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Abstract: Objective: In the present study, we have examined the safety and efficacy of recombinant adenovirus encoding human
p53 tumor suppressor gene (rAd-p53) injection in patients with advanced non-small-cell lung cancer (NSCLC) in the combination
with the therapy of bronchial arterial infusion (BAI). Methods: A total of 58 patients with advanced NSCLC were enrolled in a
non-randomized, two-armed clinical trial. Of which, 19 received a combination treatment of BAI and rAd-p53 (the combo group),
while the remaining 39 were treated with only BAI (the control group). Patients were followed up for 12 months, with safety and
local response evaluated by the National Cancer Institute’s Common Toxicity Criteria and response evaluation criteria in solid
tumor (RECIST), respectively. Time to progression (TTP) and survival rates were also analyzed by Kaplan-Meier method. Results:
In the combo group, 19 patients received a total of 49 injections of rAd-p53 and 46 times of BAI, respectively, while 39 patients in
the control group received a total of 113 times of BAIL. The combination treatment was found to have less adverse events such as
anorexia, nausea and emesis, pain, and leucopenia (P<0.05) but more arthralgia, fever, influenza-like symptom, and myalgia
(P<0.05), compared with the control group. The overall response rates (complete response (CR)+partial response (PR)) were
47.3% and 38.4% for the combo group and the control group, respectively (P>0.05). Patients in the combo group had a longer TTP
than those in the control group (a median 7.75 vs 5.5 months, P=0.018). However, the combination treatment did not lead to better
survival, with survival rates at 3, 6, and 12 months in the combo group being 94.74%, 89.47%, and 52.63%, respectively, com-
pared with 92.31%, 69.23%, and 38.83% in the control group (P=0.224). Conclusion: Our results show that the combination of
rAd-p53 and BAI was well tolerated in patients with NSCLC and may have improved the quality of life and delayed the disease
progression. A further study to better determine the efficacy of this combination therapy is warranted.
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INTRODUCTION

Lung cancer is one of the leading causes of can-
cer deaths worldwide, and non-small-cell lung cancer
(NSCLC) accounts for 75% to 80% of all the lung
cancer cases (Parker et al., 1997; Frasci et al., 1999).
Conventional treatments such as surgery, chemo-
therapy, and radiation are not very effective for the
majority of the patients with lung cancer and have not
significantly changed overall 5-year survival rate in
last years (Daniel and Smythe, 2003). Current stan-

CLC number: R73

dard care has resulted in 15%~20% of cases for local
control (Le Chevalier et al., 1991; Schaake-koning et
al., 1992), with approximately 20% of advanced pa-
tients surviving for 2 years. Therefore, a new treat-
ment modality for NSCLC patients is desirable.

Over the past decade, many gene therapy ap-
proaches have been tested in vitro, in animal models
or clinical trials (Osaki et al., 2000; Inoue et al., 2000;
Kawabe ef al., 2001). At the beginning of 2005, there
were a total of 1020 clinical trials for gene therapy
world wide (http://www.wiley.co.uk/genetherapy/
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clinical), while over 60% of them were conducted in
cancer patients. Of these cancer gene therapies, 58
patients used recombinant adenovirus encoding hu-
man p53 tumor suppressor gene (rAd-pS53). In these
trials, rAd-p53 has been demonstrated to be safe ei-
ther as monotherapy or in combination with conven-
tional therapies, but the efficacy of rAd-pS3 in
NSCLC patients has been inconclusive (Junker et al.,
2000; Schuler et al., 2001; Nishizaki et al., 2001;
Swisher et al., 2003). rAd-p53 (Gendicine®) was
approved in 2003 by the State Food and Drug Ad-
ministration (SFDA) of China for the treatment of
head and neck squamous cell carcinoma (HNSCC)
(Peng, 2005). In this article, we have summarized the
safety and efficacy of rAd-p53 (Gendicine™) in pa-
tients with (NSCLC), when combined with the ther-
apy of bronchial arterial infusion (BAI).

MATERIALS AND METHODS

rAd-p53 handling

rAd-p53 is a replication-defective adenovirus
vector expressing the wild-type tumor suppressor
gene pS53. It is grown, tittered on the human embry-
onic kidney cell line HEK293, manufactured by
Shenzhen SiBionoGenTech Co. Ltd. (Shenzhen,
China), and marketed under the trade name of Gend-
cine (Peng, 2005). rAd-p53 is provided as a sterile
viral solution at —20 °C in single-use, plastic screw-
cap vials. Each vial contains 2 ml virus solution at the
specified viral titer of 1x10'* viral particles (VPs).
Vials of virus solution were warmed and diluted to the
appropriate titer of dosing before administration.

Enrollment criteria

Patients enrolled in this study had histologically
proven NSCLC (stages 3~4) and were ineligible for
surgical resection. Patients had to be 18 years of age
or older and were required to have Karnofsky per-
formance status of 70 or more. All patients signed a
consent form approved by the Institutional Review
Board Committee before the enrollment. The exclu-
sion criteria included: having received chemotherapy,
radiotherapy, or other anti-tumor therapy before study
treatments, or with a life expectancy shorter than 3
months. Also, pregnant or nursing patients, patients
with uncontrolled serious infections, and patients

with acute or chronic respiratory distress were ex-
cluded for the enrollment. The p53 gene mutation was
not required specially for enrolling because studies in
vitro had proven that the p53 gene increased
anti-tumor effect regardless of the cellular p53 status
(Inoue et al., 2000; Kawabe et al., 2001).

Study design

The enrolled patients were assigned to two
groups: the combo group (rAd-p53 gene injection in
combination with BAI) and the control group (solo
BAI). Patients assigned to the combo group were
those who not only met the criteria described above
but also were willing to receive rAd-p53 gene therapy,
while those who met the inclusion criteria but were
not willing to take gene therapy were assigned to the
control group. The patients in the combo group re-
ceived rAd-p53 gene transfer via intratumoral or
bronchial arterial access on Day 1, 8, 15, or 22. A
maximum of four times of gene transfer was planed.
BAI was carried out on Day 5, with at least 1 month
interval between two BAIs. Patients in the control
group received BAI with the same interval as those in
the combo group. Vector administration was per-
formed in patients with easily accessible lesions by
percutaneous injection under computed tomography
(CT) guidance as previously described (Kauczor et al.,
1999). Other patients received vector transfer through
bronchial artery via a catheter. After the tip of a
catheter was confirmed within the bronchical artery,
the rAd-p53 solution was injected into this artery
through the catheter. The vector dose ranged from 1 to
4x10" VPs according to the tumor size. The BAI
procedure has been expounded in detail (Wang et al.,
1996) and the anti-tumor drug regime consisted of
0.8~1.0 g fluorouracil, 30~40 mg nevelbine, and/or
80~100 mg cisplatin.

Tumor assessments

1. Toxicity and Follow-up protocol

Before and after treatment, the patients’ clinical
features were observed and documented in detail. The
toxic effects of therapy were evaluated according to
the National Cancer Institute’s Common Toxicity
Criteria (Ajani et al., 1990). All patients were fol-
lowed up for local response (tumor size), time to
progression (TTP), and survival rate by CT scan and
telephone enquiry. The start time was defined as the
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time of diagnosis. Assessments of therapeutic effect
were made of local response according to the re-
sponse evaluation criteria in solid tumor (RECIST)
(Therasse et al., 2000), TTP, and survival rate. TTP
for metastatic (pleural effusion, pulmonary nodules,
lymph nodes, systemic metastasis) and locoregional
diseases (primary tumor becoming 20% larger or
more) was defined as the time from the start point to
document progression. Survival duration was meas-
ured from the start point to the date of the last fol-
low-up or death.

2. Statistical considerations

The aim of this nonrandomized clinical study
was to evaluate the efficacy of rAd-p53 (Gendicine®)
as an adjunct to arterial infusion chemotherapy in the
treatment of patients with advanced NSCLC. The
statistics between the two groups in baseline, toxicity,
local response, TTP and survival rate were assessed
by the SPSS 11.0. Values with P<0.05 were consid-
ered as statistically significant.

RESULTS

Patients and tumor characteristics

Fifty-eight patients with advanced NSCLC, who
had viable NSCLC histologically determined by
bronchoscopy, biopsy, and sputum examinations for
tumor cells before treatment and were not eligible for
or did not previously receive surgical resection, sys-
temic chemotherapy, local radiation, or other
anti-tumor therapies, were recruited in this trial.
There was no statistical difference between baselines
of the two groups (Table 1). Nineteen patients (15
males, 4 females, median 56 years and age range
39~80 years) were enrolled into the combo group,
while the remaining 39 (25 males, 14 females, median
59 years and age range 36~78 years) were enrolled in
the control group of this nonrandomized clinical
study from January 2004 through May 2005.

The treatment regimen of the combo group was
summarized in Table 2. Patients in the control group
received repeated BAI with an interval of minimum
30 d for a total of 113 times, while in the combo group
the patients received totally 46 times of BAI and a
total of 49 times of rAd-p53 gene transfer, of which 9
patients received 26 times of rAd-p53 treatment via
percutaneous intratumoral injection, another 9

Table 1 Characteristics of enrolled patients with ad-
vanced NSCLC

Value

Characteristics Combo  Control Sta'[lStI.C
analysis
(n=19) (n=39)
Age (year) 39~80 36~78 NS
Sex, M/F 15/4 25/14 NS
Histology NS
Squamous 9 18
Adenocarcinoma 7 16
NSCLC (large cell, 2 5
adenosquamous)
UICC TNM classification NS
Stages [ & 11 0 0
Stage 111, 7 (36.8%) 13 (33.3%)
Stage III,, 5(26.3%) 10 (25.6%)
Stage IV 7 (36.8%) 16 (41.0%)

M: male; F: female; NSCLC: non-small-cell lung cancer; UICC:
International Union Against Cancer; TNM: T, size of tumor; N,
regional lymph nodes that are involved; M, presence of metastasis;
NS: no statistical difference by y* test

patients received 19 times of rAd-p53 gene transfer
via bronchial artery, and 1 patient (patient No. 5) was
treated with rAd-p53 through both delivery ap-
proaches (1 time of intratumoral injection and 3 times
of bronchial artery access) since his tumor was com-
pletely regressed after the 1 time of intratumoral in-
jection. Additionally, patient Nos. 6 and 8 in the
combo group received rAd-p53 transfer into the right
subclavicular lymph nodes and the right thoracic
cavity, respectively, in the course of percutaneous
gene transfer. We were able to assess toxic effects on
all patients, and in all the 58 patients, we evaluated
disease response to the treatment. The date of the last
follow-up was Nov. 15, 2005, with at least 12 months
of follow-up from the start point of each patient ex-
cept the censored patients.

Adverse events

Within the two groups, grades of treatment-
related toxicities were summarized in Table 3 ac-
cording to the World Health Organization (WHO)
criteria (Ajani et al., 1990). No treatment-related
deaths occurred. Patients reported grade 3 (severe)
adverse events and no grade 4 (life-threatening)
events. All the patients did not have major complica-
tions such as spinal marrow infarction or thoracic skin
injury except for hematoma in the puncture sites after
receiving bronchial artery injection of rAd-p53 or
anti-tumor drugs.
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Table 2 Characteristics, treatment times, and local responses of the gene-receiving patients

Patient Gender Age Histology ~ Stage Gene trans- rAd_I]))Ssse BAI Local TTP Sl_lrvival dura-
No. (year) fer access  Time (<1012 VP) times response (month) tion (month)
1 M 40  Adeno 111, TA 2 2 3 SD 9 12
2 M 56  Squam 111, TA 2 1 2 SD 6 8
3 M 39  Adeno 11, PI 3 2 3 PD 1
4 M 51 Largecell III PI 2 2 2 PR 10 12
5 M 53 Squam 111, PUTA 4 3 4 CR 13 12
6 M 71  Adeno v PI & TC 2 2 1 SD 5 9
7 M 80  Adeno v PI 2 1 2 SD 6 7
8 M 48  Adeno 111, PI& LN 2 3 3 PR 7 12
9 F 56  Squam v TA 2 4 4 SD 4 7
10 F 72 Large cell I\% PI 3 3 2 PD 2 3
11 M 74 Squam v PI 1 1 2 SD 5 6
12 M 1 deno 11, PI 4 1 2 PR 7 11
Squam
13 F 54 Adeno 111, TA 2 3 3 PR 9 12
14 F 53 Adeno v TA 3 2 3 PR 6 8
15 M 54 Squam 111, TA 4 2 2 CR 13 12
16 M 59  Squam 111, PI 4 2 2 PR 11 12
17 M 79  Squam v TA 2 1 2 PR 7 12
18 M 46  Squam 11, TA 3 2 3 PR 8 12
19 M 68  Squam 11, TA 2 2 1 PR 10 12

M: male; F: female; Adeno: adenocarcinoma; Squam: squamous; TA: transarterial infusion; TC: thoracic cavity; PI: percutaneous injection;
LN: lymph nodes; BAI: bronchial arterial infusion; SD: stable disease; PD: progressive disease; PR: partial response; CR: complete response;
TTP: time to progression

Table 3 The highest grade adverse events observed in the combo regiment and the control regiment during treatment
period

Patient number

Adverse events Combo regiment Control regiment P
Grade 0 Grade! Grade2 Grade3 GradeO Gradel Grade2 Grade3
Anorexia 10 6 3 0 9 19 9 2 0.038
Arthralgia 6 9 4 0 32 1 0 0.000
Constipation 15 3 1 0 32 5 2 0 0.789
Diarrhea 13 4 2 0 30 1 0 0.416
Fever 3 6 10 0 26 10 3 0 0.000
Influenza-like symptom 8 5 0 32 5 2 0 0.000
Myalgia 5 10 4 0 33 4 2 0 0.000
Nausea and emesis 10 2 0 6 11 12 10 0.001
Pain 10 5 4 0 13 10 7 0.016
HGB 7 9 3 0 14 15 10 0 0.644
WBC 15 3 1 0 16 13 8 2 0.006
PLT 16 2 1 0 16 13 8 2 0.085
B 14 4 1 0 21 11 5 2 0.115
ALT 14 3 2 0 23 13 2 1 0.359
Crea 17 1 1 0 31 4 2 2 0.338
Albuminuria 17 1 1 0 28 7 3 1 0.142
Hematuria 18 1 0 0 35 3 1 0 0.518

Wilcoxon Rank test involves comparisons of differences between measurements of the two groups. HGB: hemoglobin; WBC: white blood
cell; PLT: platelets; TB: total bilirubin; ALT: alanine aminotransferase; Crea: creatine
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In the combo group, patients had higher grades
of adverse events including fever (patient Nos. 10 and
6 with WHO grades 2 and 1, respectively), influ-
enza-like symptoms (patient Nos. 5 and 8 with WHO
grades 2 and 1, respectively), arthralgia (patient Nos.
4 and 9 with WHO grades 2 and 1, respectively), and
myalgia (patient Nos. 4 and 10 with WHO grades 2
and 1, respectively), whereas patients in the control
group had higher grades of anorexia (patient Nos. 2, 9,
and 19 with WHO grades 3, 2, and 1, respectively),
nausea and emesis (patient Nos. 10, 12, and 11 with
WHO grades 3, 2, and 1, respectively), leukopenia
(patient Nos. 12, 8, and 13 with WHO grades 3, 2 and
1, respectively) and pain (patient Nos. 7, 10, and 13
with WHO grades 3, 2, and 1, respectively). In the
remaining items such as constipation, diarrhea, and
hemoglobin (HGB), there were no statistical differ-
ences, with no patient in the combo group suffering
from adverse events in grades higher than WHO
grade 2, and only two patients in the control group
experiencing WHO grade 3 adverse events. A sub-
stantial majority of patients in the combo group
(68.4%) reported some flu-like symptoms, including
asthenia and/or chills. No patients discontinued the
treatment due to the flu-like symptoms. The combi-
nation of rAd-p53 and BAI therapies did not appear to
increase toxicity according to data in Table 3.

For the 10 patients receiving gene transfer via
percutaneous injection, the puncture-associated
complication was pneumothorax, occurring 6 times in
27 sessions of puncture procedures. All were satis-
factorily managed with such symptom treatments as
sedation, inhalation of oxygen, antibiotics, and per-
cutaneous catheter was rarely needed. Of the 10 pa-
tients receiving intratumoral injection of rAd-p53,
40% reported mild injection site pain, which in most
of the cases lasted for 5 h or less.

Overall anti-tumor efficacy

Within the treatment course, CT scan was re-
peated with intervals of at least 1 month and the le-
sions were evaluated according to RECIST (Therasse
et al., 2000). For each patient, the maximum efficacy
by CT follow-up was documented and evaluated
referring to data of the baseline. Treatment shrank the
tumors in 12 of the 19 cases evaluated in the combo
group (Figs.1~3). We documented objective response
(decrease of 50% or more) of the tumors in 47.3%

(9/19) of patients in the combo group and 38.4%
(15/39) in the control group. The local responses
included 2 complete responses (CRs), 7 partial re-
sponses (PRs), 8 stable diseases (SDs), and 2 pro-
gressive diseases (PDs) in the combo group and 0 CR,
15 PRs, 18 SDs, and 6 PDs in the control group, re-
spectively (P=0.333, Wilcoxon rank test, Table 4). Of
the 9 patients receiving gene therapy via arterial in-
fusion, 2 had CR, 4 had PR, 3 had SD and none had
PD, while in the other 11 patients receiving intratu-
moral injection (patient No. 5 received both transfer
methods), there were 1 CR, 3 PRs, 5 SDs, and 2 PDs.
In the combo group, patients at stage I1I, or III, did
not have better efficacy than those at stage IV
(P=0.187, Kruskal-Wallis rank sum test, Table 5).

Table 4 Local responses evaluated by RECIST criteria
after treatment

Patient number Effective rate

Grou Ve
P "Toal CR PR _SD PD (%)

Combo 19 2 7 8 2 473

Control 39 0 15 18 6 384

P=0.333, Wilcoxon rank test; "Effective rate=(patient numbers of
CR and PR)/(total patient number)

Table 5 Local responses by different tumor stages in
the combo group

Patients’ Patient number

response Stage 111, Stage 11, Stage IV
CR+PR 5 4 2
PD 1 1 4
SD 1 0 1

P=0.187, Kruskal-Wallis rank sum test

Each patient was followed up for at least 12
months and the TTP and survival time were docu-
mented. When the follow-up ended on Nov. 15, 2005,
no patients in the combo group quit the follow-up,
except three in the control group. The median TTP in
the combo group and the control group was 7.75 and
5.5 months, respectively. Moreover, the TTP curves
of the two groups demonstrated that the patients in the
combo group had a longer TTP than those in the con-
trol group (P=0.018, Log-Rank test, Fig.4). The 1-year
survival analysis showed that there was no statistical
difference between the two groups (P=0.224,
Log-Rank test, Fig.5), although the survival rates of 3,
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Fig.1 (a) A 45-year-old male with squamous cancer in the left lung confirmed by bronchoscopy. The tumor lesion
was behind the left main bronchus; (b) Percutaneous puncture under guidance of CT. A total of 3x10'> VPs (Gen-
dicine®) were injected by a fine needle in a fashion of multiple sites; (c) One month later, CT image of the same slice
showed disappearance of the lesion

|

Fig.2 (a) A 56-year-old female with squamous cancer in the right lobe. Lesion was located in anterior segment of the
right lung around the right hilus; (b) Bronchial arterial angiography showed the abnormal vascularity of tumor; (c)
One month after two circles of rAd-p53 gene arterial infusion (3x10'> VPs per time) in combination with BAI, the
CT scan found that the lesions in anterior segment and around the hilus were significant regression; (d) The third
BAI showed the significant reduction of tumor vascularity

Fig.3 (a) A 68-year-old male with the left central-type lung squamous cancer confirmed by bronchoscopy. CT scan
showed complete atelectasis of the left lung with obvious shift of mediastinum into the left chest; (b) Bronchoscopy
identified a neoplasm obstructing left bronchial cavity; (¢) BAI demonstrated the abnormal tumoral vascularity; (d)
After one session of rAd-p53 gene arterial infusion in conjunction with BAI, enhancement CT showed restoration of
mediastinum and the left lung recruitment except for superior segment of the left lower lung. Also, a mass behind
the left main bronchus was identified

1.2 1.1

Regiment Regiment
=] Control regiment L I :
2 1.0p a Control regimenl censored 10 :ggﬁgg% :Zgﬁzm censored
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Fig.4 Time to progression (TTP) analysis showed that Fig.5 Survival curve showed that there was no statis-
the patients in the combo regiment had a longer time tical difference between survival rates in the two regi-

without progression (P=0.018, Log-Rank test) ments (P=0.224, Log-Rank test)
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6, and 12 months were 94.74%, 89.47%, and 52.63%
in the combo group and 92.31%, 69.23%, and 38.83%
in the control group, respectively.

DISCUSSION AND CONCLUSION

The loss of normal p53 function is found in the
majority of human cancers, and about 50% of this
gene is mutated somatically or deleted in various
human cancers (Hollstein et al., 1994). As a tumor
suppressor, p53 acts to restrict proliferation in re-
sponse to DNA damage or deregulation of mitogenic
oncogenes by regulation of the expression of p53
target genes responsible for cellular responses such as
growth arrest, senescence, or apoptosis. On the other
hand, loss of this tumor suppressor function increases
cell proliferation and survival, and in some circum-
stances promotes genomic instability and resistance
to certain chemotherapies (Lowe, 1995; Vogelstein
and Kinzler, 1995; Levine, 1997).

p53 mutation was demonstrated in rates from
45.40% to 50% (Takahashi et al., 1989; Junker et al.,
2000) of investigated lung cancer. Gene therapy in
which wild-type p53 gene is transferred into tumors
that are deficient in functional p53 has shown a sig-
nificant tumor suppressing efficacy both in lung
cancer cell line and in animal systems (Inoue et al.,
2000; Osaki et al., 2000; Kawabe et al., 2001). Roth
et al.(1996) firstly reported that in a clinical setting,
the replacement of a tumor suppressor gene was
shown to mediate tumor regression and, more im-
portantly, vector-related toxicity was minimal. After
which, many clinical trials of rAd-p53 gene in com-
bination with systemic chemotherapy or ionizing
radiation for NSCLC were completed, and encour-
aging outcomes were reported (Swisher et al., 1999;
2003; Nemunaitis et al., 2000; Nishizaki et al., 2001),
while still studies manifested negative results (Junker
et al., 2000; Schuler et al., 2001).

In these studies, the transfer of rAd-p53 was
usually performed by transthoracic CT-guided injec-
tion or bronchoscopy, and combined anticancer mo-
dalities were involved, such as systemic chemother-
apy or radiation. Gene transfer and p53 transgene
expression in the injected tumors as well as the safety
and feasibility of this type of gene therapy have been
documented. However, it was also reported that

rAd-p53 gene transfer in conjunction with chemo-
therapy provided no additional benefit in patients
with advanced NSCLC (Schuler et al., 2001).

rAd-p53 (Gendicine®) has been approved in
China for the treatment of patients with HNSCC. In
combination with chemo- and radiotherapy, it im-
proved treatment efficacy more than 3-fold (Chen et
al., 2003). Although its recommended indications are
limited in HNSCC according to the specification, we
have preliminarily applied this drug in a patient with
hepatocellular carcinoma (HCC) and good efficacy
was achieved in a previous study (Guan et al., 2005).
In the current study, rAd-p53 (Gendicine®) was used
in NSCLC to evaluate the effect and to provide some
evidence for its off-label use in NSCLC.

In the present study, all patients were in stage 111
or [V NSCLC and could not be surgically cured. They
all preferred BAI to other therapies such as irradiation
or chemotherapy. They were all informed of what is
about rAd-p53 gene therapy, and 19 of them were
willing to receive the gene therapy and enrolled into
the combo group.

In the present study, we did not examine the
expression of p53 gene in the targeted tumor tissue
and performed the gene transfer access via bronchial
artery, because many previous studies had confirmed
conclusively the forced overexpression of p53 by
both retroviral and adenoviral vectors, and confirmed
that the expression of p53 is associated with marked
increase in the apoptotic fraction of NSCLC cells in
biopsies 72 h after injection of rAd-p53 (Roth et al.,
1996; Swisher et al., 1999; Nemunaitis et al., 2000).
These studies also confirmed that a marked increase
of p53 in the induction of expression of several genes
(MDM2, p21, and BAK) closely attributed to p53
gene transfer (Swisher et al., 2003).

As shown in Table 3, patients in the combo
group had higher degrees of fever, influenza-like
symptom, myalgia, and arthralgia, which were well
tolerated by the patients in the present study and also
frequently encountered in other studies (Schuler et al.,
2001; Swisher et al., 2003). In our study, the fever
usually ranged 38~39.5 °C, starting about 3~5 h after
rAd-p53 administration and lasting for 5~10 h. This
self-limited fever can be well managed with symptom
treatment, and steroids were rarely used. It was con-
sidered a reflection of the effectiveness of rAd-p53
(Gendicine®) in mobilizing the body’s immune
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systems (Peng, 2005). Also, it was noticed that the
patients in the combo group had lower degrees of
adverse events such as anorexia, nausea, emesis, pain,
and white blood cell (WBC) count decrease than
those in the control group, suggesting that rAd-p53
gene therapy could decrease chemodrugs’ toxicities
and improve patients’ life quality. Except for these
differences, there was no statistical difference be-
tween the two groups in the highest degrees of ad-
verse events within the treatment period. As to pneu-
mothorax in the patients receiving intratumoral in-
jection transthorax, its incidence mainly depended on
the operator’s skill and tumor size. If a lesion was not
large enough or was far from the thoracic wall, this
procedure could take higher risks and should be
transferred to other access. It can be concluded that
p53 gene transfer did not increase the adverse events
when used in combination with BAI and was well
tolerated by late-stage NSCLC patients.

Previously, rAd-p53 gene therapy protocols
were mainly combined with radiotherapy or systemic
chemotherapy, whereas in this study rAd-p53 gene
transfer was in conjunction with BAI for the treatment
of advanced NSCLC in order to explore another pos-
sible management. Although statistical analysis
showed no significant difference in local response
between the two groups, encouraging outcome was
obtained: percentage of objective response (CR and
PR accounted for 47.3%, with 2 CRs) in the combo
group was higher than that in the control group
(38.4%). However, small sample number of this study
could be attributed to no statistical difference, which
warrants a larger scale study in future to see if gene
transfer improves BAI efficacy or not.

In addition, the percentage of cases with objec-
tive response (47.3%) can be favorably compared
with that in other studies. Schuler et a/.(2001) re-
ported that 13 of 25 (52%) patients with advanced
NSCLC, experienced objective response after the
treatment of intratumoral injection of rAd-p53 in
combination with systemic chemotherapy. And
Swisher et al.(2003) reported 1 CR, 11 PRs, 3 SDs,
and 2 PDs after 19 patients with non-metastatic
NSCLC received radiation therapy up to 60 Gy over 6
weeks in conjunction with three intratumoral injec-
tion of rAd-p53. The higher objective response
(73.7%) in Swisher’s patients could result from the
relatively good condition in enrolled patients.

When it came to overall response, there was no
statistical difference between the two survival curves
(Fig.5), whereas the TTP analysis has demonstrated
that patients in the combo group had significantly
longer TTP (P=0.018, Log-Rank test), which means
that they benefited from the synergistic interactions of
rAd-p53 gene and BAI, with life quality improved.
The patients in the combo group could have better
clinical condition. On the other hand, the 12-month
survival rate of 52.3% in the combo group is compa-
rable with those in other clinical trials of gene therapy,
in which 1-year survival rates ranged from 44% to
47% (Schuler et al., 2001; Swisher et al., 2003). The
negative results could be due to the relatively short
follow-up time.

In performance of gene therapy, effective
transfer is a key point. Injection of vectors into the
bloodstream for treatment of cancer requires not only
that the vectors are targeted to enter tumor cells, but
also that they are protected from degradation, se-
questration, or immune attack for long periods of time
so that they can reach their appropriate sites of action
and penetrate into the tumor. Thus far, however, no
such systemically targeted vectors exist clinically
(Moon et al., 2003). Therefore, the most frequently
used transfer access in clinical trials is intratumoral
injection. However, sometimes this access can be-
come technically impossible or give rise to a large
risk especially when the patient is in poor condition or
the lesions are too small or sporadically distributed.
So, in the current study, we also preliminarily exam-
ined the possibility of gene transfer via a novel
bronchial artery access, and promising local response
(2 CRs, 4 PRs, 3 SDs, and 0 PD in 9 patients) was
demonstrated. Still, there is a need to use real-time
polymerase chain reaction (PCR) or enzyme-linked
immunosorbent assay (ELISA) to confirm the ex-
pression of targeted gene in tumor tissue. However, it
is clearly required that this kind of gene transfer ac-
cess be refined further and systemic vector delivery
system is still expected to appear (Swisher and Roth,
2002).

It is suggested that there were favorable p53 and
unfavorable p53 patients for the p53 gene therapy.
Activation of p53 can have beneficial (DNA repair) or
detrimental (apoptosis) consequences for individual
cells. Although local injection is regarded as the op-
timal access, there are concerns about systemic use of
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p53 treatment; that is, it may be harmful to normal
cells or it may have senescence effect on the organism
(Bauer and Helfand, 2006).

In conclusion, the current clinical study pre-
liminarily demonstrated that the rAd-p53 gene trans-
fer via intratumoral injection or bronchial arterial in-
fusion in combination with BAI can be well tolerated
by patients with advanced NSCLC and can provide
additional benefits of better life quality and longer
TTP. rAd-p53 gene transfer via arterial infusion can
be a feasible access and be used clinically. However,
further studies for arterial infusion access of gene
transfer and for combination of gene transfer with
BAI are needed, and other strategies such as oncolytic
adenovireses are warranted (Ko et al., 2005).
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