


Local tumour progression rate after ablation was

12.8%� 23% [8, 11]. Systemic chemotherapy with

different agents is marginally effective against HCC

but severely toxic and not associated with increased

survival [12]. Searching for new and effective

methods to prolong the overall survival and disease

free survival time requires further advances.

Although the accurate reason for pathogenesis and

recurrence of HCC remains to be fully elucidated,

the result of much research showed that antiviral

immunity for hepatitis and antitumour immunity

are intimately associated with cellular immunity

[13, 14]. T lymphocytes are potent cellular effectors

of the immune system and possess a memory that

responds to rechallenge by the same antigen [15, 16].

Coley’s toxins, bacterial products used to stimu-

late inflammatory responses in cancer patients

reported in 1893 [17], were one of the first immu-

nological manipulators to treat cancer. Since then,

several toxins or proteins produced by various

microorganisms such as bacteria, mycoplasma or

virus, which were dominated as superantigen [18]

had been proven to stimulate anti-tumour reaction

by reactive T lymphocytes [19–21] and to be safe in

clinical use for digestive tract tumours at lower

dosage by intravenous injection [22] since the 1990s.



Schering, Berlin, Germany). MRI studies were

carried out with a 1.5-T unit (Signa Echo-Speed,

GE Medical Systems), and contrast medium

(Magnevist, Schering; 0.1mmol/kg body weight).

Microwave ablation technique and equipment

All treatments were performed at the authors’ insti-

tution and were carried out under US guidance in

the interventional room. General anaesthesia was

achieved by using a combination of two anaesthetics,

propofol (Diprivan; Zeneca Pharmaceuticals,

Wilmington, DE) and ketamine (Shuanghe

Pharmaceuticals, Beijing, China). Two types of

microwave equipment were applied in the study.

From 1999 to 2004, a UMC-I microwave applicator

(PLA General Hospital and Institute 207 of the

Aerospace Industry Company, Beijing) with a fre-

quency of 2450MHz delivering a maximum power of

80W through 16-gauge needle antennae was applied

[4, 6, 23]. From 2005 to 2006, a KY-2000 micro-

wave applicator (Kangyou Medical, Nanjing, China)

with a frequency of 2450MHz delivering a maximum

power of 100W through two 15-gauge internally

cooled antennae was applied [24, 25]. With US

guidance, a single antenna or multiple antennae were

used, depending on index tumour size [4, 6, 23].

Percutaneous placement of the antenna was applied

by any one of the three experienced radiologists

(P.L., B.D., X.Y.) for all tumours. A detailed

protocol was worked out for each patient on an

individual basis before treatment [4, 6, 23]. In

general, for tumours less than 17mm in diameter,

a single antenna was used; for tumours 17mm or

larger, multiple antennae were applied synchro-

nously or consecutively. An output setting of 60W

for 300 s was routinely used during ablations. A

thermal monitoring system was used during treat-

ment. With US guidance, one to three thermal

couples were placed at different sites 5mm outside

the tumour to monitor temperature throughout the

procedure. If the measured temperature at 5mm

outside the tumour did not reach 60�C by the end of

300 s and did not remain at 54�C for at least 3min,

an increase in application time was required depend-

ing on the temperature monitored dynamically

(emission time range 180–1620 s).

SEC injection protocol

For patients in the SEC groups, 500U, 1000U and

2000U SEC were injected intramuscularly on day

21, 22 and 23 after PMWA to observe the possibility

of allergy and other severe adverse effects. If severe

Table I. Patient characteristics and tumour profile.

Total Subgroup one Subgroup two

SEC Control p SEC Control p SEC Control p

Total patients 45 215 26 131 19 84

Gender

Male 41 188 0.596 25 115 0.215 16 73 0.826

Female 4 27 1 16 3 11

Age(years)

Range 30–74 28–81 0.438 30–74 29–80 0.128 42–71 28–81 0.4

Mean�SD 55.8� 9.8 57.3� 11.0 53.5� 10.2 57.2� 11.3 59.4� 8.1 57.1�11.2

Child stratification

Class A 18 97 0.622 8 66 0.076 10 31 0.426

Class B 26 109 18 60 8 49

Class C 1 9 0 5 1 4

Tumour characteristics

Total tumours 66 294 39 182 27 112

Number of tumours

1 31 151 0.126 17 92 0.632 14 59 0.06

2 7 49 5 27 2 22

3 7 15 4 12 3 3

Size

Range 16–60 11–60 0.455 15–30 11–30 0.588 31–60 31–60 0.208

Median 27 29 22.5 22.5 36 36

Mean�SD 30.2� 10.8 30.4� 9.4 23.2� 4.5 22.5�4.8 40.2� 8.6 37.9�6.5

Preablation treatment

Surgery 10 81 0.106 6 55 0.31 4 26 0.315

TACE 8 40 5 19 3 21

Surgery and TACE 0 4 0 1 0 3

None 27 90 15 56 12 34

TACE, transarterial chemoembolisation.
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adverse effects did not happen, intratumoural SEC

injection therapy was started. The margin of the

ablation zone as well as the border between the

ablated zone and surrounding liver parenchyma were

obscure and hard to distinguish on day 24 after

PMWA. We planned to inject SEC into the periph-

eral zone of the ablation zone as this would minimise

diffusion of liquid outside the coagulated tissue

because of lack of blood flow as well as lymphoid

circulation. To reduce damage, only two 21G PTC

needles were used to inject SEC. SEC was injected

into the posterior peripheral area of ablated tumour

through two 21G PTC needles under US guidance,

then into the anterior peripheral area of ablated

tumour after withdrawing the needles with local

anaesthesia of lidocaine. The injection dates of SEC

were arranged on days 24 and 28, and 2, 5 and

7 months after PMWA. Diffusion of SEC was

observed on sonography, although not covering all

the periphery of ablated zone. All patients completed

the treatment protocol except one in the SEC group

who suffered a sudden death 5 months after PMWA

unrelated to the SEC injection. Eight patients in the

SEC group had intrahepatic recurrence including

3 patients with local tumour progression within

7 months (1 in month 2, 5 in month 5, 2 in month

7) after PMWA [26]. However, they continued to

finish 5 doses of SEC injection. Thirty-four patients

received 5 doses of local SEC injection. Eleven

patients who had no recurrence at 1 year follow-up

received an additional 1–9 (median 2) local SEC

injections at the site of ablation with 6 months

interval based on their own willingness.

Follow-up

The follow-up protocol was performed according

to previously published recommendations [4, 6, 23].

Therapeutic effectiveness was assessed on the basis

of the result of contrast-enhanced imaging and serum

tumour marker levels. Contrast-enhanced CT or

MRI was repeated at 1-month and at 3-month

intervals within 1 year after PMWA and then at

6-month intervals after treatment. If any intrahepatic

new foci or local tumour progression was noted,

PMWA was performed as soon as it was suitable for

PMWA. The appearance over follow-up of foci of

untreated disease in tumours that were previously

considered to be completely ablated was defined as

local tumour progression [26]. The follow-up period

was calculated starting from the beginning of PMWA

for all patients. Condition of patients was discovered

through phone calls follow-up till December 2008.

Survival time was calculated from the date of PMWA

to the date of death or the end of the follow-up

period. Disease free survival time was calculated

from the date of PMWA to the date of intrahepatic

new tumour, local tumour progression or distant

malignancy confirmed by contrast-enhanced imag-

ing, or to the end of the follow-up period if no such

sign was found. In the control group 21 patients were

lost to follow-up, and disease free survival or survival

time was calculated from the date of PMWA to the

date of last follow-up if intrahepatic new foci, local

tumour progression or distant malignancy did not

happen before the date of last follow-up. The follow-

up period of the lost patients ranged from 36 months

to 79 months (54.2� 14.3 months).

Statistical analysis

Data analysis was conducted using Chinese High

Intellectualised Statistical Software (CHISS, Beijing

Yiyuantang Science and Technology Company,

Beijing, China) for windows. Overall survival and

disease free survival rates were calculated by the

Kaplan-Meier method and analysed by the log-rank

test. Univariate and multivariate analyses were based

on the Cox proportional hazards regression model.

The data were expressed as means� standard devi-

ation (SD). For comparison of patient characteristics

and tumour profile between two groups, indepen-

dent-samples t-test, Wilcoxon rank sum test, and

chi-square test were carried out as appropriate. Two-

tailed p< 0.05 was judged to be significant.

Results

Overall survival rate and prognostic factors

The overall survival rates at 1, 2, 3, 4 and 5 years

were 93.3%, 86.7%, 72.9%, 64.4% and 60.8% in the

SEC group, and 94%, 82.9%, 66%, 54.1% and

44.4% in the control group (Figure 1), and overall

Figure 1. Estimated survival rates for SEC group and
control group (0.032).
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survival time had significant difference (p¼ 0.032)

between two groups. The observation period was

more than 1 year for 43 patients (95.5%) and 204

patients (94.9%), 3 years for 32 patients (71.1%) and

140 patients (65.1%), 5 years for 19 patients (42.2%)

and 60 patients (27.9%) in the SEC group and

control group respectively. The median survival time

was 49 months (range 5 to 107 months; 2.5 to 97.5

percentiles, 10.4 to 107 months) in the SEC group

and 40 months (range 4 to 106 months, 2.5 to 97.5

percentiles 7.4 to 91.8 months) in the control group.

The mean survival time was 74.4� 4.8 months and

58.8� 1.2 months in the SEC and the control group

respectively. Treatment method (p¼ 0.045,

p¼ 0.049), size of tumour (p¼ 0.02, p¼ 0.008) and

Child-Pugh classification (p¼ 0.0, p¼ 0.012)

showed prognostic significance for overall survival

on univariate and multivariate analyses. Single

tumour or multifocal tumours was not prognostic

significance for overall survival on univariate

(p¼ 0.25) and multivariate analyses (p¼ 0.856).

The overall survival had no significant difference

between patients of single tumour and multifocal

tumours (p¼ 0.257, Figure 2).

Subgroup analysis by Kaplan-Meier method and

log-rank test showed that overall survival had no

significant difference between SEC and control

group in subgroup 1 of small tumours (p¼ 0.153,

Figure 3) and in subgroup 2 of larger tumours

(p¼ 0.132). But the mean survival time of the SEC

group was clearly longer than the control group in

both subgroup 1 (94.1� 8.9 months versus 65.6�

1.9 months) and subgroup 2 (76.8� 8.2 months

versus 48.6� 2 months).

Disease-free survival rate and prognostic factors

The median disease free survival time was 17 months

(range 1 to 95 months; 2.5 to 97.5 percentiles 2.2

to 82.1 months) in the SEC group and 17 months

(range 1 to 98 months, 2.5 to 97.5 percentiles 1 to

64.3 months) in the control group. The mean disease

free survival time was 30.8� 3.4 months and

25.2� 0.7 months in the SEC and the control

group respectively. The disease free survival rates at

1, 2, 3, 4 and 5 years were 64%, 43.2%, 31.2%,

16.7% and 16.7% in the SEC group, and 59.1%,

36.7%, 21.2%, 14.5% and 7.6% in the control group

which had no significant difference (p¼ 0.195)

between the two groups. Local tumour progression

was found in four tumours (6.06%) in the SEC group

and 31 tumours (10.54%) in the control group. The

rate of local tumour progression had no significant

difference (p¼ 0.267) between the two groups.

The result of subgroup analysis showed that the

disease free survival rates at 1, 2, 3, 4 years were

62%, 44.4%, 37% and 14.8% in the SEC group and

56.6%, 27.7%, 9.4% and 7.5% in the control group

of subgroup 2 of larger tumours (Figure 4), and

disease free survival time had significant difference

(p¼ 0.032) between two groups. Treatment method

was the only factor showing prognostic significance

for disease free survival on univariate (p¼ 0.030) and

multivariate (p¼ 0.023) analyses. The mean disease

free survival time was 42.4� 7.1 months and

19.6� 1.3 months in the SEC and the control

group of subgroup 2 respectively. However, the

disease free survival time had no significant differ-

ence (p¼ 0.984) between the two groups in sub-

group 1 of small tumours.

Figure 2. Survival rates of patients with single tumour
or multifocal tumours (0.257).

Figure 3. Survival rates of SEC group and control group
in subgroup of small tumours (0.153).
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Adverse event

Local injection SEC was associated with minimal

systemic toxicity. No haematological abnormalities

were observed. The most frequent adverse event

related to treatment included fever, general malaise

and muscular soreness. Fever usually started from

6–8 h after intratumoural injection of SEC and

decreased to normal in 3 days without medication.

The maximum temperature range from 37.5–40.2�C

(38.5� � 1.2�C) The symptom of malaise and mus-

cular soreness also diminished when body tempera-

ture decreased to normal. Two patients did not enrol

in the SEC group because of grade II allergy with

local flushing and indurations after the first intra-

muscular injection of SEC. No serious hypersensitive

reaction happened.

Major complications related to ablation included

pleural effusion requiring thoracentesis in three

patients and bile duct injury in one patient of the

control group and pleural effusion requiring thor-

acentesis in two patients and skin burn requiring

resection in one patient of SEC group [27].

Discussion

Microwave ablation is one of the minimally invasive

thermal ablation techniques which obtain tumour

destruction without significant damage to normal

liver parenchyma by focal hyperthermia. Tissue

injury caused by focal hyperthermia occurs in two

distinct phases - direct and indirect phase [28].

Direct heat injury is predominantly determined by

the total energy applied to the tumour, tumour

biology, and tumour microenvironment [29].

Indirect injury after focal hyperthermia application,

which may involve a balance of several factors

including micro-vascular damage, ischaemia-

reperfusion injury, induction of apoptosis, Chuffer

cell activation, altered cytokine expression, and

modulation of the immune response, produces a

progression in tissue damage. Human liver tumours

are generally of low immunogenic potential [30].

Hyperthermia may modify tumour antigens to pro-

duce a host immune response [31]. Local immune

response may be one mechanism involved in pro-

gressive tissue injury after focal hyperthermia appli-

cation and potentially influence patterns of tumour

recurrences [32–34]. It is highly likely that tumour

destruction by focal hyperthermia increases expres-

sion of cancer antigens and stimulates the immune

response. A large amount of activated T lymphocytes

at the marginal area of ablation region are helpful to

stimulate local antitumour immunity. Meanwhile,

the recurrence of HCC mostly happens in liver and

local tumour progression is also a notable problem

after ablation [8–11]. The attempt to change the

immune microenvironment after ablation with mas-

sive cytokines such as IL-1, IL-2, IL-6, TNF and

IFN-� which was released by activated T lympho-

cytes after stimulation by superantigen [35–37] may

influence tumour recurrence and long-term survival.

For those two reasons, we aimed to inject super-

antigen SEC into the marginal region of ablated area.

Our result demonstrated that overall survival was

significantly improved in the patients of the SEC

group and disease free survival was also significantly

improved in the subgroup of larger tumours

(D430mm) with combined therapy of PMWA and

local injection of SEC, compared with those of the

control group with PMWA alone. Combined therapy

was the prognostic factor of overall survival rates as

well as of disease free survival rates for the subgroup

of larger tumours as shown by univariate and

multivariate analyses. This result demonstrated that

local SEC injection at the site of the ablated tumour

may have a positive contribution to immunity mod-

ulation. Although disease free survival and local

tumour progression were statistically lacking signif-

icant difference between SEC and control group,

however disease free survival had statistically signif-

icant difference between SEC and control subgroup

of larger tumour. This impliesthat combining immu-

notherapy with ablation may be of more value for

larger tumours, which may be due to the fact that

smaller tumours were adequately treated with per-

cutaneous microwave ablation alone, but greater

failure was expected for the population of larger

tumours.

The result of our previous research showed the

number of immunocytes, including T lymphocytes,

natural killer cells and macrophages, significantly



maintained at high level on day 30 after PMWA

[38, 39]. Based on the results of our previous

research, we aimed to start local injection of SEC

into the marginal region of ablated tumour on day 24

after PMWA to achieve further stimulation of local

immunocytes infiltration at the marginal region of

the ablating area. Local injection of SEC would hold

superantigen at the local site for longer and maintain

persistent stimulating capability. The immune

responses stimulated by SEC could change from

tumouricidal activity to dosage-related immunosup-

pression [40, 41]. Meanwhile, considering the

follow-up interval, we planned the local injection of

SEC as a low dose at 3–6 months interval after initial

three injections.

Systemic exposure to superantigens can be asso-

ciated with serious toxicity [42]. Local injection of

superantigens may be able to effectively activate

tumour infiltrating immune effector cells, while

avoiding the adverse effects associated with systemic

exposure. The result of our clinical observation of

local SEC injection after PMWA showed no serious

adverse effects. Grade II allergy was observed after

the first intramuscular SEC injection in two patients

who were excluded from the SEC group. Other

adverse effects such as fever, general malaise and

muscular soreness were well tolerated, which con-

firmed the safety of local injection of superantigen

SEC. However, we should still pay close attention

to the possibility of allergy.

The rate of local tumour progression showed no

statistical difference between the two groups and

although the rate of local tumour progression was

lower in the SEC group compared with that in the

control group. The overall survival rate showed no

significant difference between the SEC and control

subgroups of small tumours and larger tumours,

although mean survival times were longer in the SEC

subgroups compared with those in the control

subgroups. This may be due to the small sample,

especially in the SEC group.

This study had some limitations. First, this study

was a phase II clinical trial in which all data were

obtained from a single centre which had much

experience with PMWA procedures. A multicentre

study with a larger number of patients and longer

follow up is required. Second, this study was a non-

randomised comparison trial. A randomised con-

trolled clinical study is needed to further confirm the

effect of local injection of superantigen for HCC after

ablation. Third, the SEC injection with two needles

at four sites of the peripheral area of ablated tumour

could not obtain a globular cuff of ablation zone

which may weaken the immunostimulating effect.

In conclusion, local superantigen SEC injection at

ablated tumour site in patients with HCC early after

PMWA is safe and can achieve longer overall survival

as well as disease free survival for larger tumours.

With the advance of biotherapy, the combination

application of new methods such as immunity

modulation may result in better overall survival and

disease free survival for HCC patients after ablation.
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