& frontiers | Frontiers in Pediatrics

’ @ Check for updates

OPEN ACCESS

EDITED BY
Satoshi leiri,
Kagoshima University, Japan

REVIEWED BY
Shan Zheng,

Fudan University, China
Qin Xiao,

Qin Xiao, China

*CORRESPONDENCE
Qian Dong
675799083@qgqg.com

SPECIALTY SECTION

This article was submitted to Pediatric
Oncology, a section of the journal Frontiers in
Pediatrics

RECEIVED 17 February 2022
ACCEPTED 18 November 2022
PUBLISHED 01 December 2022

CITATION

Wu X, Wang J, Duan Y, Liu Y, Liu Y, Chen X,
Xia N and Dong Q (2022) Surgical resection of
pediatric PRETEXT Il and IV hepatoblastoma: A
retrospective study investigating the need for
preoperative chemotherapy.

Front. Pediatr. 10:878095.

doi: 10.3389/fped.2022.878095

COPYRIGHT

© 2022 Wu, Wang, Duan, Liu, Liu, Chen, Xia and
Dong. This is an open-access article distributed
under the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other forums is
permitted, provided the original author(s) and
the copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pediatrics

Original Research
01 December 2022
10.3389/fped.2022.878095

Surgical resection of pediatric
PRETEXT lll and IV
hepatoblastoma: A retrospective
study investigating the need for
preoperative chemotherapy

Xiongwei Wu'*, Jianyong Wang®, Yuhe Duan’, Yusheng Liu’,
Yao Liu', Xin Chen', Nan Xia® and Qian Dong"**

Department of Pediatric Surgery, Affiliated Hospital of Qingdao University, Qingdao, China,
2Shandong Key Laboratory of Digital Medicine and Computer Assisted Surgery, Affiliated Hospital of
Qingdao University, Qingdao, China, *Department of Pediatrics, Yantai Yuhuangding Hospital,
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Objective: This study analyzed the feasibility of upfront surgical resection for
pediatric PRETEXT Ill and IV hepatoblastoma (HB).

Summary Background Data: Neoadjuvant chemotherapy is recommended
for patients with PRETEXT Il and IV HB to obtain a chance of curative
surgery. However, chemotherapy can cause toxic side effects and adverse
outcomes, and the PRETEXT staging system may overstage the patients.
Therefore, whether preoperative chemotherapy is necessary for HB patients
remains unclear.

Methods: The clinical data of 37 children who underwent surgical resection
for PRETEXT IlIl and IV HB at our hospital were obtained retrospectively.
Patients were divided into the neoadjuvant chemotherapy group (NCG; n =
19) and the routine surgery group (RSG; n=18). Clinicopathologic
characteristics, treatment regimens, and outcomes were compared
between the groups.

Results: The RSG had a lower incidence of portal vein involvement than the
NCG (p<0.002). The estimated 3-year event-free survival rates were
similar (RSG: 89+ 0.7% and NCG: 79+0.9%, p=0.3923). The RSG
underwent fewer courses of chemotherapy than the NCG (five vs. six; p <
0.001). Furthermore, the RSG had lower incidences of febrile neutropenia,
myelosuppression, and gastrointestinal reactions (all p <0.05). The severity
of surgery-related complications did not differ significantly.

Conclusion: Upfront surgical resection in children with PRETEXT Il and IV HB
is safe and feasible, and reduces the total number of courses and side effects
of chemotherapy. The degree of vascular involvement is the most important
consideration when evaluating resectability during diagnosis.

KEYWORDS

hepatoblastoma (HB), surgery, preoperative chemotherapy, surgical resection, liver
vasculature
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Introduction

Hepatoblastoma (HB) is the most common pediatric
primary liver malignancy, accounting for approximately 90%
of liver tumors in children (1). Radical surgery remains the
cornerstone of treatment for hepatoblastoma (2). The PRE-
treatment Tumor EXTension (PRETEXT) staging system
designed by the International Childhood Liver Tumor
Strategy ~ Group (SIOPEL),
annotation factors, can guide the indications for surgical

combined with detailed

resection and has become an internationally recognized
(3-5).
hepatoblastoma

standard Previously, liver transplantation for
POST-TEXT IV
(PRETEXT classification following chemotherapy) and/or
POST-TEXT III or IV tumors with persistent widespread
(6). Using
have reported that
POST-TEXT II and IV

hepatoblastoma appears to have a comparable overall

included  unifocal

multifocality or major vessel involvement

neoadjuvant chemotherapy, studies

extensive liver resection for
survival (OS) rate compared with liver transplantation when
combined with chemotherapy (7, 8). Interestingly, Fuchs
et al. performed extensive liver resection in 27 patients with
POST-TEXT III and IV hepatoblastoma, and the 5-year OS
rate was 80.7% (9). This aggressive surgical resection may
mitigate the need for orthotopic liver transplantation in
selective advanced cases.

Although chemotherapy is beneficial to children with
HB, it can also cause toxic side effects and adverse
outcomes (10). Furthermore, only a few studies have
the PRETEXT

overstage patients (11), thus, delaying surgery and causing

shown that staging system tends to
overtreatment. Additionally, a biopsy is required for a
clear pathological diagnosis; however, chemotherapy is
occasionally administered to patients whose pathological
type cannot be determined (12) and studies have reported
that
originally resectable tumor into an unresectable type (13).
whether
chemotherapy is necessary for patients with HB (14, 15).
For the 49 patients with low-risk HB in the AHEP0731

trial, chemotherapy was unnecessary when the tumor was

preoperative chemotherapy can transform an

Therefore, it is controversial preoperative

completely resectable during diagnosis. It is worth noting
that this included one patient with PRETEXT IV HB and
two with PRETEXT III HB, although the authors did not
specifically discuss the cases of these three patients (16).
Only a few reports have focused on the feasibility of
upfront surgical resection in children with PRETEXT stage
IIT and IV HB exist.

Thus, this study retrospectively analyzed the clinical
data of children with PRETEXT III and IV HB who
underwent surgical resection in our hospital and explored
whether preoperative chemotherapy is necessary for such
children.
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Materials and methods
Patients

We performed a retrospective review of children with
HB who underwent surgical resection at the Affiliated
Hospital of Qingdao University between January 2008 and
December 2018. The inclusion criteria were as follows: (1)
age <14 years, (2) postoperative pathologically confirmed
PRETEXT III IV~ HB, (3)
clinicopathological data. The exclusion criteria were as

or and complete
follows: (1) distant metastasis at diagnosis; presence of (2)
contiguous extrahepatic tumor (3) multifocal tumor (4)
history of any other congenital disease.

This study was approved by the Ethics Committee of the
Aftfiliated Hospital of Qingdao University and was conducted
following the principles of the Declaration of Helsinki.
Written informed consent was obtained from the patients
or their guardians.

Clinical data collection

The children were divided
chemotherapy group (NCG) and the routine surgery

into the neoadjuvant
group (RSG) based on the administration of neoadjuvant
chemotherapy. Clinicopathologic characteristics, treatment
regimens, and outcomes were compared between the
groups. Postoperative complications were assessed using
the Clavien-Dindo classification system. If the patient had

more than one complication, the most serious
complication was recorded (17). Patients were staged for
risk classification wusing the Evans surgical staging

guidelines (18), wherein Stage I is defined as complete
resection with microscopically negative margins, whereas
Stage II is defined as complete resection with microscopic
residual disease at the resection margins. The proximity
of the tumor to the major hepatic veins, inferior vena
cava, or bifurcation of the portal vein was centrally
reviewed and coded (16) and the detailed definitions are
presented in Table 1. All patients were followed up until
December 31, 2021.

TABLE 1 Grading the proximity of the tumor to the major liver
vasculature.

Code Definition
Negative  Tumor >1 cm from the vessels
0 Tumor within 1 cm of the vessels
1 Tumor touching the vessels
2 Tumor distorting, displacing, or encasing the vessels
3 Radiographically identifiable tumor thrombus within the lumen of the

major vessels
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Preoperative evaluation and
chemotherapy

Each child with HB underwent enhanced abdominal
computed tomography and was evaluated using the Hisense
computer-assisted surgery system (Hisense CAS, version CAS-
V3.01.4775) three-dimensional (3D) reconstruction (19, 20)
during diagnosis. The surgical team developed the treatment
plan by considering the tumor location, the relationship
between tumors and major vessels, and outcomes of virtual
hepatectomy based on 3D reconstruction. The criterion for
judging surgical resection with 3D reconstruction was a
residual liver volume >30% after surgical resection of the
tumor, and the absence of symptoms of ischemia or blood
stasis in the resected liver. Upfront surgical resection was
performed directly on children with HB with resectable
tumors (i.e., the RSG; Figure 1). For those with unresectable

10.3389/fped.2022.878095

tumors during diagnosis (i.e., the NCG), resectability was
reassessed after two to four courses of chemotherapy
(Figure 2). All patients underwent routine postoperative

chemotherapy after surgery. Implementation of our
chemotherapy regimens followed the Multidisciplinary
Treatment  Guideline for  Chinese  Children  with

Hepatoblastoma developed by the Chinese Children’s Cancer
Group, using SIOPEL and COG as references (21, 22).

Surgical procedure

According to the preoperative three-dimensional images of
the computer-aided surgery system and the virtual liver
resection plan and verification, the location and size of the
tumor and its relationship with the surrounding organs and
blood vessels were routinely explored in the abdomen. The

umor

FIGURE 1

Representative preoperative assessment and surgical status of a patient with hepatoblastoma who underwent upfront surgery. (A—C) CT images; (D—
F) 3D reconstruction images; (G-I) intraoperative observations. CT, computed tomography; 3D, three-dimensional; RPV, right portal vein; LPV, left
portal vein; PV, portal vein; RHV, right hepatic vein; LHV, left hepatic vein; MHV, middle hepatic vein; AA, Abdominal Aorta.
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FIGURE 2

Representative preoperative chemotherapy assessment of a patient who underwent neoadjuvant chemotherapy before surgical resection. (A—E) CT
images and 3D reconstruction images at diagnosis; (E-J) CT images and 3D reconstruction images after two courses of preoperative chemotherapy;
(K-=O) CT images and 3D reconstruction images after three courses of preoperative chemotherapy. CT, computed tomography; 3D, three-
dimensional; RPV, right portal vein; LPV, left portal vein; PV, portal vein; RHV, right hepatic vein; LHV, left hepatic vein; MHV, middle hepatic vein;

AA, abdominal aorta.

first, second, and third hepatic portals were carefully dissected
for hepatectomy, and the hepatic artery, hepatic vein, short
hepatic vein, and bile duct were carefully handled during the
operation to prevent postoperative bile leakage and bleeding.
When dividing the liver parenchyma and tumor, we used a
cavitron ultrasonic surgical aspirator to cut the liver
parenchyma and ligate and cut off the blood vessels and bile
ducts. To reduce intraoperative bleeding, the first hepatic

hilum can be blocked, but this procedure should last <20 min.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 (IBM
Corp., Armonk, NY, USA), and data were plotted using
GraphPad Prism 9 (GraphPad Software, San Diego, CA,
USA). Variables are expressed as means+ SD, medians
[interquartile ranges (IQRs)], or numbers (percentages),
according to the type of variable. Comparisons between the
two groups were performed using Student’s t-test, Mann-
Whitney U test, y test, or Fisher’s exact test, as appropriate.

Event-free survival (EFS) was defined as the time from the
date of diagnosis to the date of one of the following events:
progression, death, complete remission.

recurrence, or
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Kaplan-Meier survival curves were used to estimate the EFS
probabilities, and differences were calculated using the log-
rank test. Differences were considered statistically significant
at p<0.05.

Results

A total of 37 children with HB were included in this study.
Patient characteristics are presented in Table 2. The RSG
included 18 patients (13 male and five female patients), and
the NCG included 19 patients (12 male and seven female
patients), with a median age of 11.5 (IQR, 7.75-28.5) and
15.0 (IQR, 12.0-24.0) months, respectively. No statistical
difference was observed between the two groups in age, sex,
PRETEXT stage, involvement of the inferior vena cava, or
AFP level during diagnosis (all p>0.05). The RSG had a
lower incidence of portal vein involvement than the NCG
(p=0.044).

Patients in the RSG received fewer courses of chemotherapy
than those in the NCG [5 (IQR, 4.75-5.25) vs. 6 (IQR, 6-8), p <
0.001]. Furthermore, the RSG had lower incidences of febrile
neutropenia (61.6% vs. 94.7%, p =0.019), bleeding (5.6% vs.
84.2%, p <0.001), and anemia (5.6% vs. 89.5%, p <0.001) than
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TABLE 2 Clinicopathological data of the two groups.

Various RSG (n=18) NCG (n=19) p
Age®, months, median (IQR) 11.5 (7.75-28.5) 15.0 (12.0-24.0) 0.626
Sex” 0.728
Male 13 (72.2%) 12 (63.2%)
Female 5 (27.8%) 7 (36.8%)
PRETEXT stage” 0.746
111 10 (55.6%) 9 (47.4%)
v 8 (44.4%) 10 (52.6%)
Vascular invasion®
A% 0.393
V negative 5 (27.8%) 1 (5.3%)
Vo 4 (22.2%) 6 (31.6%)
V1 4 (22.2%) 4 (21.1%)
V2 5 (27.8%) 7 (36.8%)
V3 0 1 (5.3%)
P 0.044
P negative 2 (11.1%) 0
PO 3 (16.7%)) 0
Pl 7 (38.9%) 6 (31.6%)
P2 6 (33.3%) 13 (68.4%)
P3 0 0
AFP®, ng/ml 0.486
<100 1 (5.6%) 0
>100 17 (94.4%) 19 (100%)

IQR, interquartile range.

“Data are presented as medians (p-values were derived from the Mann-
Whitney U test).

PData are presented as n (p-values were derived from the Fisher's exact tests, in
percent).

the NCG. The incidence of gastrointestinal disorders was also
lower in the RSG than in the NCG (66.7% vs. 94.7%, p =
0.042). However, no statistically significant differences were
observed between the two groups in the incidences of other
chemotherapy complications, including electrolyte disorders;
ototoxicity; convulsions; and heart, liver, and kidney
dysfunction (Table 3).

All patients with HB underwent surgery with RO resection.
No statistical difference between the two groups in the average
operation time, intraoperative blood transfusion, severity of
Clavien-Dindo complications, or Evans surgical stage was
observed (all p>0.05). A comparison of surgery-related
parameters in the two groups is presented in Table 4.

The median follow-up period was 49 months. During the
follow-up period, three of the 19 children in the NCG
developed recurrence and one developed lung metastasis; no
deaths were reported. Two of 18 children in the RSG died,
one of whom died 6 months after the recurrence. The
estimated 3-year EFS rate in the RSG was similar to that in
the NCG (89+0.7% and 79 +0.9%, respectively; p=0.3923;

Figure 3).
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TABLE 3 Comparison of chemotherapy complications between the
two groups.
RSG

Complications NCG p

Number of courses of chemotherapy”, 5 (4.75-5.25) 6 (6-8) <0.001

median (IQR)

Febrile neutropenia\b 11 (61.1%) 18 (94.7%) 0.019
Intestinal function disorder® 12 (66.7%) 18 (94.7%) 0.042
Electrolyte disturbance® 4 (22.2%) 6 (31.6%) 0.714
Anemia® 1 (5.6%) 17 (89.5%) <0.001
Hemorrhage” 1 (5.6%) 16 (84.2%)  <0.001
Abnormal liver function® 6 (33.3%) 12 (63.2%) 0.103
Myocardial injury® 2 (11.1%) 4 (21.1%) 0.660
Ototoxicityb 2 (11.1%) 5 (26.3%) 0.405
Convulsions® 2 (11.1%) 3 (15.8%) >0.99
Renal toxicityb 0 2 (10.5%) 0.486

IQR, interquartile range.

?Data are presented as medians (p-values were derived from the Mann-
Whitney U test).

PData are presented as n (p-values were derived from the Fisher's exact tests, in
percent).

TABLE 4 Comparison of surgery-related parameters between the two
groups.

Operation parameters RSG NCG
(n=18) (n=19)

Operative time* (min), mean + SD 183.83 £45.51 197.37 £36.69 0.325
Intraoperative blood transfusion® 13.03 +£6.35 13.37+532  0.895
(ml/kg)
Postoperative Clavien-Dindo 0.279
complication stage”

I 8 (44.4%) 3 (15.8%)

1I 8 (44.4%) 13 (68.4%)

I 1 (5.6%) 1 (5.3%)

v 1 (5.6%) 2 (10.5%)
Evans surgical stageb 0.66

I 16 (88.9%) 15 (78.9%)

1I 2 (11.1%) 4 (21.1%)

SD, standard deviation.

?Data are presented as mean (p-values were derived from the Student’s t-test).
Data are presented as n (p-values were derived from the Fisher's exact tests, in
percent).

Discussion

Preoperative chemotherapy results in good outcomes in
children with HB; however, it also increases the risk of
chemotherapy complications. Studies have reported that the
prognosis of children with PRETEXT I and II HB undergoing
surgical resection without preoperative treatment is not worse
than that of those who receive preoperative chemotherapy (23).
Additionally, upfront surgical resection in patients with
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FIGURE 3
The 3-year event-free survival curves for the RSG and NCG. RSG,
routine surgery group; NCG, neoadjuvant chemotherapy group.

PRETEXT I and II HB can reduce the number of courses and
complications of chemotherapy (16). However, only a few
studies on upfront resections in patients with PRETEXT III or
IV HB have been reported. We retrospectively analyzed the
treatment outcomes of children with PRETEXT III and IV HB
at our center and observed that upfront surgical resection is
safe and feasible in these patients, bringing new insights into
the timing of surgery for children with PRETEXT III and IV HB.

A previous study observed that the 3-year EFS rate for
patients with PRETEXT III and IV HB after neoadjuvant
chemotherapy and resection was 75.7% (24). Another study
reported that the 3-year EFS rate of patients with PRETEXT
IV. HB who resection
chemotherapy was 76% (25). These results are consistent with
the 3-year EFS rate of 79% in the NCG of our study.
However, the 3-year EFS rate in the RSG was 89%, indicating

underwent after neoadjuvant

that upfront surgical resection in patients with PRETEXT III
and IV HB may result in improved outcomes.

We observed that upfront surgical resection in patients
with PRETEXT III and IV HB significantly reduces the total
number of chemotherapy sessions. Multiple toxic effects of
chemotherapeutic drugs administered for HB are observed,
including  myelosuppression, infection,  gastrointestinal
reactions, liver and kidney toxicity, and ototoxicity (26).
Myelosuppression with infection is the most common
complication of chemotherapy (16), and it can cause septic
shock and death in severe cases. In our study, the incidences
of febrile neutropenia, anemia, and bleeding were significantly
in the RSG than in the NCG. Platinum-based

chemotherapy is essential for HB treatment (27), and its most

lower

common side effect is ototoxicity (28), which can cause
permanent damage in children (29) and is related to the
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platinum accumulation. In our study, the incidence of
ototoxicity was 11.1% and 26.3% in the RSG and NCG,
the
incidence of ototoxicity between the two groups was observed,

respectively. However, no significant difference in
probably because of the small sample size. In addition, the
incidence of gastrointestinal reactions was also significantly
lower in the RSG than in the NCG. Therefore, the advantage
of this treatment strategy is that it reduces acute and long-
term drug toxicity and medical expenses by lowering the
course of chemotherapy and the accumulation of these drugs.

PRETEXT III and IV HB tumors tend to be larger and
compress or invade the surrounding blood vessels, causing the
tumor margins to be <1cm away from important blood
vessels and making resection more difficult. In this study,
most of the tumors in the RSG were large and were <1 cm
from the major blood vessels. However, the incidences of
intraoperative and postoperative complications were not
higher in the RSG than in the NCG, indicating that upfront
surgical resection is safe. In a previous study by our group, an
obvious fibrous capsule around the HB was observed, which
blocked the local tumor invasion; thus, even if the surgical
margin is narrow (<1cm), the tumor can be surgically
removed safely and completely (20). In addition, studies have
reported that the recurrence rates of tumors with surgical
margins <1 cm and those with surgical margins >1 cm were
the same (30). When the surgical margin is <1 cm, the patient
may have microscopic positive surgical margins; however, our
research reported no significant differences in the microscopic
positive surgical margin rates between the two groups.
Therefore, even if the surgical margin is microscopically
positive, it does not affect the prognosis (31, 32).

Our study results demonstrated that upfront resection was
associated with a lower incidence of portal vein involvement.
Vascular invasion is considered a risk factor affecting the
prognosis of children with HB (33-36) and is also an
important indicator of resectability (37). Although the latest
PRETEXT system considers vascular invasion (4), it tends to
overstage tumors (11). Distinguishing between PRETEXT II
and PRETEXT III can be especially difficult because the
question of tumor compression vs. tumor invasion of the
adjacent liver parenchyma exists (4). Hisense CAS 3D
indicated PRETEXT overstaging in three
patients in the RSG, which was confirmed during surgery.

reconstruction

Therefore, we suggest that the degree of vascular involvement
should be the most important reference factor for assessing
the surgical resectability of PRETEXT III and IV HB.
However, this does require a computer-assisted surgery system
for 3D reconstruction and an experienced surgeon to conduct
the preoperative evaluation.

However, our study had a few limitations. First, this study
was a retrospective analysis of a small sample from a single
medical institution; therefore, a potential selection bias may
Second,

have been present. our study lacked external
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verification. Finally, because of the short follow-up period, we
could only analyze the EFS at 3 years, although we will
continue to follow these patients. We look forward to
conducting a  large-sample, multicenter,  prospective
collaborative study in the future to support the conclusions of
our research. In summary, this study confirmed that upfront
surgical resection is safe and feasible for children with
PRETEXT III and IV HB, and it can reduce the course and
side effects of chemotherapy. The degree of vascular
involvement is the most important consideration when
assessing resectability. Our study provides new insights
into the timing of surgery for children with PRETEXT III and

IV HB.
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