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New horizons: gene therapy for cancer

José Baselga
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p53 gene mutations appear in numerous human cancers
and are associated with anumber of cellular mechanism
changes including a lack of apoptosis. Repeated
intratumoral injection of the adenoviral p53 vector
(Ad5CMV-p53) in patients with non-smali cell iung can-
cer and head and neck cancer is feasible and well toler-
ated. Treatment results in expression of the p53 transgene
and evidence of increased apoptosis. Dose-related anti-
tumor activity has been seen in phase | trials in both lung
and head and neck cancer.Transgene expression appears
to occur even in patients who mount an immune response
to the adenoviral vector. The evidence to date indicates
that gene transfer can occur without contamination of
health care workers by the vector. There is preliminary
clinical evidence suggesting that the in vivo synergy seen
between AdSCMV-p53 and cisplatin may also occur in
patients. Phase Il trials are justified and have been started.
[© 1999 Lippincott Williams & Wilkins.]
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introduction

The p53 gene is important in regulating (or
dysregulating) response to damage in both normal
and cancer cells.! When the gene is mutated, de-
leted or the gene product is non-functional, cells
do not respond appropriately to DNA damage:
they continue to grow instead of dying by
apoptosis or shifting to growth arrest (Figure 1). In
laboratory cell lines, the re-establishment of nor-
mal p53 function by transfection with wild-type
p533 results either in apoptosis or in cells moving
into G, arrest, with inhibition of DNA synthesis
and growth.”*
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p53 is found to be mutated in a large proportion
of cancers.® According to American Cancer Society
estimates in 1995, 56% of the 170 000 annual new
cases of lung cancer had p53 mutations. The cor-
responding figures were 30% for cancer of the
prostate, 49% for colorectal cancer and 24% for
cancer of the breast. In certain tumors a dysfunc-
tional p53 has been associated with poor survival
rates, more aggressive tumor growth, and en-
hanced tendency for tumor metastases.

Transfer of the p53 gene to cancer cells can be
achieved in a variety of ways, arguably the most
effective and convenient being the use of an
adenoviral vector in which the Al portion is re-
placed by a p53 gene expression cassette under
the control of a cytomegalovirus (CMV) promoter
(Figure 2).

Preclinical work with the vector Ad5CMV-p53
demonstrated that transfection reduced growth in
murine tumor models expressing either wild-type
or mutant p53.” The p53 vector proved capable of
inducing apoptosis in tumor cells, including those
which already express p53, while the growth and
histomorphology of non-malignant fibroblasts was
unaffected.” Data in nude mice demonstrate that
local therapy with Ad5CMV-p53 induces tumor re-
gression.'® Preclinical studies have also evaluated
the effect of combining cisplatin with Ad5CMV-
p53 on the growth of lung tumor cell lines, results
showed this combination to have a profound inhi-
bition of tumor growth in comparison to tumors
treated with cisplatin alone."

Clinical experience of p53 replacement

Non-small cell lung cancer (NSCLC)

Sufficient data are now available from clinical tri-
als to demonstrate that p53 replacement may be a
worthwhile approach. The first p53 gene therapy
clinical trial, conducted at the University of Texas,
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Figure 1. Mechanism of action of p53.

MD Anderson Cancer Center in Houston, exam-
ined the safety and activity of retrovirus-mediated
delivery of a wild-type p53 gene to NSCLC." The
first evidence of activity was observed in this
phase I study of nine patients with NSCLC who
were given a single injection not of an adenoviral
but a retroviral p53 vector.!

In four patients, the lesion was endobronchial
and the vector was administered via a broncho-
scope. In four patients with chest wall lesions, the
vector was administered via a needle under com-
puted tomography (CT) control; and in the final
patient, whose sole site of metastatic disease was
an adrenal mass, treatment was also locally deliv-
ered. Treatment was well tolerated, with side-effects
restricted to transient pain at the injection site.

Successful gene transfer was demonstrated in
eight of nine patients by using polymerase chain
reaction and in situ hybridization to reveal
retroviral DNA integration in tumor cells. (The sin-
gle exception was a patient who did not complete
the planned course of therapy.) Moreover, an in-

apoptosis, provided indirect evidence of p53
transgene expression in six of the seven patients
analyzed.

There was also evidence of clear anti-tumor ac-
tivity: among the seven evaluable patients, three
showed evidence of tumor regression in the
treated lesions and a further three showed disease
stabilization (defined by lack of growth for 8
weeks or more) at these sites. In contrast to the
situation at treated sites, untreated lesions contin-
ued to progress in all of these patients.

Infection is easier with an adenoviral vector
than with a retrovirus, there is specificity for divid-
ing cells, longer and higher levels of gene expres-
sion can be achieved, there is likely to be less tox-
icity to normal cells, and comfort can be drawn
from the long history of adenoviral use in
vaccines. For all of these reasons, subsequent
clinical development concentrated on adenoviral
p53 transfer.

Two phase 1 studies involving adenovirus-medi-
ated transfer of the p53 gene are currently ongo-
ing at the University of Texas, MD Anderson Can-
cer Center.!*" The first study is evaluating the
safety and activity of the Ad5CMV-p53 (an
adenoviral type 5 vector containing a wild-type
p53 gene controlled by the CMV promoter) in
head and neck cancer." The second study is ex-
amining the safety of sequential administration of
Ad5CMV-p53 with cisplatin for the treatment of
NSCLC."

In the phase I study of 50 patients with NSCLC
tumors showing a p53 mutation, doses of
adenoviral vector escalating from 10° to 10° pfu
were injected intratumorally under the direction of
CT scanning or via a bronchoscope.?* In certain
patients, Ad5CMV-p53 was administered together
with cisplatin 80 mg/m? DNA-PCR evidence of
gene transfer was found in 13 of 18 patients
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Figure 2. Components of AdSCMV-p53.
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Figure 3. Time to progression (correlated with dose) of a phase | study of AdSCMV-p53 in NSCLC.*

apoptosis, increased levels of staining were found,
and immunohistochemistry and reverse-tran-
scriptase PCR also suggested gene expression.

A modest level of dose-related anti-tumor activ-
ity was evident. Thus, of five patients treated with
the lower doses of 10° or 107 pfu, all but one pro-
gressed. However, four of six patients treated with
10% or 10? pfu had stable disease and one a partial
response. Progression-free survival was a median
of 56 days in patients receiving low doses and 167
days in the higher-dose group (Figure 3).This evi-
dence led to the selection of the higher-dose ap-
proach for phase II trial.

There was also a clear relationship between
concomitant use of cisplatin and slower time to
progression.

Head and neck cancer

The second phase I study was conducted in 33
patients with incurable head and neck squamous
cell cancer who received between 10° and 10" pfu
of Ad5CMV-p53." In this study, patients with
tumors expressing wild-type p53 were also eligi-
ble. Patients who were to undergo palliative resec-
tion were treated three times a week for 2 weeks,
with a seventh dose injected into the tumor mar-
gin after surgery and an eighth dose after 72 h. In
non-resected patients, six doses were given over
2 weeks to one site of disease.

Importantly, transgene expression sustained over
a period as long as 67 days post-dosing was detected
by reverse-transcriptase PCR even in certain patients
who showed a substantial increase in anti-
adenoviral antibody. The development of a marked
immune response to the vector therefore does not
appear to prevent gene transfer and expression.

Issues of biodistribution, dissemination and
safety were addressed by attempts to detect
Ad5CMV-p53 in body fluids. Despite the
intratumoral method of injection, AdSCMV-p53
was evident in the blood within 30-90 min in all
patients receiving a dose of 10" or 10" pfu. How-
ever, the virus had been cleared from the blood
within 24 h in all cases. Ad5CMV-p53 was detected
in the urine in 66-100% of patients who received
the 10" or 10" pfu dose. Nevertheless, no virus
was detected in the body secretions or blood of
health workers caring for the patients studied, and
their anti-adenoviral antibody titers did not rise
over the period of treatment.

There were indications of anti-tumor activity.
Among the 12 patients treated with 10°-10" pfu of
the vector who were not resected, a partial re-
sponse was seen in two (Table 1). Perioperative
and postoperative administration of AdSCMV-p53
had no adverse effect on surgical morbidity or
wound healing.

Table 1. Anti-tumor activity in indicator lesions of AASCMV-
p53 in advanced head and neck cancer'™

Dose (pfu) 108-10° 10°-10"
No. of patients 21 12
Non-resectable (n = 18) SD: 5 PR: 2
Prog: 7 SD: 1
NE:1 Prog: 2
Resectable (n = 15) CR:1 NA: 7
NA: 7

SD, stable disease; Prog, progressive; NE, non-evaluable; partial
response; CR, complete response; NA, not available

Anti-Cancer Drugs » Vol 10. Suppl 1 1999 S41



J Baselga

In a multinational phase II trial, 78 patients with
recurrent or refractory head and neck cancer are
being randomized to one of two schedules of sin-
gle-agent AdSCMV-p53. In the first arm, patients
are treated on days 1, 2 and 3 every 4 weeks; in
the second arm, they receive treatment on days 1,
3, 5, 8, 10 and 12 every 4 weeks. The doses ad-
ministered range from 2 x 10° to 10 x 10, ac-
cording to tumor burden. The endpoints are re-
sponse rate, time to progression and overall sur-
vival.

Summary

Certain patients have already demonstrated highly
encouraging responses to AdSCMV-p53 treatment.
However, additional clinical data are definitely
needed regarding this exciting new treatment mo-
dality. Future directions of research include the
combination of Ad5CMV-p53 with radiation,
which experiments involving human tumor xeno-
grafts in nude mice suggest may be effective. In
terms of combination with chemotherapy, existing
evidence of synergy with cisplatin is now being
complemented by evidence of enhanced efficacy
when Ad5CMV-p53 is combined with docetaxel.
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