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Introduction
Primary hepatocellular carcinoma (HCC) is the third leading 

causes of cancer-related death worldwide and its five-year survival 
rate is under 10% [1,2]. The lungs are most common sites of metastasis 
of HCC and pulmonary metastatic rate of HCC is estimated around 
45% [3]. After comprehensive treatment of HCC, the patients’ survival 
time is prolonged but companied with a high rate of late pulmonary 
metastasis. Thus, treatment of pulmonary metastatic tumors may 
offer a chance for long-term survival. Surgical removal of pulmonary 
metastatic tumors is an option for small fraction of patients [4]. The 
most HCC patients with lung pulmonary metastases are not suitable 
for curative pulmonary metastatic tumor resection due to patients’ 
poor condition or multiple metastases. 

One of our previous reports demonstrated that p53 gene therapy 
delivered by intra-tumor injection with or without bronchial arterial 
infusion is effective to control pulmonary metastatic tumors with 1 or 
2 metastatic tumor nodules from HCC [5]. In this report we show that 
bronchial arterial infusion of p53 gene therapy is an effective treatment 
for multiple diffuse pulmonary metastatic tumors.

Methods
Patients

From May 2009 to August 2011 32 HCC patients with multiple 
diffuse pulmonary metastatic tumors satisfying the following inclusion 
criteria were enrolled this study: histopathologically diagnosed HCC 
with multiple diffuse pulmonary metastatic tumors; with an Eastern 
Cooperative Oncology Group (ECOG) score of 0-2; with normal 
hemogram, blood coagulation, liver and kidney function tests; 
understanding and signing the informed consent form. The study 
was proved by our hospital ethics committee but not registered in an 

international clinical trial registry platform. There were 13 patients 
having pulmonary metastases at primary diagnosis and 19 patients 
developed pulmonary metastases. Patients’ characteristics are 
summarized in Table 1.

Treatments

The rAd-p53 or Gendicine® was purchased from SiBiono GeneTech 
Co. Ltd (19 First Science & technology Middle Road, Shenzhen, 
Guangdong 518057, P. R. China). The catheter was inserted to a 
bronchial artery through one femoral artery under Digital Subtraction 
Angiography (DSA) guidance. The contrast medium was injected to 
find the right arterial branch feeding tumors. If metastatic tumors 
spread to one whole lung the main bronchial artery is chosen. If the 
metastatic tumors spread to both lungs, the rAd-p53 was given to both 
sides. The rAd-p53 was diluted into 20 ml physical saline and slowly 
injected into the chosen artery at a dose of 2-4 × 1012 virus particle (VP) 
according to the artery supplying areas. Two infusions, once per week, 
were given to each lung areas containing metastatic tumors.

Clinical evaluation

All these patients were followed up every 3 month. Before p53 gene 
therapy and at each follow-up visit, all patients took routine blood test, 
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Abstract
Objectives: To explore efficacy and safety of bronchial arterial infusion of recombinant adenovirus p53 gene 

(rAd-p53, or Gendicine®) in treatment of multiple lung metastases tumor from Hepatocellular Carcinoma (HCC).

Methods: Thirty two patients with HCC and multiple pulmonary metastases were included in this study. Lung 
metastatic tumors were treated using bronchial arterial infusion of rAd-p53 via a transcatheter. Two infusions, once 
per week, were given to each lung area containing metastatic tumors at a dose of 2-4 × 1012 Virus Particles (VP) 
per infusion. All these patients were followed up every 3 month. Spiral CT was performed during follow-up visits to 
monitor tumor progress. 

Results: At 3 months after the last treatment, 6 patients showed lung metastatic tumors completely disappeared, 
15 patients showed a decrease in number of tumors, 2 patients un-changed in tumor number, and 9 patients 
developed new metastatic tumors. Overall survival rate of one year was 93.7% and median survival time was 
18.4 months. There were no serious adverse events except for self-limited fever (38° C-39.5° C) was found in 28 
patients. 

Conclusions: Bronchial arterial infusion of rAd-p53 is an effective and safe in treatment of multiple lung 
metastatic tumors of HCC.
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liver and kidney function tests, as well as the chest and upper abdomen 
CT or MRI horizontal scan. The clinical symptoms such as cough, 
chest pain, abdominal pain, loss of appetite, fatigue, weight loss, etc. 
were evaluated. The survival time and cumulative survival rates were 
calculated using the Kaplan–Meier method. The progress-free survival 
time for pulmonary metastases was defined as the time between the 
day of starting the gene therapy and the day detecting progression of 
pulmonary metastases. 

Results
Follow-up period after the last infusion ranged from 3.5 to 29 

months with median of 16 months. At 3 months after treatment, 6 
patients showed lung metastatic tumors completely disappeared, 15 
patients showed a decrease in number of tumors, 2 patients un-changed 
in tumor number, and 9 patients developed new metastatic tumors. 
The treatment would be considered effective if the metastatic tumors 
disappeared, or number of metastatic tumors decreased, or number 
of metastatic tumors kept stable without new metastatic tumors for 4 
weeks. Thus, the overall response rate was 23/32 (71.9%). Two patients 
died in 6 and 8 months after the last treatment as a result of progressed 
cancer with multiple organ failure. Overall survival rate of one year 
was 93.7% and median survival time was 18.4 months. The median 
progress-free survival time for pulmonary metastases was 15.8 months. 
Overall clinical symptoms alleviated in 25 patients (78.1%). Figure 1 
shows the CT images from a typical patient at the 3-month follow-up 
visit: metastatic tumors in the two lungs completely disappeared.

Mild to moderate fever occurred in 28 patients. The fever developed 
typically in 4–6 hours after the rAd-p53 infusion, and last for 8–20 
hours. Other side effects included mild flu-like symptoms observed 
early in 7 patients and leukocytosis found in 3 patients. There were no 
serious adverse events was reported.

Discussion 
Advances in local treatment modalities for primary HCC has 

improved local control and had a better prognosis. For further 
prolonging survival time, an effective treatment for extrahepatic 
metastases is needed. Pulmonary metastases account for over 50% 
of extrahepatic HCC metastases [6,7]. Therefore, active treatments 

of pulmonary metastatic tumors may offer a chance for long-term 
survival. HCC is relatively resistant to both chemo- and radio-therapy. 
There were very few reports demonstrating a successful control of 
pulmonary metastases of HCC using chemo- or radio-therapy [8,9]. 
The HCC patients with distant metastases are usually in poor general 
condition, and can’t stand the side effects of chemo- or radio-therapy. 
Surgery currently offers the best probability for cure and local control 
of pulmonary metastases. Kawamura M analyzed the results of 61 
patients after surgical resection for pulmonary metastasis from HCC 
and showed overall 5-year survival rate of 32.2% [10]. Lam et al. [11] 
reported a 5-year survival rate of 67% in patients who underwent 
resection of solitary pulmonary metastatic tumor. Lee et al. [12] 
indicated that surgical resection for pulmonary metastasis from HCC 
might be beneficial for patients whose HCC was controlled by surgery 
and the number of pulmonary metastatic tumors were lower than 3. 
However, the most HCC patients with lung pulmonary metastases are 
not suitable for curative pulmonary metastatic tumor resection due to 
patients’ poor condition or multiple metastases. One of our previous 
reports demonstrated that p53 gene therapy delivered by intra-tumor 
injection with or without bronchial arterial infusion was effective to 
control pulmonary metastatic tumors with 1 or 2 metastatic tumor 
nodules from HCC [5]. This report shows that bronchial artery infusion 
of rAd-p53 can effectively control the multiple pulmonary metastases 
of HCC. The response rate was 71.9% and the lung metastatic tumors 
completely disappeared in 6 patients. Overall survival rate of one year 
was 93.7% and median survival time was 18.4 months. A longer period 
of follow-up time is needed to determine the long term efficacy results.

P53’s antitumor functions and the clinical results using rAd-p53 
in treatment of solid malignant tumors were well described in our 
previous report and by others [5,13]. Several reports demonstrated 

Characteristics Statistics
Age (years) 54 ± 31.5 (40-82
Gender
    Male 26 (81.3%)
    Female 6 (18.7%)
Number of metastatic nodules in lungs at treatment
    3 2 (6.2%)
    3-6 11 (34.4%)
    ≥6 19 (59.4%)
Metastatic tumors in right or/and left lungs
   Right 11 (34.4%)
   Left 8 (25.0%)
   Both 13 (40.6%)
Primary HCC therapy
   Surgical resection 22 (68.7%)
   Transcatheter arterial chemoembolisation 7 (21.9%)
   Percutaneous ethanol injection 2 (6.3%)
   Cryoablation 1 (3.1%)

Table 1: Patients’ Characteristics.

Figure 1a: A CT scan before treatment showed : multiple metastatic tumors in 
both lungs.

Figure 1b: A CT scan taken 6 months after treatment showed : metastatic 
tumors completely disappeared.
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that rAd-p53 combined with transcatheter arterial chemoembolization 
or transcatheter arterial embolisation were very effective treatment for 
primary HCC [14-16]. Tian et al. [17] suggested that p53 gene has a 
strong inhibitory activity against hepatic tumor cells. The Inhibitory 
effect was positively correlated with the percentage of transfected 
cells. This report and our previous reports demonstrated that rAd-p53 
can effectively control the pulmonary metastases of HCC. These 
data indicates rAd-p53 alone or combined with other therapies is an 
appropriate treatment for HCC and pulmonary metastases of HCC. 

We did not investigate the p53 mutation status in HCC. According 
to reports, the p53 mutation rate in HCC is around 50% [18-20]. Our 
response rates from previous and this study were 83.3% [5] and 71.9%, 
respectively, which is much higher than the reported p53 mutation rate. 
These results indicate that the HCC response to p53 gene therapy is not 
strictly associated with the p53 mutation status. We are conducting a 
phase II study to investigate the relationship between the p53 mutation 
status in HCC in advanced stage and the HCC response rate to p53 
gene therapy. 

In this study, we did not examine the p53 and its downstream gene 
expression in the tumor tissues. According Tian’s [16] report, 48 hours 
after the first hepatic arterial injection of rAd-p53, vector specific p53 
mRNA expression in HCC tissue was positive in 12 of 15 patients (80%). 
After multiple injections, all the 15 patients showed high expression of 
vector specific p53 and p21 mRNA.

Another advantage to choose rAd-p53 for treatment of pulmonary 
metastases of HCC is its high safety profile. The side effects of rAd-p53 
are mild, and mild to medium self-limited fever is mostly reported. 
Since it was on marketing, there have been no serious adverse events 
observed. The HCC patients with extraheptic metastases are usually in 
poor general condition and they can’t stand conventional treatments 
such as surgery, chemo- or radiotherapy. Thus, rAd-p53 gene therapy 
is an appropriate choice for these patients. 

In summary, bronchial artery infusion of rAd-p53 gene therapy 
is an effective and appropriate treatment for the multiple pulmonary 
metastases of HCC.
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