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Recent Advances in Esophageal Cancer Gene

Therapy
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In recent years, the development of gene therapy systems as new treatment or prevention
strategies for various malignant diseases has been explored. Based on the genetic background
of esophageal cancer, several molecular therapies have been developed. In this article, we
review p53 genetic alterations and angiogenesis in esophageal cancer. Our recent clinical
results from a phase I/l1 study of adenoviral-mediated p53 gene therapy for patients with
un-resectable esophageal cancer arereviewed. L astly wereview the available experimental ther a-
peutic models from the literature and our experimental work over the past few yearsarere-
viewed. (Ann Thorac Cardiovasc Surg 2008; 14: 3-8)
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I ntroduction

Because surgical resection alone rarely results in long-
term survival for advanced esophageal cancer,” much
effort is now focused on combined multi-modality treat-
ments in an attempt to improve local control of tumor
growth and to eliminate micro-metastasis present at the
time of surgery. Recently, the use of neoadjuvant
chemoradiotherapy followed by esophagectomy has be-
come awidespread approach due to several favorablere-
ports.>® However, the prognosis remains extremely poor
in un-resectable patients.® In this context, it will be nec-
essary to enhance the anti-tumor efficacy of chemotherapy
and radiotherapy in order to improve the outcome of the
multidisciplinary therapy.

Molecular Targetsin Esophageal Cancer
Treatment

p53 abnormalities are observed in 40-60% of patients
with esophageal cancer, even in an early precancerous
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lesion.>® Indeed, p53 genetic alteration is agood predic-
tor for treatment responses and survival in esophageal
cancer.”19 Genetic analysis can be used as a prognostic
marker for esophageal carcinoma. p53 genotyping may
define asubset of patients who respond to chemotherapy/
radiotherapy and may predict who potentially benefit from
multimodality therapy.”

Angiogenic and growth factors also play an essential
role in the process of growth, metastasis and treatment
resistance of esophageal carcinoma.*® Among several
angiogenic factors, vascular endothelial growth factor
(VEGF) has been shown to be vital for resistance to treat-
ment.? |mmunohistochemical analyses of esophageal
carcinomas have revealed that VEGF expression,
dThdPase expression, and angiogenesis are good predic-
tors for treatment responses and survival in esophageal
cancer.’*19 Based on reports that indicate a significant
association between angiogenesis and p53 expression, it
is anticipated that wild type p53 gene transfer into cancer
cellsmay down-regul ate angiogenesis. Hepatocyte growth
factor (HGF) also contributes to invasion and metastasis
of esophageal carcinoma cells (unpublished data).

Clinical Trials of p53 Gene Therapy
In preclinical tumor models, p53 gene transfer as medi-

ated by retroviral or adenoviral expression vectorsrestored
drug and radiation sensitivity or directly induced
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apoptosis.t™9 On the basis of its preclinical efficacy,
adenovirus-mediated wild-type (wt) p53 gene transfer or
wt p53 gene transfer in combination with cisplatin che-
motherapy were studied in phase | trialsin patients with
advanced lung cancer.?*2? These studies established the
safety and feasibility of injections of adenoviral p53 ex-
pression vectors into tumor lesions. They also provided
evidence for in vivo transgene expression as well as for
efficacy in terms of surrogate markers of biologic activ-
ity and some tumor remissions.

Moreover, adenovirus-mediated p53 gene transfer
through intrahepatic arterial administration or intravenous
injection were revealed to be safe and to efficiently safe
and efficiently induce biological activities. Only limited
and transient inflammatory responsesto the drug occurred,
but pre-existing immunity to adenoviruses did not pre-
clude adenovirus-mediated p53 gene delivery.?® Repeated
intravenous administration also demonstrated no severe
toxicities, the presence of circulating adenovirus 24 h af-
ter administration, and detectable p53 transgene within
tumor tissue distant from the site of administration.??

A Phasel/ll Study of p53 Esophageal Cancer
GeneTherapy

Based on the preclinical studies of adenoviral-mediated
p53 gene (Ad5CM V-p53) delivery on esophageal cancer
cells,® a Phase I/11 study was approved by the Chiba
University Graduate School of Medicine Institutional
Review Board and the Recombinant DNA Advisory Com-
mittee of the National Institutes of Health Office of Bio-
technology Activities.?® Eligible patients were selected
among those who were not subjected to radical surgery.
Individual doses were 10 to 25x10" viral particles (VP)
depending on tumor size. On a 28-day cycle, intra-tu-
moral injections of AdSCM V-p53 were administered on
days 1 and 3, and the patients were treated for up to five
cycles.

A total of 10 patients were enrolled in thistrial (Table
1). On commencemet of gene therapy, five patients had
tumor invasion into adjacent organs (Patient 3, 4, 7, 9,
and 10) and four had high risk factors for surgery (Pa-
tients 1, 2, 5, and 8). The remaining patient had a T3 tu-
mor with multiple lymph node metastases (Patient 6).
Eight patients had tumors with p53 mutations among ex-
ons5to 8. Treatment cyclesranged from oneto fivecycles,
with two being the median number of cycles. Patient 6
did not undergo a second cycle of the treatment because
he showed rapid progression of distant metastases after

the first cycle. The most common adverse events were
fever and local pain (NCI grade 1 or 2). Fever was ob-
served in all patients and pain in 30%. Overall, drug ad-
ministration was feasible and well tolerated.

Nine of the 10 eligible patients have died of the dis-
ease. One patient had local tumor progression and four
patients had systemic progression during the initial 56
days. Six of 10 patients were alive for more than one year
(Table 1). Three patients showed no evidence of tumor
on multiple biopsies after the treatment (Patients 2, 3,
and 5). Patient 2 had atumor with adeep ulcer before the
treatment. After three or four cycles, the ulcer had changed
to amild shape. No viable cancer cells were observed in
biopsy specimens. Stable local tumor and no residual
squamous cell carcinoma (SCC) were found on esoph-
ageal biopsies during the five cycles of the treatment.
Patient 3 had alarge 50 mm mass and was unable to swal-
low at the initiation of gene therapy. After two injections
of Ad5SCMV-p53, hewas ableto swallow liquid and meals.
Although the endoscope could not pass through the
stenotic portion of thelesion before the treatment, it passed
through after the treatment. Patient 5 did not show tumor
progression for 24 months after initial gene therapy. Al-
though afew viable cancer cells were observed in biopsy
specimens at 24 months, the tumor was well controlled
by argon-plasma coagulation. He currently remains pro-
gression-free and alive 65 months after completion of the
treatment. The overall survival rate was 60% at one year.
Four patients have developed clinically diagnosed dis-
tant metastases (two cases of bone metastasis, one of liver
and lymph node metastasis, and one of lung metastasis).
Three of these four patients with development of distant
metastases died of the disease within 3 months after ini-
tial viral treatment. The median time to local aswell as
distant progression was 6 months (Fig. 1).

Our clinical results demonstrate that administration of
Ad5CMV-p53 viaintratumoral injection isfeasible, safe
and well-tolerated in a population of patients with
chemoradiation resistant esophageal SCC. Acute NCI
grade 1 or 2 toxicities, including local pain and fever,
were acceptable and provided further evidence of bio-
logical activity from the treatment. Transduction of the
vector-p53 geneinto tumor tissue was confirmed by vec-
tor-specific DNA-PCR analysis in all patients' biopsy
specimens. Although 80% of patients showed increased
p53 MRNA after treatment and 75% of these showed el-
evated p21 and MDM2 downstream markers, the increase
of RT-PCR signals was more minor than we expected.
This could partly be explained by the differencesin bi-
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Tablel. Characteristicsof the patients with esophageal squamous cell carcinoma treated with Ad.CMV-p53

. . Site of Viral Local & .
A T G e TSRS s ot 70
' progression®  mutation response?
1 64M ™ Exon 5 15 x 10%* 2 43 mm SD & SD 19M dead
2 71M ™ Exon 7 10 x 10%* 5 25 mm SD & SD 15M dead
3 62M 5M Negative® 15 x 10" 3 50 mm SD & PD 3M dead
4 78M 2M Exon 8 10 x 10%* 2 30 mm PD & PD 6M dead
5 66M 2M Exon 7 10 x 10% 3 40 mm SD & SD 65M adlive
6 60M M Exon 7 20 x 10% 1 70 mm SD & PD 2M dead
7 67F 4F Exon 5 10 x 10%* 2 38 mme SD & SD 13M dead
8 58M 8M Exon 6 10 x 104 2 40 mm SD & SD 15M dead
9 48M 2M Exon 7 25 x 101 4 100 mm SD & SD 12M dead
10 7™ 12M Negative® 20 x 10% 2 68 mm SD & PD 2M dead

aTimeto tumor progression after completion of chemo-radiation therapy. ®°No mutation among exons5, 6, 7, and 8. ¢Tumor size was
sum of esophageal tumor and lymph node. ¢ Treatment response was determined 4 weeks after completion of therapy by external

review board. ¢ Survival months after first injection of AACMV-p53. SD, stable disease; PD, progressive disease.

opsy sites. All patients were evaluated for evidence of
antitumor activity and clinical benefit. Six patients the
disease was established both thelocal site aswell as sys-
temically and survived more than one year after starting
treatment. Among these six patients, oneis alive as of
today, more than 5 years after compl etion of gene therapy.

Future Clinical Trial of p53 Gene Therapy
Combined with Chemo-Radiotherapy or
Immunother apy

According to recent reports, adenovirus-mediated p53
gene transfer is frequently used, together with cis-
dichloro-diammineplatinum(l1) administration or ioniz-
ing radiation.?22"28 A phase |1 trial of adenovirus-medi-
ated p53 gene transfer in conjunction with radiation
therapy or chemotherapy for lung cancer patientswas safe
and effective.?? Because treatment response is strongly
associated with survival, a combination treatment with
standard chemoradiation and Ad5CMV-p53 may be an
attractive modality. Further preclinical studiesarerequired
to develop anew combination therapy with CDDP, 5-FU,
and Ad5CMV-p53, and aso a combination with concur-
rent chemoradiotherapy (Fig. 2).

Another promising combination treatment with p53
genetransfer isdendritic cell (DC) therapy. Recently, the
immunologic and clinical effects of a cancer vaccine con-
sisting of DC transduced with the full-length wild-type
p53 gene delivered via an adenoviral vector in patients
with extensive stage small cell lung cancer were re-
ported.?® They reported that p53-specific T cell responses
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Fig. 1. Overall survival (A), timeto local progression (B), and
time to metastatic progression of all patients (C).

to vaccination were observed in 57.1% of patients. They
observed a high rate of objective clinical responses to
chemotherapy (61.9%) that immediately followed vacci-
nation. They supposed that optimal use of vaccination
might be more effective, not as a separate modality, but
in direct combination with chemotherapy.

Anti-Angiogenesis Gene Therapy
Based on the fact that VEGF, HGF, and other angiogenic

factors play adefinite role in tumor invasion and metasta-
sis in esophageal carcinoma,'*-1® anti-angiogenic gene
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Fig. 2. Protocol of p53 gene therapy combined with chemoradiation
for clinical T4 esophageal carcinoma.

therapy might also be a favorable approach against ad-
vanced stage esophageal carcinoma. Recently, NK 4, four-
kringles containing an intra-molecular fragment of HGF
was isolated as a competitive antagonist for the HGF-c-
Met system.® Independent of its HGF-antagonist action,
NK4 inhibited angiogenesisinduced by VEGF and basic
fibroblast growth factor, as well as HGF, indicating that
NK4 is abifunctional molecule that acts as an HGF-an-
tagonist and angiogenesisinhibitor. In experimental mod-
elsof distinct types of cancers, NK4 protein administra-
tion or NK4 gene therapy inhibited tumor invasion, me-
tastasis, and angiogenesis-dependent tumor growth.3:3
Esophageal carcinoma cell treatment with NK4 also
proved to induce malignant tumorsto be “static” in both
tumor growth and spreading.®® Based on the preclinical
studies of NK4 gene delivery, a Phase I/l study was ap-
proved by the Chiba University Graduate School of Medi-
cine Institutional Review Board.

Double Gene Transfer to Enhance Single
GeneTherapy

Some reports have shown that double gene transfer en-
hanced the anti-tumor activity of single gene transfer.3-?
They suggested that p14, p16, and p33 genes were able
to enhance apoptotic tumor cell death with p53 gene
therapy. We al so suggested arole for mdm2 in the syner-
gistic effects observed in combined p33 and p53 gene
transfer into esophageal carcinoma cells.®® Although
stable expression of both genes in the same tumor cells
was supposedly achieved for double gene therapy,® this
mode of gene therapy should undergo clinical study in
the near future.

Oncaolytic Virus Therapy

Conventional cancer gene therapy, even if considered to

temporarilysuppress tumor growth, does not inhibit ex-
tended tumor growth and distant metastases. A phase |1
trial, using an E1B-deleted adenovirus (ONY X-015) de-
signed to selectively lyse p53-deficient cancer cells, was
reported in which the virus was administered to patients
viaadirect intratumoral injection for untreated oral squa-
mous cell carcinoma.*® They demonstrated that the virus
replicates selectively in the tumor as opposed to normal
tissue after this direct injection. No adverse effects of the
viral injection were noted. Those data supported the con-
cept that ONY X-015 isreplication deficient in normal,
compared with cancerous, tissues and has potential asa
selective anticancer agent against tumor tissues.

Therefore, we examined the potential clinical feasibil-
ity of virus-mediated tumor destruction, which can fur-
ther suppress tumor growth. We showed that human tu-
mors were more susceptible to Ad in which the E1A ex-
pression was controlled by a putative tumor promoter
rather than normal cells, and that a replication of the Ad
was greater in tumor cells than in normal cells.*? The
promoter region of the midkine gene was a good candi-
date to drive therapeutic genes in a tumor specific man-
ner through conditionally replicative adenovirus.*?

Immunology Based Gene Therapy

Antitumor immuneresponses areinitiated after the ac-
quisition of putative tumor antigens by dendritic cells
(DCs). Therefore, enhanced antigen presentationisacru-
cia stepfortheearly phaseof cell-mediatedimmunity.*49
Destruction of tumorscanrel easethetumor antigensand
DCscometorecognizethemthereafter. Activationof DCs
induced production of anumber of cytokines, and we
showed that theinterleukin-2 or 12 family secreted from
tumorscouldinducesystemic antitumor immunity.*4)
DC-based immunotherapy hasbeen clinically evalu-
ated, but it still requiresmodificationtoimprovetheout-
comes. Wepreviously demonstratedthat F-gene—del eted
non-transmissibleSendai virus(SeV/dF)—activated DCs
(DCs/SeV/dF) havestrong antitumor effectsagai nst squa-
mouscell carcinoma.*® SeV/dF showshightransfection
efficiency toDCsand|eadsthemtoup-regulateco-stimu-
latory molecules. Intratumoral injection of DCs/SeV/dF
resulted in amarked and representativeinhibition of the
tumor, even when the tumors were well-vascul arized.
Resultsfrom these preclinical studiesare promising for
further clinical trial sto evaluate the best combination of
mol ecul ar approachesagainst esophageal carcinoma.
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