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Background/Purpose: Previous reports indicate that com-
plete resection of high-risk neuroblastoma improves out-
come but may entail high surgical complication rates. The
authors evaluated the effect of complete primary site resec-
tion on event-free survival (EFS), overall survival (OS), and
complication rates in patients entered on a high-risk neuro-
blastoma treatment protocol.

Methods: A total of 539 eligible patients with high-risk neu-
roblastoma were entered on protocol CCG-3891. Patients
were assigned randomly to continuation chemotherapy or
autologous bone marrow transplantation. Surgical resection
was performed at diagnosis or after induction chemother-
apy. Surgeons assessed resection as complete (CR), minimal
residual (<5%, MR), or partial (PR). Incomplete resections
received secondary resection or 10 Gy of external beam
radiation. Patients were evaluated for EFS, OS, and compli-
cations of surgery based on completeness of overall best
resection.

Results: The proportion of patients resectable at diagnosis
was 27% for CR and 14% for MR. This improved after che-
motherapy to 45% and 25%. Complication rates based on
completeness of resection were 29%, 38%, and 36% for CR,
MR, and PR, respectively. Estimated 5-year EFS rate was 30%
+ 3% for patients who achieved CR (n = 210) compared with
25% * 3% (P = .1010) for those with less than CR (n = 258).

Conclusions: Resectability improved after neoadjuvant che-
motherapy. Complete resection did not increase complica-
tions. There was a small survival benefit for complete resec-
tion. This study suggests that complete resection may still be
important in the current era of intense chemotherapy and
transplant.
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Table 1. Patient Characteristics for all 539 Eligible Patients

Characteristic No. (%)
Age at diagnosis
<1yr 23 (4)
1-2 yr 134 (25)
>2 yr 382 (71)
Total 539
Evans Stage
1l 1(0)
1 72 (13)
IV* 466 (87)
Total 539
INSS Stage
2b 1(0)
3 77 (15)
4 449 (85)
Total 527
Unknown 12
MYCN
Non-amplified 239 (61)
Amplified 156 (39)
Total 395
Unknown 144
Histology
Favorable 21 (6)
Unfavorable 352 (94)
Total 373
Unknown 166
Primary Site
Head 2(0)
Neck 3(1)
Chest 27 (6)
Thoracoabdominal 14 (3)
Adrenal 327 (69)
Celiac 34 (7)
Other abdominal 46 (10)
Pelvis 11(2)
Other 9(2)
Total 473
Unknown 66

*Includes 13 patients who were initially in stage | or Il but in whom
bone metastases developed before therapy other than surgery.

often performed in cases in which local control was not achieved with
the initial procedure. All surgical procedures for a given patient (IR,
DR, or SL) were considered in identifying the overall best extent of
resection for that patient. Enrollment began in January 1991 and ended
in April 1996. Eligible patients had newly diagnosed high-risk neuro-
blastoma and were 1 to 18 years old. Table 1 delineates patient
characteristics. Seventy-seven had INSS stage 3 disease with one or
more of the following unfavorable prognostic factors: amplification of
the MYCN oncogene,3 unfavorable Shimada classification,*5 or serum
ferritin =143 ng/mL¢ at diagnosis. The one patient who had stage 2b
disease, had MYCN amplification. Eight percent (n = 42) of patients
were not assigned to any regimen because of relapse, death, or with-
drawal before the time of first randomization (8 weeks after diagnosis).

Therapy

Tumors felt to be resectable at diagnosis underwent initial resection
(IR) before chemotherapy. Initially unresectable tumors were treated
with induction chemotherapy and evaluated for response. Patients
without disease progression underwent delayed resection (DR) of the
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primary tumor and bulky metastatic lesions greater than 3 cm in
diameter. Induction chemotherapy consisted of cisplatin, doxorubicin,
etoposide, and cyclophosphamide for 5 cycles at 28-day intervals. The
operative goal was total resection of the tumors including involved
adrenal glands, sympathetic ganglia, and regional lymph nodes, with-
out removal or permanent damage to other structures.

The operating surgeon assessed extent of surgical resection as
complete resection, no visible tumor (CR); minimal residual, visible
tumor less than 5% (MR); partial resection, greater than 50% removal
(PR); and biopsy only (BX). In situationsin which local control was not
achieved, second-look surgery with re-excision of the tumor or external
beam radiotherapy (EBRT) to gross residual disease was administered
before continuation chemotherapy (CC) or transplantation (ABMT).

After completion of induction and local control measures, patients
received continuation chemotherapy or myel oablative chemoradiother-
apy followed by infusion of immunomagnetically purged autologous
bone marrow. Patients who were unable to be assigned randomly (n =
160) because of medical or psychosocial reasons were assigned non-
randomly to the same chemotherapy as the randomized CC group.2 The
second randomization followed ABMT or CC. Patients without disease
progression were assigned randomly to receive 13-cis-retinoic acid or
no further therapy.

Satistical Analysis

Life-table methods”8 were used to estimate event-free survival (EFS)
and overal survival (OS). The method of Peto and Peto® was used to
estimate standard errors. Elapsed time from study entry to an event or
to end of follow-up was used to compute EFS and OS probabilities.
Comparisons of EFS and OS according to overall best extent of
surgical resection were made, and the log-rank statistic was used to
compare EFS rates for CR versus less than CR.

RESULTS

The 5-year EFS and OS rates (n = 539) were 25%
+/— 2% and 35% +/— 2%, respectively. The 5-year
EFSrates by overall best extent of resection are shownin
Table 2. The best resection achieved CR in 210 patients
(45%), whereas 258 (55%) achieved less than CR (either
MR, PR, or BX). There is a trend toward higher EFS
with achieving CR as the overall best extent of resection,
but this difference is not statistically significant (P =
.1010 for CR [30% +/— 3%] v. <CR [25% +/— 3%;
Fig. 1A]). When EFS was examined by tumor stage, CR
did not significantly improve EFS among stage 3 tumors
(P = .8175 for CR [56% +/— 10%)] v. <CR [46% +/—
9%]) but did significantly improve EFS of stage 4 tumors
(P = .0278 for CR [26% +/— 4%] v. <CR [19% +/—
3%; Fig 1B]). For OS, there is a trend toward better

Table 2. EFS by Extent of Resection

Overall Best Extent
of Resection,
5-yr EFS rate (n)

For Extent of Resection at
Initial Surgery,
5-yr EFS rate (n)

CR 28% +/23 4% (120) 30% +/— 3% (210)
<CR 27% +/— 3% (324) 25% +/— 3% (258)
MR 26% +/— 6% (60) 27 +/- 4% (115)
PR 34% +/— 8% (51) 26% +/— 6% (74)
BX 25% +/— 3% (213) 19% +/— 5% (69)
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Fig 1. Kaplan-Meier event-free survival curves. (A) By best resection achieved: CR (n = 210) versus <CR (n = 258); P = .1010. (B) By best

resection achieved for stage 4 tumors: CR (n = 179) versus <CR (n = 204); P = .0278.

survival with more complete resection of the primary
tumor, but this advantage is not statistically significant
(P = .2352). When OS was examined by tumor stage, a
trend toward improved OS with complete resection was
found but again was not statistically significant for either
stage 3 tumors (P = .2852 for CR [66% +/— 10%)] V.
<CR [48% +/— 9%)]) or for stage 4 tumors (P = .2024
for CR [36% +/— 4%] v. <CR [31% +/— 3%]). A
multivariate analysis was performed to determine the
impact of surgery by treatment category. Degree of
resection was not significant in either CC or ABMT.

At initial operation, only 88 of 323 (28%) patients had
a significant resection (CR or MR) performed (Table 3).
Only 54 (17%) achieved complete resection. When sur-
gery was delayed until after chemotherapy, the CR rate
increased to 46%, with 73% achieving either CR or MR.
Notably, second-look procedures achieved similar suc-
cess rates as delayed resection. Second-look procedures
often were performed after IR when resection was less
than CR. There were insufficient resections after DR to
gauge the effectiveness of secondary resection in this
circumstance.

Complications

In patients who achieved a CR for their overall best
extent of resection, normal organs were removed in
approximately 19% of patients. Although a lower pro-
portion of patients had complications in the CR group,

the difference was not statistically significant (P = .1556
[Table 4]). Major intraoperative hemorrhage occurred in
7% of cases and was similar by degree of resection.
Renal injury was the only other frequent complication,
which occurred in 8% of patients and was often caused
by a vascular injury during dissection. The overall com-
plication rate was similar for all resection categories.
When complications were evaluated as a function of
timing of surgery, the proportion of patients with com-
plications was similar at IR (32%), DR (33%), and SL
(34%)).

DISCUSSION

In patients with stage 3 and 4 neuroblastoma, the
primary tumor usualy is large and localy invasive.
Chemotherapy alone is unlikely to eradicate such dis-
ease. Surgery for these large and invasive tumors is
technically challenging. All past and current clinical
trials for neuroblastoma patients have incorporated sur-
gical resection of the primary disease site. In low-risk
disease, the efficacy of surgical therapy is well estab-
lishedo-14; however, the benefits of complete resection in
high-risk patients, especially in current intensive multi-
modality treatment protocols, are not clear.

This study shows atrend toward improved survival for
complete resection. That benefit is not statisticaly sig-
nificant. When survival was evaluated by tumor stage,
the trend toward improved survival rate with complete

Table 3. Effectiveness of Surgical Procedure

Initial Resection Delayed Initial Resection

Second-Look Surgery (SL) Second-Look Surgery (SL)

(IR), No. (%) (DR), No. (%) Atter IR, No. (%) After DR, No. (%)
CR 54 (17) 86 (46) 57 (47) 2(20)
MR 34(11) 51(27) 30 (25) 3(30)
PR 30 (9) 38 (20) 17 (14) 4 (40)
Bx 205 (63) 13 (7) 18 (15) 1(10)
Total 323 188 122 10
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Table 4. Number of Patients with Complications by Extent of Surgical Procedure (n = 399)

No. of Patients With Complication With a Best Resection of:

CR = 210 MR = 115 PR =74 Total No.
Complication No. (%) No. (%) No. (%) (%)

Normal organs removed with tumor 39 (19) 26 (23) 11 (15) 76 (19)
Major hemorrhage intraoperatively 11 (5) 8(7) 7 (9) 26 (7)
Major hemorrhage postoperatively 1(0) 0(0) 0(0) 1(0)
Renal injury 14(7) 14 (12) 6(8) 34 (8)
Bowel obstruction 1(0) 0(0) 3(4) 4(1)
Pulmonary complications 3(1) 1(1) 4 (5) 8(2)
Wound complications 0(0) 2(2) 3(4) 5(1)
Other 8 (4) 5 (5) 7(10) 20 (5)
Total Complications* 77 56 41 174
Total patients with at least 1 complication 60 (29) 44 (38) 27 (36) 131 (33)

Abbreviations: PR, Gross tumor remaining (greater than 50% resection).

*The same patient may be reporting more than one complication.

resection persisted but was significant only for EFS in
stage 4 tumors. This finding contrasts with Matthay’s
report> showing improved survival of stage Il tumors
with unfavorable biology when resection was complete
or near complete. Differences in the findings could be
caused by nonrandom use of EBRT at the primary site
and the subjectivity of assessment of degree of resection.
Standardization of EBRT and radiographic confirmation
of degree of resection may eliminate these factors and
permit cleaner analysis of the benefits of surgery. More-
over, the effect of tumor biology on resectability con-
founds this and all studies in which degree of resectionis
not randomized.

This series confirms prior findings of improved resect-
ability after chemotherapy. Achievement of CR or MR
was 3 times more likely after chemotherapy than before.
The reasons for this are many: chemotherapy reduces
tumor vascularity, leads to reduction in the size of the
primary tumor, leads to tumor maturation, and decreases
invasion of adjacent organs.

Second-look procedures are very effective at achiev-
ing tumor resection and local control. These data suggest
that secondary resection is only performed in half of the
patients with less than CR at initial resection and a
smaller percentage after DR. The reasons for this are
likely 2-fold: with large, invasive tumors, many surgeons
are reluctant to proceed with further surgery, and radia-
tion is effective in controlling residual disease. Indeed,
Haas-Kogan et a6 in their analysis of EBRT in this
protocol, concluded that treatment with 20 Gy enhances
local control and survival.

Complications

The incidence of complications in this study is higher
than reported in other studies.t”-1° This is because we
have chosen to include resection of normal organs as a

listed complication. It was unexpected to find that com-
plications were unrelated to extent of resection. The most
likely explanation for this finding is that heroic resec-
tions to achieve complete resection were not performed
at the expense of complications and that in many situa-
tions, complete resection may have been abandoned after
one or more complications occurred.

The study failed to confirm previous findings of higher
complications with operations performed before chemo-
therapy. This likely represents an educational effect—
surgeons are now less likely to perform aggressive re-
sections “up front” because of the prevailing belief that
delayed resection is safer.

This study has shown the following: (1) there was no
statistically significant improvement in EFS or OS by
achieving complete resection, although there was a trend
toward increased survival with CR; (2) delayed resection
after chemotherapy is more likely to achieve complete
resection than initial resection; (3) second-look proce-
dures converted half of patients who initially failed to
achieve CR to CR; (4) second-look procedures were
performed in only half of patients with lessthan CR after
resection; (5) complication rate and the types of compli-
cations were similar with CR, MR, and PR; (6) compli-
cation rate is independent of timing of resection—similar
complications were seen with IR, DR, and SL
procedures.

The question of efficacy of complete resection in
high-risk neuroblastoma is not settled. In the next gen-
eration of studies, higher intensity treatment may control
metastatic disease so well that surgical control of the
primary tumor becomes more important. Protocols with
routine use of EBRT for the primary tumor may enhance
or diminish the effect of surgical resection. Routine
review of postsurgical status with MIBG and CT scan
will objectify the resection categories.
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Institution Investigator Grant No.
Children’s Hospital Medical Center-Akron, Ohio Jeffrey Hord N/A
Penn State Children’s Hospital, Hershey Medical Center John Neely N/A
Kosair Childrens Hospital Salvatore Bertolone N/A
C.S. Mott Children’s Hospital Raymond Hutchinson 02971
Michigan State University Renuka Gera N/A
William Beaumont Hospital Charles Main N/A
DeVos Children’s Hospital David Freyer N/A
Henry Ford Hospital Hassan Yaish N/A
Kalamazoo Center for Medical Studies Leonard Mattano, Jr. N/A
Miller Children’s Hospital/Harbor-UCLA W. Roberts N/A
Children’s Hospital Central California Vonda Crouse N/A
Cedars-Sinai Medical Center Carole Hurvitz N/A
Phoenix Childrens Hospital Paul Baranko N/A
UCSF School of Medicine Katherine Matthay 17829
Childrens Hospital Oakland James Feusner N/A
Kaiser Permanente Medical Group, Inc, Northern CA Kenneth Leung N/A
UCLA School of Medicine Stephen Feig 27678
Albany Medical Center Jennifer Pearce N/A
Sunrise Childrens Hospital, Sunrise Hospital & Medical Center Ronald Oseas N/A
University of Wisconsin-Childrens Hosp Madison Yousif (Joe) Matloub N/A
University of lowa Hospitals & Clinics Raymond Tannous 29314
Children’s Hospital and Regional Medical Center J. Geyer 10382
Group Health Cooperative of Puget Sound Philip Herzog N/A
Deaconess Medical Center Frank Reynolds N/A
The Children’s Hospital-Denver, CO Roger Giller N/A
Presbyterian/St Lukes Medical Center and CHOA Patricia Cullen N/A
Rainbow Babies and Childrens Hospital Eric Kodish N/A
Western Reserve Care System-Tod Children’s Hospital Aly Mageed N/A
Mayo Clinic and Foundation Carola Arndt N/A
Raymond Blank Children’s Hospital Torrey Mitchell N/A
MeritCare Hospital Nathan Kobrinsky N/A
Dakota Midwest Cancer Institute Marwan Hanna N/A
Allan Blair Cancer Centre Ten Goh N/A
Children’s National Medical Center-Washington, DC Patricia Dinndorf N/A
Baystate Medical Center David Steele N/A
Childrens Hospital-King’s Daughters Rebecca Byrd N/A
Georgetown University Medical Center Aziza Shad N/A
Sinai Hospital of Baltimore Joseph Wiley N/A
IWK Health Centre Dorothy Barnard N/A
Janeway Child Health Center John (Jack) Hand N/A
University of North Carolina at Chapel Hill Stuart Gold N/A
Childrens Hospital Los Angeles Paul Gaynon 02649
Southern California Permanente Medical Group Willye Powell N/A
Loma Linda University Medical Center Antranik Bedros N/A
Santa Barbara Cottage Children’s Hospital Felicity Hodder N/A
University of Medicine and Dentistry of New Jersey Richard Drachtman N/A
Newark Beth Israel Medical Center Peri Kamalakar N/A
Childrens Hospital of Columbus Frederick Ruymann 03750
Children’s Medical Center Dayton Emmett Broxson N/A
Mercy Children’s Hospital Rama Jasty N/A
The Children’s Hospital at The Cleveland Clinic Joanne Hilden N/A
The Childrens Mercy Hospital Maxine Hetherington N/A
Columbia Presbyterian College of Physicians & Surgeons Linda Granowetter N/A
Atlantic Health System Michelle Miller N/A
Brooklyn Hospital Center Swayamprabha Sadanandan N/A
University of Nebraska Medical Center Peter Coccia N/A
Children’s Hospital of Pittsburgh A. Ritchey N/A
Vanderbilt Children’s Hospital James Whitlock N/A
East Tennessee Childrens Hospital Ray Pais N/A
Medical College of Georgia Childrens Medical Center Roger Vega N/A
University of Chicago Medical Center James Nachman 61833
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Institution Investigator Grant No.

Lutheran General Childrens Medical Center Jong-Hyo Kwon N/A
Loyola University Medical Center Ricarchito Manera N/A
University of lllinois Helen Johnstone N/A
Southern lllinois University School of Medicine Gregory Brandt N/A
Doernbecher Childrens Hospital-Oregon HSU H. Nicholson 26044
Southwest Texas Methodist Hospital Jaime Estrada N/A
Children’s Hem/Onc Team @ Covenant Children’s Hospital John lacuone N/A
University of Minnesota Cancer Center Joseph Neglia 07306
Marshfield Clinic Michael McManus N/A
Children’s Health Care-Minneapolis Maura O’Leary N/A
Children’s Hospitals and Clinics-St. Paul Christopher Moertel N/A
CancerCare Manitoba Rochelle Yanofsky N/A
Princess Margaret Hospital for Children David Baker N/A
Childrens Hospital of Philadelphia Beverly Lange 11796
Christiana Care Health Services/A.l. duPont Inst. Gregory Griffin N/A
Geisinger Medical Center Jeffrey Taylor N/A
New York University Medical Center Aaron Rausen 79753
SUNY Health Science Center at Brooklyn Sreedhar Rao N/A
Montefiore Medical Center Eva Radel N/A
Connecticut Children’s Medical Center Arnold Altman N/A
Schneider Children’s Hospital at North Shore Arlene Redner N/A
New York Medical College Fevzi Ozkaynak N/A N/A
Saint Barnabas Medical Center Brenda Sison N/A
Childrens Hospital of Orange County Violet Shen 69274
Indiana University-Riley Childrens Hospital Robert Fallon N/A
Primary Childrens Medical Center Carol Bruggers N/A
British Columbia’s Children’s Hospital Paul Rogers 29013
Childrens Hospital Medical Center Cincinnati Robert Wells 26126
A.B. Chandler Medical Ctr-University of Kentucky Martha Greenwood N/A
Children’s Healthcare of Atlanta at Scottish Rite P. Davis N/A
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