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systemic disease and that an increase of chemotherapy intensity is a premise
for the improvement of treatment outcome. Indeed, the only method
that has been proven to significantly improve survival is strengthening of
chemotherapy intensity, including high-dose chemotherapy (HDC) with
stem cell rescue. Thus, HDC with stem cell salvage following imntensive
induction chemotherapy has been widely accepted as being required for
neuroblastoma treatment in high-risk groups, and treatment results have im-
proved [1-5]. However, the 5-year event-free survival (EFS) rate is 30-40%
and remains unsatisfactory despite various intensive efforts [3-5].

Neuroblastoma cells acquire resistance to chemotherapy in the early
stages of treatment: it is therefore a premise for attaining a cure to eradicate
tumor cells before they acquire chemotherapy resistance. We therefore
assumed that interruption of systemic chemotherapy and/or reduction of
dose intensity by surgery and radiotherapy might promote acquisition of
drug resistance by malignant cells and clonal evolution. We also assumed
that intensive chemotherapy combined with potent HDC might enable
us to postpone local therapy until after the completion of all systemic
chemotherapies. Based on this hypothesis, we postponed local therapy until
the completion of all systemic chemotherapies, which made it possible to
administer intensive chemotherapy in a shorter period of time and increase
chemotherapy intensity without interruption of chemotherapy. As local
therapy, surgery for the primary focus and residual metastases was finally
performed at completion of treatment and response to chemotherapy was
then evaluated pathologically.

With respect to local therapy, no difference has been observed in the
EFS rate between gross total resection and partial resection in prospective
studies despite a decrease in local recurrence rate with gross total resection
[6, 7]. In a similar manner, local radiotherapy has been clearly shown to
reduce local recurrence [8], but its contribution to the improvement of
EFS has not been proven [9, 10]. Thus, though extensive local therapy
reduces the local recurrence rate, it does not significantly contribute to
increased survival. Since we assumed the significance of local surgery might
increase under sufficient control of systemic disease, gross total resection
was attempted in all patients. Radiotherapy was not performed because
of the acute adverse effects and late complications following intensive
chemotherapy. We report the results of this novel treatment approach in
a consecutive series of 11 children (1992-2005) with high-risk abdominal
neuroblastoma.

PATIENTS AND METHODS
Patients

Eleven consecutive pediatric patients with abdominal and mediastinum
neuroblastoma at high risk for relapse were treated according to the
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current treatment strategy. The high-risk category includes International
Neuroblastoma Staging System (INSS) stage 4 for patients aged >1 year
and MYCN' stage 4 for those aged <1 year. Table 1 summarizes the
clinical data for the 11 patients (6 males; 1 aged <l year; age range
6-64 months (median, 33 months)). Amplification of the MYCN gene was
analyzed in primary tumors at first surgery in 8 patients and in bone marrow
samples for the other 3. Six patients had MYCN amplification and 5 had
no amplification by fluorescence in situ hybridization analysis. Seven of
8 patients who underwent biopsy of primary tumor or metastatic lymph
nodes had unfavorable histopathological findings. Eight patients had poorly
differentiated neuroblastoma and 1 had undifferentiated neuroblastoma
according to the International Neuroblastoma Pathology Classification.
Three patients (#6, #8, and #11) did not undergo biopsy at the outset
but histological confirmation was performed in patient 6 at final surgery.

Induction Chemotherapy

For induction chemotherapy, we basically employed the new Al regi-
men (cyclophosphamide (CPA) 1.2 g/rn2, etoposide (VP-16) 100 mg/1112
x b, tetrahydropyraniyl-adriamycin (THP-ADR) 40 mg/m?, and cisplatin
(CDDP) 90 mg/m?) or the 98A3 regimen (CPA 1.2 g/m® x 2, CDDP
90 mg/ m?, THP-ADR 40 mg/m?, and vincristine (VCR) 1.5 mg/mg).
We administered newAl or 98A3 regimen every 4 weeks. Three patients
received carboplatin (CBDCA) instead of CDDP because of insufficient
renal function. Irinotecan was additionally administered to 4 patients [11].
Induction chemotherapy was administered for 3-6 courses, principally until
normalization of tumor markers (neuron-specific enolase (NSE), vanillyl-
mandelic acid (VMA), and homovanillic acid (HVA)) and disappearance
of distant metastases. The disappearance of metastasis was evaluated by
computed tomography, technetium-99 bone scan, bilateral bone marrow
aspiration, and iodine-123 metaiodobenzyl-guanidine scan.

High-Dose Chemotherapy

After induction chemotherapy, patients received a double-conditioning
regimen of 2 cycles of high-dose chemotherapy (HDC) consisting of
thiotepa and melphalan [12]. Patients aged =2 years received 800-1000
mg/m? of thiotepa and 280-300 mg/m? of melphalan, and patients aged
<2 years at HDC received 32 mg/kg of thiotepa and 6 mg/kg of melphalan.
This HDC regimen consisted of 2 cycles of administration of thiotepa and
melphalan with a l-week interval; thiotepa (140-200 mg/m?/day) and
melphalan (50-75 mg/m?/day) were administered on days -11, 10, -4
and -3. When creatinine clearance (Ccr) was <90 mL/min/1.73m? in
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patients aged >2 years, dosage was adjusted according to the following
formula: given dose (mg/m?) = (Ccr/100) x 800 mg/m? (thiotepa) or
280 mg/m? (melphalan). In the case of allogeneic transplantation, doses
of these drugs were reduced, because of severe gastrointestinal toxicity due
to these alkylating agents. Peripheral blood stem cells (PBSCs) and bone
marrow cells were used as salvage stem cells in 4 and 3 patients, respectively.
Because PBSC count was insufficient for stem cell rescue in 2 patients, bone
marrow cells were also transfused with PBSCs. Autologous bone marrow
was used in the patients in whom PBSCs could not be harvested: this was
performed at the end of induction chemotherapy. PBSCs were harvested
after the 1st to 4th course of induction chemotherapy, after morphologic
disappearance of tumor cells from bone marrow. In the 2 patients in whom
disappearance of tumor cells from bone marrow was delayed, unrelated
umbilical cord blood was used (Table 2).

Local Therapy

After all courses of chemotherapy including HDC, radical surgery was
finally applied to remove tumor tissue in local lesions when bone marrow
function was acceptably recovered for surgery. Total resection for primary
tumor as well as lymph node metastases was attempted. All lesions where
the primary tumor and local lymph node ‘metastases existed in onset of the
disease were explored and if any suspected tumor tissue was existed, then
resection was performed.

CT scan was performed after surgery to confirm no residual tumor in
local lesions in all cases. Irradiation was not applied to any local lesions.

RESULTS
Response to Induction Chemotherapy

In 1 patient (#3), tumors did not respond to induction chemotherapy
and he showed progressive disease. He died from progression of pulmonary
metastatic tumors 6 months after diagnosis before HDC. After 3-6 courses
(median, 5 courses) of induction chemotherapy, 10 patients received HDC.
Time from initial diagnosis to HDC was 4-6 months (median, 5 months).
With respect to metastases at initial diagnosis in patients who received
HDC, these were detected in bone (n = 8), bone marrow (n = 7), lymph
node (n = 9), and liver (n = 1)and evaluated by computed tomography,
technetium-99 bone scan, bilateral bone marrow aspiration, and iodine-123
metaiodobenzyl-guanidine scan. After induction chemotherapy, the bone
marrow metastases disappeared in all patients, but liver and bone metastases
each remained in 1 patient, respectively. Primary tumors and regional
lymph node metastases remained in all patients. Tumor marker levels were
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normalized in all patients. At HDC, 7 patients attained PR and 2 VGPR
according to International Neuroblastoma Response Criteria.

Response to High-Dose Chemotherapy

Nine patients received HDC at PR or VGPR. The size of one primary
tumor did not change. After HDC, residual bone metastases disappeared
in 1 patient. Liver metastases persisted in 1 patient. Five primary tumors
that decreased to below 50% after conventional chemotherapy decreased to
below 10% and the sizes of primary tumors did not change dramatically, but
metastatic lymph nodes disappeared in 2 patients. With respect to adverse
reactions observed during HDC, fungal osteomyelitis was observed in 1
patient who received allograft. In addition, gastrointestinal tract mucositis
with bloody stools was observed in 1 patient and NCI-CTC grade III
mucositis was noted in all patients.

Surgery and Pathological Evaluation of Tumors

Radical surgery was performed in each patient, resecting all recogniz-
able lesions, including the primary tumor and affected lymphatic tissues.
The timing of surgery was 2 months after the initiation of HDC in most
patients who received autologous stem cell transplantation, .and it was
prolonged to 4 months in the patients who underwent allogeneic transplan-
tation and/or had HDC-related complications (Table 3).

We evaluated the effect of chemotherapy including HDC by comparing
tumor specimens resected at outset and second-look surgery in 6 patients,
according to the histologic criteria for the effects of anticancer therapy for
pediatric solid malignant tumors in Japan (Table 4) [13]. We were not able
to evaluate the remaining 4 patients as insufficient amounts of pretreatment
specimen were available. Necrotic or fibrous lesions were seen in one-third
to two-thirds of the area of tumor tissues (Eflb) of 1 patient. In the 4 cases,
prominent necrosis and loss of tumor cells were observed in more than two-
thirds of the tumor area and was associated with fibrosis and calcification
(Ef2). On histological examination, the specimens from almost all, except
one (#11), resected primary tumors had some degree of residual tumor
tissue and in occasional cases viable tumor tissue was recognized in concur-
rently resected lymph nodes. However, residual tumor tissue consisted of
scattered nests of neuroblastic cells in degenerative fibrous tissue, occasion-
ally associated with Schwannian cell proliferation. Neuroblastic cells were
more differentiating with abundant neutrophil formation as compared to
pretreatment tumors. The preoperative induction chemotherapy and HDC
produced remarkable cytotoxic effects and induced differentiation toward
ganglionic cells. Examples of the histopathologic changes resulting from
treatment are shown in Figures 1 and 2.
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TABLE 4 Pathological Classification of Treatment
Effect According to the Committee on Histological
Classification of Childhood Tumors, Japanese Society
of Pathology

Ef0 No effect

Efla  Necrosis of tumor cells in less than one-third
of tumor area

Eflb  Necrosis of tumor cells in less than two-thirds
and in more than one-third of tumor area

Ef2 Necrosis and disappearance of tumor cells
plus calcification and fibrosis in more than
two-thirds of tumor area

Ef3 All tumors are affected by obvious necrotic
tissue and no tumor cells are seen

Outcome

Altogether, 10 of 11 patients received HDC and 7 patients have re-
mained in remission for 21-171 months (median, 73 months). In 2 patients
(#7 and #10), the tumor relapsed in regional abdominal and thoracic
lymph nodes after 24 and 18 months, respectively, from initial diagnosis.
In patient #9, relapse was observed in multiple sites including bone, bone
marrow, and lymph nodes 20 after from diagnosis. After gross total resection
of the tumors, patient #7 received salvage chemotherapy, consisting of
irinotecan and topotecan, and local irradiation. Finally, allogeneic stem
cell transplantation preconditioned with fludarabine and busulfan was
performed. She has been in remission for 21 months after relapse. The
other 2 patients are currently undergoing treatment.

FIGURE 1 Histological findings for primary tumor is from patient 4: (a) before treatment—poorly
differentiated subtype with low mitosis karyorrhexis index (MKI); and (b) after HDC—residual tumor
nests of differentiating neuroblastic cells.
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| (b)
FIGURE 2 Histological findings for lymph node metastasis from patient 5: (a) before treatment—poorly

differentiated subtype with low mitosis karyorrhexis index (MKI); and (b) after HDG—extensive necrosis
with residual differentiating neuroblastic cell nests.

DISCUSSION

Primary surgery is generally and traditionally performed between in-
duction chemotherapy and HDC. It might be possible that tumor cells
become more sensitive to chemotherapy after mass reduction, but the
rationale of the timing of local therapy is unclear. In this case series, we
performed primary surgery after completion of induction chemotherapy
and HDC based on the hypothesis that consecutive conventional and high-
dose chemotherapies without interruption by local therapy can eradicate
systemically spread tumor cells before acquisition of resistance to cytotoxic
drugs and clonal evolution of resistant clones. The disadvantage of this
treatment strategy is the increased risk for metastasis of tumor cells residing
in the local tumors and emergence of resistant clones in these. Among 11
consecutive high-risk patients with stage 4 neuroblastoma, except 1 patient
whose tumors were primarily refractory to induction chemotherapy, none
displayed progressive disease before local surgery; 7 patients remain in
event-free survival; and systemic relapse was observed in only 1 patient.

The disadvantage of performing surgery during chemotherapy appears
to be related to the interruption of systemic therapy. Furthermore, when in-
traoperative / postoperative complications occur, discontinuation of systemic
chemotherapy may be prolonged and this may cause systemic relapse. In
performing surgery after all courses of chemotherapy, the timing of surgery
can be selected under conditions of sufficient tumor control. Surgery was
safely performed after recovery of hematopoiesis in this series.

In’ this treatment strategy, HDC plays a key role, since less potent
HDC may allow progression of the local tumor. For HDC, we employed
a double-conditioning regimen consisting of thiotepa and melphalan, as
previously reported [12]. These agents were chosen for the treatment of
neuroblastoma, as they show efficacy as high-dose, single-agent therapy for
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neuroblastoma and are not used for conventional chemotherapy prior to
HDC [4, 14, 15]. This HDC regimen consisted of 2 cycles of administration
of thiotepa and melphalan with a 1-week interval: this interval facilitated
combination therapy at the maximum tolerated dose of a single agent
without severe complications. The major adverse effect of this regimen
is gastrointestinal mucositis and narcotic drugs are frequently required.
However, life-threatening complications such as veno-occlusive disease and
renal insufficiency are not observed.

In this case series, the effect of chemotherapy was pathologically vali-
dated in primary tumors. No residual tumor cells were observed except in
one patient. Scattered viable tumor cells were detected in other resected
tumor specimens, though the number of these cells was small and they
were embedded in the connective tissue. Similar findings were observed in
regional lymph nodes. These scattered cells are tightly embedded in fibrous
tissue and might possibly proliferate, contributing to relapse. Thus, it was
shown that even HDC rarely totally eradicates tumor cells of the primary
tumors.

Concerning local therapy, gross total resection was eventually performed
after completion of all systemic chemotherapies. No conclusion has been
drawn concerning the role of gross total resection. With our treatment
strategy, systemic disease seemed to be controlled sufficiently, and under
such conditions the significance of the local therapy may increase. Radiation
therapy was not performed in this case series and local recurrence was
observed in 2 patients without recurrence in other sites. This might suggest
that radiotherapy is beneficial to selected patients who undergo gross
total resection. To identify these patients, histopathological evaluation of
chemotherapy outcome may provide useful information, in addition to the
extent of local disease at initial diagnosis and the extent of surgery. Although
the relationship between histopathological findings and clinical outcome
was unclear in this series, recruitment of additional patients may assist in
drawing some conclusions.

This novel treatment strategy consisting of the postponement of local
surgery until the end of chemotherapy combined with intensive induction
and consolidation chemotherapy seems feasible. A multicenter phase II
study is being planned in Japan to confirm the utility of this strategy.
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Stage IV Neuroblastomas Developed During Non-treatment Period : Possible
Instances Observed in Two Patients with Initially Positive Mass Screening
Results

KiMmvoBU SuciTo, TAKESHI KUSAFURA

Division of Pediatric Surgery, Department of Surgery, Nihon University School
of Medicine

Key words : Mass scxjeen_ing, Wait-and-see policy.
Jpn. ]. Pediatr. Surg., 40(9) ; 997~1002, 2008.

Japan’s mass screening (MS) program aimed at 6-month-old infants to detect neu-
roblastomas was discontinued in April 2004. During the MS-period of over 20 years, a
wait-and-see policy, observing MS-detected patients without treatment, had been
adopted for selected patients in various institutions to avoid over-treatment and to
estimate how frequently tumor regression occurs. To date, neuroblastomas in such
patients have been shown to have taken various but favorable courses including com-
plete tumor regression and partial regression with normalization of urinary tumor
marker levels. In one group of patients, gradual or rapid increase in tumor marker lev-
els and/or in tumor size had been observed, but the tumors were subsequently man-
aged by prompt and secure surgical treatment. On the other hand, there is still a possi-
bility that unforeseen tumor progression might have been overlooked in some
instances. We describe herein two stage IV neuroblastoma patients, in whom the
tumors that developed during the non-treatment period after MS test showed positive
results. :
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