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Abstract

Introduction: Partial hepatectomy in children with primary hepatic malignancies has a complication rate as high as 30%. This

has a negative effect on outcomes. We organized a multidisciplinary team (MDT) dedicated to the care of these patients to lower

complication rates and improve outcomes. Methods: A retrospective chart review was completed for all patients < 18 years of age

who underwent liver resection at our institution between 2002 and 2019 for primary hepatic cancer. Demographic, intraoperative,

postoperative, pathologic, and outcome data were analyzed for perioperative complications using the CLASSIC and Clavien-

Dindo (CD) scales, event-free survival (EFS) and overall survival (OS). Results: Ten (13%) of 73 patients experienced a major

perioperative complication (CLASSIC or CD > 3); two (3%) died within 30 days of surgery. After the implementation of a

dedicated MDT in 2014, the major perioperative complication rate decreased from 18% to 10%, and rates for all complications

dropped from 52% to 20% (p=0.005). Older patient age (median 62 months vs. 50 months, p=0.05) and the presence of

pulmonary metastases at diagnosis (p=0.01) were associated with increased rates of major perioperative complications. Among

patients with a hepatoblastoma (n=62), the presence of a major perioperative complication was associated with a worse EFS

(HR=5.45, p=0.03) on multivariate analysis. Patients treated following MDT implementation had improved EFS (HR=0.18,

p=0.04). Conclusions: Our results demonstrate that, for children with primary liver malignancies, a MDT can decrease the

rate of complications of liver resection and improve the oncological outcome of hepatoblastoma.
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Abstract

Introduction : Partial hepatectomy in children with primary hepatic malignancies has a complication rate
as high as 30%. This has a negative effect on outcomes. We organized a multidisciplinary team (MDT)
dedicated to the care of these patients to lower complication rates and improve outcomes.

Methods : A retrospective chart review was completed for all patients < 18 years of age who underwent
liver resection at our institution between 2002 and 2019 for primary hepatic cancer. Demographic, intra-
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. operative, postoperative, pathologic, and outcome data were analyzed for perioperative complications using
the CLASSIC and Clavien-Dindo (CD) scales, event-free survival (EFS) and overall survival (OS).

Results : Ten (13%) of 73 patients experienced a major perioperative complication (CLASSIC or CD
> 3); two (3%) died within 30 days of surgery. After the implementation of a dedicated MDT in 2014,
the major perioperative complication rate decreased from 18% to 10%, and rates for all complications
dropped from 52% to 20% (p=0.005). Older patient age (median 62 months vs. 50 months, p=0.05)
and the presence of pulmonary metastases at diagnosis (p=0.01) were associated with increased rates of
major perioperative complications. Among patients with a hepatoblastoma (n=62), the presence of a major
perioperative complication was associated with a worse EFS (HR=5.45, p=0.03) on multivariate analysis.
Patients treated following MDT implementation had improved EFS (HR=0.18, p=0.04).

Conclusions : Our results demonstrate that, for children with primary liver malignancies, a MDT can
decrease the rate of complications of liver resection and improve the oncological outcome of hepatoblastoma.

Introduction

Hepatoblastoma (HB) accounts for approximately 80% of all primary hepatic malignancies in children.1

The rest include hepatocellular carcinoma (HCC), undifferentiated embryonal sarcoma of the liver (UESL),
malignant rhabdoid tumors, rhabdomyosarcoma, angiosarcoma, and germ-cell tumors.2 Surgical removal,
by partial hepatectomy or total hepatectomy liver transplantation, is the mainstay of therapy for these
patients.3

With a combination of chemotherapy and surgery, the survival rate of HB approaches 90%; survival is
only approximately 25% in patients with HCC, which is often chemotherapy resistant.4-6 With improved
neoadjuvant chemotherapy regimens, primarily in cases of HB, partial hepatectomy is possible in about 85%
of cases.7 Liver resections are technically complex procedures with perioperative complication rates exceeding
30% in larger series.8, 9 In patients with high risk HB, perioperative complications have been shown to be
associated with worse overall survival.10

Even HB, the most common liver cancer in children, is rare. Only 100-125 children are diagnosed each year
in North America. Because they are cared for in as many as 100 hospitals each hospital has experience
with only 1-2 cases per year on average.11, 12 We believe that it is critical to have a multi-disciplinary
team of specialists dedicated to treating this rare cancer to ensure the highest quality of care and optimal
outcomes. Implementation of such a team has the added benefit of concentrating local and regional referrals
to increase center experience. Increasing center case volumes has been shown to improve outcomes of liver
transplantation in adults and children.13,14,15

Because of their rarity and need for complex multi-modality therapy, we believed it was necessary in our
hospital to implement a multidisciplinary treatment team (MDT) dedicated to the management of children
with liver cancer. MDTs can thoroughly review each case, seek input from multiple specialties, coordinate
care among the various disciplines, and create evidence-based and comprehensive treatment plans for these
patients. Our children’s liver cancer MDT includes dedicated pediatric oncologists, radiologists, pathologists,
hepatologists, a pediatric surgeon with a special interest in hepatobiliary surgery and a pediatric liver trans-
plant surgeonThe purpose of this study was to test the hypothesis that major perioperative complications
of pediatric liver resections could be reduced with the implementation of a MDT We also sought to identify
factors that increased the frequency of perioperative complications and whether perioperative complications
were associated with worse short- and long-term oncologic outcomes.

Methods

2.1 Study Design

This was a retrospective review of all patients less than 18 years of age who underwent surgical resection of
a primary liver malignancy between January 2002 and April 2019 at Texas Children’s Hospital in Houston,
TX. Treatments for patients prior to January 1, 2014 (n=33) were determined by individual oncology and
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. surgery practitioners on a case-by-case basis. The surgeons for these cases included multiple general pediatric
surgeons and transplant surgeons. After January 1, 2014 (n=40) patients were managed by a dedicated MDT
that consisted of dedicated oncologists, radiologists, pathologists, hepatologists, a pediatric surgeon with a
special interest in hepatobiliary surgery and a pediatric liver transplant surgeon. This team reviewed all
patients with primary liver malignancies as a group and determined treatment strategies by consensus,
including the decision to proceed with resection versus transplant. Throughout the study period, treatment
was based on protocols of the Children’s Oncology Group (COG) and the Société Internationale d’Oncologie
Pédiatrique – Epithelial Liver Tumor Study Group (SIOPEL).16, 17 Patients greater than 18 years of age,
and those who had benign pathology, previous liver resection or transplantation, or metastatic disease to the
liver from other primary malignancies were excluded.

2.2 Data Collection

The study was approved by the Baylor College of Medicine Institutional Review Board. Patient records
were reviewed for demographic information, age at diagnosis, intraoperative and post-operative variables
including blood loss and need for transfusion, perioperative complications, post-operative hepatic function,
pre- and post-operative chemotherapy regimens with time relations to surgery, histological and pathological
findings, presence of preoperative metastatic disease, and patient outcomes. Also noted were types of hepa-
tic resection performed, including non-anatomical (wedge) resection, standard hemi-hepatectomy, extended
hemi-hepatectomy, or trisectionectomy. Cross-sectional imaging, including computerized tomography (CT)
and magnetic resonance imaging (MRI), was used to characterize the primary tumor according to PRE-
TEXT and POST-TEXT staging,18 assess vascular relationships, and establish the presence of metastatic
disease. Intraoperative complications were graded according to a modified CLASSIC scale.19 CLASSIC grade
1 & 2 intraoperative complications were not collected given the highly subjective nature of identifying these
complications from the operative reports of 10 surgeons. Post-operative complications were graded according
to the modified Clavien-Dindo (CD) classification.20 Any complication with a CD or CLASSIC grade 3 or
greater was defined as a major complication. Post-operative complications were defined as occurring within
30 days of the primary hepatic resection.

2.3 Analysis :

Statistical analyses were performed with SAS version 9.4 (SAS Institute, Cary, NC) and Stata version 16.0
(StataCorp, College Station, TX). Continuous variables are presented as mean ± standard deviation and
categorical variables are presented as number and percentages. Univariate comparisons were performed using
the Pearson Chi-Square test, Fisher exact test, or nonparametric Wilcoxon rank-sum test, as appropriate.
Overall survival rates and time to recurrence rates and groups with and without major complications were
compared with the log-rank test. Only patients with a diagnosis of HB (n=62) were included in event-free
(EFS) and overall (OS) survival analysis. A p value of <0.05 was considered significant. Univariate analysis
was performed individually for all preoperative, intraoperative, and post-operative factors associated with
EFS and OS. Univariate analysis included log-rank test and univariate cox modeling. Factors that had
a significant association (p<0.05) were selected for multivariable analysis (Tables 7 & 8) via backwards
selection.

3. Results

3.1 Study Population and Demographic Variables

Seventy-three pediatric patients who met the above criteria underwent surgical resection of a primary hepatic
malignancy between 2002 and 2019. Thirty-three (45%) were treated before the MDT implementation over a
period of 12 years; the remaining forty (55%) patients were seen in the 4 year and 4 month period post-MDT.

The mean age of diagnosis was 51 months (Table 1). In the pre-MDT era a total of 10 surgeons performed
liver resections, an average of 3.3 cases per surgeon. In the post MDT period, 2 surgeons performed 40
liver resections. Within our patient cohort there was a male (61%) and Hispanic (45%) predominance. The
most common malignancy encountered was HB (n=62). A total of 6 patients presented with sarcoma, either
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. angiosarcoma or UESL. Four patients presented with pediatric HCC; one patient had a malignant rhabdoid
tumor of the liver.

3.2 Perioperative Complications

Seventy-one (97%) had no intraoperative complications (Table 2a); 48 (65%) had no post-operative compli-
cation (Table 2b). There were 25 (34%) intraoperative and post-operative complications of any type (minor
and major). Across all patients, a total of ten (14%) major (CLASSIC/CD > 3) perioperative complications
occurred. Two patients (3%) experienced major intraoperative complications (Table 2a), one intraoperative
arrhythmia and one inferior vena caval injury. A total of 8 (11%) major post-operative complications occur-
red, which included biliary obstruction necessitating intervention, intra-abdominal fluid collection requiring
drainage, small bowel obstruction, pancreatitis, bilateral pleural effusions requiring thoracentesis, cardiac
arrest, prolonged post-operative ileus, and post-operative bacteremia and subsequent death (Table 3).

After the implementation of our center’s MDT, the rate of major perioperative complications decreased from
18% to 10% (p=0.31) while the rate of all complications significantly decreased from 52% to 20% (p=0.005)
(Table 2c). The rate of major intraoperative complications decreased from 6% to 0%, and the rate of major
post-operative complications decreased from 15% to 10%.

On univariate analysis, older patient age at diagnosis was associated with an increased likelihood of a major
perioperative complication (mean=62 ± 41 months) when compared to patients without major complications
(mean=50 ± 65 months; p=0.016) The presence of pulmonary metastases at the time of diagnosis was
associated with an increased incidence of major perioperative complications (p=0.01). Neither PRETEXT
(p=0.9) nor COG staging (p=0.3) was associated with increased complications. Although extended hemi-
hepatectomy or trisectionectomy was associated with 32% (n=9) of all complications and 55% (n=5) of major
complications, the extent of surgical resection was not shown to be associated with increased likelihood of
major complications (p=0.07). The hospital length of stay was noted to be longer in patients who had
experienced a major complication versus those who had not (median=26 days vs. 12 days, p=0.005).

3.3 Survival Analysis

In order to focus on a more homogenous group of patients for survival analysis, we analyzed only HB
patients (n=62). Median length of follow up across all patients was 46 months. Microvascular invasion
present on pathology, extent of surgical resection, and the presence of major perioperative complications
were all significantly associated with worse EFS and OS on univariate analysis (Table 4). Patients with HB
treated post-MDT experienced better EFS (p=0.03) and trended towards improved overall survival (p=0.06)
compared to patients who were treated pre-MDT. Kaplan-Meier analysis showed a 3 year EFS of 92% for
patients post-MDT compared to a 63% 3 year EFS for patients pre-MDT (Figure 1). Cases with major
complications had significantly worse EFS (45%) over 3 years compared to cases with no complications
(81%) over 3 years.

These findings also held true in the multivariate analysis where MDT implementation led to significantly
better EFS (HR=0.18, 95% C.I. 0.036-0.95, p=0.02). The occurrence of a major complication was indepen-
dently predictive of a worse EFS (HR=5.45, 95% C.I. 1.1-26, p=0.03) (Table 5); neither major complications
nor MDT implementation was shown to have a significant effect on OS (Table 6). Additionally, the presence
of histological microvascular invasion was shown to be associated with a worse EFS & OS, and a lack of
negative surgical margins being associated with a worse OS consistent with previous studies.21, 22

Discussion

Over the past 20 years, numerous studies have shown that higher hospital volumes are associated with lower
perioperative morbidity and mortality after a number of surgical procedures.13-15, 23-26Several studies have
recommended referral of patients to high volume centers of excellence for high-risk procedures.23 In 2015,
Rana et al. reported the findings of their survey of the Organ Procurement and Transplant Network database
of over 6000 transplant candidates. They found that transplantation at a low volume center (<5 pediatric
transplants annually) was an independent risk factor for post-transplant mortality.27 Hepatoblastoma is a
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. rare malignancy with only approximately 100 cases diagnosed annually in the United States.28 There are
approximately 125 pediatric cancer centers in North America; therefore, these centers see an average of only
one case every other year.

Our experience suggests that an MDT can concentrate referrals, increase case volumes and improve outcomes.
Prior to the implementation of our MDT, our center was seeing on average 2.8 cases per year. Ten different
surgeons with varying levels of experience operated upon these patients. After the creation of our MDT we
saw an average of 9.2 cases per year. Only two designated surgeons operated on these cases. Due to the
increased institutional volume that followed the formation of our MDT, we have increased our familiarity
with these high-risk patients, increased the volume of cases per surgeon, and improved our management of
post-operative complications.

Multidisciplinary teams have been proposed as a standard model for care coordination of a variety of di-
seases in both children and adults.29-31 Prior work suggests MDTs also improve operative and oncologic
outcomes.30, 32, 33 Within pediatric oncology, issues arise in the care of these medically complex patients that
are often best resolved with increased communication among the treating specialties and providers. Studies
have clearly shown that the MDT decision-making model is able to greatly reduce variations in treatment .34

Additionally, studies have clearly demonstrated that MDTs reduce surgical complication rates.35, 36 MDT
decision-making has become standard of care at many institutions. This is reflected in the published gui-
delines of the American Academy of Pediatrics which highly recommend the MDT model for treatment of
children with cancer.37

Prior to the implementation of a pediatric liver tumor MDT at our institution, the major perioperative
complication rate for primary liver resections was 18%; this decreased to 10% following implementation of
our MDT and standardization of care for these patients. Although this was not statistically significant, there
was a decrease in major complications requiring operative interventions and/or resulting in death. After
MDT implementation, the rates of all perioperative complications combined, including minor complications,
significantly decreased from 52% to 20%. We hypothesize that this is due to more protocolized perioperative
care of these patients from anesthesia care to post-operative intensive care unit management. As a result, the
analysis revealed that the post MDT era was an independent factor associated with improved complication
rates.

It has been well reported that perioperative complications can occur frequently during pediatric liver resec-
tion for primary malignancy.9, 10, 38 Through a regression analysis of the Kid’s Inpatient Database (KID)
in 2014, Zwitscher et al. described that the associated major morbidity and mortality rates for pediatric
hepatic resection were 20% and 5% respectively. Treatment at a high-volume center was an independent risk
factor for complications that was attributed to an increased frequency of more radical resections at tertiary
centers.9. Previous studies have quoted the morbidity and mortality of pediatric liver resection at 301% and
4%, respectively38. Complications that are known to arise from liver resection include biliary leak, hemody-
namically significant intraoperative bleeding, cholangitis, coagulopathy, and small bowel obstruction39. The
overall rate of major perioperative complications in the present study was 13% (n=10). We classified major
complications as any intraoperative or post-operative complication that was grade 3 or greater as referenced
by either the CLASSIC (Table 2A) or CD (Table 2B) systems. The perioperative mortality rate for patients
across all hepatic resections was 3% (n=2) similar to that reported in the literature.8, 38, 40

Older patient age and the presence of pulmonary metastatic disease at time of diagnosis were shown to
be independent risk factors for major perioperative complications. Older age may be associated with larger
venous, arterial, and/or biliary branches that do not effectively seal with simple cautery or sealing devices
such as the harmonic scalpel or Ligasure during parenchymal transection. Additionally the livers are larger
in older children; therefore, the amount of liver to transect includes a larger surface area and may increase
the chance for bleeding and complications.

Studies show that roughly one fifth of HB patients present with pulmonary metastasis at the time of diagno-
sis, and although treatments have improved, the presence of lung metastatic disease is still one of the most
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. powerful predictors of poor prognosis in HB.40-42 Pulmonary metastatic disease may serve as a surrogate
marker for more advanced disease. In our study, the majority of patients who presented with lung metastases
(78%) were either PRETEXT 3 or 4. Regardless of these associations, pulmonary metastasis was an inde-
pendent predictor of complications. Additionally, it has been reported that more extensive liver resections
are associated with higher incidences of post-operative complications.43 Extended hemi-hepatectomy was
associated with 32% (n=9) of all complications and 55% (n=5) of major complications in our series, how-
ever, the extent of surgical resection was not predictive of complications (p=0.07). It is possible that more
intensive chemotherapy or some other undescribed characteristic of these patients is leading to increased
complications.

While we found that HB patients with a major perioperative complication had a worse EFS, this was not
associated with worse overall survival. Our findings support other studies that demonstrated worse outcomes
in HB patients undergoing resection who experienced a major complication.10 In the study by Becker et al.,
this association was hypothesized to have stemmed from the delay in resumption of adjuvant chemotherapy
due to prolonged treatment of the perioperative complication. Within our study, there was no difference in
time from surgery to resumption of chemotherapy between patients who did and did not experience major
complications. We speculate that this difference was due to the expertise of our multidisciplinary team with
the ability to promptly and aggressively treat complications in order to get the patient back onto adjuvant
chemotherapy.

Limitations of this study include the retrospective nature, small sample size, and single-institution analysis.
Due to the small sample size, it is difficult to dissect out the individual contribution of each of the changes
that accompanied formation of the MDT. For example, the decreased complication rate could be primarily
due to an increase in the annual case numbers per surgeon, independent of the other components of the MDT.
The majority of patients treated in this study were treated after the introduction of the Children’s Oncology
Group study AHEP073144. As such, most patients were treated according to standardized chemotherapy
protocols established by COG, however, we do accept the possibility of a cofounding variable that improved
standardization of chemotherapy regimens through a MDT might have led to improved outcomes in the
post MDT era. However, we do also recognize the ability to usher more patients into nationally established
current treatment guidelines as a strength of the MDT model. The associations identified in this study
will be further established by current ongoing international clinical trials for the treatment of pediatric liver
cancer.

Conclusion

In conclusion, we believe our work brings to light many important predictive factors of perioperative com-
plications and outcomes for children treated with partial hepatectomy for primary liver tumors. First, when
classified in a systematic manner, both major and all perioperative complication rates were improved with
the introduction of the MDT. Additionally, older age and presence of pulmonary metastasis were indepen-
dently predictors of major perioperative complications. Lastly, MDTs appear to improve event free survival
in HB patients. Given the very positive effects of MDT implementation in our institution compared to a his-
torical pre-MDT cohort, we feel strongly that MDTs should be standard of care for the treatment of children
with hepatic malignancies. This dedicated team will result in more centralization of care for these patients
resulting in higher case volumes per surgeon, which will result in improved perioperative complication rates
and overall outcomes.
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Table 1: Demographic, disease, treatment, and outcomes for all patients, patients with major peri-operative
complications, and patients without major peri-operative complications

Table 2A: CLASSIC graded intraoperative complications
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Table 2C Complication rates per MDT era

Table 3. Morbidity and mortality of major peri-operative complications
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Figure 1: Kaplan Meyer curve for event free survival stratified by pre- and post-MDT eras for patients with
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Figure 2: Kaplan Meyer curve for event free survival stratified by major complication experience for patients
with hepatoblastoma
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