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Liver Transplantation in Locally Unresectable, 
Undifferentiated Embryonal Cell Sarcoma
Benoy I. Babu, FRCS,1 David L. Bigam, FRCSC,1 Susan M. Gilmour, FRCPC,2 Khaled Z. Dajani, FRCS,1  
A.M. James Shapiro, FRCSC,1 and Norman M. Kneteman, FRCSC1

INTRODUCTION

Undifferentiated embryonal cell sarcoma (UESL) of the 
liver is the third most common malignant liver disease 
of childhood accounting for 9%–13% of pediatric liver 
malignancies.1,2 Although commonly found in children, 

with a peak incidence between the age group of 6–10 
years,3 there are reports of its presence in the adult popula-
tion4 with no sex predilection.2

It presents as a rapidly growing palpable intraabdominal 
mass and abdominal pain,5 occasionally associated with fever 
and anorexia in the more advanced cases.6 First reported by 
Stocker and Ishak in 1978, these tumors arise from the malig-
nant transformation of embryonal cells of the liver.7 Because 
of their internal myxoid nature with cystic and solid compo-
nents, they are prone to rupture on biopsies.6

Historically, the prognosis of UESL was considered to be 
dismal.7 With the advent of curative surgical resection or a 
combination of liver resection and chemotherapy, improve-
ment in the 5-year survival was noted.2 Shi et al felt that sur-
gical resection with or without chemotherapy was associated 
with better outcomes and negative surgical margin was not 
associated with improved survival.8

In patients where a curative resection is not attainable, liver 
transplantation has been attempted as an option for a better 
prognosis. Donor scarcity has been one of the rate-limiting 
factors in this option.

This systematic review and our experience explore the 
practicality of liver transplantation, as a viable option in the 
treatment armamentarium for locally advanced undifferenti-
ated embryonal cell sarcoma.
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Review

Background. Undifferentiated embryonal cell sarcoma (UESL) of the liver is the third most common malignant liver dis-
ease of childhood presenting as a rapidly enlarging intraabdominal mass. This systematic review explores the practicality of 
liver transplantation as a viable option in the treatment armamentarium for locally advanced undifferentiated embryonal cell 
sarcoma. Methods. A systematic review of the literature was performed using Medline and Embase, from inception of 
databases to December 31, 2018. Keywords and MeSH headings used were embryonal sarcoma, mesenchymal sarcoma, 
and liver transplant. Reviews and manuscripts with incomplete data were excluded. Results. Twenty-eight patients had 
orthotopic liver transplantation (OLT) as a curative treatment option. The median age at presentation was 8 and 27 years in 
the pediatric and adult population, respectively, with a similar male to female ratio. A majority of the patients presented with 
abdominal pain, palpable mass, and a normal alpha-feto-protein. The median tumor size was 15 cm mainly affecting the right 
lobe (62%) of the liver. Eighty-two percent of the patients underwent primary OLT and 5 patients had salvage OLT. One death 
(3.6%) was due to initial misdiagnosis and management for hepatoblastoma. Recurrence was noted in 7.1% of the popula-
tion. The median follow-up was noted to be 28.5 months. The documented survival rate post-liver transplant for UESL was 
96%. Conclusions. Based on available data and the very positive results therein, liver transplantation is a practical and 
justifiable use of a scarce resource as a treatment option for locally unresectable, undifferentiated embryonal cell sarcoma. 
The authors propose (accepting existence of different proposals) neoadjuvant therapy before curative resection, and if not 
achievable, then liver transplantation followed by adjuvant chemotherapy is an option for suitable candidates. For recurrent 
tumors after surgical resection, adjuvant therapy with salvage liver transplantation is an option.
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MATERIALS AND METHODS

Study Design and Search Strategies
The systematic review was structured on the methodology 

of the Cochrane systematic review protocol9 and the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines for data reporting.10

A comprehensive and extensive computerized search of 
the English literature using the OVID search engine11 was 
performed.

The Medical Subject Headings (MeSH) headings used were 
“embryonal sarcoma,” “mesenchymal sarcoma,” and “liver 
transplant.” The headings were truncated to broaden the 
search and combined with Boolean operators to focus and 
connect the MeSH headings.

Eligibility Criteria
The PICO structure was used within the research question 

when the selection criteria were performed.12 All studies men-
tioning the use of liver transplant in the treatment of embryo-
nal cell sarcoma were examined.

Observational reports, multicenter reports, single-center 
series, case reports, and case series were involved. No rand-
omized control studies were found to have been performed 
on this topic.

Studies were limited to manuscripts in the English language 
and pertaining to human beings. Reviews and manuscripts 
containing incomplete data for the study were excluded

Information Sources
The bibliographic databases searched were Excerpta 

Medica database (EMBASE) and Ovid MEDLINE. The time 
frames for the respective bibliographic databases were from 
inception of the databases till December 31, 2018. The search 
string was first designed for PubMed and then translated to 
other databases (Figure 1).

Study Selection
The bibliographic reference manager software EndNote 

X9.1.1 was used to manage the references emerging from the 
database searches.

Titles and abstracts of references were screened, and 
the potentially relevant references were assessed for eli-
gibility. The full manuscripts were obtained and screened 
against the inclusion and exclusion criteria. Reference lists 
of eligible manuscripts were screened to pick missed rel-
evant articles. If similar or follow-up results were reported 
in different papers especially by the same institution, the 
manuscript containing the complete and latest dataset was 
selected

Data Extraction and Analysis
A code-book was created on Microsoft Excel database. 

The data extracted were based on the following sections: 
(a) general information on the manuscript (eg, y of publi-
cation, country of origin, type of study, and time period); 
(b) demographics of the dataset (eg, study design, sample 
size and characteristics, age, and gender); (c) morphology 
and staging of tumor; (d) type and cycles of chemother-
apy used; (d) follow-up period; and (e) retransplant and 
recurrence.

Data are presented as median (range) and nonparametric 
tests are used for comparisons unless otherwise specified.

Case Report
A retrospective review of the charts of 2 patients treated 

for UESL at the University of Alberta Hospital, Edmonton, 
Alberta, Canada, was carried out (Figure 2). The data extrac-
tion and analysis were carried out as mentioned in the previ-
ous paragraph (Table 1). This was with the approval of the 
Local Health Research Ethics Board and in compliance with 
the appropriate Health Information Act (Pro00097398). For 
the purpose of this review, our data has been combined with 
data gleaned from the manuscripts.

RESULTS

Demographics of Study Population
A total of 28 patients have undergone orthotopic liver 

transplant (OLT) for undifferentiated embryonal cell sarcoma 
reported in 13 articles and including our unreported experi-
ence. The manuscripts were all retrospective in nature. The 
time frame of the selected manuscripts was from 1981 to 
2016.

The median age of pediatric patients who were transplanted 
for UESL was 8 years (range: 4 mo–15 y). The median age for 
adults (>18 y) who required liver transplant for UESL was 27 
years (range: 21–54 y).

The male to female ratio of the patients undergoing OLT 
was similar.

Presenting Symptoms
Presenting symptoms were described in 12 patients who 

underwent liver transplant. The most common presenting 
symptoms were epigastric and right upper quadrant pain with 
a palpable mass.2,3,13,14 Two patients described abdominal dis-
tention as part of their presenting symptom.4 One patient pre-
sented with jaundice before transplant.15

Investigations Used
A majority of patients had a computerized tomography 

and MRI for diagnosis and staging. Tumor staging using the 
PRE-TEXT classification16 was reported in 2 patients. The 
tumor marker, alpha-feto-protein (AFP) was reported in 10 
patients, 90% had normal or negative results. Only 1 patient 
was found to have a raised AFP, and this patient was initially 
misdiagnosed as hepatoblastoma.17

Tumor Morphology
The median diameter of the tumor on imaging was 15 cm 

(range: 8–25 cm).
Thirteen patients had descriptions about the site of their 

tumor in the liver. Eight (62%) of those patients predomi-
nantly had tumors involving the right lobe of the liver, some 
of which were extending in to the left lobe. Three patients had 
tumors originating in the left lobe. One of the patients had 
tumors in the hilar region of the liver and another had tumor 
involving the entire liver.

Characterization of the tumor was mentioned in 8 patients 
and all of them had a solid and cystic component. One of 
those patients had hemorrhaged in to the tumor. Two patients 
were initially diagnosed to have undifferentiated mesenchy-
mal hamartomas but were found to have UESL in the resected 
specimen.18

Only 1 patient had a distant lung metastasis; this was 
resected before liver transplant.3
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Chemotherapy
Preoperative and Postoperative Chemotherapy With 
Curative Resection in Patients Undergoing Salvage 
OLT

Four of the 6 patients who underwent curative resection 
had preoperative chemotherapy. This involved alkylating 
agents (ifosfamide, cisplatin) and anthracyclines. The median 
number of cycles was 9 (range: 5–10).

Similar chemotherapeutic agents were used postopera-
tively, and the median number of cycles was 4 (range: 2–10) 
(Table 2).

Preoperative and Postoperative Chemotherapy in 
Patients Undergoing Primary OLT

The main chemotherapeutic agents are similar to the ones 
used in patients for salvage OLT, which include alkylating 

FIGURE 1.  Flow chart of search strategy and exclusion criteria.

FIGURE 2.  Cross-sectional imaging of UESL tumor treated at University of Alberta Hospital, Edmonton, Canada.
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agents and anthracyclines with a median number of 4 cycles 
(range: 1–6) (Table 3).

Surgical Resection With Curative Intent, Before 
Liver Transplant

Five patients had surgical resection with curative intent 
before liver transplantation. Of the patients who underwent 
surgery before their OLT, 2 (including 1 of our patients) had 
a right trisegmentectomy.3 One patient had a right lobe resec-
tion. Another patient underwent an exploratory laparotomy 
and cyst drainage of a multiloculated cystic tumor.13

One of our patients had a left lobe resection. She developed 
recurrence 4 years later and underwent segment 4 resection. 
The patient developed a second recurrence in the remnant 
liver a further 6 years later and required a salvage OLT.

Orthotopic Liver Transplantation
Two modalities of a surgical approach have been used for 

patients who presented with UESL tumors. Depending on the 
initial presentation, primary OLT (Table 4) and salvage OLT 

(Table 5) have been the available options. Primary OLT was 
performed in patients in which the tumor was contained in 
the liver, but a curative resection was not a practical option 
because of either insufficient remnant volume or involvement/
proximity to major vascular structures.1,18 Salvage liver trans-
plant was resorted to in cases wherein the tumor was treated 
with chemotherapy and curative resection was achieved, but 
the tumor recurred.

Twenty-three patients (82%) underwent primary OLT, and 
five patients (18%) had salvage OLT. The type of donor liver 
was documented in 8 patients. Six patients received deceased 
donor livers, and 2 patients received live related15 and unre-
lated donors.

Three patients (11%) were documented to have rejection 
after OLT.4,19 One patient had cardiac dysfunction.18 One 
patient has a bile duct anastomotic leak3 and another had devel-
oped a diaphragmatic hernia.18 The majority of the patients had 
tacrolimus as 1 of their immunosuppressive medications.

Two patients (7.1%) required retransplant because of 
rejection.4,19

TABLE 4.

Patients undergoing primary OLT

Name, y Age Sex Symptoms
Tumor

site
Solid/
cystic

Size  
of tumor

Preop 
chemo

P-OLT 
chemo

Remission 
period

Recurrence 
after OLT Re-OLT Death

Schluckebier D, 2016 120 M Abdominal pain Entire Y NA Y Y  No No 0
Shi Y, 2017 108 (m)    NA 13.7 (m) N N 60 9 (m) No No 0
Techavichit P, 2016 264  RUQ mass and pain NA Y+He 23 Y N 28 No No 0
Walther 1, 2014 156 F RUQ mass and pain Rt NA NA Y Y 24 No No 0
Walther 2, 2014 132 M Pain, weight loss Rt Y 17×, 12×, 14 Y Y 24 No No 0
Ismail, 2013 4 F Abdominal pain Rt→Lt NA NA Y Y 8 Yes No 1
Rohan V 32  NA NA NA NA N NA NA No No 0
Chen LE, 2006 73 F NA NA NA NA Y N 45 No No 0
Chen LE, 2006 60 F NA NA NA NA Y N 29 No No 0
Okajima H, 2009 180 M Jaundice Hilar NA 15 Y Y 24 Yes  0
Dower NA, 2000 72 M RUQ pain, anemia Rt→ Lt Y 12 × 11 × 14 Y N 79 No Yes 0
Khan Z, 2017 252 M RUQ mass and pain Rt lobe Y 14 × 10 × 10 Y None 18 No No 0
Dhanasekaran R, 2012 648 M Distension Lt lobe NA 25 Y None 123 No Yes 0

Period of remission and age in mo, size of tumor in centimeter.
F, female; He, hemorrhage; Lt, left; (m), mean; M, male; N, no; NA, not available; OLT, orthotopic liver transplantation; P-OLT chemo, post-OLT chemo; Rt, right; Y, yes.

TABLE 3.

Patients undergoing primary LTx with chemotherapy

Author, y
Primary 

LTx
Age 
(mo) Pre-LTx chemo

Pre-LTx  
chemo cycles

Post-LTx  
chemo cycles Post-LTx chemo

Schluckebier D, 2016 1 120 Ifosfamide, vincristine, dactinomycin 4 9 Ifosfamide, vincristine, dactinomycin
Shi Y, 2017 10 108 NA NA NA NA
Techavichit P, 2016 1 264 Ifosfamide doxorubicin 5 None None
Walther, 2014 1 156 Ifosfamide doxorubicin 6 4 Vincristine, actinomycin D, cyclophosphamide
Walther, 2014 1 132 Ifosfamide doxorubicin. 5 1 Ifosfamide
Ismail, 2013 1 4 Cislplatin doxorubicin 2 NA Cyclophosphamide, doxorubicin vincristine
Rohan V, 2014 2 32 NA NA NA NA
Chen LE, 2006 1 73 Cisplatin, adriamycin, vincristine, Ifosfamide 4 None None
Chen LE, 2006 1 60 Cisplatin, adriamycin, vincristine 1 None None
Okajima H, 2009 1 180 Vincristine, actinomycin cyclophosphamide Stopped early: 

side effects
NA Vincristine, actinomycin, cyclophosphamide

Dower NA, 2000 1 72 Ifosfamide, carboplatin, etopiside 2 None None
Khan Z, 2017 1 252 Ifosfamide doxorubicin 5 None None
Dhanasekaran R, 2012 1 648 Adriamycin ifosfamide dacarbacine 10 mo None None

LTx, liver transplant; NA, data not available; none, did not have chemotherapy.
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Pathology
All the explanted pathology was suggestive of UESL. 

Patients, who had description of the histology of their 
explanted liver, had between 90% and 100% necrosis of their 
tumor. These patients had undergone chemotherapy before 
liver transplantation.

Survival and Recurrence
The median survival was 28.5 months (range: 8–123 

mo). This is influenced by the bias in the timeline of report-
ing. Eleven patients were documented to have survived the 
5-year period.

One patient (3.6%) died after OLT.17 This particular 
patient was misdiagnosed as hepatoblastoma initially and 
had preoperative chemotherapy but did not respond and 
underwent an OLT.

Only 2 (7.1%) of the 28 patients had recurrence after liver 
transplant.1,15,17 One of the patients had recurrent hilar tumor 
in the transplanted liver, which was resected and treated with 
chemotherapy.15 The patient was disease free 18 months after 
resection. The other patient had a misdiagnosis of primary 
tumor, had an OLT, and relapsed.17

Two (7.1%) patients had to undergo retransplant for 
rejection.4,19

DISCUSSION

Management strategies have evolved in the treatment of 
locally unresectable UESL. This systematic review has exam-
ined the available literature on the use of liver transplantation 
as a potential treatment option in both the pediatric and adult 
population, wherein the tumor is unresectable and as salvage 
therapy in patients with recurrence.

Our systematic review along with our clinical experience 
has analyzed the data presently available on the utilization of 
OLT for the treatment of UESL. The data have been pooled 
based on the demographics, presenting symptoms, investiga-
tion used, tumor morphology, chemotherapy, and outcomes 
on liver transplantation.

Interpretation of data for the purpose of this systematic 
review must accept that data pooling has inherent limitations 
in sensitivity, clinical heterogeneity, and publication bias. 
Nevertheless, this is the largest reported series of patients 
treated with OLT for this rare tumor.

A total of 28 patients had liver transplantation as a cura-
tive treatment option. The median age at presentation of the 
tumor was 8 and 27 years in the pediatric and the adult popu-
lation, respectively, with a similar male to female ratio. The 
majority of the patients presented with upper abdominal pain 
and a palpable mass. A majority of the patients had a normal 
AFP, and the median tumor size was 15 cm mainly affecting 
the right lobe of the liver (62%).

Eighty-two percent (23) of the patients underwent primary 
OLT, and 5 patients (18%) had salvage OLT.

One death (3.6%) was noted because of an initial misdi-
agnosis and management for hepatoblastoma. Recurrence 
was noted in 7.1% of the population, and retransplantation 
was required for 2 patients with rejection. All the patients 
were alive till the point of publication of the respective arti-
cles except for 1 patient, and the median recorded survival 
was noted to be 28.5 months. The documented survival rate 
postliver transplant for UESL was 96%.T
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From our review, a standardized chemotherapeutic regimen 
was not used universally for UESL.

In conclusion, based on the available data, and the very 
positive results therein, liver transplantation is a practical and 
justifiable use of a scarce resource as a treatment option for 
locally unresectable, undifferentiated embryonal cell sarcoma. 
The authors propose (accepting existence of different propos-
als) neoadjuvant therapy before curative resection, and if not 
achievable, then liver transplantation followed by adjuvant 
chemotherapy is an option for suitable candidates.” For recur-
rent tumors after surgical resection, adjuvant therapy with 
salvage liver transplantation is an option.
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