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Complete Surgical Resection Is Curative for Children With
Hepatoblastoma With Pure Fetal Histology: A Report From
the Children’s Oncology Group

Marcio H. Malogolowkin, Howard M. Katzenstein, Rebecka L. Meyers, Mark D. Krailo, Jon M. Rowland,
Joel Haas, and Milton ]. Finegold

Purpose
Children with pure fetal histology (PFH) hepatoblastoma treated with complete surgical resection

and minimal adjuvant therapy have been shown to have excellent outcomes when compared with
other patients with hepatoblastoma. \We prospectively studied the safety and efficacy of reducing
therapy in all children with stage | PFH enrolled onto two consecutive studies.

Patients and Methods
From August 1989 to December 1992, 9 children with stage | PFH were treated on the Intergroup

Hepatoblastoma study INT-0098 and were nonrandomly assigned to receive chemotherapy after
surgical resection with single-agent bolus doxorubicin for 3 consecutive days. From March 1999
to November 2006, 16 children with stage | PFH enrolled onto Children’s Oncology Group Study
P9645 were treated with observation after resection. Central confirmation of the histologic
diagnosis by a study group pathologist was mandated. The extent of liver disease was assigned
retrospectively according to the pretreatment extent of disease (PRETEXT) system and is
designated “retro-PRETEXT” to clarify the retrospective group assignment.

Results

Five-year event-free and overall survival for the 9 patients treated on INT-0098 were 100%. All 16
patients enrolled onto the P9645 study were alive and free of disease at the time of last contact,
with a median follow-up of 4.9 years. Retro-PRETEXT for the 21 patients with available data
revealed seven patients with stage | disease, 10 patients with stage Il disease, and four patients
with stage Il disease.

Conclusion

Children with completely resected PFH hepatoblastoma can achieve long-term survival without
additional chemotherapy. When feasible, surgical resection of hepatoblastoma at diagnosis,
without chemotherapy, can identify children for whom no additional therapy is necessary.

J Clin Oncol 29:3301-3306. © 2011 by American Society of Clinical Oncology

staging system that was based on tumor resectability
and extent of disease. Subsequent clinical trials have
shown that cisplatin-based chemotherapy improves
survival by increasing tumor resectability, treating

Hepatoblastoma is the most common pediatric liver
malignancy.' Surgical resectability and the presence
of metastatic disease are critical prognostic fac-  metastatic disease, and reducing the incidence of
local and distant relapse.®"* In the prechemothera-
py era, Kasai and Watanabe'” reported that among
children with resectable tumors, there was a higher
rate of survival for children with fetal histology than
for those with anaplastic or poorly differentiated

small-cell histology. Weinberg and Finegold'* simi-

tors.>> However, biologic and pathologic factors
that might predict tumor response to therapy, re-
sectability, and outcome are less well described.
Small series have suggested that low alpha fetopro-
tein (AFP) levels, rate of decline of AFP, and tumor
histology may also offer prognostic information that

could guide therapy.*®

Early studies by Evans et al” demonstrated that
tumor resectability was the most significant prog-
nostic factor for patients with hepatoblastoma and
on the basis of this observation, they established a

larly reported long-term survival for six children
who had completely resected tumors of pure fetal
histology (PFH), whereas only two of 10 patients
with other histologic cell types survived. Haas et al'®
confirmed these results in a larger series that
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demonstrated that patients with completely resected PFH tumors
have significantly improved event-free survival (EFS) when compared
with all other patients. Of the five histologic subtypes—PFH, embry-
onal, mixed epithelial, mesenchymal/macrotrabecular, and small-cell
undifferentiated (SCU)—PFH was associated with the most favorable
prognosis. This data suggested that this subgroup of patients was
appropriate for a tailored, monitored reduction in therapy. This
article describes the results of two consecutive studies from the
Children’s Cancer Study Group and the Pediatric Oncology Group
(INT-0098) and the Children’s Oncology Group (P9645) that were
designed to reduce the chemotherapy for children with completely
resected stage I PFH tumors.

PATIENTS AND METHODS

Patients

From August 1989 to December 1992, 182 children with previously
untreated hepatoblastoma were enrolled onto Intergroup Hepatoblastoma
Study INT-0098 (Children’s Cancer Study Group [CCG] 8881; Pediatric On-
cology Group [POG] 8945). Details of the study design and requirements for
eligibility have been described previously.'! Patients with stage I non-PFH
(unfavorable histology), stage II, stage III, and stage IV hepatoblastoma were
randomly assigned between two cisplatin-based chemotherapy regimens. Pa-
tients with stage I PFH were nonrandomly assigned to receive four cycles of
chemotherapy with single-agent doxorubicin (regimen C).

Between March 1999 and November 2006, the Children’s Oncology
Group study (P9645) enrolled 289 children with untreated hepatoblastoma.
Details of this study have also been described previously.'® Patients with stage
I PFH were nonrandomly assigned to observation without additional chemo-
therapy after surgical resection.

The National Cancer Institute and the institutional review boards of the
participating institutions approved the protocols. Informed consent was ob-
tained from parents, patients, or both, as deemed appropriate according to
Department of Health and Human Services guidelines.

Staging

Evans stage of disease was determined by surgical and histologic criteria
at the initial surgical intervention before the initiation of chemotherapy. Stage
I was defined as complete gross resection with clear margins, stage II as gross
total resection with microscopic residual disease at the margins of resection or
preoperative/intraoperative tumor rupture, stage III as gross total resection
with nodal involvement or tumor spill or incomplete resection with gross
residual intrahepatic disease, and stage IV as metastatic disease with either
complete or incomplete resection. Central review of the imaging studies was
not required by either of these studies.

Our international colleagues rely on PRETEXT rather than on Evans
stage for risk stratification (Fig 1).!” To enhance the international compa-
rability of our data and to determine whether PRETEXT correlates with
upfront tumor resectability, the extent of liver involved by tumor at the time of
diagnosis was assigned retrospectively, according to the definitions used in the
PRETEXT system (designated as retro-PRETEXT to clarify the retrospective
method of group assignment). Given that all patients underwent resection at
diagnosis, retrospective assignment was possible because there was no possi-
bility of preoperative tumor shrinkage by neoadjuvant chemotherapy before
surgery. The retro-PRETEXT was assigned by analysis of the radiographic
computed tomography reports, operative reports, anatomic drawings in-
cluded in the on-study surgical checklist completed by the operating surgeon,
and pathology reports. The assignment was made only if the available docu-
mentation was of sufficient detail to be certain that the assignment was accu-
rate (R.L.M. and M.H.M.).

Pathology
Rapid central review was required from the study pathologists (INT-
0098, J.H. and M.J.F.; P9645, ML].F. or ].M.R.) within 7 days for all patients
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Fig 1. Pretreatment extent of disease (PRETEXT) classification of liver
tumors. |, 3 contiguous sectors of liver tumor free and invasion of all three
hepatic veins; Il, two contiguous sectors of liver tumor free and invasion of
main portal vein; Ill, one contiguous sector of liver tumor free amd invasion of
extrahepatic organ; IV, no contiguous sector of liver tumor free, as well as
distant metastatic disease and involvement of the caudate lobe. Reprinted
with permission."”
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Fig 2. Well-differentiated fetal hepatoblas-
toma (A) without mitoses and (B) with two
mitoses in one high-power field (circles).

with stage I tumors. Institutional pathology and surgery reports were also used
to confirm diagnosis and staging. The protocols for sampling in both studies
called for the institutional pathologist to harvest one section of the tumor for
each centimeter of maximum tumor diameter, with each section measuring
approximately 2.5 X 1.5 cm, and additional sections of the same size from the
margin of surgical resection. The number of slides reviewed per case ranged
from two to 31 (mean, 12) and depended largely on the size of the specimen.'®
Patients with stage I disease were classified as having PFH, defined as PFH with
minimal mitotic activity (= 2 mitoses per 10 high-power microscopic fields;
X400 magnification), or as having unfavorable histology, which included all
other histologic subtypes. Well-differentiated fetal cells are illustrated in Figure
2A. Tumor cells are generally smaller than host hepatocytes and have a slightly
higher nucleus/cytoplasmic ratio, showing minimal variation in size, shape,
and chromatin content, and relatively inconspicuous nucleoli. The cytoplasm
varies from clear to amphophilic or eosinophilic, depending on the cellular
glycogen content, and is sometimes vacuolated as a result of the presence of
lipid. This can produce a pattern of light or pale cells alternating with dark,
more compact cells. When mitotic activity is present, it tends to occur in the
more compact areas and is usually associated with larger nuclei having
slightly more pleomorphism (Fig 2B). Tumor cells also tend to grow in
slender cords, like the host liver, or in tubules or clusters. In these cases, the
hepatoblastomas were always well-circumscribed although nonencapsu-
lated, and there was no invasion of hepatic veins. Portal vein invasion
within the primary tumor mass was found rarely but not specifically
quantified or noted. The distance from the edge of the tumor to the
resection margin was not uniformly measured or noted in every report, but
it ranged from 0.8 to 2.8 cm. The capsule of the liver overlying the tumor
was often attenuated but never penetrated. Regional lymph nodes were not
resected as part of the protocol, but they were reviewed when sampled, and
no metastases were detected. There were no instances of disagreement
between the institutional pathologists and reviewers in this series.

Chemotherapy

Patients enrolled onto INT-0098 with stage I PFH were nonrandomly
assigned to receive treatment with four cycles of bolus doxorubicin (20 mg/m?
per dose intravenously for 3 consecutive days). Each cycle was given = 3 weeks
apart, depending on recovery of peripheral neutrophil and platelet counts to
1,000 cells/uL and = 100,000 cells/uL, respectively. Initial chemotherapy was
delayed for at least 2 weeks for any patient in whom = 50% of the liver was
resected. In P9645, study patients with stage I PFH were nonrandomly as-
signed to observation without chemotherapy after surgical resection.

Statistical Design and Analysis

Study design. Details of the study design and planned patient enroll-
ment for INT-0098 and P9645 have been described previously.'"*® The pri-
mary outcome measures for this study were event-free survival (EFS) and
overall survival (OS).

Outcome definitions. EFS was defined as the period from the date of
surgery until evidence of an event (progressive disease, death, diagnosis of a
second malignant neoplasm) or last contact, whichever occurred first. OS was

WwWW.jco.org

defined as the period from the date of surgery until death or last contact,
whichever occurred first. A patient who died was considered to have experi-
enced an event regardless of the cause of death. Patients who did not experi-
ence an event were censored on the date of last contact.

Statistical methods. ~ Life-table estimates of survival time were calculated
according to the method of Kaplan and Meier.'® Standard deviation of the
Kaplan-Meier estimate of the survivor function at selected points was calcu-
lated by using Greenwood’s formula.*

A total of 182 children with hepatoblastoma were enrolled onto the
INT-0098 study and 270 were enrolled onto the P9645 study. Nine
patients (5%) on INT-0098 and 16 patients (6%) on P9645 were
confirmed by central pathology review as having stage I PFH.

With a median follow-up of 5.1 years (range, 3.8 to 6.3 years) for
patients on INT-0098 and 4.9 years (range, 9 months to 9.2 years) for
patients on P9645, the 5-year EFS and OS were both 100% for patients
with stage I PFH. There was one patient on the P9645 study who had a
follow-up of only 9 months who was alive with no evidence of disease
at the time of last follow-up and was withdrawn from additional
follow-up at the request of the parents.

We compared the outcome of all patients with incompletely
resected tumors (stage II through IV) with PFH at time of diagnosis, as
determined by examination of the materials submitted to the review
pathologists (M.].F. and J.M.R.), with the outcomes of patients with
other histologic types. The presence of PFH was not associated with a
reduced EFS (data not shown).

Sufficiently detailed data were available to assign the retro-
PRETEXT group for all patients with stage I PFH enrolled onto INT-
0098 and for 12 of 16 patients enrolled onto P9645. Table 1 shows the
retro-PRETEXT and surgical procedure of the study patients. Four
patients enrolled onto P9645 had insufficient data available to assign a
PRETEXT group with confidence. There were seven children with
PRETEXT stage I, 10 children with PRETEXT stage II, and four
children with PRETEXT stage III. In INT-0098, two patients under-
went segmentectomies, five children underwent lobectomies, and two
others underwent trisegmentectomies; whereas, on P9645, five
patients underwent wedge resection, two patients underwent seg-
mentectomies, four patients received lobectomies, and one patient
underwent a trisegmentectomy.

Three patients experienced postoperative events (bile leak,
n = 1; reoperation for bleeding, n = 1; and reoperation for positive
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Table 1. PRETEXT Stage and Type of Surgical Resection in Patients With Stage | Pure Fetal Histology Hepatoblastoma

INT-0098 P9645
PRETEXT
Stage Total No. of Patients Type of Surgery Total No. of Patients Type of Surgery
| 3 Lobectomy (n = 1); segmentectomy (n = 2) 4 Wedge resection (n = 2); segmentectomy (n = 2)
Il 4 Lobectomy (n = 4) 6 Wedge resection (n = 2); lobectomy (n = 4)
1 2 Trisegmentectomy (n = 2) 2 Wedge resection (n = 1); trisegmentectomy (n = 1)

Abbreviation: PRETEXT, pretreatment extent of disease.

microscopic margin, n = 1). No patients with stage I PFH on
INT-0098 study experienced any significant cardiotoxicity (grades
3 and 4) from doxorubicin.

We have identified a cohort of children with stage I PFH hepatoblas-
toma that can be cured with primary surgical resection; this cohort
represents approximately 6% of patients with hepatoblastoma in the
two studies. Both studies were conducted with rapid central pathology
review and strict monitoring criteria and stopping rules to safely test
the strategy. Criteria for diagnosis of PFH included a low mitotic rate
of no more than two mitoses per 10 high-power microscopic fields
(X400 magnification) per the report by Weinberg and Finegold.'*
The PFH criteria were rigidly defined and strict because of the known
benefit of cisplatin-based chemotherapy despite its toxicity. The ulti-
mate goal is to maintain cure and reduce acute and long-term toxicity.
COG has continued this strategy in its current trial AHEP0731. In this
study, we have reduced chemotherapy for all well-differentiated stage
I fetal histology tumors regardless of mitotic rate.

In 1970, Kasai and Watanabe'® were the first to show a relation-
ship between histopathology and outcome in children with hepato-
blastoma. Gonzalez-Crussi et al*! explored histologic subtypes and
reported on five patients of total fetal histology. In their study, two
patients were cured with resection alone, two patients had extrahe-
patic disease and did not survive, and one patient was found to have an
incidental tumor noted at autopsy after death that was related to
complications of Down syndrome. Lack et al** reported on a series of
54 patients and suggested a more favorable outcome in patients with a
predominantly fetal pattern. Interestingly, eight of 11 patients treated
with resection alone survived, although specific follow-up and the
specific histologies of these tumors were not provided. Weinberg and
Finegold'” reported on 27 patients with hepatoblastoma, including six
of eight patients with PFH who were without disease for more than 4
years from diagnosis. These authors refined the criteria for PFH to
require = 2 mitoses per 10 high-power (X400 magnification) fields
and stipulated that the entire tumor exhibit fetal histology. Douglass et
al' reported on four patients with stage I PFH tumors who survived
with resection alone in the Pediatric Oncology Group Studies 8696
and 8697.

Haas et al'® have conducted the most extensive analysis of fetal
histology. In a series of 168 patients with hepatoblastoma, ninety
patients were described as having PFH, 28 of whom were resected at
diagnosis, 46 had nonmetastatic and nonresectable disease, and 16 had
metastatic disease. Twenty-five patients (89%) with resected PFH
were free of disease at 4 years, whereas those with unresected or

3304 © 2011 by American Society of Clinical Oncology

metastatic PFH had no survival advantage. In this study, the number
of mitoses per high-power field was not specifically evaluated.

In addition to the United States data from Haas et al'’, studies
from England® and Germany” have also suggested an improved out-
come for patients PFH. The International Childhood Liver Tumours
Strategy Group (SIOPEL) trials 1 and 2 have not specifically addressed
this issue.> Uniform criteria in diagnosing, describing, centrally re-
viewing, and treating patients with fetal histology have been not used.
The diagnostic criteria for the determination of PFH has varied, and
perhaps most importantly, the SIOPEL studies have not had access to
tissue from untreated tumors for analysis. Brown et al® did not identify
PFH as having an improved outcome, probably because this study
relied on needle biopsy tissue with potential sampling error and an
inability to reflect the entirety of the tumor. Others have based the
analysis on predominant fetal histology,'>**** a term that is not equiv-
alent to the PFH criteria used in this study as established by Weinberg
and Finegold."

When feasible and safe, the COG strategy has favored primary
resection for hepatoblastoma in an attempt to minimize total chemo-
therapy exposure in the approximately 30% of newly diagnosed pa-
tients who can undergo resection at diagnosis. In a philosophy
designed to decreased surgical morbidity and truncate time to chem-
otherapy, in contrast, SIOPEL has favored upfront chemotherapy for
all patients. This study suggests that mandatory neoadjuvant chemo-
therapy may result in potentially unnecessary exposure to chemother-
apy and potentially unnecessary chemotherapy toxicity. In a small but
real cohort of patients, upfront surgical resection leads to the identifi-
cation of favorable histology features that may identify some patients
for whom no chemotherapy is necessary. Modern imaging techniques
and application of the PRETEXT system provide us with the means to
identify patients whose tumors should be safe to resect at diagnosis.

The data reported here demonstrates that clinical and pathologic
features can predict outcome in hepatoblastoma and that PRETEXT
can be used to predict surgical resectability.'” The one patient who
underwent reoperation for resection of a microscopic positive margin
was a trisegmentectomy patient who would not have met the guide-
lines for upfront resection in our current protocol. The surgical guide-
lines in our contemporary COG hepatoblastoma study (AHEP0731)
recommend upfront resection in PRETEXT 1 tumors and in PRE-
TEXT 2 tumors with a clear radiographic margin on the middle
hepatic vein and portal venous bifurcation, in which margin negative
resection can be anticipated by simple segmentectomy or lobectomy.

In contrast to PFH, it appears that tumors with SCU elements
have an unfavorable prognosis and require more aggressive ther-
apy.*>*® The proportion of small cells cannot be adequately evaluated

JOURNAL OF CLINICAL ONCOLOGY
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from a small biopsy, and when chemotherapy is given before surgery,
the histopathologic constituents of the original neoplasm may be
altered. In the various series from the United States and Germany, the
error rate in diagnosis of SCU from an initial pathologic reading has
ranged from 10% to 16%.>”*® The errors reflect mimickry of the
radiologic appearance of hepatoblastoma by some benign vascular
tumors (eg, infantile hemangioma) and mesenchymal hamartomas.
Biopsy is often needed because serum alpha protein may be elevated in
some of the benign tumors. Alternatively, low AFP is seen in a small
subset of hepatoblastoma in which the tumor is either a well-
differentiated fetal hepatoblastoma, a poorly differentiated SCU
hepatoblastoma or a rhabdoid tumor.***”*°

The molecular pathogenesis of hepatoblastoma is slowly but
progressively being elucidated. Activation of the canonical Wnt path-
way is present in 70% to 90% of hepatoblastoma.’>*! B-Catenin
(CTNNBI) mutations have been identified in all hepatoblastoma sub-
types. The relationship of CTNNBI mutation type to histologic type
was statistically significant (P = .003) in a report by Lopez-Terrada et
al** Aberrant activation of the Notch pathway has also been docu-
mented in hepatoblastoma. Lopez-Terrada et al have recently demon-
strated that Wnt activation is prevalent in hepatoblastoma, most
significantly in predominantly embryonal and mixed histologic sub-
types, whereas Notch activation was highest in PFH hepatoblastoma.
Examination of Wnt versus Notch activation may be useful in the
future to stratify different hepatoblastoma subtypes and identify pa-
tients for whom no additional therapy or alternative is necessary.
Correlation between recently reported prognosis-associated gene ex-

pression signatures in histologic subtypes of hepatoblastoma may
also be potentially useful for patient stratification.’?

In summary, PFH has been identified as a good prognostic factor,
and we propose that chemotherapy not be given to this group of
patients with stage I disease. These results stress the importance of our
continued research focus on investigating hepatoblastoma tumor bi-
ology and pathology.
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Attend the 2012 Gastrointestinal Cancers Symposium

The 2012 Gastrointestinal Cancers Symposium (January 19-21, 2012, in San Francisco, California) is a high-profile,
specialized multidisciplinary oncology event. This Symposium is designed to offer attendees the opportunity to discuss
the latest translational and clinical research in the field of gastrointestinal cancers. New topics on this year's program will
explore broad issues that affect all gastrointestinal disease sites, such as epidemiology and development of clinical trials.
Bookmark www.gicasym.org and visit regularly for meeting updates. The abstract submitter, registration, and housing will

For more information, please visit www.gicasym.org/2011.
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