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Background and Aim: Resection for giant hepatocellular carcinoma (HCC) (>10 c¢m) is deemed
safe and feasible. However, a super-giant HCC (=15 cm) poses unique technical complexity for
hepatectomy with limited data suggesting feasibility and oncologic efficiency. This study aims to
evaluate the short-term and long-term outcomes of hepatectomy in patients with super-giant HCC.
Methods: A retrospective review was conducted on patients with super-giant HCC who underwent
hepatectomy from 2011 to 2021. We report perioperative and oncologic outcomes such as length of
stay (LOS), 30-day readmission, 90-day mortality, and cumulative survival rate.

Results: Of the 18 patients, the median tumor diameter was 172.5 mm (range 150-250). The most
common risk factor was chronic hepatitis B virus (HBV) infection (n=7, 38.9%). Most of the patients
were Barcelona Clinic Liver Cancer (BCLC) Stage B (n=14, 77.8%) and Hong Kong Liver Cancer
(HKLC) Stage IIb (n=15, 83.3%). Extended right hepatectomy was the most common procedure.
The median LOS was 11 days (range 3-90). The most common post-operative complication was
pneumonia (n=4,22.2%). Fourteen patients were discharged well without any need for invasive therapy
(n=7, 38.9% no complications, n=1, 5.6% Clavien Grade I, n=6, 33.3% Clavien Grade II). Thirty-day
readmission rate was 5.6% (n=1) and 90-day mortality rate was 5.6% (n=1). There were 12 patients
(66.7%) with microvascular invasion and three patients (16.7%) with macrovascular invasion. Most
patients had Grade III (poorly differentiated) HCC (n=9, 50%). At a median follow-up of 11 months
(range 2-95), 12 (66.7%) patients had local recurrence, and 9 (50%) developed distant metastasis. The
1-, 2-, and 3-year cumulative disease-free survival (DFS) was 36%, 18%, and 18%, respectively. The
1-, 2-, and 3-year cumulative overall survival was 49% and 39%, and 29%, respectively.

Conclusion: Primary hepatic resection is safe in patients with super-giant HCC. However, long-term
outcomes are poor, and high tumor volume may be associated with inferior oncological outcomes in HCC.
Relevance for Patients: The presentation of super-giant HCCs may be asymptomatic and some
patients are diagnosed late with limited treatment options. In some centers, this group of patients
are denied surgical resection and recommended for only locoregional therapies like TACE. This
paper demonstrates that hepatic resection is safe and may be an option in patients who present at an
advanced stage with a high tumor burden.

1. Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer death globally [1].
The median overall survival (OS) of HCC patients is approximately 6—20 months [2]. Despite
effective surveillance programs, many patients continue to be diagnosed at an advanced
stage with a high tumor burden. The management of HCC patients is guided according to
the stage of the disease. In patients with intermediate stage and beyond, the BCLC staging
system advocates locoregional therapeutic options like TACE or systemic therapy instead
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of surgery [3-5]. However, many Asian centers have reported
acceptable survival outcomes with surgical resection, so long as
patients have good functional status, sufficient future liver remnant
(FLR), and preserved liver function [6-9]. Part of the differences
in recommendation is related to the etiology of HCC, with HBV
predominant in Asia. This is reflected in a retrospective study by
Selby et al. [10] on 766 HCC patients with predominant HBV
etiology. Survival outcomes improved when patients with BCLC
Stage C HCC were managed according to recommendations based
on the HKLC system. Thus, the management of HCC patients
should consider patient-related, disease-related, and treatment-
related factors and be discussed in a multidisciplinary team.
Strict adherence to clinical practice guidelines (CPG) and staging
system-based recommendations may compromise outcomes [11]
and should be avoided. Moreover, these guidelines are not without
limitations and should always be guiding but not binding.

Tumor size is often an essential determinant of most
malignancies’ staging, prognostication, and management options.
However, in the context of HCC, a myriad of other factors are
considered, and size alone plays a less significant role. A study by
Chen et al. [11] evaluated recent internationally published CPGs
on the management of HCC, and none of the 22 CPGs included
tumor size in the treatment decisions. Hence, many surgeons
continue to offer liver resections despite a large tumor size.
A larger tumor poses many technical challenges for a surgeon,
including their propensity to cause anatomical distortions, the
increased proximity to hepatic hilum limiting safe dissection, and
more difficulty in mobilization and manipulation, causing a high
risk of rupture and tumor seeding [12]. Recent studies have shown
promising outcomes after hepatic resection of giant HCC (>10 cm)
with 5-year survival rates exceeding 25% [13] and no significant
difference in OS compared to patients with smaller HCC [14].

However, most of these reports included patients with a median
tumor diameter of <15 cm. A super-giant HCC (>15 cm) poses
even more technical complexity as large tumors are associated with
a higher risk of vascular invasion [15], increased intraoperative
blood loss, more difficulty obtaining clear surgical margins [16],
and increased risk of insufficient FLR causing post-hepatectomy
liver failure (PHLF).

The volume of a tumor is proportional to size. Applying the
mathematical formula for the volume of a sphere (4/3 1 1), a
tumor with a 5 cm, 10 cm, and 15 cm size has a volume of 65.5 ml,
524 ml, and 1767 ml, respectively. Thus, the 15 cm HCC is about
3 times the volume of 10cm HCC. In solid organ malignancies
such as breast cancer, prostate cancer, and nasopharyngeal
cancer, high tumor volume (Tv) is associated with a worse
prognosis [17-19]. For HCC, it is likely that though the size is not
included in the staging criteria, the volume burden of the tumor
could be associated with the abovementioned risks and predict
inferior outcomes. There are currently limited data to suggest
the feasibility, safety, and oncologic efficiency of hepatectomy
of super-giant HCC. Therefore, this study aims to evaluate short-
term and long-term outcomes of hepatectomy in patients with
super-giant HCC in our institution.

2. Materials and Methods
2.1. Patient selection

A retrospective review was conducted on patients who
underwent hepatic resection of super-giant HCC from January 2011
to February 2020 in Tan Tock Seng Hospital, Singapore. A lesion
>5 cm in diameter is defined as a large lesion, and a lesion >10 cm
in diameter is defined as a giant lesion [12]. This study defines
super-giant HCC as histologically proven HCC >15 cm in diameter.

2.2. Pre-operative assessment

Patients were diagnosed using cross-sectional imaging with
triphasic liver protocol computed tomography (CT) or magnetic
resonance imaging scan. Radiological parameters including size
and location of the tumor, number of lesions, presence of satellite
nodules, vascular invasion, tumor thrombus, liver echotexture,
and signs of portal hypertension were collected.

All patients were discussed at a multidisciplinary tumor board.
Liver resection was offered as curative therapy after evaluating
the patient’s performance status and ensuring adequate FLR. The
performance status was assessed using the Eastern Cooperative
Oncology Group score and existing comorbidities were screened.
The hepatic reserve was determined using Child’s Pugh scoring,
Indocyanine Green (ICG) clearance, and CT Volumetry. An ICG
retention >15% at 15 min was considered a contraindication to
resection of super-giant HCC. Routine pre-operative blood tests,
chest X-ray, and electrocardiogram were performed. In addition,
alpha-fetoprotein (AFP) levels and hepatitis serologies were
evaluated. Once listed for surgery, patients were reviewed at the
preadmission evaluation and counseling clinic by the anesthesia
team, dieticians, physiotherapists, and case managers [20].

2.3. Surgical technique

The surgical technique of our unit is previously reported [21].
All patients received surgical infection prophylaxis and a low
central venous pressure anesthesia. A reverse “L” incision
was typically made. Liver mobilization with a portal sling was
routinely performed. Blood loss was controlled intraoperatively
with Pringle’s maneuver whenever necessary. Intraoperative
ultrasound was used to confirm the location of lesions, evaluate
for additional tumors, and delineate resection margins. The
extent of hepatectomy was classified according to the number
of anatomical segments resected. Parenchymal transection was
achieved using energy devices such as Cavitron Ultrasonic
Surgical Aspirator (CUSA) (SonoSurg, Olympus, Tokyo, Japan),
Harmonic™ (Johnson and Johnson Medical Devices Companies,
USA), SonoSurg™ (Olympus, Tokyo, Japan), and LigaSure™
(Covidien, Minneapolis, USA) with dolphin tip. Tubular structures
of >3 mm were ligated or clipped, and major pedicles were
stapled with a vascular stapling device. Drains were placed before
abdominal closure. Intraoperative details regarding the length of
operation, blood loss, and number of pints of blood transfusion
were recorded.
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2.4. Follow-up and analysis

The number of tumors, liver cirrhosis, vascular or perineural
invasion, and surgical margins was evaluated on histological
assessment. Surgical margins were considered positive if viable
tumor cells were seen within 1 mm on microscopy. According
to the HCC pathologic grading system issued in 2010 by the
World Health Organization, the tumor was graded to classify
digestive system tumors. The different grades include Grades I
(well-differentiated), II (moderately differentiated), III (poorly
differentiated), and IV (Undifferentiated).

Postoperatively, the patients were monitored in the high
dependency unit (HDU) for a minimum of 24 h, or the intensive
care unit, depending on intraoperative progress and comorbidities.
All patients were managed under a standardized liver resection
care pathway. They were started on incentive spirometry with
physiotherapy and enteral feeding as early as possible. Surgical
drain outputs were charted strictly and drains were removed when
the output was <50 ml/24h or at the surgeon’s discretion. The
length of stay (LOS), post-operative complications, readmission
within 30 days, and 90-day mortality were recorded.

Patients were typically followed up with 3-monthly CT
scans and AFP for surveillance and laboratory testing for liver
function (liver panel and coagulation panel) for the first 2 years.
Subsequently, the interval can be increased to 6-monthly and
annually. Recurrence was defined as new or growing liver lesions
on imaging with characteristic appearances of HCC. The presence
of metastasis was also evaluated on CT scans. Multidisciplinary
teams confirmed the diagnosis of recurrent or metastatic disease.
The date of disease relapse (recurrence or metastasis) and date
of death were recorded and disease-free interval and length of
survival were measured. The duration of follow-up was recorded
and the last day of follow-up for the surviving patients in the study
was taken to be 1% December 2021.

Survival data were analyzed using Kaplan-Meier Curve
and were compared with life tables. P<0.05 was considered as
significant for the statistical association.

3. Results
3.1. Patient and tumor characteristics

Of the 18 patients, the median age was 65.5 years (range
55-77), and 17 patients (94.4%) were male. Half of the patients
(n=9, 50%) had no risk factor, while the most common risk factor
was chronic HBV infection (n=7, 38.9%). The demographics and
clinical profile of the patients are shown in Table 1.

When staged according to the BCLC and HKLC staging systems,
the most of the patients were BCLC Stage B (n=14, 77.8%) and
HKLC Stage IIb (n=15, 83.3%). Four patients (22.2%) were
BCLC Stage C. One patient (5.6%) was HKLC Stage I1la and two
patients were HKLC Stage IIIb (11.1%). In addition, one patient
underwent pre-operative TACE and portal vein embolization
in the same setting. Extended right hepatectomy was the most
commonly performed procedure (n=9, 11.1%). The median
operative time was 447 min (range 264—760). Median blood loss

Table 1. Demographics and clinical profile of patients with
super-giant HCC

Median age, years (range) 65.5 (55-77)
Gender, n (%)

Male 17 (94.4)

Female 1(5.6)
Risk factors, n (%)

HBV 7(38.9)

Alcohol and HBV 2 (11.1)

No risk factors 9 (50.0)
Comorbidities, n (%)

Hypertension 9 (50.0)

Diabetes mellitus 8(44.4)

Hyperlipidemia 7(38.9)

Stroke 2 (11.1)

Ischemic heart disease 4(22.2)

Chronic renal disease 3(16.7)

Pulmonary disease 2 (11.1)
Child-Pugh score, n (%)

A 17 (94.4)

B 1(5.6)

C 0
BCLC stage, n (%)

A 0

B 14 (77.8)

C 4(22.2)
HKLC stage, n (%)

I, ITa 0

ITb 15(83.3)

1lIa 1(5.6)

TTb 2(11.1)

Iva, IVb 0

Va, Vb 0
Pre-operative treatment, n (%)

TACE 1(5.6)*

None 17 (94.4)

*This patient also received portal vein embolization. HBV, hepatitis B virus; BCLC,
Barcelona Clinic for Liver Cancer; HKLC, Hong Kong liver cancer; TACE, transarterial
chemoembolization.

was 1200 ml (500-11,000), with one patient experiencing 11 L
of blood loss due to iatrogenic intraoperative middle hepatic vein
injury. The intraoperative data are shown in Table 2.

3.2. Post-operative outcomes

Postoperatively, the median LOS was 11 days (range 3-90),
with 4 days (range 0-20) in an HDU. Post-operative complications
were classified according to the Clavien-Dindo classification.
As a result, 14 patients were discharged well without any need
for invasive therapy (n=7, 38.9% no complications, n=1, 5.6%
Clavien Grade I, n=6, 33.3% Clavien Grade II). The post-operative
outcomes and histopathological data of patients are highlighted in
Table 3.
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Table 3. (Continued)

Median operative time, min (range)

Median blood loss, ml (range)

Median units of blood transfusions (range)

Type of liver resection, 1 (%)
Right hepatectomy
Extended right hepatectomy
Left hepatectomy
Left lateral sectionectomy
Extended left hepatectomy

447 (264-760)
1200 (500-11000)
2(1-14)

4(222)
9 (50.0)
1(5.6)

2(11.1)
2 (11.1)

Table 3. Post-operative outcomes and histopathological data

Post-operative outcomes

Post-operative length of stay, days (range)

Median length of stay in hospital 11 (7-45)
Median length of stay in HDU 4 (1-30)
Median length of stay in ICU 0 (0-20)
Post-operative complications, liver-specific, 7 (%)
Post hepatectomy liver failure 1(5.6)
Bile leak 1(5.6)
Liver abscess 0
Bleeding 0
Post-operative complications, general, n (%)
Pneumonia 4(22.2)
Myocardial infarction 3 (16.7)
Tleus 3(16.7)
Intra-abdominal abscess 2 (11.1)
Urinary tract infection 1(5.6)
Stroke 0
Acute kidney injury 2 (11.1)
Deep vein thrombosis 0
Pulmonary embolism 0
Superficial surgical site infection 0
Others” 7 (38.8)
Clavien Dindo classification, n (%)
Grade | 1(5.6)
Grade 1T 6(33.3)
Grade Illa 2 (11.1)
Grade I1Ib 0
Grade I'Va 0
Grade IVb 1(5.6)
Grade V 1(5.6)
Readmission within 30 days 1(5.6)
30-day mortality, 7 (%) 0
90-day mortality, n (%) 1(5.6)
Histopathological data
Vascular invasion, 7 (%)
Yes
Microvascular invasion 12 (66.7)
Macrovascular invasion 3(16.7)
No 3(16.7)
(Contd...)

Perineural invasion, n (%)

No 18 (100)
Presence of tumor capsule, 7 (%)

Yes 13(72.2)

No 5(27.8)
Presence of tumor rupture, 1 (%)

Yes 2 (11.1)

No 16 (88.9)
Presence of multiple tumors, 7 (%)

Yes

<3 tumors 1(5.6)
>3 tumors 4(22.2)

No 13 (72.2)
Presence of liver cirrhosis, n (%)

Yes 1(5.6)

No 17 (94.4)
Tumor differentiation

Grade I (Well-differentiated) 0

Grade II (Moderately-differentiated) 8 (44.4)

Grade I1I (Poorly-differentiated) 9 (50.0)

Grade IV (Undifferentiated, Anaplastic) 1(5.6)

"Other complications include anemia requiring blood transfusion with no active bleeding
source bacteremia with no apparent source, scrotal swelling from hypoalbuminemia,
polyarticular gout flare, ex-drain site bleeding, vocal cord palsy with right arytenoid
granuloma, and post-operative delirium. HDU, high dependency unit; ICU, intensive care
unit.

The most common post-operative complication was pneumonia
(n=4, 22.2%), with two patients developing a complication of
parapneumonic effusion requiring radiologic guided pigtail catheter
pleural drainage. Three patients (16.7%) developed myocardial
infarction, heart failure, and acute pulmonary edema. Two patients
(11.1%) developed intra-abdominal abscess requiring radiologically
guided drainage and a prolonged course of intravenous antibiotics.
Finally, two patients (11.1%) developed acute kidney injury.

Regarding liver-specific complications, one patient (5.6%)
developed a bile leak which resolved spontaneously. One patient
(5.6%) developed PHLF and was demised on post-operative day
70. There was no patient with an unplanned return to theatre within
30 days. Thirty-day readmission rate was 5.6% (n=1) and 30-day
mortality rate was 0%. Ninety-day mortality rate was 5.6% (n=1).

The median tumor diameter was 172.5 mm (range 150-250)
on histology. There were 12 patients (66.7%) with microvascular
invasion and three patients (16.7%) with macrovascular invasion.
None of the patients had a perineural invasion. Five patients
(27.8%) had multifocal tumors, with four (22.2%) having more
than three lesions. Two of the patients (11.1%) had tumor rupture.
Only one (5.6%) patient had the presence of liver cirrhosis noted
on histology. Most patients had Grade III (poorly differentiated)
HCC (n=9, 50%), 8 patients (44.4%) with Grade II (moderately
differentiated) HCC, and 1 (5.6%) with Grade 4 (undifferentiated)
HCC. Histology of all tumors revealed HCC and an additional
sarcomatoid component in one patient.
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3.3. Disease and survival outcomes

The survival data are shown in Figures 1 and 2. At a median
follow-up of 11 months (range 2-95), 12 (66.7%) patients died.
Twelve (66.7%) patients had local recurrence and 9 (50%)
developed distant metastasis. The median DFS was 5 months and
the median OS was 12 months. The 1-, 2-, and 3-year cumulative
DFS was 36%, 18%, and 18%, respectively. The 1-, 2-, and 3-year
cumulative OS was 49%, 39%, and 29%, respectively.

4. Discussion

There are no agreed criteria to define the terminology of liver
tumor size. Various authors have reported “large” and “giant” to
suggest a cutoff of 5 cm and 10 cm [14]. We frequently observe
large tumors in our clinical practice, with a local study by Lei
et al. [22] on 244 patients with hepatic resection reporting a median
tumor diameter of 56 mm (range, 1-200 mm). Thus, we coined the
term super-giant HCC for this study. There is a paucity of hepatic
resection outcomes for super-giant HCCs (=15 cm), with only one
report of surgical resection of HCC more than 15 cm size [23].
This study has shown that hepatic resection of selected patients
with super-giant HCC is safe but associated with poor survival,

Disease-free Survival
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Figure 1. Disease-free survival in patients who underwent hepatic
resection of super-giant hepatocellular carcinoma.
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Figure 2. Overall survival in patients who underwent hepatic resection
of super-giant hepatocellular carcinoma.

with a median OS of 12-month and a 3-year cumulative OS of
29%. These results are inferior to standard reports of survival
outcomes for hepatic resection in large or giant tumors (>10 cm)
and warrant further discussion.

Patients with super-giant HCC do not qualify for liver
transplantation, and thus resection remains the primary curative
treatment option. However, surgical resection of a giant or super
giant HCC is associated with a high risk of recurrence as large
size implies aggressive tumor biology with a higher incidence of
intrahepatic metastasis and portal venous invasion [15,24,25]. Ina
multicenter study including 300 HCC patients with HCC >10 cm,
Pawlik et al. [13] reported 5% mortality and actuarial 5-year
survival of 27%. Chen et al. [26] also reported one of the largest
single-center experiences of hepatic resection for HCC >10 cm
and demonstrated 30-day mortality of 2.2% and a 5-year OS rate
of 18.2%. In a comparative study by Zhou et al. [27] including
1227 HCC patients with HCC >10 cm and 2349 patients with
HCC <10 cm, the authors concluded that patients with HCC
>10 cm were younger, more symptomatic, with a poorer tumor
differentiation, a higher operative mortality rate (4.5% vs. 2.3%,
P<0.001), and a much lower 5-year OS rate (26.2% (n=621) vs
54.3% (n=2039), P<0.01). The only study on super-giant HCCs
(>15 cm) was by Huang ef al. [23]. They concluded that outcomes
of patients with >15 cm HCC were worse when compared to
operated patients within the European Association for Study of
Liver, 2001 and American Association for Study of Liver Diseases,
2005 criteria. The perioperative morbidity, mortality, and 3-year
OS were 30.2%, 3.6%, and 23%, respectively. The most common
cause of death was HCC recurrence (72%). Our study reported
perioperative mortality of 5.6% and 3-year OS of 29%, which is
comparable. Current staging systems, such as the HKLC [28], do
not specify an upper limit for the size as a contraindication for
surgical resection. However, it is known that as the tumor size
increases, the risks of local and distant recurrence increase as
well [15,27,28]. Therefore, it is only reasonable to expect that the
survival outcomes will gradually become poorer as surgeons push
the limits of resection.

Another concept to explain the difference between 10 cm and
15 em HCC is total Tv — which has both technical and oncological
implications. In our study, we did not compute the total Tv based
on exact dimensions; but if we assume that HCC is spherical,
applying the sphere volume formula (v=4/3 mr®), it is evident
that 15cm HCC will have about 3 times more Tv compared to
10 ecm HCC. From a technical standpoint, a super-giant HCC
poses unique challenges: Lack of working space, increased risk of
tumor cell seeding or spillage from surgical manipulation, larger
parenchymal transection surface, and higher risk of bleeding.
From an oncological standpoint, some studies have shown that
total Tv is a more reliable prognostic marker in HCCs compared
to size alone in both liver transplant and surgical resection [29,30].
In patients with nasopharyngeal carcinoma [17], Tv increased
with the disease stage and predicted all survival endpoints. In
breast cancer patients, the effect of Tv is well reported. Hwang
et al. [19] have reported a comprehensive method of calculating
Tv in a study including 8996 breast cancer patients. They defined
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tumor size as the maximum tumor dimension and Tv was
calculated by the equation of (4mtxrlxr2xr3)/3; rl, 12, and r3 were
defined as half of the largest, intermediate, and shortest dimension
of the tumor, respectively. The authors concluded that Tv was a
significant prognostic factor and superior to T stage alone.

More than half of the patients in our cohort suffered early local
or distant recurrence within 6 months. The prognosis for local
and distant recurrence patients is poor, with a median DFS of
4.9-7 months. Moreover, the burden of intrahepatic metastasis in
a small remnant liver often precludes patients from locoregional
therapies, and there is a lack of effective systemic treatment [31-33].
At present, apart from markers of tumor biology, for example,
multifocality, vascular invasion, and AFP levels, we have no
reliable way of predicting those who would develop metastasis.
Some biomarkers such as AFP-L3, des-y-carboxy prothrombin,
and tumor-associated signatures such as micro-RNAs have been
proposed to be effective for monitoring recurrence [34]. However,
most are still not used in the clinical setting due to insufficient
validity and reliability. More research is needed to develop and
validate effective biomarkers in HCCs to predict those likely to
develop early distant metastasis in which surgery is deemed futile.

As hepatic resection for super-giant HCC has inferior OS
outcomes, it is important to determine if locoregional therapeutic
options should be a preferred recommendation for patients.
Alternatives to surgical resection include locoregional therapies
such as TACE or trans-arterial radioembolization, which are
palliative options. These locoregional therapies often prove
ineffective [35-37]. Even if they may control the progression of
the disease, it is unlikely that these therapies will be able to palliate
the pain and discomfort associated with tumor size. Furthermore,
some centers deem HCCs >10 cm as a relative contraindication
for locoregional therapies, and many patients are not even
presented with this option. However, for patients who were
offered locoregional therapies, Cui et al. [35] reported a median
OS of only 8.0 months (TACE-cryoablation) and 5.0 months
(TACE alone) for HCCs >15 cm. This is considerably lower than
our study’s median OS of 12.0 months after surgery. The risks
of major complications following TACE, such as hepatic abscess,
hepatic failure, and tumor rupture, were also reported to be higher
as tumor size increases [38]. Thus, in the absence of effective
alternative therapies, surgeons must guide patients to choose in
their best interests, and frequently a shared decision for hepatic
resection is made. Therefore, in this group of patients with super-
giant HCC, although long-term survival outcomes from surgery
are less than ideal, surgery still offers better long-term outcomes
and should still be an option to discuss with patients.

Resection of super-giant HCCs is technically challenging
and major hepatectomy is usually needed. Our study shows that
hepatectomy can be performed safely with acceptable short-term
perioperative outcomes. Measures to ensure safe hepatectomy
include careful patient selection, low central venous pressure
anesthesia, meticulous surgical techniques, and the use of surgical
technology [39]. Despite widespread adoption of laparoscopy and
expanding indications, minimal access surgery is not reported in
super-giant HCC. This is mainly due to a lack of operating space

within the abdominal cavity. Operative field exposure is paramount
for safe surgical conduct, and this is best achieved with a generous
reverse L incision. If necessary, a Mercedes Benz extension of
the incision can be performed. The use of self-retaining surgical
retractor systems, for example, Omni-Tract® (Integra Lifesciences,
Princeton, USA), Kent retractor® (Takasago Medical Industry
Company Limited, Tokyo, Japan), and Thompson retractor®
(Surgi-One Medical Technologies Incorporated, Ontario,
Canada), helps maintain good exposure to the operative field. It is
advisable to obtain exposure for possible control of suprahepatic
and infrahepatic vena cava in case of massive hemorrhage
during surgery. An anterior approach should be adopted to avoid
mobilization and rupture of large tumors. Surgical instruments
such as (CUSA® - Integra Lifesciences, Princeton, USA) should
be used to effectively dissect the tumor off major veins or hepatic
ducts and obtain a clear margin. Continuous close communication
with anesthetists is also crucial, for example, ensuring a low
central venous pressure during parenchymal transection to reduce
blood loss.

The importance of careful patient selection is highlighted in
our case series. In our study, we have one patient with PHLF. This
patient had a large tumor (17 cm) in the right hepatic lobe and a
few satellite nodules (>3) on the same side. There was also a tumor
thrombus in the right main portal vein. Although his pre-operative
ICG clearance was acceptable at 13.5% and he was Child’s Pugh
Class A, his liver was noted to be cirrhotic intraoperatively. He
underwent right hepatectomy and developed post-operative intra-
abdominal sepsis with PHLF and was demised on a post-operative
day 70. At the time of his demise, he was noted to have metastasis
at the resection margin and lungs. In retrospect, due to the large
tumor burden associated with poor prognostic features like
multiple satellite nodules and portal vein invasion, locoregional
therapies or systemic therapies should have been recommended
to this patient.

There are no data that post-operative adjuvant systemic
chemotherapy improves survival outcomes in patients following
curative resection of HCC [40-44]. However, some of the newer
immunotherapeutic agents such as cytokine-induced killer cells
and NK cells have shown promising results in the treatment of
advanced HCC [45,46]. It has been shown recently that HCC and
HCC-associated Kupffer cells exhibit upregulation of programmed
death receptor-1 (PD-1) and programmed death-ligand 1 in the
tumor infiltrating lymphocytes [47-49], which have generated new
interest in using these checkpoint inhibitors as adjuvant therapy
following resection. The CheckMate 9DX trial evaluating the use
of adjuvant Nivolumab (PD-1 inhibitor) in patients with HCC who
are at high risk of recurrence after curative resection or ablation
is currently underway and the results are anticipated [50]. Based
on our results, super-giant HCC patients should be considered for
these clinical trials.

Theresults of our study should be considered with its limitations,
mainly related to its small sample size and short median follow-up.
Moreover, data were only obtained from a single center, limiting
results to other centers or populations. A comparative group of
patients with super-giant HCCs who underwent non-surgical
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treatment will also be helpful to compare the survival between
both groups.

5. Conclusion

This study shows that primary hepatic resection can be
performed safely in patients with super-giant HCCs with
acceptable short-term survival outcomes. Long-term outcomes
are poor but considerably better compared to locoregional
therapy. Early recurrence remains a significant problem and
further studies are necessary to study the role of Tv in the
prognostication of HCC.
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