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Background. Wilms’' tumor is the most common
malignant renal tumor in children. Nephrectomy has
played a central role in the treatment of Wilms’
tumor, but some advanced Wilms’ tumors could not
be resected immediately because of massive tumor
size, involvement of vital structures, inferior vena ca-
va invasion or distal metastasis. To improve the prog-
nosis of patients with these inoperable Wilms’ tumors,
we used preoperative chemotherapy and transcatheter
arterial chemoembolization ( TACE ) before surgery.
The aim of this study was to investigate the effective-
ness of preoperative therapy and to compare it with
the strategy of immediate surgery.

Methods: Sixty-two patients with histologically
confirmed advanced Wilms' tumor aged from 5 months
to 10 years (mean 3. 2 years) were identified from
case records during the period from January 1993 to
December 2002. The inclusion criteria included a vol-
ume of more than 550 ml or the mass extending be-
yond the midline, involvement of vital structures, in-
ferior vena cava invasion, distal metastasis or bilater-
al Wilms’ tumor judged by imaging studies. The pa-
tients were treated with the following 3 methods sepa-
ratelly ; (1) TACE with epirubicin( EPI)-lipiodol emul-
sion and two-week systemic chemotherapy with vin-
cristine (VCR) and actinomycin D ( ACTD ) before
surgery ( group TACE) (31 patients); (2) conventional
systemic preoperative chemotherapy with VCR,
ACTD plus EPI for 4-5 weeks ( group PC) (20) ; and (3)
initial surgery (group IS) (11). In the three groups,
stage Il - Ill was present in 22 (71%),16 (80%) and 9
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(82%) patients; stage Il in 5 (16% ), 4 (20%) and 2
(18%); stage IV in 3 (10% ), 0 and 0; and stage V in
1 (3%), 0 and 0, respectively. Unfavorable histology
was found in 2, 1 and 1 patients in the three groups,
respectively. Postoperative treatment for all patients
was based on the postoperative stage and histology of
tumors. Tumor shrinkage before operation, cases of
total tumor necrosis, rate of no tumor rupture during
operation, and 2-year and 4-year survival rates were
compared among the 3 groups.

Results; In the patients treated with TACE, no
drug-induced complications including cardiotoxicity,
nephrotoxicity, hepatic dysfunction or bone marrow
suppression were observed except for mild fever
caused by tumor necrosis. Pulmonary metastases on
CT disappeared in 2 of 3 patients after TACE with
short-term systemic chemotherapy. The percentages
of tumor size shrinkage were 32. 4% and 20. 3% in
group TACE and group PC, respectively. No periop-
erative death occurred in group TACE and group PC,
but two in group IS. In group TACE, only 6.5% pa-
tients experienced tumor rupture during operation in
comparison with 20. 0% in group PC and 45. 5% in
group IS. Complete surgical removal of the tumor was
achieved in 27 patients (87.1%) in group TACE, sig-
nificantly higher in comparison with 14 (70.0%) in
group PC and 2 (18.2%) in group IS. Event-free sur-
vival (EFS) at 2 and 4 years were 87.1% (27/31) and
84.5% (11/13) in group TACE, 60. 0% (12/20 ) and
56.3% (9716 ) in group PC, 18.2%(2/11)and 18.2%
(2/11)in group IS, respectively.

Conclusions;: This study has shown that both pre-
operative TACE and conventional preoperative chem-
otherapy can be applied to properly selected patients
with inoperable Wilms’ tumor who are not candidates
for immediate surgery. The survival rate is signifi-
cantly increased in the patients undergoing preopera-
tive TACE and short-term systemic chemotherapy
compared with conventional preoperative chemothera-
py and initial surgery in the same period. TACE is an
effective, safe, and useful method for the initial treat-
ment of inoperable Wilms' tumor.
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Introduction

Wilms' tumor is the most common malignant
S renal tumor in children. Nephrectomy has
played a central role in the treatment of Wilms’
tumor. Some advanced Wilms’ tumors could not be re-
sected immediately because of massive tumor size, in-
volvement of vital structures, inferior vena cava inva-
sion or distal metastasis. Radical resection of these
tumors may result in an increased risk of surgical com-
plications. Hence, such tumors were termed “inopera-
ble” or “unresectable” Wilms’ tumor. "’ The chal-
lenge facing pediatric oncologists is to increase the sur-
vival rate of inoperable Wilms’ tumor.

Preoperative chemotherapy has been increasingly
used for patients with “inoperable” Wilms’ tumor in
recent years. The survival rate of the patients has been
improved as a result of the advances in preoperative
chemotherapy.'*™*’

Transcatheter arterial chemoembolization ( TACE ) has
an important role in the treatment of liver tumors."*™ We
treated patients with “inoperable” Wilms' tumor with
chemotherapy and TACE before operation between 1993
and 2002. The aim of this study was to investigate the ef-
fectiveness of both chemotherapy and TACE before opera-
tion, while comparing them with initial surgery.

Methods

Patients

Sixty-two patients, (33 female and 29 male), aged from
5 months to 10 years ( mean, 36 months) with Wilms’
tumors unable to be resected or judged inoperable
by imaging evaluation were treated at the Children’s
Hospital of Zhejiang University. All of them were con-
firmed by percutaneous needle biopsies or pathological
findings of surgical specimens. Histological results
were classified as unfavorable if anaplastic features
were present or favorable if absent."”

The diagnostic criteria for inoperable tumor were
massive tumor involving vital structures, intracaval ex-
tension or distal metastasis, which were judged by ima-
ging or surgery. All the patients were divided into dif-
ferent pretreatment stages according to the results of the
CT-determined staging system and ultrasound informa-
tion!”) (Table 1). The patients with massive tumors ex-
ceeding the midline, doubtful capsular penetration or
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inferior vena cava invasion were included in stage I -
. The patients who had definite involvement of
lymph nodes and diffused surgical spillage from an ini-
tial attempt to remove the tumor or peritoneal implants
were defined as stage Jll. The patients with lung or other
distant metastases were listed in stage V. The patients
with bilateral renal tumors were classified into stage V.

In this series, 31 patients were treated preopera-
tively with TACE ( group TACE) ; 20 with preopera-
tive chemotherapy ( group PC), and 11 with initial sur-
gery (group IS). In the three groups, stage II- I
presented in 22 (71% ) ,16 (80% ) and 9 (82% ) pa-
tients; stage Il in 5 (16% ), 4 (20%) and 2
(18% ) ; stage IV in 3(10% ), 0 and 0; and stage V
inl (3% ), 0 and 0, respectively. Unfavorable histo-
logy was found in 2, 1 and 1 patients in the three
groups respectively. The demographics and stages at
the presentation of each of group are shown in Table 2.
No significant difference in age and stage distribution
was noted between the three groups.

Table 1. CT-determined pretreatment staging
I Tumor limited to kidney within the bounds of an intact renal capusule

I Regional extension beyond kidney
Through capsule into perirenal soft tissue
Infiltrated vessels or tumor thrombus present
Il Evidence of hilar or periaortic lymph node involvement
IV Hematogenous metastases
V Bilateral renal tumors

Table 2. Demographics of patient groups

TACE PC IS
(n=31) (n=20) (n=11)

Age, mean (range) 3.2 (0.5-10)y 3.1 (0.8-8)y 3.3 (0.8-7)y
Sex, M'F 15:16 9:11 5:6
Stage at presentation (% )

I 0 0 0

- 22 (71%) 16 (80%) 9 (82%)

m 5 (16%) 4 (20%) 2 (18% )

v 3 (10%) 0 0

v 1(3%) 0 0
Postoperative stage (% )

I 9 (29%) 2 (10%) 0

I 7 (23%) 4 (20%) 1(9%)

o 11 (35%) 14 (70%) 9 (82%)

I\ 3 (10%) 0 1(9%)

\ 1(3%) 0 0
Histology

FH 29 19 10

UH 2 1 1

TACE: preoperative TACE; PC. preoperative chemotherapy; IS: initial
surgery; FH. favorable histology; UH: unfavorable histology.
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Treatment

In group TACE, patients were subjected to transcathe-
ter arterial chemoembolization by Seldinger’s method
under basal and caudal anesthesia. This procedure was
performed in a standardized fashion utilizing a femoral
approach. Initial angiography of the renal artery was
performed to confirm the feeding artery of the tumor
(Fig. 1). Then embolization emulsion consisting of
iodized oil ( lipiodol, Guerbet, Aulnay-Sons-B,
France) 10 ml and epirubicin ( EPI) 40 mg/m’ was
infused in the renal artery (Fig.2). To treat micro-
metastases as early as possible, two-week systemic
chemotherapy with vincristine ( VCR) and actinomy-
cin D (ACTD) was supplied to TACE for stage IIl
and IV patients preoperatively. Surgical resection was
carried out two weeks after TACE. The patients with
synchronous bilateral nephroblastoma underwent uni-
lateral nephrectomy after preoperative TACE plus sys-
temic chemotherapy in addition to contralateral hemi-
nephrectomy.

Fig.1. Renal artery angiography confirmed the feeding artery of the
Wilms’ tumor in the right kidney.

Fig.2. The emulsion consisting of iodized oil and chemotherapeutic
agents was infused in the renal artery by TACE.

In group PC, all patients received conventional
systemic preoperative chemotherapy with VCR and
ACTD plus EPI for 4 to 5 weeks.

In group IS, the patients underwent initial surgery
after the diagnosis was confirmed.

CT scans and ultrasound/Doppler studies were per-
formed at the presentation of the tumor and before ope-
ration. Tumor volume was measured by ultrasonograpy.

At surgery, operative stage was documented by
careful inspection and enlarged lymph nodes in the re-
nal hilum and periaortic regions were resected. The
contralateral kidney was not biopsied unless bilateral
disease had been demonstrated preoperatively.

Postoperative treatment of Wilms’ tumor was
based on tumor histology and the stage after surgery.
The treatment protocol was worked out according to the
NWTS-3 protocol modified by Beijing Children’s Hos-
pital.”™ Children at stage I irrespective of histology
completed a 6-month postoperative course of VCR and
ACTD. For children at stages I and I, and with fa-
vorable histologicl results, chemotherapy was given for
15 months with VCR, ACTD and EPI. Chemotherapy
with VCR, ACTD, EPI and cisplatin ( DDP) was pre-
scribed for those patients at stage IV irrespective of his-
tology for 15 months. The radiation to the renal bed,
not the whole abdomen, was added in children with fa-
vorable histological stage Il or IV tumors and unfavor-
able histological stage Il , I, or IV tumors. Whole-
lung radiation was not given to those patients with lung
metastasis. The patients requiring renal bed irradiation
received a dose of 1500 to 2000 cGy. During chemo-
therapy, the patients were monitored for renal and my-
ocardial dysfunction and hearing loss. Follow-up in-
cluded chest X-ray examination, abdominal ultrasonog-
raphy and CT every 2-3 months. Follow-up data were
available for all patients at a mean follow-up of 48
months (range, 24 to 120 months).

The results of the patients given TACE were com-
pared with those of the patients undergoing convention-
al preoperative chemotherapy and initial surgery. Sur-
vival percentages were estimated as elapse or metastasis
time since the diagnosis. Actuarial survival curves were
generated using the Kaplan and Meier method."™' Com-
parisons were made using the log-rank test. Statistical
significance was considered as P <0.05.

Results

Response to TACE and toxicity

In the patients treated with TACE, no drug-induced
complications as cardiotoxicity, nephrotoxicity, hepatic
dysfunction or bone marrow suppression were observed
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Fig.3. A stage Il Wilms’ tumor at presentation.

Fig. 5. Wilms’ tumor before treatment, the abundant blood stream
shown by Doppler ultrasonography.

Fig.7. One patient with stage IV Wilms’ tumor. CT showing right
lung metastasis and left hydrothorax.

except for mild fever in most cases because of tumor
necrosis, which was controlled by the administration of
dexamethasone. CT scan showed that iodized oil re-
mained in tumor after TACE and the tumor size was ap-
preciably decreased (Figs.3,4). The decreased perfu-
sion of tumor was shown by Doppler ultrasonography
(Figs. 5,6). The general conditions of the patients were
improved markedly 2 weeks after TACE. Pulmonary me-
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Fig.4. Iodized oil detained in tumor after TACE by CT scan. The
tumor was appreciably reduced in size.

Fig.6. The decreased perfusion of tumor after TACE ( same patient as
in Fig.5).

Fig. 8. Right lung metastasis and left hydrothorax disappeared after TA-
CE combined with short course systemic chemotherapy.

tastases shown by CT disappeared in 2 of 3 patients (Figs.
7,8). No tumor rupture was found before operation.

Tumor shrinkage in group TACE and group PC
Tumor shrinkage before opetation was evaluated by ul-
trastrasonography. The percentages of tumor shrinkage
were 32. 4% and 20. 3% in group TACE and group
PC, respectively (P =0.0117) (Table 3).
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Table 3. Tumor shrinkage, rapture during operation, complete resection, perioperative death and tumor total necrosis in each group (% )

Group Tumor shrinkage Rapt!.lre ) Complete resection Perioperative Tumor )
before operation during operation of tumor death total necrosis
TACE 32.4%* 2/31 (6.5) 27/31 (87.1) ** 0/31 (0.0)* 7/31 (22.6)
PC 20.3% 4/20 (20.0) 14/20 (70.0) * 0/20 (0.0)* 2/20 (10.0)
IS 0.0% 5/11 (45.5) 2/11 (18.2) 2/11 (18.2) 0/11 (0.0)

#. in comparison with group PC, P =0.0117; = . in comparison with group PC, P =0.03, in comparison with group IS; P <0.001; = in comparison

with group IS, P =0.029; A in comparison with group IS, P =0.029.

Table 4. Perioperative complications

Complications Group TACE Group PC Group IS
cases (%) cases (%)  cases (%)
During operation
Extensive hemorthage 0 1 (5.0) 3 (27.3)
IVC injury 1(3.2) 1 (5.0) 2 (18.2)
Death during operation 0 0 1(9.1)
Postoperation
Death one day after operation 0 0 1(9.1)
Bowel adhisive obstruction 1 (3.2) 1 (5.0) 1(9.1)
Intussusception 0 1 (5.0) 0
Wound infection 0 0 1(9.1)

IVC. vena cava inferior.

Surgical resection

In TACE treated patients, only 6. 5% (2/31) experi-
enced tumor rupture during operation in comparison
with 20.0% (4/20) of those who underwent conven-
tional preoperative chemotherapy and 45.5% (5/11)
of those who underwent initial surgery. Total removal
of the tumor was achieved in 27 patients (87. 1% )
of group TACE, in 14 of group PC (70.0% , P =
0.03), and in 2 of group IS (18.2% , P <0.001)
(Table 3).

Perioperative complications are listed in Table 4.
There was a marked decrease in the risk of extensive
intraoperative bleeding and injury of the inferior vena
cava (IVC) during operation in groups TACE and PC.
No perioperative death occurred in groups TACE and
PC, but two occurred during and after operation re-
spectively in group IS.

The incidence of postoperative bowel obstruction
in group TACE was similar to that of patients undergo-
ing preoperative chemotherapy and initial surgery.

Postoperative stages

After resection, the patients were assigned to postoper-
ative stage (Table 2). Those without pathologic evi-
dence of capsular penetration belonged to stage I , and
those with evidence of capsular penetration or involve-
ment of extrarenal vessels to stage II. Those with
lymph node involvement, diffused spillage from the re-
moval of the tumor, or peritoneal implants were de-

fined as stage Il. The patients with lung metastases at
the presentation but disappeared before operation were
assigned as stage [V, and those with bilateral renal
tumors as stage V.

Postoperative stages in the three groups were re-
spectively stage 1 9 (29% ), 2 (10% ) and 0 pa-
tients; stage I 7 (23% ), 4(20% ) and 1(9% ) pa-
tients; stage Il 11 (35% ), 14 (70% ) and 9 (82% )
patients; stage IV 3 (10% ), 0 and 1 (9% ) patients;
and stage V 1 (3% ), 0 and O patients. In groups TA-
CE and PC, downstaging of disease from stage II to
Il at presentation to postoperative stage I was demon-
strated in 9 of 22 (40.9% ) and in 2 of 16 patients
(12.5% ) respectively. No patient was confirmed of
postoperative stage [ in group IS. Six, 10 and 7 pa-
tients of stage Il and Il at presentation were confirmed
in postoperative stage Il in groups TACE, PC and IS,
respectively.

Pathology

In group TACE, tumor were microembolized by io-
dized oil and chemotherapeutic agents emulsion ( Fig.
9). Pathologically specimens showed tumor necrosis
was more extensive in group TACE than in group PC.
Complete tumor necrosis was seen in 7 patients
(22.6% ) after TACE and in 2 patients (10.0% ) after
preoperative chemotherapy (Table 3, Fig.10).

Fig. 9. Iodized oil and chemotherapeutic agents emulsion caused micro-
embolization in the tumor.
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Fig. 10. Tumor complete necrosis was viewed histologically in a patient
after TACE ( HE 10 x10).
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Fig.11. Event free survival of inoperable Wilms’ tumor in the three
groups.

Outcomes

In group TACE, 3 patients died from pulmonary me-
tastasis 6 to 12 months after operation. One of them
had right Wilms’ tumor with pulmonary and ulnaris
metastases. After TACE and nephrectomy, the matas-
tases persisted and the patient was alive with the disease
for 27 months after the diagnosis.

The overall survival of group TACE was com-
pared with that of those who had received preoperative
chemotherapy and initial surgery (Table 5, Fig. 11).
The 2-year event-free survival ( EFS) was 87. 1%
(27/31) in group TACE, 60.0% (12/20) in group
PC, and 18.2% (2/11) in group IS. It was increased
markedly in preoperatively TACE treated patients com-
pared to those treated with preoperative chemotherapy
(P =0.030) and initial surgery (P =0.000). The
difference of the 2-year EFS between groups PC and IS
was also significant (P =0.029). In the patients who
had been followed up for more than 4 years, the 4-year
EFS was 84.5% (11/13) in group TACE, 56.3% (9/
16 ) in group PC, and 18.2% (2/11)in group IS. The
4-year EFS was significantly increased in group TACE
when compared with that of group IS (P =0.003).
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Table 5. Survival of patient groups

Group 2 years EFS 4 years EFS

TACE 87.1% (27/31) ** 84.5% (11/13) 4~
PC 60.0% (12/20) * 56.3% (9/16 )
IS 18.2% (2/11) 18.2% (2/11)

% %, in comparison with group PC, P =0.030; in comparison with group
IS, P=0.000; = in comparison with group IS, P =0.029; AA: in
comparison with group IS, P =0.003.

Discussion

Treatment of inoperable Wilms’ tumor
Wilms’ tumors often grow rapidly. Advanced Wilms’
tumors either presented with massive involvement of
vital structures or with intravascular invasion. Radical
resection of tumors may cause intra-abdominal tumor
spill and result in an increasing risk of surgical compli-
cations. Some of the doctors consider that these tumor
are not suitable to immediate surgery and termed as
“inoperable” or “unresectable” Wilms’ tumor."™
Radiation therapy is one of the early adjuvant
treatments when operative removal of the tumor is tech-
nically difficult. Early results with preoperative radia-
tion have shown a decreased rate of tumor rupture and a
significantly lower rate of metastases. " The intro-
duction of dactinomycin ( ACTD) in 1956 and vincris-
tine ( VCR) in the 1960s has quickly led to their use in
children with inoperable Wilms’ tumor. "™ In 1971,
the International Society of Pediatric Oncology ( SIOP)
evaluated the effects of preoperative therapy in an at-
tempt to decrease the morbidity and increase the surviv-
al rate in children with Wilms’ tumor. Preoperative
treatment was not only given to patients with tumors
unable to be resected. SIOP trials showed that pre-
operative chemotherapy was equivalent to preoperative
radiation in terms of ease of tumor removal and dis-
ease-free survival.”” Preoperative chemotherapy has
also been used for “inoperable” Wilms’ tumor with an
increasing frequency by NWTSG and UKCCSG in re-
cent years."**’ The NWTSG recommends preoperative
chemotherapy for patients including those with bilateral
renal tumors, tumor extension into the inferior vena
cava (IVC) above the hepatic veins, and those found
to be inoperable at surgical exploration.'’
Unfortunately, some patients lacked a response to
preoperative treatment.'*'*’ Some patients who received
preoperative radiation because of lack of response to
initial chemotherapy still showed no response but pro-
gressive disease and died before excision of primary
tumor.'""* Ritchey et al'"’ reviewed 131 children in
NWTS-3 who had received preoperative chemotherapy
for tumors unable to be resected or judged inoperable
by imaging. Thirteen of them had no response to the
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chemotherapy but progressive disease. Fight children
died before the removal of primary tumor. Hence,
clinical trials should focus on improvement of the cure
rate of high-risk patients.

Since TACE is accepted as an effective and safe
method for the treatment of unresectable liver
tumors, ** we have used it in cases of inoperable
Wilms’ tumor.""’

Wilms' tumor derives blood supply from the renal
artery (Fig.1). The merits of TACE include the selec-
tive administration of agents through the renal artery
and the embolism of the renal artery. Emulsion of
iodized oil and other chemotherapeutic agents concen-
trate in the neoplastic tissue in the kidney. Iodized oil
may be detained in tumor to increase contact time of
chemotherapeutic agents, and induce tumor ischemia
and microembolization and necrosis of the tumor. This
approach makes tumor cells directly exposed to high-
concentration agents, while avoiding concomitant sys-
temic toxicity.

Preoperative TACE for the treatment of inoperable
Wilms' tumor will increase the rate of complete resec-
tion and decrease the operative mortality. In most
cases, the tumor is appreciably reduced in size after
TACE. Being smaller, less friable, and easier to re-
move, it has a decreased risk of extensive intraopera-
tive bleeding and complications. The low morbidity
and zero mortality for nephrectomy after TACE is a
noteworthy result of inoperable Wilms’ tumor. In the
present study the patients who had had preoperative
TACE showed a better disease-free survival rate than
those who had not. The acute toxicity and late effects
of TACE are minimimal and do not jeopardize the
disease- free survival rate.

In Europe and many other parts of the world, the
SIOP protocols are used for the treatment of advanced
Wilms’ tumor. The SIOP study showed that the pa-
tients with favorable histology in all stages have a sur-
vival rate of >90% . The method of TACE is primarily
applied in China, with a relatively lower survival rate
than the SIOP reported. It might be owing to some pa-
tients with anaplasia (UH) in the group and the post-
operative therapy in some patients is inadequate due to
downstaging.

Experience in SIOP has shown that maximal
shrinkage occurs after 4 to 6 weeks of preoperative
chemotherapy."” In our study the maximal shrinkage
of the tumor and the improvement of patients’ general
condition occurred 2 weeks after TACE. Therefore,
nephrectomy should be performed 2 weeks after TACE
when the tumor has shrunk and necrosed as much as
possible.

TACE is safe but needs monitoring and intensive
care. We encourage intravenous hydration and alkaliza-

tion during the procedure.

TACE is considered effective only for primary le-
sion and is less likely to be effective against distant me-
tastasis. With short-term preoperative systemic chemo-
therapy, the procedure may result in shrinkage of
tumor parenchyma and disappearance of metastatic le-
sions. Its combination with systematic chemotherapy
should be more effective to control or destroy the le-
sions out of the kidney, especially in patients with
tumor thrombus in the vena cava, involvement of peri-
aortic lymph node or distal metastasis.

In conclusion, both preoperative TACE and chem-
otherapy can be applied to properly selected patients
with inoperable Wilms’ tumor who are not candidates
for immediate surgery. The survival rate is significantly
increased in patients undergoing TACE compared with
preoperative chemotherapy and initial surgery in the
same period. TACE is an effective, safe, and useful
method for the initial treatment of inoperable Wilms'
tumor. TACE combined with short-term preoperative
systematic chemotherapy should be considered effective
to shrink tumor size and to destroy the lesions out of
the kidney. Clinical trials should be continued to im-
prove the cure rate of the high-risk patients with this
tumor.
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