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Abstract

AIM: To assess the rate and risk factors for tumour
seeding in a large cohort of patients.

METHODS: Over an 8-year period, 1436 hepatocellu-
lar carcinoma (HCC) patients with 2423 tumour nodules
underwent 3015 image-guided percutaneous cryoab-
lation sessions [1215 guided by ultrasonography and
221 by spiral computed tomography (CT)]. Follow-up
CT or magnetic resonance imaging was performed ev-
ery 3 mo. The detailed clinical data were recorded to
analyse the risk factors for seeding.

RESULTS: The median follow-up time was 18 (range
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1-90) mo. Seeding was detected in 11 patients (0.76%)
at 1-24 (median 6.0) mo after cryoablation. Seeding
occurred along the needle tract in 10 patients and at
a distant location in 1 patient. Seeded tumours usually
showed similar imaging and histopathological features
to the primary HCCs. Univariate analyses identified
subcapsular tumour location and direct subcapsular
needle insertion as risk factors for seeding. Multivariate
analysis showed that only direct subcapsular needle
insertion was an independent risk factor for seeding (P
= 0.017; odds ratio 2.57; 95%CI: 1.47-3.65). Seed-
ing after cryoablation occurred earlier in patients with
poorly differentiated HCC than those with well or mod-
erately differentiated HCC [1.33 + 0.577 mo vs 11.12
+ 6.896 mo; P = 0.042; 95%CI: (-19.115)-(-0.468)].

CONCLUSION: The risk of seeding after cryoablation
for HCC is small. Direct puncture of subcapsular tumours
should be avoided to minimise seeding.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

In patients with hepatocellular carcinoma (HCC) super-
imposed on cirrhosis, orthotopic liver transplantation,
surgical resection and percutaneous ablation are consid-
ered radical treatments as they provide better survival
rates compared with no treatment!"’. Because of the poor
acceptance of surgery and a severe shortage of donor
organs, image-guided percutaneous ablation therapies
play an important role in the management of HCC. Vari-
ous local ablation therapies such as percutaneous ethanol
injection (PEI), radiofrequency ablation (RFA), micro-
wave (MW) ablation and cryoablation have been devel-
oped for the treatment of unresectable HCC. All these
procedures require the insertion of long, sharp needles
into the liver parenchyma and tumours, which may cause
various complications, although the complication rates
are low. Tumour seeding is one of the most setious com-
plications, especially in patients who are waiting for liver
transplantation. The reported incidence of seeding
after other ablation procedures varies widely: 0.2%-1.4%
following PEI™, 0.005%-12.5% following RFA®" and
0.75% following MW ablation'”.

Certain factors have been found to increase the like-
lihood of needle-tract seeding, including a superficial
or subcapsular tumour", high number of needle inser-
tions™"", large needle bore'!! end-cutting needle®™”, ab-
sent or thin layer of normal liver parenchyma surround-
ing the needle tract™” high-grade HCC (moderately or
poorly differentiated™™”, high serum alpha-fetoprotein
(AFP) level”, tumour volumes > 2 cm’ and immunosup-
pression”,

Argon-helium cryoablation is a new local ablation mo-
dality. At one time, this technology caused some authors
to question its use in HCC. Most of the bias against this
percutaneous setting is based on a theoretical risk of post-
procedure haemorrhage. However, the gradual downsiz-
ing of cryoprobes has fueled interest in percutaneous use,
which offers several potential advantages versus the heat-
based ablation modalities”, First, multiple cryoprobes can
be used simultaneously to generate a large zone of abla-
tion. Second, the size and shape of the developing ice ball
can be readily visualized using intra-procedural computed
tomography (CT), magnetic resonance imaging (MRI) or
ultrasound (US). Thitd, in contrast to heat-based ablation,
percutaneous cryoablation is a relatively painless proce-
dure. Recently, many studies have reported that imaging-
guided percutaneous cryoablation is safe and effective for
the treatment of HCC""'%, In our previous study, the 1-,
2- and 3-year survival rates in patients with HCC < 5 cm
in diameter who were treated with cryoablation were 92%,
82% and 64%, respectively, and the rate of setious com-
plications was low'”. To our knowledge, tumour seeding
after percutaneous cryoablation for HCC has not been de-
sctibed to date. The present study was conducted to evalu-
ate the incidence and possible risk factors for seeding after
percutaneous cryoablation, by reviewing the prospective
database of HCC patients treated by cryoablation in out
department.
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MATERIALS AND METHODS

Patients

This study included 1436 consecutive patients with HCC
who were treated at the Center of Therapeutic Research
for Hepatocellular Carcinoma, 302 Hospital of PLA,
between April 2003 and June 2011. HCC was diagnosed
based on typical findings on MRI or CT (hyperattenuation
in the arterial phase and hypoattenuation in the portal-
venous phase) and serum AFP level. The diagnosis was
confirmed by histopathological examination of US- or
CT-guided biopsy specimens in 736 patients. Until 2007,
we biopsied almost all tumours before treatment, and after
2007 we only biopsied cases in which we could not make
a definite diagnosis using dynamic CT or MRI. Biopsy
specimens for histological examination were obtained
with 1-2 passes of a 19.5-gauge end-cutting needle (Auto-
Vac; Angiomed, Karlsruhe, Germany). Histopathological
grading of tumour differentiation was performed using
the criteria described by Edmondson ¢z /', Tumour
stage was defined according to the Barcelona Clinic Liver
Cancer (BCLC) classification'"”. Performance status (PS)
was defined according to the Eastern Cooperative Oncol-
ogy Group criteria (ECOG). The 1436 patients had a total
of 2423 tumours with a diameter of 1.2-15.0 cm (mean
4.5 £ 2.3 cm). The clinical characteristics of the patients
are shown in Table 1. All cryoablation treatments were ap-
proved by the Research Ethics Committee at 302 Hospital
of PLA. Written informed consent was obtained from all
patients who met the inclusion criteria, before blood and
tumour specimens were obtained, and before data were
collected and analysed.

Inclusion and exclusion criteria

Inclusion criteria for cryoablation were as follows: contra-
indications to surgical resection or orthotopic liver trans-
plantation, Child-Pugh class A or B liver function, total
serum bilitubin level < 51.3 umol/L, platelet count = 20
X 109/ L and performance status < 2. Ascites was con-
trolled before the procedure with diuretics. Patients with
early HCC who were reluctant to undergo hepatic resec-
tion or transplantation were included. Patients were ex-
cluded for the following reasons: BCLC stage D (ECOG
PS > 2, Child-Pugh C), tumour thrombosis at the main
branch of the portal vein and the size of the thrombosis
exceeded 50% of the diameter of the portal vein, extra-
hepatic metastasis, tumours which were not accessible
percutaneously, or a history of other ablation therapies.
We generally performed percutaneous cryoablation in
patients with up to three lesions, all of which were < 5
cm in diameter, but we performed a combination of re-
peated cryoablation and transarterial chemoembolisation
(TACE) in some patients who did not meet these criteria.

Technical terms

We defined a session as a single treatment consisting of
one or more ablations performed on one or more tu-
mours. To assess tumour depth, we categorised tumours
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Baseline characteristics Value
Age (yr)' 55.9+9.2
Sex

Male 1176 (81.9)

Female 260 (18.1)
Aetiology

HBs-Ag positive only 1229 (85.6)

HCV-ADb positive only 168 (11.7)

Both positive 19 (1.3)

Both negative 20 (1.4)
Child-Pugh score

Class A 874 (60.9)

Class B 562 (39.1)

Tumour size (cm)

<3 411 (28.6)

3-5 656 (45.7)

=5 369 (25.7)
Tumour number

Single 1213 (84.5)

2-3 223 (15.5)
Tumour location

Subcapsular 484 (33.7)

No subcapsular 952 (66.3)
Route of needle insertion

Direct subcapsular insertion 213 (14.8)

Deep 1223 (85.2)
BCLC staging

Stage A 787 (54.8)

Stage B 453 (31.5)

Stage C 196 (13.7)
Completed ablation

Yes 1168 (81.3)

No 268 (18.7)
Tumour differentiation”

Well or moderate 490 (66.6)

Poorly 246 (33.4)
Biopsy performed prior to cryoablation® 736 (51.3)
Number of sessions

Single 336 (23.4)

2 743 (51.7)

>2 357 (24.9)
AFP (ng/mL)" 575 + 2039

'Values are expressed as mean * SD, n = 1436; *0Of 736 cases in which
biopsy was performed. HBs-Ag: Hepatitis B surface antigen; HCV-Ab:
Hepeatitis C virus antibody; BCLC: The Barcelona Clinic Liver Cancer clas-
sification; AFP: Alpha-fetoprotein.

as subcapsular or deep. Tumours were defined as subcap-
sular when they were located adjacent to the surface of
the liver, less than 0.5 cm of parenchyma between the tu-
mour and the liver capsule, otherwise, they were defined
as deep. Direct subcapsular needle insertion was defined
as puncture of subcapsular tumours without traversing
a sufficient portion of normal hepatic parenchyma. The
number of needle insertions was defined as the total
number of needle positions in all sessions.

Argon-helium cryoablation procedure

Argon-helium cryoablation was performed as described
in our previous report“()]. Briefly, an argon-helium gas-
based CRYOcate system (EndoCare, Irvine, CA, United
States) and cryoprobes were used to freeze the tumour
with a dual freeze-thaw cycle under US or CT guidance.
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After determining the most favourable percutaneous ap-
proach, we inserted the 3-mm cryoprobe into the tumour
through the sheath introducer system under US or CT
guidance, and advanced the tip to the distal margin of the
targeted lesion. The number of probes used depended
on the location and size of the lesions to be ablated.
The dual freeze-thaw cycle comprised a 20-min freeze,
a 10-min thaw and a further 15-min freeze. The dimen-
sions of the frozen tissue were monitored by US or CT.
The cryoprobe temperatures were reduced to -135 'C *
2 °C within 1 min. After removal of the probes, all tracts
were packed with Surgicel (Johnson and Johnson, Inc.,
Arlington, TX, United States) through the sheath intro-
ducer to control bleeding, and the sheath introducer was
removed. We aimed to perform curative ablation of all
tumours in each session by single or multiple cryoabla-
tion, particularly for tumours < 5 cm in diameter. Dy-
namic CT or MRI was performed 2-3 d after treatment
to evaluate treatment efficacy. Complete ablation was de-
fined as non-enhancement of the entire lesion on CT or
MRI with a safety matgin in the surrounding liver paten-
chyma. Patients underwent additional ablation sessions
until complete ablation was confirmed in all nodules, to a
maximum of three sessions. If ablation was incomplete
after three sessions, we performed TACE. The cryoabla-
tion procedure was performed under conscious sedation.
Echocardiography, ventilation and oxygen saturation
levels were monitored throughout the procedure. Patients
were kept warm during cryoablation with warming mats.

Follow-up and tumour seeding

All patients underwent MRI and CT at 1 mo after cryoab-
lation. Patients were then assessed every 2-3 mo, includ-
ing measurements of liver biochemistry and AFP level,
and by CT or MRI. A newly detected tumour attached to
the peritoneum or pleura was considered to be seeded,
and the diagnosis was confirmed by biopsy and histo-
pathological examination. Seeded tumours were treated
with repeat cryoablation, PEI or TACE when feasible.
The seeding rate was calculated based on the number of
patients.

Statistical analysis

Potential risk factors for seeding were analysed. The fol-
lowing variables were recorded: age, sex, viral markers, tu-
mour size, number of tumour nodules, tumour location,
direct subcapsular needle insertion, tumour differentia-
tion, number of cryoablation sessions, number of needle
insertions, percutaneous biopsy ptior to cryoablation and
serum AFP level. Continuous variables were compared
between patients with and without seeding using the Stu-
dent’s 7 test. The ;(2 test or Fishet’s exact test was used to
compare categorical variables between the groups. Vari-
ables with P < 0.1 were entered into a multivariate logistic
regression model using stepwise selection of variables.
Variables with P < 0.05 were considered statistically sig-
nificant. All analysis were conducted using SPSS software
version 13 (SPSS Inc., Chicago, I, United States).
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Case No. 1 2 3 4 5 6 7 8 9 10 11
Age (yr) 66 51 47 51 65 43 49 61 58 58 72
Sex M 18 M M F M M M M e M
Child-Pugh class A A A A B A A B A A B
BCLC Stage A B B B B C A B A A B
AFP (ng/mL) 7 9 3550 368 8589 16 75 33 23 48 294
No. of tumours 1 1 1 1 1 1 1 3 1 2
Tumour size (cm) 6 3 54 6 3.2 8 24 48 2.6 2 5.6
No. of sessions 2 1 4 3 1 3 1 2 1 4 2
No. of needle insertions 4 2 6 4 2 6 1 3 1 4 3
Completed ablation Yes Yes No No Yes No Yes Yes Yes Yes Yes
Biopsy No Yes Yes Yes Yes No No No No Yes Yes
Tumour differentiation

Primary HCC - Poor Mod Mod Poor - - - - Well Poor

Seeding HCC Mod Poor Mod Mod - Mod Mod Mod Mod Well -
Subcapsular location Yes No Yes Yes Yes Yes Yes No Yes Yes No
Direct subcapsular insertion Yes No Yes Yes Yes Yes Yes No Yes Yes No
Seeding location Ip Ip Sf Ip Pleura IpandIm Ip Ip Ip Ip Pc
Seeding time (mo) 24 2 5 5 1 6 12 7 12 18 1
Overall survival (mo) 36 25 9 19 18 12 18 26 36 60 5
Prognosis Died Alive Died Died Died Alive Alive Died Alive Alive Alive

M: Male; F: Female; Ip: Intraperitoneal; Sf: Subcutaneous fat; Im: Intercostal muscle; Pc: Peritoneal cavity; HCC: Hepatocellular carcinoma; BCLC: The Bar-
celona Clinic Liver Cancer classification; AFP: Alpha-fetoprotein; Mod: Moderate.
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Figure 1 Cumulative tumour seeding rate. The cumulative rate was 0.49%
at 1 yearand 1.0% at 2 years.

RESULTS

Clinical features of patients with tumour seeding

A total of 1436 HCC patients underwent 3015 cryoabla-
tion sessions (1215 guided by ultrasonography and 221
guided by CT; average 2.1 sessions per patient) for 2423
nodules. When a patient underwent more than one treat-
ment session, the data from the initial session were used.
During the follow-up period (median 18 mo; range 1-90
mo), seeding was diagnosed in 11 patients at an interval
of 1-24 (median 6.0) mo after the first cryoablation. The
seeding rate was 0.76% per patient (11/14306). The longest
interval between the first cryoablation session and detec-
tion of seeding was 2 years. The cumulative seeding rates
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were analysed using Kaplan-Meier estimates, and were
0.49% at 1 year and 1.0% at 2 years (Figure 1). Table 2
shows the baseline characteristics of the 11 patients with
seeding. Eight of these patients were male, and the mean
patient age was 56.5 £ 9.0 years. Ten patients were hepati-
tis B surface antigen positive and one patient was hepatitis
C virus antibody positive. Eight patients were Child-Pugh
class A and three were Child-Pugh class B. The mean
tumour size was 4.5 £ 1.9 cm, and the mean number
of tumours was 1.3 * 0.6. The mean number of needle
insertions was 3.3 = 1.7. Direct subcapsular needle inser-
tions were performed in eight patients with subcapsular
tumours. Six patients underwent biopsy ptior to cryoabla-
tion, of which three had pootly differentiated HCC. Four
patients were classified as BCLC stage A, six as stage B,
and one as stage C. The tumours were completely ablated
in eight patients. The mean serum AFP level was 1182.9
+ 2668.6 ng/mlL.

Seeding occurred along the cryoablation needle tract
in 10 patients, and at a distant location in 1 patient (Fig-
ure 2). The seeding was intraperitoneal in seven patients,
intraperitoneal and in the intercostal muscles in one pa-
tient, pleural in one patient, and in the abdominal wall
(subcutaneous fat) in one patient. One patient had distant
seeding in the petitoneal cavity. In ten patients, the seeded
tumours were < 3 cm in diameter, and in one patient the
tumour was 3 cm in diameter. Nine (81.8%) patients had a
single seeded tumour, and the other two (18.2%) patients
had two and three seeded tumours, respectively, indicating
that multiple seeding was not uncommon. One patient de-
veloped treatment-related liver haemorrhage 5 mo before
the seeding was detected.

CT and MRI are the preferred imaging modalities for
detecting needle-tract seeding. The seeded tumours are
usually detected as one ot a few round or oval-shaped
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Figure 2 Locations of hepatocellular carcinoma and of seeding after cryoablation. A: Intraperitoneal seeding (case 4); B: Intraperitoneal and intercostal muscle
seeding (case 6); C: Seeding in subcutaneous fat (case 3); D: Complete ablation of primary hepatocellular carcinoma (HCC) (case 11); E and F (case 11): Multiple,
small, intraperitoneal seeding nodules 1 mo later; G: Complete ablation of primary HCC (case 5); H: Pleural seeding nodules 1 mo later (case 5). Arrowheads indicate
primary HCCs, arrows indicate seeding.

enhancing nodules along the needle tract, with a few oc-
curring at a distant location. Seeded tumours showed a
similar imaging pattern to primary HCCs, with arterial
phase hyperattenuation followed by portal-venous phase
hypoattenuation (Figure 3).

Tumour biopsies performed before cryoablation in
six patients who developed seeding showed that one
patient had a well differentiated tumour, two patients
had moderately differentiated tumours, and three pa-
tients had poorly differentiated tumours. The seeded
tumours in the nine patients without distant or pleural
seeding were confirmed by biopsy and histopathological
examination. The seeded tumour showed similar differ-
entiation features to the primary HCC in four of these
patients (Figure 4).

Seeding was treated by PEI in four patients, resection
in one patient, cryoablation in two patients, cryoablation
plus sorafenib in two patients, and conservative treatment
in two patients. Of the nine patients with seeding who
were treated, recurrence of seeding after treatment oc-
curred in five (55.6%), including three treated with PEI
and two treated with cryoablation plus sorafenib. Three
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of the patients with recurrent seeding were treated with
RFA plus radiation and did not have further recurrence,
and the other two patients were treated with sorafenib
plus cryoablation and TACE (Figure 5).

At the end of the follow-up period, five patients with
seeding had died. The causes of death were intrahepatic
HCC progression and liver failure. No patient died of
their seeded tumour nodules. In patients with seeding,
the cumulative survival rates were 90% at 1 year, 68% at 2
years, 53% at 3 years, 32% at 4 years and 32% at 5 years.
In patients without seeding, the cumulative survival rates
were 86% at 1 year, 61% at 2 years, 51% at 3 years, 43% at
4 years and 34% at 5 years. There were no significant dif-
ferences in survival rates between the two patient groups (P
= 0.942) (Figure 0).

Risk factors for tumour seeding

Table 3 shows the results of the univariate analysis to
identify risk factors for seeding, Direct subcapsular needle
insertion (P = 0.0043) and subcapsular tumour location
(P = 0.0152) were associated with seeding. There were
no significant associations between seeding and age, sex,
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Figure 3 Computed tomography showing tumour seeding in case 2 after cryoablation for hepatocellular carcinoma, with a history of transcatheter arte-
rial chemoembolisation. A: Contrast-enhanced computed tomography (CT) image showing a 3-cm diameter hepatocellular carcinoma (HCC) in segment II before
cryoablation (black arrow); B and C: Contrast-enhanced CT images during the arterial phase (B) and portal-venous phase (C) showing intraperitoneal seeding (white
arrow) at 2 mo after biopsy and percutaneous cryoablation. The tumour showed hyperattenuation during the arterial phase and hypoattenuation during the portal-
venous phase, similar to the primary HCC. Histopathological examination of the seeded tumour showed a poorly differentiated HCC. Note that the intrahepatic tumour

was completely ablated.

viral matkers, Child-Pugh class, tumour size, number of
nodules, number of sessions, number of needle inser-
tions, tumour differentiation, biopsy prior to cryoablation,
BCLC stage, incomplete ablation, or serum AFP level.
Even though there was no significant association be-

tween seeding and tumour differentiation, seeding was
detected eatlier in patients with poorly differentiated
HCC than in those with well or moderately differentiat-
ed HCC [1.33 £ 0.577 mo »s 11.12 £ 6.896 mo; 95%CI:
(-19.115)-(-0.468); P = 0.042)]. Multivariate analysis
showed that the only significant risk factor for seeding
was direct subcapsular needle insertion (odds ratio 2.57;

95%CI: 1.47-7.65; P = 0.017).
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Figure 4 Computed tomography im-
age and histopathology of primary
and seeded tumours (case 10). The
58-year-old woman underwent biopsy
and percutaneous cryoablation for a
2-cm diameter subcapsular hepatocel-
lular carcinoma (HCC). A: The tumour
was completely ablated (black arrow);
B: Intraperitoneal seeding at 18 mo
after treatment (white arrow); C: Histo-
pathological examination of the biopsy
specimen from the primary tumour
showed a well differentiated HCC; D:
The seeded tumour was resected, and
histopathological examination showed
a well differentiated HCC. The patient
was alive and tumour-free at 60 mo
after cryoablation.

DISCUSSION

The new modality of imaging-guided percutaneous argon-
helium cryoablation has been widely developed in China.
Many studies have reported the safety and efficacy of this
technique in the treatment of HCC'""'9, Although many
complications have been reported, the majority are minor
and can be treated conservatively. In carefully selected pa-
tients, the rate of serious complications is low!"". Because
of its minimal invasiveness and resulting large ablation
zone, percutaneous cryoablation is a useful treatment mo-
dality for HCC™.

However, occasional tumour seeding after percuta-
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Figure 5 Patient treated with sorafenib plus cryoablation and transcatheter arterial chemoembolisation for hepatocellular carcinoma seeding (case 7). A:
Complete ablation of the subcapsular hepatocellular carcinoma (arrowhead); B: Multiple, small, intraperitoneal seeded nodules (white arrows); C: Seeded nodules
were treated with cryoablation (black arrows) plus sorafenib; D: Recurrence of seeding (white arrow); E: The recurrent seeding was treated with cryoablation (black
arrows); F: The seeding was also treated with transarterial chemoembolisation (white arrow). Six months later, there was no further recurrence.

1.0 [+

0.6 -

Patients without seeding
0.4 -

Cumulative survival

L
Patients with seeding

0.2 P =0.942

0.0 | | | | | | | |
0 12 24 36 48 60 72 84 96

Overall survival from first cryoablation (mo)

Figure 6 Cumulative overall survival in patients with and without tumour
seeding. Survival curves are drawn according to the Kaplan-Meier method, us-
ing the log-rank test.

neous cryoablation for HCC remains unavoidable, as in
other local ablation treatments such as PEI, RFA and
MW ablation. In this study, we systematically searched for
evidence of seeding using state-of-the-art imaging over a
long follow-up period, and found seeding in 11 of 1436
patients treated with 3015 cryoablation sessions. The
seeding rate was 0.76% per patient. The median interval
between the first cryoablation session and detection of
seeding was 6 (range 1-24) mo, with a median follow-up
time of 18 (range 1-90) mo. At the end of the follow-up
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period, 580 patients had died, and these patients had a me-
dian survival time of 15 (range 1 to 65) mo. All patients
were under close observation, and no patients were lost to
follow-up. Because of the duration and quality of follow-
up, the likelihood of having missed a seeded tumour in
this study is minimal.

Similar to other percutaneous interventions such as
biopsy, PEI and RFA, the sites of seeding after cryoabla-
tion were the thoracic wall, abdominal wall, diaphragm and
peritoneal cavitylzo’zzj. Seeding usually occurred along the
needle tract, but a few cases were at a distant location, with
pleural and peritoneal cavity seeding in one patient each.
Regular follow-up with contrast-enhanced CT or MRI
from the chest to the pelvis is therefore very important.

The median time to diagnosis of seeding has been
reported to be 13 (range 1-58) mo after biopsymj, 6 (range
2-48) mo after PEI”" and 28.5 (range 8.6-60.7) mo after
RFA™. 1n the present study, the median time to diagnosis
was 0.0 (range 1-24) mo after cryoablation. The longest
interval from the first cryoablation session to the diagno-
sis of seeding was 2 years. It can therefore be concluded
that it is necessary to carefully monitor patients for at least
2 years after cryoablation for HCC. The reason for the
longest interval to the diagnosis of seeding in the present
study being shorter than in previous studies on biopsy,
PEI and RFA is unknown. There are no reports of growth
rates for seeded tumours after cryoablation, but it has
been reported that the growth rate of needle-tract seeding
after biopsy varies depending on the initial number of im-
planted tumour cells and the doubling time of the tumour,
as well as the microenvironment surrounding the seeded
tumour. The doubling time of seeded tumours after bi-
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Table 3 Characteristics of patients with and without tumour

seeding

Seeding was Seeding was
Variable identified not identified P value
(n=11) (n = 1425)
Age (yr)! 56.5+9.0 55.5+9.3 0.8970
Gender (male/female) 8/3 1168/257 0.6895
HBs-Ag positive only 10 1219 0.9412
HCV-Ab positive only 1 167 1.0000
Both positive 0 19 1.0000
Both negative 0 20 1.0000
Child-Pugh class (A/B) 8/3 866/559 0.6176
Tumour size (cm)' 45+19 4.6+3.0 0.8800
Number of tumours' 13+0.6 13+0.7 0.9520
Number of sessions' 22+12 23+1.1 0.8764
Number of needle insertions' 33+17 38+1.1 0.3430
Direct subcapsular insertion 8 205 0.0043
Subcapsular location 8 476 0.0152
Biopsy performed” 6 730 0.8264
Poorly differentiated tumour 3 243 0.6674
BCLC stage (A/B/C) 4/6/1 783/447/195  0.2869
Completed ablation (yes/no) 8/3 1161/264 0.7235

AFP (ng/mL)' 11829+ 2668.6 577.0+2038.1 0.3270

'Values are expressed as mean + SD; “Of 736 cases in which biopsy was
performed. HBs-Ag: Hepatitis B surface antigen; HCV-Ab: Hepatitis C vi-
rus antibody; BCLC: The Barcelona Clinic Liver Cancer classification; AFP:
Alpha-fetoprotein.

opsy is 112 (range 22-415) d™, which is comparable to
that of primary HCC. Regarding differentiation features,
Matsukuma ¢ a/”” reported that peritoneal seeding can in-
frequently proliferate aggressively with more differentiated
features. In the current study, four patients with seeding
showed similar tumour differentiation features to the pri-
mary HCC, and only three patients had pootly differenti-
ated HCC, so it is difficult to explain the shorter interval in
terms of tumour differentiation. The available data report
a median HCC diameter of 32.5 mm in patients who un-
derwent PEI and 30 mm in patients who underwent RFA,
and the use of 14- to 22-gauge needles for biopsies, 21- to
22-gauge needles for PEI and 14- to 17-gauge needles for
RFA™. The shorter interval to detection of seeding af-
ter cryoablation may be related to the use of larger needles
(a 3-mm cryoprobe correlates to an 11-gauge needle) and
larger nodule size (mean 45 £ 19 mm).

HCC is particularly prone to seeding, with higher
seeding rates after biopsy (0%-5.1%)"" than other solid
tumours such as pancreatic tumours (0.003%-0.017%)
and other abdominal tumours (0%-0.03%)"*",

In a recent review, several factors were suggested to
contribute to seeding after percutancous interventional
procedures, which were listed as follows: poorly dif-
ferentiated tumour, high serum AFP level, subcapsular
tumour location, biopsy prior to RFA, high number of
sessions and high number of electrode placements'”
However, only Shirai e /*? and Imamura ef a/* have re-
ported multivariate analyses of these factors. Imamura e/
al® reported that only poor tumour differentiation was
an independent risk factor for seeding, Shirai ez a/* re-
ported that only RFA was an independent risk factor. In
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Figure 7 The sheath introducer system. The cryoablation needle (black arrow)
is inserted and removed through the sheath introducer system (white arrow).

the present study, univariate analyses identified subcap-
sular tumour location and direct subcapsular needle in-
sertion as risk factors. There were no significant associa-
tions between seeding and age, sex, viral markers, Child-
Pugh class, tumour size, number of nodules, number of
sessions, number of needle insertions, tumour differen-
tiation, biopsy prior to cryoablation, BCLC stage, incom-
plete ablation or serum AFP level. Multivariate analysis
showed that only direct subcapsular needle insertion was
an independent risk factor for seeding;

Several studies have reported that subcapsular tumour
location was a risk factor for seeding®™. In a study re-
porting a 12.5% seeding rate after RFA, all patients with
seeding had a subcapsular tumour. This is consistent
with the results of our univariate analysis. In our initial
experience, percutaneous cryoablation of subcapsular
tumours was also associated with liver haemorrhage'"’.
In the present study, treatment-related liver haemorrhage
occurred in one patient with seeding. We therefore insert
our cryoprobe across a portion of normal hepatic paren-
chyma, and avoid direct subcapsular needle insertion for
subcapsular tumours whenever possible. This minimises
both liver haemorrhage and needle-tract seeding. This
may explain why multivariate analysis only identified direct
subcapsular needle insertion as an independent risk factor.

There is still controversy regarding whether tumour bi-
opsy ptior to treatment or a pootly differentiated tumour
increase the risk of seeding” **. In this study, biopsy
and a poorly differentiated tumour were not associated
with a higher rate of seeding, The current study also did
not show a significant association between seeding and tu-
mour size or incomplete cryoablation, which is consistent
with the findings of other studies”*". Although the 3-mm
cryoprobe was large, the risk of seeding after cryoablation
was small. The risk of seeding may be reduced by the use
of the sheath introducer system (Figure 7), through which
cryoablation needles are inserted and removed. Similatly,
Maturen ¢ a”" reported that no seeding occurred when
they used a needle introducer that remained in position
during multiple passes of a coaxial cutting needle for bi-
opsies, which may protect the tissue along the needle tract
and reduce seeding. Further studies should be conducted
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to assess the effects of the sheath introducer system on
the risk of seeding in percutaneous cryoablation for HCC.
In addition, the low tisk of cryoablation may be related to
the mechanisms of cryoablation. Cryotherapy is believed
to kill cells by several mechanisms, including intracellular
ice formation, solute-solvent shifts that cause cell dehydra-
tion and rupture, small vessel obliteration causing hypoxia
and specific anti-tumour immunoreactions that limit tu-
mour growth™, Several studies found that cryoablation
resulted in both local tumour necrosis and necrosis and
shrinkage of the tissues adjacent to the tumour, which
was thought to indicate ectopic tumour suppressionml.
Preclinical evidence of a cryo-immunologic response as
well as some clinical data indicate that cryoablation may
generate an anti-tumour response” . Our previous study
indicated that cryoablation not only directly destroys
malignant tissues, but also has effects on the adjacent
tissues””. Cryotherapy resulted in reduced numbers of
petipheral Treg cells and a loweting of the CD8-FoxP3+/
CD8+FoxP3- ratio in malignant tissues””. We therefore
speculate that anti-tumour immunoreactions induced by
cryoablation may limit seeding, This concept deserves fut-
ther study.

Although poorly differentiated tumour did not in-
crease the risk of seeding, we found that seeding occurred
carlier in patients with pootly differentiated HCC than in
those with well or moderately differentiated HCC. It is
possible that pootly differentiated HCC lacks cohesive-
ness'” and grows more rapidly, allowing the seeding to be
identified eatlier.

It is not clear whether seeding affects prognosis. Shirai
et al” and Imamura ez al”” investigated the prognosis of
HCC patients with seeding after RFA. They reported that
the survival rate was not particularly low in patients with
seeding, and that seeding itself did not directly affect sut-
vival. The present study also did not find significant dif-
ferences in the cumulative survival rates of patients with
and without seeding. By the end of the follow-up period,
five patients with seeding had died of intrahepatic HCC
progression and liver failure. No patient died due to the
growth of seeded nodules. Nevertheless, the survival rates
of patients with seeding tended to be lower from the sec-
ond year onwards. The reasons for the lack of significant
differences in survival rates may be as follows: First, the
number of patients with seeding was very small compared
with the number without seeding. Second, seeded tumours
were treated radically, which may improve outcome™, Tt
is therefore impossible to claim that seeding does not af-
fect prognosis, and seeded tumours should be treated with
the aim of achieving local cure. It is essential to recognise
that seeding is difficult to treat successfully. In the present
study, the recurrence rate after local radical treatment of
seeding was 55.6%.

In conclusion, the relatively low rate of tumour seed-
ing after cryoablation for HCC is considered an accept-
able clinical risk. Direct puncture of subcapsular tumours
was found to be a risk factor for seeding, Although seed-
ing is sometimes unavoidable, strict attention to detail
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and knowledge of seeding and its risk factors are helpful
for minimising its occurrence.

COMMENTS

Background

Imaging-guided percutaneous argon-helium cryoablation is widely used in Chi-
na, and this technique has been found to be safe and effective for the treatment
of hepatocellular carcinoma (HCC). However, details of tumour seeding after
this procedure have not been reported to date, even though seeding is one of
the most important complications.

Research frontiers

This study reports the rate of tumour seeding after percutaneous cryoablation
and analyses the risk factors for seeding in a large cohort of HCC patients who
were treated with cryoablation sessions over an 8-year period.

Innovations and breakthroughs

Seeding occurred in 11 (0.76%) of 1436 patients treated with percutaneous
cryoablation in this study. Only direct puncture of a subcapsular tumour was an
independent risk factor for seeding.

Applications

This study indicates that the risk of seeding after percutaneous cryoablation
for HCC is small and is considered an acceptable clinical risk. This procedure
is minimally invasive and results in a large ablation zone, making it a useful
treatment modality for HCC. However, direct puncture of a subcapsular tumour
should be avoided. The small risk of seeding may be due to the use of an in-
troducer sheath, or to the mechanisms of cryoablation, and further research is
warranted.

Terminology

Percutaneous cryoablation requires the insertion of needle into the liver paren-
chyma and tumour, which may cause tumour seeding. However, the incidence
of HCC seeding after the procedure is low.

Peer review

The authors analyzed the incidence of HCC tumour seeding after percutaneous
cryoablation. It is very interesting study and has a great scientific value for phy-
sicians who take care of patients with this pathology. The study is well designed
and data is convincing.
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