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Abstract

AIM: To evaluate the efficacy and safety of combina- tion therapy with recombinant adenovirus p53 injection (rAdp53)
and transcatheter hepatic arterial chemoem- bolization (TACE) for advanced hepatocellular carci- noma (HCC).

METHODS: A total of 82 patients with advanced HCC treated only with TACE served as control group. Anoth- er 68
patients with HCC treated with TACE in combina- tion with recombinant adenovirus-p53 injection served as p53
treatment group. Patients were followed up for 12 mo. Safety and therapeutic effects were evaluated according to
the improvement in clinical symptoms, leukocyte count, Karnofsky and RECIST criteria. Sur- vival rate was calculated
with Kaplan-Meier method.

RESULTS: The total effective rate was 58.3% for p53 treatment group, and 26.5% for control group (P < 0.05).
The incidence of gastrointestinal symptoms was lower in p53 treatment group than in control group (P < 0.05). The
3-, 6- and 12-mo survival rates were significantly higher for p53 treatment group than for

control group (P < 0.01). The combination treatment was well tolerated with such adverse events as fever (51.5%,
P = 0.006) and pain of muscles and joints (13.2%, P = 0.003), which were significantly higher than the
chemotherapy. Except for these minor ad- verse effects, no severe vector-related complications were identified. With
respect to the efficacy, patients in p53 treatment group had less gastrointerestinal symp- toms (P = 0.062), better
improvement in tumor-related pain (£ = 0.003), less downgrade of leukocyte counts (P

= 0.003) and more upgrade of Karnofsky performance score (P = 0.029) than those in control group. The total
effective rate (CR + PR) for p53 treatment group and control group was 58.3% and 26.5%, respectively, with
distributions of different effect in two groups (P

= 0.042). The survival rates were 89.71%, 76.13%, and 43.30% for p53 treatment group, and 68.15%, 36.98%,
and 24.02% for control group, respectively, 3, 6 and 12 mo after treatment, suggesting that the survival rates are
significantly higher for p53 treatment group than for control group (P = 0.0002).

CONCLUSION: The rAd-p53 gene therapy in combi- nation with TACE is a safe and effective treatment mo- dality
for advanced HCC.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gene therapy is a potentially new treatment modality for cancer patients and an engineered recombinant replication- defective
adenovirus can express the tumor suppressor gene p53 (rAd-p53) with encouraging clinical responses!'-3l. rAd-p53 has been
recently approved by the State Food and Drug Administration of China as the very first gene ther- apy product for head and
neck squamous cell carcinoma (HNSCC)H.

Hepatocellular carcinoma (HCC) is one of the major cancers in China with a poor prognosis due to its occult onset,
rapid infiltrating growth and complicating liver cirrhosis. No effective treatment modality is available for it at present.
Although transcatheter hepatic arterial chemoembolization (TACE) is currently one of the most popular treatment
modalities for unresectable advanced HCC, the long-term survival rate of such patients re- mains low with a reported 5-
year survival rate of 17%0Bl In this study, the safety and efficacy of rAd-p53 therapy in combination with TACE were
examined in patients with advanced HCC.

Characteristics Gene group Control group Statistic
(n = 68) (n =82) analysis

Age 43.5 (20 - 72) 45.7 (18 - 75) NS
Sex (M/F) 43/25 40/42 NS
Child class A 41 43 NS
Child class B 27 39 NS
UICC TNM classification

Stage | and Il 0 0 NS

Stage I 31 (46.5%) 60 (73.2%) NS

Stage IV 37 (54.4%) 22 (26.8%) NS
Size of main tumors

=5cm 53 (77.9%) 61 (74.3%) NS

<5cm 15 (22.1%) 21 (25.7%) NS

NS: No statistical difference.

[l and 59 patients as stage |V according to the Interna-
tional Union against Cancer TNM classificationl].

Patients who gave their informed consent to receive Ad-p53 gene therapy served as gene treatment group, while
those not willing to receive gene therapy served as

control group. Patients in gene treatment group underwent

MATERIALS AND METHODS
rAd-p53

rAd-p53 is a recombinant human serotype 5 adenovirus in which the E1 region is replaced by a human wild-type p53
expression cassette. The p53 gene is driven by a Rous sarcoma virus promoter with a bovine growth hormone poly (A) tail.
The recombinant adenovirus is produced in human embryonic kidney 293 cells and manufactured by Shenzhen
SiBionoGenTech Co. Ltd (Shenzhen, China) and marketed under the trade name of Gendince®. Before p53 gene therapy, a
vial of rAd-p53 is taken out from a re- frigerator in which the temperature is about -20°C. When thawed, the solution, diluted
with 1 mL NS, is sucked into a 5-mL syringe for intra-tumor injection.
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Patients and trial design

One hundred and fifty patients (83 men and 67 women) with advanced HCC were enrolled in this study from March to
July 2004. Patients with Child C diseasel®], tu- mor thrombus in the main portal trunk, or extrahepatic metastasis were
excluded. These exclusion criteria were implemented to ensure at least a 3-mo life span in the enrolled patients so as
to have enough time to follow up. All patients did not receive local ethanol injection, microwave coagulation, systemic
chemotherapy or radio- therapy before and after TACE or gene therapy. All tu- mors were diagnosed according to
pathologic examina- tion, distinctive findings on computed tomography (CT), conventional angiography, magnetic
resonance imaging (MRI), or serum tumor matkers [alpha-fetoprotein (AFP) or ferritin]. The patients were divided into
gene treat- ment group (7 = 68) with a mean age of 43 years (range 20-72 years) and control group (# = 82) with a mean
age of 45 years (range 18-75 years). No patient was classified

as stage | or Il while 91 patients were classified as stage
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rAd-p53 gene therapy and TACE while those in control group received only TACE. Although this was a retrospec-
tive nonrandomized study, no statistical difference was observed in baseline between the two groups. The charac-
tetistics of the two groups are illustrated in Table 1.

Procedure of rAd-p53 intra-tumor injection

The patients in gene treatment group were placed in a su- pine, prone or lateral position on the CT scanning bed and
asked to hold their breath after an inhalation. The slice for puncture was carefully determined, the puncture site on the
surface of body as well as the needle-traveling depth and angle within the body were determined. The bed was moved
to the slice and a marker for puncture was made on the body surface according to the laser beam emitted from the
gantry. The bed was then moved out and the puncture site was sterilized. After local anesthesia, a 19-G needle was
inserted into the puncture site according to the determined angle and depth as the operator asked the pa- tient to hold
his or her breath after an inhalation. Finally, another scan was performed to make sure that the tip of the needle was
within the tumor, and the rAd-p53 gene was injected into the tumor in a multi-point fashion. Usu- ally, this procedure
is repeated according to the patient’s clinical condition and the interval between two procedures is about 1 wk. At each
injection, 1-4 rAd-p53 injections are administered at a viral dose of 1-4 X 1012 VP (viral particles) according to the
diameter of the lesion, and the intra-tumor injection usually lasts 1-2 min.

TACE

TACE was performed through the femoral artery using the Seldinger technique with local anesthesia. Arteriog-
raphy of the celiac trunk and superior mesenteric artery was performed to visualize the arterial vascularization of liver
and evaluate portal vein patency. An angiographic
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catheter was inserted into the right or left hepatic artery where the target tumor was located. TACE agents, in- volving
embolic agent (Lipiodol) and anticancer drugs, were injected through the right or left hepatic artery. In both groups, the
dose of Lipiodol, ranging 3-20 ml., was determined according to the tumor location, tumor size, number of tumors, and
functional hepatic reserve. An- ticancer drugs used were 5-Fluorouracil (800-1000 mg) and vinorelbine (30-40 mg). TACE
was repeated accord- ing to the patient’s clinical condition at a 1-mo interval.

Follow-up protocol

Clinical symptoms, leukocyte counts and Karnofsky in- dex evaluation were recorded before and after treatment. After
treatment, CT scan or MRI was performed every three months with or without contrast enhancement to evaluate the
features of Lipiodol deposit and the thera- peutic effect according to the response evaluation crite- ria for solid tumorsl8l.
If elevated tumor markers (AFP and ferritin), diminished Lipiodol, or enlarged lesions or new nodules were obsetved, the
patients were readmit- ted for angiography and treatment. The starting point of survival analysis was regulated as the day
of initial treat- ment. The Kaplan-Meier method was used to analyze the survival rates in the two groups.

Statistical analysis

Statistical analysis was performed to assess the baseline, leukocyte counts, Karnofsky index, clinical symptoms and survival
curve between the two groups using the SPSS

11.0. P < 0.05 was considered statistically significant.

RESULTS

Two hundred and fifty-one p53 intra-tumor injections were performed for 83 lesions in 68 patients of gene treat- ment group.
Of the 68 patients, 9 received one injection, 13 received two injections, 15 received three injections, 20 received four
injections, 7 received five injections, 3 received six injections and 1 received seven injections. One hundred and ninety-two 2
(mean 2.82 procedures) and 167 (mean 2.03 procedures) procedures of TACE were per- formed in gene treatment and
control groups, tespectively. Arterial portal vein shunt (AVS), arterial hepatic vein shunt (APS) or/and portal vein
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involvement, signs that meant a high invasion and a poor prognosis were found in 27.9% (19/68) patients of gene treatment
group and 36.6% (30/82) patients of control group, respectively, during the TACE. Although the patients with tumor

thro

mbus in the main portal trunk were excluded, some of them developed vascular invasion because of tumor progression

after they were enrolled in this study. No difference was observed in the incidence of malignancy signs such as AVS, APS or

port

al vein involvement between the two groups.

Safety

The

clinical symptoms were carefully recorded after treatment (Table 2). Overall, tAd-p53 gene therapy in combination

with TRCE was well tolerated. The most

F
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Group Fever Gastrointestinal Palliation of Pain of
symptoms  mass-associated muscles or
pain joint
Gene group 35 (51.5)a 20 (29.4)0 30 (44.1)¢ 9(13.2)d
Control group 24 (29.3) 28 (34.1) 21 (25.6) 1(1.2)

¥2=7.679, 2P = 0.006; y2=4.001, bP = 0.062; 2= 5.674, <P = 0.017; y2 = 8.626,

dp =0.003.
Group Change degree (x10 °/L) n (%)
<4.0 < 3.0 <20
Gene group 12 (25.0) 4(8.3) 2(42) 18 (37.5)
Control group 8(13.3) 20 (33.3) 11 (18.3) 39 (65.0)

Rank sum tests (Wilcoxon text), T = -3.018, P = 0.003 < 0.05.

frequent adverse event occurred in patients receiving rAd-p53 gene therapy in combination with TACE was the
flu-like symptom associated with fever. Of the 68 patients in gene treatment group, 35 (51.5%) had a fever at 38-
39.5°C, usually occurred 3-10 h after p53 intra- tumor injection and decreased after physic cooling, and 9 (13.2%)
had pain of muscles or joints which often faded away (Table 2). No other severe gene therapy-associated
complications were encountered in this study.

Efficacy

The clinical symptoms were carefully recorded after treat- ment (Table 2). The patients in gene treatment group had less
gastrointerestinal symptoms such as nausea, vomiting, abdominal pain or belling than those in control group. The
palliative rate of mass-associated pain one week after treatment was 44.1% (30/68) for patients in gene treat- ment

group, higher than that for those in control group.
Before and one week after treatment, the number of leukocytes was calculated (Table 3). Statistical analysis
showed that the number of leukocytes was smaller in gene treatment group than in control group (P = 0.003).
Karnofsky index was changed in gene treatment group one month after treatment (Table 4). Generally speaking, the
patients in gene treatment group had a higher Karnof-

sky index than those in control group (P = 0.029).

The therapeutic effect was evaluated following the response evaluation criteria for solid tumors after treat-
ment. CR, PR, NC and PD in the two groups are listed in Table 5. The total effective rate (CR + PR) was 58.3%
and 26.5% for the gene treatment group and control group, respectively (P < 0.05). Chi-square test showed that
the distributions of therapeutic effect were statisti- cally different (P = 0.042, Figures 1 and 2)

The patients were followed up for 12 mo. The num- ber of withdrawal patients in gene treatment group and
control group was 4 and 7, respectively. The survival rate was 89.71% (standard error 0.036), 76.13% (stan-
dard error 0.052), and 43.30% (standard error 0.061),
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Figure 1 Contrast computed tomography showing a nodule (3.5 cm in diameter) in the right upper liver lobe manifested as homogenous enhancement (A);
computed tomography scan (b) demonstrating the course of fine needle biopsy under computed tomography guidance with the diagnosis of hepatocellular
carcinoma confirmed (B); computed tomography follow-up (c) revealing lipiodol deposit in the mass and spleen infarction after spleen embolization (C) in a
52-year-old man with multiple hepatic nodules, liver cirrhosis, splenomegaly and elevated alpha-fetoprotein.

Figure 2 Contrast computed tomography scan showing a 15 cm x 11.5 cm hepatocellular carcinoma in the right liver lobe manifested as a heterogenous lower
density, partial enhancement and well-differentiated contour (A) and computed tomography follow-up displaying the significant regression of a 8.5 cm x 6 cm
lesion with compact lipiodol deposit in a 72-year-old man after 3 p53 gene injections and 4 courses of transcatheter hepatic arterial chemoembolization.

Group Upgrade Upgrade No Downgrade Total
> 20 > 10 changes > 10 upgrade
points  points points [n (%)]

Gene group 14 28 18 8 42 (61.8)

Control group 12 24 18 28 36 (43.9)

x2=4.752, P = 0.029.

respectively, for the patients in gene treatment group 3, 6, and 12 mo after treatment. The survival rate was 68.15% (standard
error 0.051), 36.98% (standard error 0.054), and 24.02% (standard error 0.049), respectively, for those in control group 3,
6, and 12 mo after treatment. Log-rank test showed that the survival rate for the two groups was significantly different (P =
0.0002, Figure 3).

DISCUSSION

Hepatocellular carcinoma (HCC) is a highly malignant tumor with a very high morbidity and mortality. Since TACE was
introduced as a palliative treatment of unre- sectable HCC, it has become one of the most common

i
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Group n CR PR NC PD Effectiverate (CR + PR)
Gene group 68 0 4 15 7 67.60%
Control group 82 0 42 27 13 51.20%

¥2=4.137, P = 0.042 < 0.05. CR: Complete response; PR: Partial response; NC: No change; PD: Progressed disease.

interventional therapies”12. However, its therapeutic ef- fect is also limited due to the lack of appropriate and reli- able
embolic agents, and the infiltrative or hypovascular nature, too large or small in sizel!313. Another limitation of TACE
is the need for repeated treatment, thus result- ing in deterioration of liver functionl'®l. So, lots of efforts have been
made to explore other new therapies in order to achieve the better efficacy of multiple treatments. PEI or RFA gene
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therapy in combination with TACE may improve the survival rate of HCC patients and decrease the risk of liver
failurell”-19. In this study, p53 gene therapy in combination with TACE could overcome the downside of TACE and
improve the prognosis of HCC patients.

The p53 tumor suppressor gene is a gene guardian and loss of p53 is responsible for the lack of apoptotic signals
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were observed. Although these adverse events have been observed in clinical practice, they can be well tolerated by most
patients with no severe physical and mental harm.

Cum survival

The patients receiving p53 gene therapy had less severe post embolization syndrome than others after TACE.
Gastrointestinal symptoms, such as nausea, vomiting and abdominal pain or belling, were less frequently observed in gene
treatment group than in control group. The de- creased number of leukocytes in gene treatment group was a pleasing
phenomenon. However, its mechanism re- mains to be studied. The Karnofsky index was significantly higher, suggesting that
the life quality of patients is largely improved in gene treatment group. It could be concluded that the rAd-p53 gene therapy
could reduce the side effects

Figure 3 Survival curves for patients following treatment.

in tumor cells and thus for their uncontrolled prolifera- tion and recurrencel?’). Many human tumors carry muta- tions in
the p53 genel?’?2l and mutant or absent p53 gene is associated with the resistance to radiotherapy and apoptosis-inducing
chemotherapy?3l. It has been shown that p53 gene therapy in combination with radiotherapy or chemotherapy can control
local tumor, suggesting that it is superior to either radiotherapy or chemotherapy alonel*?3. It was reported that the
incidence of p53 mu- tation is 61% in HCCP2. Chen ez a/?% also reported that mutations in the p53 gene are frequently
detectable in recurrent HCC and the interval between surgical resection and recurrence of HCC is significantly longer in
patients with the wild-type p53 gene than in those with mutant p53 gene mutations, strongly suggesting that the mutant
53 gene plays a role in pathogenesis of HCC. Jeng e af*”) demonstrated that the biological behavior of the mu- tant p53
gene is strongly related to the invasiveness of HCC and may also influence the postoperative course of HCC. Many scholars
suggest that immunopositivity of the mutant p53 gene plays a role in predicting the prog- nosis of patients with HCC after
resection[?-291,
The rAd-p53 gene has been approved in China under

the trade name of Gendicine for the treatment of head and neck squamous cell carcinoma (HNSCC). In one of the trialsPl,
75% tumors experienced complete regression following 8 wk of therapy involving 1 injection per week, which was
significantly higher than that in control group, and combined chemotherapy and radiotherapy improved the treatment



efficacy of over 3-fold. Although its rec- ommended indications atre limited in HNSCC accord- ing to the specification,
good treatment efficacy can be achieved in HCC patients when rAd-p53 is used®l. In the current study, Gendicine was used
in treatment of HCC to evaluate its effect in order to provide some evidence for its off-table use in treatment of HCC.

As for the safety of rAd-p53 used in treatment of ad- vanced HCC, just fever at 38-39.5°C was observed in our study,
which was returned to normal after symptomatic treatment. In addition, some patients suffered from pain of muscles or
joints and its cause is still controversial. However, no severe complications caused by Gendicine

,gmilﬁj;-; ‘ WJG | www.wjgnet.com

of chemical drugs and Lipiodol embolization. Also, it was noticed that many patients in gene treatment group had a
compact Lipiodol deposit manifested as a high homoge- nous density occupying the majority of tumor mass (Figures 1
and 2). Compact deposit means tumor necrosis. Further study is needed to observe whether p53 gene therapy is re- lated
to the better deposit of Lipiodol in lesions.

Theoretically, 7z-vitro p53 protein can bring about specif- ic anti-tumor cells into effect in such ways as induction of
apoptosis ot necrosis, incentive of body immune response, regulation of cell cycle, e#. Two months after treatment, the
distributions of therapeutic effect in the two groups were statistically different and the effective rate (CR + PR) was
higher for p53 gene treatment group than for control group, suggesting that p53 gene therapy can enhance the efficacy
of TACE, radiotherapy and chemotherapy.

Kaplan-Meier analysis showed that the survival rate was higher for gene treatment group than for control group.
Because no other control study is available, the outcome of p53 gene therapy for such a large number of patients was
not compared with that in other studies. The 1-year survival rate was lower in our study than in anoth- er study (67%
vs 81%)BU, which may be attributed to the different baselines, in which our enrolled patients might have a larger
lesion and a poorer liver function reserve.

Although it seems that the higher survival rate in gene treatment group may be attributed to the longer mean TACE
time in patients of gene treatment group than in those of control group (2.82 vs 2.03), it was the clinical im- provement
after p53 gene therapy that made the patients in gene treatment group have more chance to receive repeat- ed TACE. On
the other hand, no difference was found in the incidence of malignancy DSA signs between the two groups. However,
these signs appeared later with a lower incidence in gene treatment group than in control group, which is an interesting
phenomena, and further study with a larger sample size is needed to confirm it.

Usually, the rAd-p53 gene begins to express p53 protein 3 h after intra-tumor injection, reaches its peak on
day 3, and then gradually decreases according to the specification of Gendicine®. On day 5 after injection, the
expression decreases to 30%. Because most of the che- motherapeutic drugs can affect DNA or RNA duplica-
tion or expression, cell cycle or nucleic acid metabolism would likewise affect the expression of p53 gene in
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tumor tissue. In this study, TACE was started 3-4 d after p53 injection when the p53 protein was highly expressed in tumor
tissue, indicating that these anti-tumor drugs do not interfere with the expression of p53. However, the optimal interval
remains to be further studied.

In conclusion, tAd-p53 gene therapy in combination with TACE is well tolerated and its anti-tumor efficacy is superior
to that of TACE alone in terms of the survival rate and improved symptoms of HCC patients. Further clinical study
with a large sample size is warranted to optimize the administration procedure and assess the impact of anti-p53
antibody on its therapeutic effect.

CONNVINES

Background

Hepatocellular carcinoma (HCC) is one of the major cancers in China with a poor prognosis due to its occult onset, rapid infiltrating growth and complicating liver cirrhosis.
Although transcatheter arterial chemoembolization (TACE) has been used in treatment of HCC for years, its effect is often unsatisfactory.

Research frontiers

Among the actively studied novel treatment modalities for HCC, the majority of experts hold that comprehensive or combination ones are most promising. In addition,
gene therapy with p53 (rAd-p53) is a potentially new treatment modality for cancer.

Innovations and breakthroughs

TACE in combination of rAd-p53 injection has a synergistic effect on HCC and its strategy is gene addition. Tumor with mutant of the rAd-p53 gene is a better candidate for
p53 therapy. However, this treatment is also effective in those with inactivated wild-type p53, a common condition in tumors. Injection of rAd-p53 can lead to apoptosis of tumor
cells and TACE can resultin necrosis of tumor tissue.

Applications

The results of this study demonstrate that TACE in combination with rAd-p53 with is well tolerated and its anti-tumor efficacy is superior to that of TACE alone with respect
to the survival rate and improved symptoms. Further study with a large sample size would provide an alternative treatment modality for HCC.

Terminology

p53 gene is a tumor suppressor gene which can prevent the formation of tu- mors. Mutations in p53 are found in most tumor types and contribute to complex molecular
events leading to tumor formation. Recombinant adenovirus is one of the viral vectors which are commonly used to deliver genetic materials into cells. Gene therapy for
diseases is to insert, alterate, or remove such materials in cells.

Peer review
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This is a well-designed study in which the authors analyzed the clinical effect of rAd-p53 injection and TACE on advanced HCC. The data show that the combination
therapy is a safe and effective treatment modality for advanced HCC, and can significantly improve the survival rate of HCC patients.
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