were
concordant. In case of discordant findings, images of the
different modalities were directly correlated, and lesion

status was defined in consensus, taking histopathology and
clinical data into account.

Based on these results, the risk branch assignment
according to the SIOP/GPOH2001 protocol for the preop-
erative chemotherapy was performed for every patient. The
histological regression of resected tumour sites as a
parameter of response to therapy was determined using
the proportion of residual viable tumour cells (responder,
<10%; non-responder, >10%). Furthermore, the clinical
outcome of patients concerning progression-free survival
and overall survival was compared with the results of
preoperative response assessment by PET and CIM, as well
as the final control examinations.

Results

Initial staging of primary WT

FDG-PET, as well as the standard diagnostic algorithm,
correctly visualised primary tumours in all nine patients
(Table 1; #1–9). The mean SUVof the primary tumours was
6.8 [±2.4 standard deviation (SD); range, 4.2–12.3].

Among the nine patients with primary WT, there was one
case (#6) with diffuse anaplasticWTwith an SUVof 12.3. The
patient developed an early relapse 2 months after completion

Table 2 Patient characteristics and imaging results for preoperative response assessment

No. Therapy
protocol

Risk
branch

Imaging results Local
regressiona

(%)

Outcome
(follow-up
period)CIMb PET findings

SUV1 SUV2 SUV
reduction
(%)

VI Persistent
activity of
metastases
after therapy

1 Siop2001/GPOH I/II/III PR (69.3) 4.2 2.5 40.5 PR N/A 10 remission
(29 months)

2 Siop2001/GPOH I/II/III PR (95.0) 6.4 1.4 78.1 CR No <10 relapse after
3 months

3 Siop2001/GPOH I/II/III PR (41.7) 3.9 1.5 61.5 CR N/A <10 Remission
(15 months)

4 Siop2001/GPOH I/II/III PR (77.8) 5.9 3.8 35.6 PR No <10 Remission
(30 months)

11 Siop2001/GPOH CCE PR (97.3) 25.2 1.9 92.5 CR No 40 2nd relapse after
1 month,
deceased

12 Siop2001/GPOH CCE PR (61.1) 6.8 3.2 52.9 PR N/A 20 Remission
(3 months)

No. Patient number, CIM conventional imaging methods including local MRI, chest X-ray/CT, ultrasound, SUV1 maximal standardised uptake
value of the primary before therapy initiation, SUV2 maximal standardised uptake value of the primary after preoperative therapy, VI visual
interpretation, PR partial response, CR complete response, N/A not applicable, CCE carboplatin cyclophosphamide etoposide
a Proportion of viable tumour cells
b Response by CIM [reduction of tumour size (%)]
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of first line treatment. In contrast, the remaining eight patients
showed a lower SUVranging from 4.2 to 7.5 [mean, 6.1 (±1.4
SD)] and had intermediate risk histology. During a follow-up
period of up to 92months, relapse occurred in two out of these
eight patients 3 (#2, SUV 6.4) and 34 months (#8, SUV 7.1)
after completion of therapy, respectively.

Of the nine patients with primary WT, three (#2, 4, 8)
had retroperitoneal lymph node involvement. Both FDG-
PET and CIM identified all lymph node metastases
concordantly.

None of the nine patients had distant metastases at the
time of initial staging. By ruling out systemic tumour
spread, all patients were concordantly assigned to the risk
branches by both FDG-PET and CIM.

Staging recurrent disease

There were three patients (Table 1; #10–12) who were
staged for relapsed WT (first relapse, n=2; second relapse,
n=1) after a complete remission had been achieved by the
initial course of therapy. The recurrent disease was detected
by CIM at a routine follow-up visit (#10, 11) or triggered
by clinical symptoms (#12) 1, 3 and 64 months after
completion of first line treatment, respectively.

In one case (#10), CIM correctly identified recurrent
tumour within the former kidney region concordantly to
FDG-PET. In the second case (#12), FDG-PET, as well as
MRI, precisely visualised the recurrent tumour infiltrating
the brachial plexus (Fig. 1). In the remaining patient (#11),

PET and CIM revealed disseminated disease with multiple
lung metastases, as well as mediastinal and retroperitoneal
lymph node involvement; in this patient, FDG-PET
depicted additional tumour deposits in the retroperitoneum,
pelvic lymph nodes, as well as peritoneal spread leading to
extension of surgery, as well as the radiation field (Fig. 2).

Local regression and preoperative response assessment

FDG-PET was performed just after preoperative therapy in
six patients (Table 2); four with primary WT (#1–4) and
two treated for recurrent disease (#11, 12). In five patients
(#1–4 and #12), the tumour was resected 1–4 weeks after
PET. Regarding local regression, patients with primary WT
showed 10% or less residual viable tumour cells within the
resected specimen. The patient with recurrent WT (#12)
had a poor response with 20% viable tumour cells (Fig. 1).
So far, one (#2) out of these five patients experienced a
relapse after definite tumour resection (range of follow-up
period, 3–30 months).

SUV reduction of tumours undergoing subsequent
definite resection within 1–4 weeks after FDG-PET ranged
from 36% to 78%. Volume reduction measured on MRI
ranged from 42% to 95%. The patient (#12) with the
poorest histological response had moderate SUV reduction
(53%) and shrinkage (61%). The only patient (#2; interme-
diate risk histology) in this group who suffered a relapse
during follow-up had the highest SUV and volume
reduction.

Fig. 1 Recurrent WT (patient
#12) encasing the brachial plex-
us and the subclavian vessels
well demonstrated by both MRI
(a, coronal image) and FDG-
PET-CT (b, c, d). Whole-body
FDG-PET rules out further tu-
mour deposits (e). Despite good
metabolic response after che-
motherapy (f), the partially
resected tumour showed poor
histological regression
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In one patient (#11; multifocally relapsed WT) systemic
therapy was continued and followed by delayed surgical
tumour reduction 6 months after response assessment with
CT, MRI and FDG-PET. Despite the good response with
97% volume reduction (CT, MRI) and metabolic inactiva-
tion of all tumour deposits (SUV reduction, 93%),
evaluation of the resected specimen revealed large propor-
tions of viable tumour (40%). The patient subsequently
developed progressive disease and died (Fig. 2).

Summarising the results of preoperative response assess-
ment, neither morphologic assessment of response nor PET
parameters (including SUV reduction, SUV at baseline,
SUV after therapy and visual interpretation) revealed a
reliable indicator for therapy success regarding local control
or progression-free survival.

Posttherapeutic evaluation

Among the five patients (Table 3) who underwent FDG-PET
upon completion of standard treatment including local and

systemic therapy, there were two (#4 and #10) in whom both
FDG-PET and CIM correctly showed complete remission. In
one patient (#11) with a newly occurred lung metastasis seen
on chest X-ray and subsequent CT, FDG-PET depicted
multiple additional tumour deposits in the retroperitoneum
and the neck as confirmed by histopathology; these were
partly missed by the standard diagnostic procedure. In the
remaining two patients, there were suspicious lesions with
increased locoregional FDG uptake after tumour nephrecto-
my. In the first patient (#1) with a haematoma and
surrounding regenerative tissue activity, the PET finding
was false positive as confirmed by CIM and follow-up
(29 months). In the second patient (#2), local MRI and US
were false negative at the time of the positive PET scan; an
abdominal CT scan performed 2 months later confirmed the
recurrent tumour growth, which was then histologically
proven (Fig. 3); the patient, therefore, underwent continuing
therapy and achieved complete remission (follow-up,
16 months). This resulted in a patient-based accuracy of 3/
5 for CIM and 4/5 for FDG-PET.

Fig. 2 Recurrent WT (patient #11) with recurrent tumour in the lung
(a), mediastinum (a) and retroperitoneum (b) well demonstrated by
both CT (upper row) and FDG-PET (middle row and d). FDG-PET

additionally depicted a peritoneal deposit (c). Despite good metabolic
response (e), disease progression occurred 6 months later
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Discussion

In this study, the value of FDG-PET was evaluated in 12
children suffering from histologically proven WT for

staging (n=12), preoperative response assessment (n=6)
and posttherapeutic evaluation (n=5).

From a technical point of view, there was no problem in
differentiating primary WT from urinary activity in the study

Table 3 Patient characteristics and imaging results for posttherapeutic evaluation

No. Sex Age
(years)

Histology Primary
location

Imaging results Outcome

CIM PET

1 F 2 Intermediate Left kidney TN FP (residual lesion in
the left kidney region)

remission (29 months);
PET-positive lesion
identified as haematoma

2 M 8 Intermediate Left kidney FN TP (residual lesion in
the left kidney region)

Relapse (recurrent tumour
verified 2 months after
PET by CT and biopsy)

4 M 4 Intermediate Left kidney TN TN Remission (30 months)
10 M 6 Anaplastic

high risk
Relapse, right
kidney region

TN TN Remission (32 months)

11 M 19 Intermediate Relapse, right
kidney region

TP (locoregional
relapse, lung
metastases)

TP (locoregional relapse,
lung metastases, additional
cervical metastasis)

2nd relapse (PET-positive
cervical metastasis verified
by surgery), deceased

No. Patient number, CIM conventional imaging methods including local MRI, chest X-ray/CT, ultrasound, F female, M male, TN true negative,
FP false positive, FN false negative, TP true positive

Fig. 3 Early recurrent WT (pa-
tient #2) after completion of first
line treatment including ne-
phrectomy: FDG-PET (a, b;
black arrows) clearly reveals a
suspicious lesion in the former
kidney region. At the same time,
MRI (c) was negative. Two
months after PET locally recur-
rent tumour growth was con-
firmed by CT (d; white arrows)
and histopathology
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population. This is explained by the large size of the tumours,
which usually allows for a valid SUV measurement without
alteration by high FDG activity inside the renal pelvis. In a
larger group, of course, there will be additive value of using
PET-CT with direct anatometabolic correlation in case of
smaller tumours adjacent to the renal pelvis.

Analysing the SUV at initial examination of primary WT
regarding the histological differentiation prior to therapy,
the patient with diffuse anaplastic WT had a remarkably
higher SUV as compared to the other eight patients with
intermediate risk histology. If this were reproducible in
larger series of patients, FDG-PET could be used to
discriminate high risk from intermediate risk histology.
Together with its well-known ability to differentiate benign
from malignant lesions, FDG-PET might be a valuable tool
for assessment of WT therapy candidates before preopera-
tive chemotherapy, avoiding invasive diagnostics.

Concerning the evaluation of tumour spread, whole-
body FDG-PET is known to be very useful in various
paediatric tumour entities because of its high sensitivity
[15–17, 19–22]. In the present study, FDG-PET accurately
detected all locoregional tumour deposits and ruled out
distant metastases in all nine patients with primary disease.
However, CIM was equally effective in depicting locore-
gional spread in the present study. Even though not
observed in the present study, the most common site of
distant metastases is the lung, where the sensitivity of FDG-
PET is limited [20, 31]. Considering this, we do not see a
major role for PET in staging primary disease.

Concerning staging of recurrent WT, distant metastases
are more likely to be present, and the risk of therapy failure
is higher as compared with primary disease [6]. Several
prognostic factors have been identified, such as stage at first
diagnosis, histological subtype, first line treatment and time
from first diagnosis to relapse. One important factor
associated with survival in cases of recurrent WT is the
completeness of surgical resection of all tumour deposits
[6]. This emphasises that accurate staging and detection of
all tumour deposits throughout the body is substantial in
relapsed WT. In the present analysis, FDG-PET depicted
occult tumour deposits in one out of three patients with
recurrent WT; this indicates a potential therapeutic rele-
vance of FDG-PET applied for staging of recurrent WT.

Concerning the effect of preoperative chemotherapy, there
is evidence that response is associated with clinical outcome
[5, 9, 11]. In various other tumour entities of the paediatric
patient population, there are efforts to predict response to
neoadjuvant therapy by diagnostic imaging to gain prognos-
tic information or even to change preoperative or operative
therapy. FDG-PET showed promising results using the
decrease of SUV between baseline and during or after
therapy and other visual and quantitative PET parameters
[18, 23–25]. In view of the limited number of patients who

underwent the early follow-up PET scan (n=6) in the present
study, it was not possible to find a precise discriminator for
response and non-response regarding PET parameters.
However, morphologic assessment of local regression was
inaccurate as well, even though effective thresholds for
volume reduction of primary tumours had been established
by other groups [2]. Therefore, there might be bias due to the
small number of subjects.

After completion of the first line therapeutic course,
posttherapeutic evaluation has been recommended because
any residual or early recurrent disease requires further
treatment. We observed additional value of FDG-PET in
two out of five patients with impact on the treatment
strategy. On the other hand, there was one false positive
PET result, which was easily clarified by MRI and US.
Despite the small number of patients, the relatively high
proportion of patients with relevant discordances and
additive value of PET indicates a potential role for FDG-
PET in the posttherapeutic setting.

As a conclusion, FDG-PET appears to be suitable for
imaging of WT. Even though there are discouraging results
for preoperative response assessment and limited value of
initial staging, there are certain scenarios, i.e. posttherapeu-
tic imaging, noninvasive tumour characterisation and
restaging in case of recurrent disease, which deserve further
investigation in larger trials.
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