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Survival outcomes after surgical resection @
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Chia-Ling Chiang'*®, Yu-Chia Chen? Huei-Lung Liang"*¢"®, Cheng-Chung Tsai®, I-Shu Chen?, Gu-Sheng Yan® and
Wei-Lun Tsai*

Abstract

Purpose To evaluate the survival outcomes of huge HCC (tumor size > 10 cm) after surgical resection (SR) with or
without neoadjuvant hepatic arterial infusion chemotherapy (HAIC).

Patients and methods 119 huge HCC patients underwent SR in our Hospital (2010-2020). A new HAIC regimen
(cisplatin, leucovorin, mitomycin-C and 5-FU infusion for 5 days plus 10 ml lipiodol microvascular embolization) was
adopted as the neoadjuvant therapy in 25 patients. Treatment responses were evaluated based on mRECIST criteria.
The objective response rate (ORR), disease free survival (DFS), recurrence survival (RS) and overall survival (OS) were
compared between the SR-only and neoadjuvant HAIC groups.

Results Of the 119 patients, 65 patients were Vp2, 9 patients were Vp3 and 4 patients were Vp4. In the subgroup
analysis, neoadjuvant HAIC group revealed significantly more severe clinical status. Of the neocadjuvant HAIC patients,
ORR was 66.7%. Postoperative tumor recurrence was noted in 75% and 58.3% of the SR and neoadjuvant groups, of
them 56.5% and 20.8% developed in < 12 months. The median DFS, RS and OS in each group were 10 vs. 41 months
(p=0.016), 36 vs. 91 months and 46 vs. 96 months, respectively. Subgroup analysis revealed no significant survival
difference of the RS in both patient groups with tumor recurrence < 12 months (17 vs. 14 months) or > 12 months/
without recurrence (not reached vs. 113 months).

Conclusion Our new regimen HAIC acted as an effective neoadjuvant therapy in reducing early recurrence rate and
prolonged DFS of huge HCC after surgical resection.

Keywords Hepatocellular carcinoma, Neoadjuvant hepatic arterial infusion chemotherapy, Surgical resection,
Disease-free survival, Tumor recurrence
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Introduction

Hepatocellular carcinoma (“HCC”) is the sixth most
common cancer and the third leading cause of can-
cer mortality worldwide [1]. Surgical resection (“SR”),
liver transplantation (“LT”), and local ablation are rec-
ommended as the definitive therapy for early stage
HCC, with a reported 5-year survival rate of 60-80%
[2]. Although tumor size per se is not currently consid-
ered an important predictor of survival- reflected by
the omission of size as a prognostic variable in recent
editions of the Barcelona Clinic Liver Cancer (“BCLC”)
and the American Joint Committee on Cancer’s “TNM”
staging systems (“AJCC TNM?”) staging [3—5]- the over-
all survival (OS) of huge HCCs (defined as >10 cm) after
SR has been reported as poorer than those of smaller
than 10 c¢cm, with a 5-year OS of 40.0 or 35.6% vs. 65.9 or
62.7%, respectively [6, 7]. The poorer prognoses of huge
HCCs are largely attributed to the fact that larger tumors
are more frequently associated with other adverse prog-
nostic factors, such as vascular invasion, multifocality,
and higher grades [4].

Neoadjuvant therapy is a multidisciplinary treatment
for malignancies with the aim of preventing tumor pro-
gression or even downstaging solid tumors [8]. With
neoadjuvant therapy, the success rate in downstaging
HCC within the Milan criteria can be more than 60%
in selected patients [9]. Some clinical studies have con-
firmed that patients who underwent LT or SR after suc-
cessful downstaging/conversion treatment achieved
prognoses similar to that of patients without such treat-
ment [9-13].

Hepatic artery infusion chemotherapy (HAIC) has
been proven to be an effective treatment for advanced
HCC [14-17]. In Liu et al’s meta-analysis, they found
better OS and progression-free survival (PFS) for the
HAIC group compared to the sorafenib group in HCC
with portal vein tumor thrombosis (PVTT) [15]. Our
own early study of SR for huge HCC patients before 2000
showed that the median OS was 17.0 months [18]. We
later developed a new regimen of HAIC (continuous che-
moinfusion plus lipiodol microvascular embolization) in
treating advanced HCC, which can also be used as a neo-
adjuvant for conversion treatment or post-SR adjuvant
therapy. In this study, we evaluated the survival outcome
of huge HCC treated by SR, with or without our new
neoadjuvant HAIC procedure.

Methods

The data of all patients presenting at Kaohsiung Veterans
General Hospital with newly diagnosed huge HCC and
who underwent SR with or without neoadjuvant HAIC
therapy between 2010 and 2020 were retrospectively
collected and analyzed. Collated data included patient
characteristics such as age, gender, presence of hepatitis
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B or C virus (“HBV” or “HCV”) infection, and relevant
radiological and biochemical investigations. Patients
with major portal vein invasion (“MPVI”) or extrahepatic
spread (“EHS”) were not absolutely excluded for SR in our
hospital as intrahepatic tumor progression was the main
cause of advanced HCC-related deaths. If intrahepatic
HCC could be controlled, it could significantly increase
overall survival. The severity of PVTT was categorized
according to the Japanese “VP” Staging Classification
System [19], where Vp4 was defined as the presence
of a tumor thrombus in the main trunk or a portal vein
branch contralateral to the primarily involved lobe; Vp3
and Vp2 as tumor invasion of the first-order and second-
order branches respectively; and Vpl and VpO0 as no vis-
ible vascular invasion on images. Patients who expired
within 30 days after SR were recorded as peri-operative
mortality and were excluded from further statistical anal-
ysis for disease free survival (DFS), recurrence survival
(RS) and overall survival (OS).

This study was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from each patient after detailed explanation
about the therapy. This retrospective study was approved
by the ethics review committee of Kaohsiung Veterans
General Hospital with patient informed consent waived
for this retrospective study (VGHKS22-CT7-03). These
eligible subjects were followed until July 2024.

Surgical resection (SR)

SR was offered to patients with a resectable tumor, pro-
vided that functional reserve was sufficient. Tumors
invading ipsilateral hepatic or portal veins, and tumors
with satellite nodules in the same liver lobe were also
considered for resection. Disseminated metastasis was
excluded first while the peritoneal cavity was entered.
Then the degree of PV/HV invasion were checked via
intraoperative ultrasound. Anatomical resections were
usually applied for this kind of huge tumors. Ischemic
demarcation was confirmed after appropriate PV/HA
clamping. Parenchymal transection was done using Cavi-
tron Ultrasonic Surgical Aspirator (CUSA; Valleylab Inc.,
Boulder, Colorado), Harmonic scalpel (Ethicon Endo-
Surgery, Johnson & Johnson), Sonicision (Covidien),
Kelly clamp crushing or other energy devices.

Hepatic arterial infusion chemotherapy (HAIC)

HAIC was performed via puncture of the left subclavian
(axillary) artery under ultrasonographic guidance. Our
“new” HAIC regimen consisted of a daily pump-infusion
of 10mg/m? cisplatin, 2mg/m? mitomycin-C and 15 mg/
m? Leucovorin, each administered for 20 to 30 min, plus
a slow infusion (22 h) of 100mg/m? 5-fluorouracil (5-FU)
for 5 days. After completion of the 5-day’s chemo-infu-
sion, we injected 10 ml Lipiodol (Guerbet, France) into
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the hepatic artery. The angio-catheter was then removed
on the 5th treatment day. This neoadjuvant HAIC was
performed for at least two courses. The timing of SR for
the residual HCC after neoadjuvant HAIC was up to the
surgeons’ discretion.

Response assessment and survival
As HAIC is a locoregional therapy, intrahepatic tumor
response was used to judge HAIC treatment efficacy,
rather than whole disease response based on dynamic CT
or MRI liver images after every 2 courses of HAIC. Treat-
ment efficacy was classified into complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD) according to the Modified Response Evalua-
tion Criteria in Solid Tumors (mRECIST) guidelines [20].
The objective response rate was defined as CR plus PR.
Disease free survival (DFS) was defined as the time
interval between the operation date in the SR group or
the HAIC date in the neoadjuvant HAIC group and the
tumor recurrence date. Recurrence survival (RS) was
defined as the time interval between the recurrence date
and the last follow-up date. Overall survival (OS) was
defined as the time interval between the operation date
or HAIC date and the last follow-up date in each group.

Statistical analysis

Baseline patient characteristics were presented using
descriptive statistics, presented as mean +standard
deviation. Nominal data were compared using Student’s
t-test. DES, RS and OS were computed using Kaplan—
Meier analysis, and differences in survival curves were
compared using log-rank testing. All statistical analyses

Table 1 Basic demographic data of the huge HCC patients
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were performed with SPSS version 26.0. A p-value of less
than 0.05 was considered statistically significant.

Results

Patient demographics

A total of 119 huge HCC (=10 c¢m) patients (104 male
and 15 female with the mean age of 61.4+13.8 years)
received SR in our hospital during 2010-2020. Of these
patients, 25 had undergone neoadjuvant HAIC therapy
before SR. HBV infection was the most common cause
(60.5%), followed by non-B, non-C viral infection (23.5%),
and chronic HCV infection (16%). 49 (41.2%) patients
had alpha-fetal protein>400 ng/mL. The mean maximal
tumor size was 13.5+2.8 cm. 10 (8.4%) patients had more
than 3 tumors. 100 (84.0%) patients had unilobar involve-
ment (64.7% in the right lobe and 19.3% in the left lobe),
while bilateral lobe involvement was seen in 19 (16%)
patients. 44 (37%) of the 119 patients had no imaging
evidence of portal vascular invasion. 62 (52.1%) patients
were classified as Vp2; and13 (10.9%) patients had MPV],
with 9 such patients classified as Vp3 and 4 classified as
Vp4. 4 patients had concurrent hepatic vein/IVC inva-
sion. Extrahepatic spread (lymph node, lung, and bone)
was found at the initial diagnosis in 10 (8.4%) patients.
Table 1 summarizes the demographic data of the 119
huge HCC and the subgroups of the SR and neoadju-
vant HAIC group. In the subgroup analysis, neoadjuvant
HAIC group revealed significantly more “severe” clini-
cal statuses in tumor number, bilateral lobe involvement,
portal vein invasion, extrahepatic spread and combined
hepatic vein invasion.

Variable overall surgical resection neoadjuvant HAIC pvalue

Patients 119 94 25

Age (years old, mean+SD) 614+13.8 623+144 579+11.1 0112

Male/Female, n (%) 104/15 (87.4/12.6) 81/13(86.2/13.8) 23/2(92/8) 0.74

Etiology, n (%)

HBV/HCV/non-BC 72/19/28 54/16/24 18/3/4 041
(60.5/16/23.5) (57.4/17/25.5) (72/12/16)

AFP 2400 ng/mL, n (%) 49 (41.2) 36 (38.3) 13(52) 0.22

Maximal tumor size (cm) 135+28 136+2.6 11.1+3.2 047

Tumor number (> 3) 10 (84) 4(43) 6 (24) 0.006*

Tumor involvement, n (%) 0.001*

Unilobar(R/L) 77/23(64.7/19.3) 63/22 (67/23.4) 14/1 (56/4)

Bilobar 19 (16) 9(96) 10 (40)

Portal vein invasion 0.004*

Vp0/1 44 (37) 39(41.5) 5(20)

Vp2 62 (52.1) 49 (52.1) 13 (52)

Vp3/4 13(10.9) 6 (6.4) 7(28)

Extrahepatic metastasis 10 (84) 5(5.3) 5(20) 0.033*

Combined HV invasion 4(34) 1(1.1) 3(12) 0.029%
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Fig.1 A 56 year-old male patient with a confluent 14 cm HCC in the right lobe liver. A: Red arrow indicates tumor invasion into the main portal vein (Vp4).
B: After 3 courses of HAIC neoadjuvant therapy with PR, this patient underwent right hepatectomy. C: 5-year follow-up CT image showed no evidence

of intrahepatic recurrence
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Fig. 2 The DRS of the SR alone and neoadjuvant HAIC group patients

Clinical outcome and long-term survival of huge HCC after
SR

The perioperative surgical mortality rate was 2.1% (2/94)
in the SR-only group and 4% (1/25) in the neoadju-
vant group. After excluding these 3, the remaining 116
patients were followed for a mean period of 56.9+43.9
months. Of the 24 neoadjuvant HAIC patients, CR was
achieved in 4 (16.7%) patients, PR in 12 (50%) patients
(Fig. 1), SD in 7 (29.2%) patients and PD in 1 (4.2%)
patient, respectively.

69 of the 92 (75%) SR-only group patients devel-
oped tumor recurrence during postoperative fol-
low-up; of these patients, 52 (56.5%) had tumor
recurrence < 12months. 14 of the 24 (58.3%) neoadju-
vant HAIC patients developed tumor recurrence during
the postoperative follow-up period, with tumor recur-
rence<12months in 5 patients (20.8%). The median

and 1-, 3-, and 5-year DFS in each group were 10 vs.
41 months, 44.5% vs. 75%, 25.3% vs. 49.7%, and 23% vs.
43.4%, respectively (p=0.016) (Fig. 2).

The median and 1-, 3-, and 5-year OS rates of the
SR-only and neoadjuvant HAIC groups were 46 vs. 96
months, 81.5% vs. 95.8%, 55.8% vs. 70.8% and 47.7% vs.
56.6% (p=0.517) (Fig. 3).

The median and 1-, 3-, and 5-year RS of the SR-only
and neoadjuvant HAIC groups was 36 vs. 91 months,
71.7% vs. 83.3%, 49.4% vs. 51% and 42.4% vs. 42.5%,
respectively (p=0.69). Subgroup analysis of the RS
revealed that the median RS in the SR and neoadjuvant
group were 17 vs. 14 months (p=0.722) in patients with
tumor recurrence <12 months and “not reached” vs. 113
months (p=0.102) in patients with tumor recurrence > 12
months or without tumor recurrence (Fig. 4).
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Fig. 4 Subgroup analysis of RS (<or > 12 months) in the SR-only and neoadjuvant HAIC group patients

For the patients with MPVI, the median OS of the 6
SR-only patients was 11 months while “not reached”
in the 7 neoadjuvant patients by the end of this study
(July 2024). For the SD patients, 3 (42.9%) of the 7 had
no tumor recurrence after neoadjuvant HAIC therapy
(Fig. 5), with a median OS of 45 months. At the end of
this study, 27 (29.3%) patients of the SR-only group
and 9 (37.5%) patients of the neoadjuvant HAIC group
were still alive. A HCC patient with extrahepatic spread

(lymph node and lung) after neoadjuvant HAIC was also
demonstrated in Fig. 6.

Discussion

For patients with huge (=10 cm) HCC, SR and LT offer
the best survival outcomes and are the only potentially
curative modalities [4]. Nonetheless, the HCC tumor
recurrence rate remains high, and long-term survival
remains modest after SR [7, 21-24]. The median OS and
5-year survival of huge HCC after SR are reported in the
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Fig.5 A 54 year-old male advanced HCC patient. A: CT image showed a huge HCC (16 cm) in the right lobe liver with right segmental portal vein invasion
(not shown). B: After 2 courses of HAIC neoadjuvant therapy with SD, this patient underwent right hepatectomy. C: 10-year follow-up CT image showed
no evidence of intrahepatic recurrence

Fig. 6 A 50 year-old male advanced HCC patient with extrahepatic spread. A: MRI of the liver (diffusion-weighted image) showed diffuse multiple HCC
in the bilateral lobe of liver with a metastatic lymph node (red arrow) in the gastrohepatic ligament. B: CT image of the chest showed several metastatic
nodules in the right lung field (red circle). C: CT image of the liver showed complete response of the left lobe lesions with non-visible metastatic lymph
node after HAIC neoadjuvant therapy. D: CT image of the chest showed disappearance of the right lung nodules after HAIC treatment. This patient un-
derwent left hepatectomy and resection of the residual viable lesion in the right lobe liver with disease free survival for more than 70 months till the end

of the study

literature as between 17 and 60 months and 16.7-58%
respectively [4, 6, 7, 18, 21, 22, 24—29], with the 12-month
recurrence rate between 51% and 71.7% [18, 21, 24, 25,
29]. Our data before 2000 revealed poorer clinical out-
comes of huge HCC after SR with a 12-month recurrence
rate of 71.7%, median OS of 17 months, and 5-year OS of
24.5% [18]. In the present study between 2010 and 2020,
although the 12-month recurrence rate after SR-only was
still high (56.5%), both the median OS and 5-year survival
rate improved (46 months and 47.7%). This may be attrib-
uted to the development of more effective locoregional
and/or systemic therapy for the treatment of tumor
recurrence since the turn of the century.

The present study also showed that if tumor recur-
rence occurred within 12 months after SR (which may be
regarded as intrahepatic spread during SR), the clinical
outcome was poor with median OS of 33.8 months, ver-
sus 137.4 months in patients with tumor recurrence after
12 months post-SR (usually regarded as de-novo tumor
growth) or in patients without tumor recurrence. There-
after, it is crucial to postpone or prevent early tumor
recurrence after SR for huge HCC.

The purposes of neoadjuvant therapy for HCC are (1)
to prevent patients from dropping out for LT (bridging)
due to tumor progression during the waiting period [30],
(2) to shrink or reduce tumors outside the Milan crite-
ria to meet the indications for LT (downstaging) [31], (3)
to increase the SR rate of HCC to convert unresectable
HCCs into resectable tumors (conversion) [32], and (4)
to prevent new recurrence after radical treatment [33].
Neoadjuvant therapies for HCC include transcatheter
embolization (TACE), radiotherapy (RT), ablation ther-
apy, chemotherapy, targeted therapy and immunotherapy
and/or combination therapy [34].

For resectable HCC (BCLC A/B), Li et al. reported a
retrospective multicenter study of neoadjuvant TACE
for huge HCC (210 cm) without macrovascular inva-
sion [35]. The median OS was respectively 32.8 vs. 22.3
months (p=0.035) between patients with and without
preoperative TACE. A systematic review [36] focusing
on neoadjuvant TACE for resectable HCC concluded
that only one study with solitary large HCC (mean tumor
size 9.5 cm vs. 9.9 cm) demonstrated a longer 5-year
survival in the neoadjuvant group compared to the SR
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group (46.2% vs. 31.7%, p=0.043) [37]; the other stud-
ies that were surveyed either failed to demonstrate sig-
nificant improved clinical outcomes or reported poorer
outcomes.

The present neoadjuvant HAIC study with a new regi-
men revealed a promising clinical outcome with a much
lower 12-month recurrence rate of 20.8%, compared
with the 56.5% of SR-only group. Although the differ-
ence between the survival curves between SR-only and
neoadjuvant HAIC group patients was not significant
(5-year: 47.7% vs. 56.6% respectively, p=0.517) the dif-
ferences between median DFS (10 vs. 41 months respec-
tively, p =0.016) was significant and the OS was 46 vs. 96
months respectively. This can be explained by the fact
that the RS in these two groups showed no difference
between patients with tumor recurrence<12 months
and patients without recurrence or recurrence after 12
months. The demonstrated benefit of neoadjuvant HAIC
in this study is that the early (<12 months) recurrence
rate was markedly reduced (58.3% with SR-only vs. 20.8%
with neoadjuvant HAIC), and once early recurrence
occurred, poor RS ensued. Based on the above results, it
can be inferred that pre-operative HAIC is an effective
neoadjuvant therapy.

For vascular-invaded HCC, Chong et al. [38] and
Hamaoka et al. [13] reported 116 Vp2/3 and 52 Vp3/4
patients who underwent neoadjuvant RT plus HAIC
with successful conversion to SR in 22.4% and 17.3% of
the patients, respectively. In both studies, the OS differed
significantly between the neoadjuvant CCRT group and
the resection-first group; in Chong’s series, the median
OS was 62 months versus 15 months (p=0.006), and
in Hamaoka’s study, the 3-year OS rate was 71% versus
18% (p=0.009). Salem et al. [39] reported 257 BCLC C
Child-Pugh (CP) A patients underwent transarterial
radioembolization (TARE) with successful conversion/
downstaging in 16%, and the “intent-to treat survival” of
the whole CP A cohort was 16.6 months. Tabone et al.
reported the clinical outcomes of 24 HCC patients with
initially unresectable portal vein invasion receiving neo-
adjuvant TARE [40], with a successful conversion rate
of 20% with a median OS of 70 months. In our present
study, 58.5% of the SR group and 80% of the neoadjuvant
HAIC group had macrovascular portal vein invasion.
Neoadjuvant HAIC seemed effective in reducing tumor
spread during SR in HCC patients with vascular invasion.
The objective response rate of our 24 neoadjuvant HAIC
patients was 66.7% (CR: 16.7% plus PR: 50%), which could
be regarded as a successful conversion rate. Notably, the
7 (29.2%) SD patients after neoadjuvant HAIC presented
clinical outcomes not inferior to those of SR-only group,
with recurrence-free rates of 42.9% vs. 25% and median
OS of 45 vs. 46 months, respectively. This implies that
the concern of delaying patients for surgical resection
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in the non-responded neoadjuvant HAIC group is not
problematic.

Limitation

There were some limitations in this study. First, this was a
retrospective review with single institute patient cohort.
Second, the patient number in the neoadjuvant HAIC
group was small, requiring a large series confirmation.
Third, the OS was calculated from the HAIC treatment
date in the neoadjuvant group instead of from the opera-
tive date as in the SR group. Fourth, we didn’t perform
propensity-score matching analysis between these two
groups; however, in the present study, the severities
(including tumor number, bilateral lobe involvement,
portal vein invasion, extrahepatic spread and combined
hepatic vein invasion) were poorer in the neoadjuvant
group. Finally, the present study did not compare the
clinical outcomes of neoadjuvant conversion for SR with
downstaging for LT.

Conclusion

Neoadjuvant HAIC is effective in reducing the early
recurrence rate of huge HCC after surgical resection,
especially of in macrovascular invasion HCC. It seems
that both successfully converted patients and stable-
disease patients may benefit from neoadjuvant HAIC
therapy.
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