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ABSTRACT

ARTICLE HISTORY

Background and aims: Hepatic resection is the first-line treatment for hepatocellular carcinoma
(HCC). Whether to perform anatomical (AR) or non-anatomical resection (NAR) remains contro-
versial. This retrospective study compares the outcomes according to the number and type of
circulating tumour cells (CTCs).

Methods: The cohort included 136 patients with HCC treated with RO resection between 2014
and 2017. CanPatrol CTC-enrichment technique was used to enrich and classify CTCs according
to epithelial-to-mesenchymal transition phenotype.

Results: 91.91% of total patients were CTC-positive, with 91.23% in the AR group and 92.41% in
the NAR group. Tumour-free survival (TFS) did not differ significantly between the two groups.
However, TFS was significantly higher in patients with low CTCs count and mesenchymal- and
epithelial/mesenchymal-negative phenotypes. As for the incidence and types of recurrence, high
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pre-resection CTC count and mesenchymal- and epithelial/mesenchymal-positivity were signifi- free survival

cantly associated with extrahepatic and multi-intrahepatic recurrence. Higher morbidities for
hepatic failure and ascites were observed in patients treated by AR.

Conclusion: AR may be more beneficial than NAR only in patients with low CTC count and mes-
enchymal- and epithelial/mesenchymal-negative phenotypes. For patients with a high CTC
count, the balance between operative risk and prognostic benefit is more important than the
resection method performed.

KEY MESSAGES

e Anatomic resection may improve the survival of HCC patients, but only those with low CTC
count and negative M- and E/M-CTC phenotypes.

e CTC analysis before surgery can be used to better guide the choice of resection method
for HCC.

Abbreviations: HCC: hepatocellular carcinoma; AR: anatomic resection; NAR: non-anatomical
resection; CTCs: circulating tumour cells; EMT: epithelial-to-mesenchymal transition; TFS: tumour-
free survival

Introduction
amount of parenchyma to be removed. Anatomic

Hepatocellular carcinoma (HCC) is a major health  osection (AR) usually involves the removal of two or

problem worldwide, with over 700,000 cases diag-
nosed annually [1]. Advances in preoperative assess-
ment of HCC and surgical techniques have improved
the surgical outcomes and survival of patients who
undergo hepatic resection for HCC. However, the
recurrence rates for HCC after curative resection are
still high. An important decision in any liver resection,
particularly for avoiding recurrence, is choosing the

more complete hepatic segments, while non-anatomic
resection (NAR) involves resection of the metastases
with a margin of uninvolved tissue (segmentectomy)
[2]. Portal vein dissemination was once considered to
be the main route of intrahepatic metastases, leading
to the notion that AR may be preferable for prevent-
ing intrahepatic recurrence [3-5]. However, because of
the underlying liver diseases of most patients with
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HCC, such as chronic hepatitis and cirrhosis, NAR is
regarded as advantageous for retaining as much liver
parenchyma as possible [6]. Some studies suggest that
AR confers a survival benefit [7-9], while others show
no prognostic difference between AR and non-AR
[10-12]. Several studies show that AR benefits only a
subset of HCC patients. For example, a Japanese
nationwide study demonstrated that AR is only benefi-
cial for HCC lesions of 2-5cm in size [13]. Another
study showed that AR only improves long-term sur-
vival in patients with T1-T2 HCC, probably because of
the clearance of venous tumour thrombi within the
resected domain [14]. Zhao et al. showed that AR is
associated with greater tumour-free survival (TFS) in
HCC patients without macroscopic vascular invasion
[15]. Therefore, comparison of outcomes between AR
and NAR is difficult because of the heterogeneities in
patient clinical characteristics.

Circulating tumour cells (CTCs) originating from
solid tumours are involved in their haematogenous
metastatic spread to distant sites. To become meta-
static, CTCs must undergo an epithelial-to-mesenchy-
mal transition (EMT). This process allows a polarised
epithelial cell, which normally is attached to the base-
ment membrane, to undergo multiple biochemical
changes that enable it to assume a mesenchymal cell
phenotype, with increased migratory capacity, inva-
siveness, elevated resistance to apoptosis and greatly
increased production of extracellular matrix compo-
nents [16]. These changes in CTCs promote metastasis
and result in poor outcomes [17-19]. The fraction of
CTCs with a mesenchymal phenotype increases with
increasing tumour stage in multiple types of cancer,
including breast cancer [20] and HCC [21]. Studies sug-
gest that extra- and intrahepatic metastasis are facili-
tated by the flow of tumour blood to distant sites and
systemic rehoming of CTCs to the remnant liver,
respectively [22,23]. Thus, EMT of CTCs likely underlies
HCC recurrence and may differently affect recurrence
rates between AR and NAR.

We previously observed that a high total CTC count
and high percentage of mesenchymal CTCs are associ-
ated with lung metastasis and multiple intrahepatic
recurrence in HCC patients with RO resection [24].Thus,
the prognostic outcomes of AR and NAR may differ
according to CTC count and CTC-EMT type. CTC phe-
notypes can be determined using biomarkers specific
to epithelial and mesenchymal cells and forms the
basis for CTC analysis, an important “liquid biopsy”
technique [25] investigated for use in guiding the
choice of therapy in several cancer types [17,20].
Using such analysis, the present study compares the

prognostic outcomes of AR and NAR with respect to
CTC count and EMT type in HCC patients.

Materials and methods
Study population

From March 2014 to May 2017, a total of 136 HCC
patients treated with RO resection at the Tumour
Hospital of Guangxi Medical University Nanning,
Guangxi Province, China were enrolled. Flow chart of
patient enrollment was shown in Figure 1. The inclu-
sion criteria are as follows: (1) Treatment with RO
resection, defined as complete macroscopic removal
of the tumour, resection margin negative and no
detectable intra- or extrahepatic metastatic lesions
remaining; (2) Liver function classified as Child-Pugh A
stage and PST score of 0-1; (3) CTC examination con-
ducted 1 or 2days before resection; (4) Definitive
pathological diagnosis of HCC based on the World
Health Organisation criteria [26]; (5) No previous anti-
cancer treatment. Patients who died from liver failure
and those who underwent non-radical resection
were excluded.

Clinicopathological features including age, sex,
HbsAg status, HBV-DNA level, serum alphafetoprotein
(AFP) level, Child-Pugh grade, ICG-R15, BCLC stage,
tumour size, tumour number, Edmondson’s grade,
resection margin, microvascular invasion (MVI), portal
vein tumour thrombus (PVTT), liver cirrhosis and post-
operative morbidities were assessed in all patients.
Tumour stage was determined according to 2018
Chinese Society of Clinical Oncology (CSCO) staging
system, and tumour differentiation was defined
according to the Edmondson grading system [27]. MVI
was defined as the presence of tumour in the portal
vein, hepatic vein or a large capsular vessel of the sur-
rounding hepatic tissue lined by endothelium that
was visible only on microscopy. The PVTT type was
classified according to the system of Shi and col-
leagues [28], as follows: type 1, tumour thrombi
involving segmental branches at or above the portal
vein; type 2, tumour thrombi involving the right/left
portal vein; type 3, tumour thrombi involving the
main portal vein trunk; type 4, tumour thrombi involv-
ing the superior mesenteric vein. In this study, only
those patients with type 1 or 2 PVIT received RO
resection. Post-hepatectomy liver failure (PHLF) was
defined as a prothrombin time index <50% and serum
bilirubin >50 pmol/L (2.9 mg/dL) on postoperative
day 5 (50-50 criteria) as well as development of mas-
sive ascites and/or hepatic encephalopathy [29,30].
The protocol for this study was approved by the ethics



committee of the Tumour Hospital of Guangxi Medical
University (LW2018033). All patients and healthy vol-
unteers provided written informed consent.

Isolation of CTCs using the CanPatrol system and
tri-color RNA-ISH assay

The accuracy and the procedure of the CanPatrol sys-
tem for isolating CTCs have been described previously
[24]. Briefly, blood was collected 1-2 days before resec-
tion. Peripheral blood samples (5mL, anticoagulated
with EDTA) were collected after discarding the first
2mL to avoid potential skin cell contamination from
the venipuncture. The filtration system included a fil-
tration tube containing a membrane with 8-um diam-
eter pores (Sur Exam, Guangzhou, China), a manifold
vacuum plate with valve settings (SurExam,
Guangzhou, China), an E-Z96 vacuum manifold
(Omega, Norcross, GA, USA) and a vacuum pump
(Auto Science, Tianjin, China). Before filtration, red
blood cell lysis buffer was used to remove erythro-
cytes, and the cells were resuspended in PBS with 4%
formaldehyde (Sigma, St. Louis, MO, USA) for 5min.
The pumping pressure was 0.08 MPa. RNA-ISH was
used to detect the following target sequences: CD45
(leukocyte biomarker), EpCAM, CK8/18/19 (epithelial
biomarkers) and vimentin and twist (mesenchymal
biomarkers). The assay was performed in a 24-well
plate (Corning, NY, USA), and the cells on the mem-
brane were treated with a protease (Qiagen, Hilden,
Germany) before hybridisation to a capture probe spe-
cific for all genes above (Table S1). We used 4',6-dia-
midino-2-phenylindole (DAPI) to stain the nuclei, and
the cells were analysed using a fluorescence micro-
scope [31].

The R249S mutation in the P53 gene was detected
in the DNA of both the primary tumour and CTCs but
not in non-tumour liver tissues in our previous study,
thus confirming that the CTCs originated from the pri-
mary tumour [24].

Surgical procedure

The patients were classified into two groups according
to the resection method: AR group (n=57) and NAR
group (n=79). AR indicates the resection of one or
more adjacent hepatic sections along the hepatic vas-
culature, included segmentectomy, subsegmentec-
tomy, sectoriectomy and hemihepatectomy (left or
right hepatectomy). In sectionectomy, the resection
line was made along the demarcation on the liver sur-
face after ligation of the sectional pedicle and the
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trunk of the hepatic vein exposed on the resected sur-
face. NAR is defined as local resection or enucleation
regardless of the anatomical segment or section of
the lobar anatomy. In NAR, at least 0.5cm resection
margin from the tumour was secured to be as radical
as possible, unless the tumour was close to the main
hepatic vein or the glissonian pedicle. Liver parenchy-
mal transection was performed by the clamp-crushing
method and/or ultrasonic surgical aspirator (CUSA
EXcel Plus; USA) or bipolar scissors (Powerstar USA).

Patient follow-up

Patients were followed-up every 1-2months for the
first year and every 3 months thereafter. Postoperative
follow-up consisted of ultrasonography, dynamic CT
and/or MRI, and laboratory tests, including measure-
ment of the serum AFP. Recurrence was confirmed by
the following criteria: (1) A significant AFP level
together with one typical imaging modality (contrast-
enhanced ultrasonography, CT or MRI); (2) At least two
typical imaging modalities reveal the new lesion simul-
taneously if the AFP level is normal; (3) New lesion
biopsy reveals pathological diagnosis of recurrence.
The site and time to recurrence were also evaluated.
The site of recurrence was divided into intrahepatic
and extrahepatic recurrence (i.e. lung metastasis and
bone metastasis). Intrahepatic recurrence was also div-
ided into solitary recurrence (including recurrence at
the margin, adjacent segment and distant segment),
multiple recurrence and PVTT recurrence. The end-
point of follow-up was 31 December 2018.

Statistical analysis

Patient age is presented as the mean and range. All
clinical and pathological characteristics, and post-
operative complications are summarised as n (%) by
group, and the difference between groups was com-
pared using the Pearson Chi-square test or Fisher's
exact test for cell counts less than 5. Kaplan-Meier
curve analysis with a Log-rank test was performed to
compare the TFS time between groups or levels of
CTC count. Results were presented as estimated
median TFS time with corresponding 95% confidence
intervals (95% Cl: lower limit, upper limit) and p. An
occurrence rate was also presented as percentage to
identify the association of recurrence patterns with
considering the surgery type, level of total CTC counts
or type of CTC count. Difference between the surgery
type, level of total CTC counts or type of CTC count
was compared using Pearson Chi-square test or
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Screen HCC patients treated with
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(N = 587)

A 4

Excluded (N = 451)

*  no pre-operative CTC data (n = 344)

* no RO resection(n = 54)

* previous anticancer treatment (n = 39)
» other cancer (n =8)

* perioperative death (n = 6)

136 patients enrolled

AR group NAR group
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Figure 1. Flow chart of patient enrollment.

Fisher's exact test if any cell number less than 5. All
statistical assessment were two-tailed and considered
significantly as p <.05. All statistical analyses were per-
formed with IBM SPSS statistical software version 22
for Windows (IBM, New York, NY, USA).

Results

A total of 136 HCC patients (112 males and 24
females) with complete data during 2014 to 2017
were enrolled in this retrospective study. The clinical
and pathological characteristics of these patients are
presented in Table 1. The mean patient age was
45.8years (range: 20-69years). All of the clinical and
pathological characteristics were similar between the
AR group (57 patients) and the NAR group (79
patients) except for the MVI dispersion, with the AR
group having a higher MVI positive rate than did the
NAR group (77.2% vs. 59.5%; p =.030) (Table 1).

Three CTC subpopulations identified in
patient blood

CTCs were detected in blood samples using the
CanPatrol CTC-enrichment technique. Red and green
fluorescent signals indicate epithelial and mesenchy-
mal cell gene expression, respectively. The white fluor-
escent signal indicates expression of CD45, a leukocyte
marker. Thus, analysis of CTCs by RNA-ISH revealed

three subpopulations: (1) epithelial CTCs (E-CTC), (2)
epithelial/mesenchymal hybrid CTCs (E/M-CTC) and (3)
mesenchymal CTCs (M-CTC) (Figure 2(A)). CTCs were
detected in 91.91% (125 of 136) of the total cohort.
The preoperative mean total CTC count was
12.04+15.12 (range, 0-117). CTCs were present in
91.23% of the patients treated by AR (52/57) and
92.41% (73/79) of those treated by NAR (Figure
2(B, Q).

TFS with respect to CTC count differs between the
AR and NAR groups

At the end of follow-up, the overall tumour recurrence
rate was 80.1% (109/136), including 68 patients in the
AR group and 41 in the NAR group. The median TFS
was 10 months (95% Cl = 4.6-15.4months) for the AR
and 9months (95% Cl = 5.8-12.2months) for NAR
groups. The log-rank test showed that the AR and
NAR groups had a similar TFS time during the follow-
up (p =.187) (Figure 3(A)).

The 136 patients were further divided into two sub-
groups according to CTC count (mean total CTC count,
12), with 91 classified as low total CTC count (<12)
and 45 as high CTC count (>12). Patients with a low
total CTC count tended to have higher TFS time than
those with high total CTC count (median TFS,
13 months [95% Cl = 5-24] vs. 6 months [95% Cl =
3-13], p=.0042).



Table 1. Cohort clinical and disease characteristics (N = 136).

AR group NAR group
(n=57) (n=79) p Value

Age (years) .589
<45 25 (43.9) 31 (39.2)
>45 32 (56.1) 48 (60.8)

Sex
Male 46 (80.7) 66 (83.5) .668
Female 11 (19.3) 13 (16.5)

HBsAg
Negative 9 (15.8) 6 (7.6) 132
Positive 48 (84.2) 73 (92.4)

HBV-DNA
<500 16 (28.1) 21 (26.6) .847
>500 41 (71.9) 58 (73.4)

AFP level
<400 ng/mL 24 (42.1) 36 (45.6) .688
>400 ng/mL 33 (57.9) 43 (54.4)

Child—Pugh Stage NA
Stage A (5-6 points) 57 (100) 79 (100)
Stage B (6-9 points) 0 (0) 0 (0)
Stage C (10-15 points) 0 (0) 0 (0)

ICG-R15 948
<10% 50 (87.7) 69 (87.3)
10-20% 7 (12.3) 10 (12.7)
>20% 0(0) 0 (0)

Tumour size® 054
<5m 10 (17.5) 22 (27.8)
5-10 cm 19 (33.3) 34 (43.0)
>10 cm 28 (49.1) 23 (29.2)

Node number .867
Single 36 (63.2) 51 (64.6)
Multi (>2 nodes) 21 (36.8) 28 (35.4)

Edmondson grade® 832
Well differentiated 6 (10.5) 6 (7.6)
Moderately 32 (56.1) 45 (57.0)
differentiated
Poorly 19 (33.3) 28 (35.4)
differentiated

CSCO stage .366
Stage | (a-b) 28 (49.1) 45 (57.0)
Stage I1-1ll 29 (50.9) 34 (43.0)

Tumour capsule?® 430
incomplete 24 (42.1) 28 (35.4)
complete 33 (57.9) 51 (64.6)

Resection margin .821
<1 cm 40 (70.2) 54 (68.4)
>1cm 17 (29.8) 25 (31.6)

Mmvi .030*
Negative 13 (22.8) 32 (40.5)
Positive 44 (77.2) 47 (59.5)

PVTT/HVTT 123
Negative 38 (66.7) (78.
Positive 19 (33.3) 17 (21.5)

Liver cirrhosis 794
Negative 3 (5.3) 5(6.3)
Positive 54 (94.7) 74 (93.7)

Data are presented as n (%) by group and compared using Pearson Chi-

square test or Fisher’s exact test for any cell number less than 5.

HBV: hepatitis B virus; AFP: alpha-fetoprotein; MVI: microvascular invasion;

PVTT: portal vein tumour thrombus; LN: lymph node; NA: not assessed.

?In cases involving multiple nodes, the largest is indicated.

*p<.05 is considered as a significant difference between the AR and
NAR groups.

Patients who were negative for E/M- and M-type
CTCs had higher TFS than did those who were positive
for these types (E/M-type: median TFS, 24.5 [95% CI =
7.5-28] vs. 7months [95% Cl = 3-17.5], p=.0003;
M-type: median TFS, 17 months [95% Cl = 8-25] vs.
5months [95% Cl = 3-9], p <.0001). In the AR group,

ANNALS OF MEDICINE . 25

the TFS was higher in patients with low total CTC
count, negative for E/M-type CTCs, or negative for M-
type CTCs (all p <.05). In contrast, the TFS in the NAR
group was associated only with the M-type of CTC
(median TFS, 15.5months [95% ClI = 8-25] wvs.
6 months [95% Cl = 3-8], p <.001) (Table 2).

For patients with low total CTC count, the TFS was
higher in the AR group than in the NAR group
(median TFS = 12months [95% Cl = 4-24] vs.
11 months [95% ClI = 5-19.5], p=.028) (Figure 3(B)).
Conversely, the AR group had a lower TFS than the
NAR group (median TFS = 3.5 [95% Cl = 3-13] vs.
7 months [95% Cl = 5-13]), but without statistical sig-
nificance in patients with high total CTC count
(p=.551) (Figure 3(Q)).

The data in Table 2 indicate the factor affecting the
TFS could be either the total CTC count and/or the
CTC type (E/M —or M). We observed that the TFS was
higher in the AR group than the NAR group among
patients with a low total CTC count and E/M —CTC
type (median TFS, 36 months [95% Cl = 25.3-46.7] vs.
16 months [95% Cl=[0-33.0]), or low total CTC count
and M — CTC type (median TFS = 35 months [95% CI
= 28.9-41.1] vs. 16 months [95% Cl = 10.5-21.5]),
respectively (all p <.05) (Table 3). We also performed
multivariate analysis to further confirm the conclusion
(Supplementary Table 1).

CTC count and type are associated with
recurrence type and surgical method

By the end of follow-up, the overall tumour recurrence
rate was 80.1% (109/136), with 71.9% in the AR group
and 86.1% in the NAR group (p=.051) (Figure 4(A)).
The four most common types of recurrence (occur-
rence rate >10%) were solitary-intrahepatic (40%),
multi-intrahepatic (18%), multi-intrahepa-
tic + extrahepatic (16%) and extrahepatic alone (13%).
Of the patients with recurrence, 9% had PVTT: 3%
exhibiting PVTT alone, 5% with multi-intrahepatic
lesions +PVTT and 1% with a single-intrahepatic
lesion + PVTT (Figure 4(B)). The AR group had a lower
rate of solitary intrahepatic recurrence than did the
NAR group (24.6% vs. 44.3%, p=.018) (Figure 4(Q)).
Patients with a low total CTC count had a lower rate
of extrahepatic and multi-intrahepatic recurrence
(Extrahepatic recurrence: 23.9% vs. 50.0%, p=.006;
multi-intrahepatic  recurrence: 28.2% vs. 60.5%,
p=.001) and a higher rate of solitary intrahepatic
recurrence (53.5% vs. 28.9%, p=.014) (Figure 4(D)).
Patients negative for type M CTC had a lower rate of
extrahepatic recurrence (20.4% vs. 43.3%; p=.011)
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Figure 2. CTCs isolation and RNA-ISH analysis of epithelial-mesenchymal transition (EMT) markers in CTCs from HCC patients. (A)
Process of CTC isolation and detection by CanPatrol™ CTC-enrichment and in situ hybridisation (ISH). Leukocytes were stained for
CD45 (white fluorescence). CTCs were stained for the epithelial markers EpCAM and CK8/18/19 (red fluorescence) and the mesen-
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low total CTC count (<12) and (C) patients with high total CTC count (>12). The Kaplan—Meier curve was determined using the

log-rank test.

and multi-intrahepatic recurrence (24.5% vs. 51.7%;
p=.004) and a higher rate of solitary intrahepatic
recurrence (63.3% vs. 30%, p <.001) (Figure 4(F)).

Comparison of postoperative complication rates
between the AR and NAR groups

Postoperative complication rates of the AR and NAR
groups were summarised in Table 4. The complication
rates for PHLF and ascites were significantly higher in
the AR group than in the NAR group (PHLF: 14% vs.

2.5%, p=.017; Ascites: 28.1% vs. 5.1%, p<.001)
(Table 4).
Discussion

In this retrospective comparison of outcomes between
HCC resection methods, we observed that TFS did not

differ significantly between patients treated by AR and
NAR. However, TFS was significantly longer in patients
with low CTC and no CTCs of the M or E/M pheno-
type. The incidence and types of HCC recurrence did
not differ significantly between AR and NAR resection.
High CTC count and M- and E/M-CTC phenotype
before resection were significantly associated with
extrahepatic and multi-intrahepatic recurrence regard-
less of resection type. The morbidities for hepatic fail-
ure and ascites were higher in patients treated by AR
than in those treated by NAR. These findings suggest
that AR may be more beneficial than NAR only in
patients with low CTC count and M- and E/M-negative
CTC phenotypes.

The presence of CTCs is known to be associated
with disease progression and poor outcomes [17,20].
In a study of CTCs in HCC patients after liver resection,
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Table 2. Tumour-free survival (TFS) according to CTC count according to resection type (N = 136).

Median TFS
Total AR group NAR group
(n=136) (n=57) (n=79)
Total CTC count
Low 13 (5, 24) 12 (4, 24) 11 (5, 19.5)
High 6 (3, 13) 3.5 (3, 13) 7 (5,13)
p Value 00427 0407" 2687
E-CTC
Negative 8 (3, 25) 17.5 (3.5, 35.5) 7(3,17)
Positive 10 (4, 22) 6 (3, 24) 10.5 (5, 20)
p Value .6745 1219 3125
E/M-CTC
Negative 24.5 (7.5, 28) 35 (25, 36) 16 (6, 25)
Positive 7 (3,17.5) 5(3,17.5) 7.5 (5, 17.5)
p Value .0003* .0002* 1458
M-CTC
Negative 17 (8, 25) 24 (7, 30.5) 15.5 (8, 25)
Positive 5(3,9 33,12 6 (3, 8
p Value <.0001" <.0001" <.0001"

TFS is reported as the median with corresponding 95% confidence intervals. The log-rank test was performed to com-
pare the TFS between the AR and NAR groups and for different CTC counts.

TSignificant difference (p <.05) between the number of patients with low and high total CTC count.

*Significant difference (p < .05) between the number of patients with negative and positive for E/M-type CTCs.
9Significant difference (p < .05) between the number of patients with negative and positive for M-type CTCs.

Table 3. Comparison of tumour-free-survival (TFS) between resection types according to CTC count and

type (N=136).

Median TFS

AR group NAR group

(n=57) (n=39) p Value
Total CTC count E/M-CTC status
Low Negative 21 36 (25.3, 46.7) 16 (0, 33.0) 0.001*
High Negative 3 ND 13 (0.2, 25.8) NA
Low Positive 70 10 (2.9, 17.1) 10 (5.6, 14.4) 0.629
High Positive 42 3 (1.6, 4.4) 6 (4.3,7.7) 0.542
Total CTC count M-CTC status
Low Negative 56 35 (28.9, 41.1) 16 (10.5, 21.5) 0.010*
High Negative 14 8 (0, 16.4) 3.9 (8.4, 23.6) 0.680
Low Positive 33 5(2.9,7.1) 6 (4.1,7.9) 0.326
High Positive 27 3 (24, 3.6) 6 (5.2, 6.8) 0.799

TFS is reported as the median with corresponding 95% confidence intervals (95% Cl: range). A Log-rank test was performed
to compare TFS between the AR and NAR groups and counts of different CTC types. Abbreviations: ND, not derived; NA,

not assessed.
*Significant difference between the AR and NAR groups.

CTC-positive patients were found to have a signifi-
cantly higher risk of recurrence and a shorter RFS
compared to those who were CTC negative [25]. Our
previous study showed that high CTC count before
resection was significantly associated with early recur-
rence of HCC. The present study further confirms that
patients with a low CTC count have a longer TFS than
do those with a high count. During EMT, CTCs lose
epithelial characteristics and gain mesenchymal traits
that increase their metastatic potential [18,19]. These
findings suggest that high CTC count before surgery
may indicate pre-surgical metastasis, with highly
aggressive E/M and M CTCs already disseminated in
the blood. This hypothesis is consistent with our find-
ing that the TFS does not differ significantly between
AR and NAR for patients with a high presurgical CTC
count and positivity for M- and E/M-CTCs, as

metastasis had begun before resection. Therefore, AR
may be considered a better choice only for patients
with a low CTC count and no E/M- or M-type CTCs.
Large cohort studies should be undertaken to further
validate the prognostic significance of CTC subtypes in
HCC patients.

HCC recurrence is an important factor in prognosis,
although the time to recurrence and mode of recur-
rence varies between patients [32]. We observed
no difference between AR and NAR with respect to
extrahepatic or multi-intrahepatic recurrence rates. The
significantly higher rates of extrahepatic and multi-
intrahepatic recurrence in patients with high CTC
count or positive M-CTC and E/M-CTC status suggest
that such recurrence may be CTC count/type-induced.
Also, there is a type of intrahepatic recurrence after
curative therapy that we call “multi-centric
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Figure 4. Comparison of recurrence rates between resection types according to recurrence type and CTC status recurrence rates
according to (A) resection type, and (B) (C) recurrence type; (D) CTC count, (E) E/M-CTC status (F) M-CTC status, and (G) E-CTC sta-
tus with respect to the four recurrence patterns (solitary-intrahepatic recurrence, multi-intrahepatic recurrence, extrahepatic recur-
rence and PVTT recurrence). Results are presented as the rate of occurrence and were compared using the Pearson Chi-square
test or Fisher’s exact test. p <.05 was considered statistically significant.
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Table 4. Comparison of post-operative complications
between the AR and NAR groups (N=136).
AR group NAR group

Complications (h=57) (n=79) p Value
PHLF 8 (14.0) 2 (2.5) 017*
Ascites 16 (28.1) 4 (5.1) <.001*
Hydrothorax 7 (12.3) 5(6.3) 227
Bleeding 2 (3.5) 0 (0) N/A
Biliary fistula 1(1.8) 2 (2.5 1.000
Hepatic encephalopathy 1(1.8) 0 (0) N/A
Wound infection 5(8.8) 4 (5.1) 491

Data were summarised as n (%) by group and compared using Pearson
Chi-square test or Fisher's exact test if any cell number less than 5.

PHLF: post-hepatectomy liver failure; N/A: not assessed.

*Significant difference between the AR and NAR groups.

recurrence”. Studies indicate that most of these multi-
centric recurrences may not be metastasis from the
original tumour, but rather de novo cancers arising in
a cirrhotic liver or as a result of HBV reactivation
[1,33]. Because both extrahepatic and intrahepatic
metastasis recurrence may be CTC count/type-induced
and may developed earlier than multi-centric recur-
rence. This is why patients with high CTC count or
positive M-CTC and E/M-CTC status, even with AR
resection, may also have a greater chance of early
extrahepatic and intrahepatic metastasis recurrence. In
additions, although no statistically significant, we
found that the AR group had a lower rate of single-
intrahepatic recurrence than did the NAR group, sug-
gesting that AR may decrease single-intrahepatic
recurrence caused by local dissemination in the same
hepatic subsegment.

The method and extent of liver resection should be
planned for each individual after full consideration of
the balance between surgical risk and prognostic
benefit, aiming to achieve curative resection while pre-
serving maximal liver function. After major AR resec-
tion (half right/left hepatectomy), we observed that
hepatic failure and ascites were more frequent in
patients with underlying cirrhosis (data not shown).
NAR is chosen for the purpose of decreasing postoper-
ative complications, including post-hepatectomy hep-
atic failure. Therefore, performing NAR for patients
with high CTC count, especially those with liver cirrho-
sis, is a reasonable choice because they may have a
poor prognosis to begin with. Although AR should be
performed to increase the survival of patients with
low CTC count, NAR can be considered if other factors
contraindicate AR, such as liver cirrhosis or poor
liver function.

This study has several limitations. First, this study is
retrospective in design and has a relatively small sam-
ple size. Consequently, our cohort was imbalanced
with respect to CTC count and subset status. Large
cohort studies will be undertaken in our future

investigations. In addition, the CanPatrol system used
to collect CTCs in this study allows particles <8 pm in
diameter to pass through the filter, remaining
undetected [34]. To overcome this potential limitation
in future studies, multiple CTC detection techniques
should be used to improve the detection efficiency.

In conclusion, CTC analysis before surgery can be
used to better guide the choice of resection method.
AR may improve the survival of patients, but only
those with low CTC count and negative M- and E/M-
CTC phenotypes. In patients with high CTC count and
M- or E/M CTC phenotypes, TFS is not improved by
AR, likely due to systemic dissemination of CTCs lead-
ing to extrahepatic and multi-intrahepatic recurrence.
Thus, in these patients, consideration of the balance
between the operative risk and prognostic benefit is
more important than the surgical method chosen.
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