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Reconstruction of the urinary tract after cystectomy
for transitional cell carcinoma of the bladder

By Tadao KakizoE

National Cancer Center, 5-1-1, Tsukiji, Chuo-ku, Tokyo 104-0045
(Communicated by Takashi SUGIMURA, M. J. A., Sept. 12, 2003)

Abstract: Transitional cell carcinoma (TCC) in the urinary tract is characterized by the development
of multiple tumors in time and space. When cystectomy is performed, urinary tract is reconstructed by var-
ious options including a neobladder using patient’s own intestine anastomosed to the urethra. This proce-
dure assures normal voiding from the urethra even after cystectomy. Use of the urethra for preserving ure-
thral voiding and function of a neobladder are reviewed from viewpoints of carcinogenesis and quality of life
after cystectomy. Incidence of subsequent urethral cancer arising after cystectomy is relatively high, how-
ever, if high risk patients are appropriately excluded, a neobladder can be constructed safely from the onco-

logic standpoint and patient’s quality of life.

Key words: Bladder cancer; renal pelvic cancer; ureteral cancer; urethral cancer; urinary diversion;

neobladder.

Introduction. Mucosal surface of the urinary
tract, i.e., renal pelvis, ureter, bladder and the greater
part of the proximal urethra, is covered with urothelium
or transitional cell epithelium being composed with
three to seven cell layers thick.” Typical structure is
composed with basal cells, intermediate cells and
superficial cells. Superficial cells have the binucleated,
flat, large characteristic shape being called umbrella
cells.” Luminal surface of the umbrella cells is covered
with asymmetric unit plasma membrane which is effec-
tive to protect the tissue from high osmotic pressure of
the urine.?

More than 90% of cancers arising in the urinary
tract are transitional cell carcinomas (TCC), the rest are
squamous cell carcinomas and adenocarcinomas.
Multiple tumor development in the entire urinary tract in
time and space is a well-known biological phenornenon of
TCC, particularly in the bladder.” Ureteral and urethral
involvement of TCC needs serious consideration when
cystectomy is necessary and urinary reconstruction is
indicated. This phenomenon is explained as a result of
“field cancerization"®” in which the entire urothelium
from the renal pelvis to the urethra is susceptible to car-

cinogens flowing down in the urine. On the other hand,
TCC cells can be implanted to other sites of the urothe-
lium,® so called “implantation”. These two mechanisms
make it difficult to determine whether a recurrent
tumor represents an inadequately treated initial one, or
implantation of cancer cells, or the effects of multifocal
carcinogenesis. Molecular analysis of multiple cancers in
the bladder or multiple cancers developed in the upper
urinary tract and the bladder tells us as one possibility
that those multiple cancers are monoclonal origin indi-
cating the implantation of cancer cells from the original
tumors.? '@ 1t is likely that all of these mechanisms are
relevant. In fact, Akaza et al." reported the biphasic pat-
tern of recurrences of the bladder cancers after
transurethral resection (TUR), which may indicate the
combination of early implantation and late new growth.

Urinary reconstruction after cystectomy has been
conducted historically by uretero-sigmoidostomy, ileal
conduit, cutaneous continent reservoir requiring self-
catheterization and an orthotopic neobladder anasto-
mosed to the urethra. An orthotopic neobladder
assures normal voiding from the urethra. Each procedure
has relation to cancer development in the reconstructed



Fig. 1. Schematically illustrated multiple development of cancers in
the urinary tract. The extreme left a) indicates a case having
renal pelvic, ureteral, bladder and urethral cancers simultane-
ously. b) When ordinary nephrectomy is performed for the
renal pelvic and/or ureteral cancer, subsequent ureteral cancer in
the remaining ureter s 20-58%. ¢) Even though total
nephroureterectomy is performed, subsequent bladder cancer
oceurs in 15-509%. d) When superficial bladder cancers are
resected by transurethral procedure, subsequent bladder cancers
arising in the normal appearing bladder mucosa are 50-80%.
e) After complete removal of the bladder and prostate, incidence
of subsequent urethral cancer is 4-17% (Ref.3)).

urinary tract.

In this review, urinary reconstruction will be dis-
cussed in relation to cystectomy from the standpoints of
multiple, tumor development in the entire urinary tract
and the function of a neobladder.

Carcinogenesis in the wurinary tract.
Characteristic patterns of transitional cell carcinoma
(TCC). TCC can be classified as papillary carcinoma,
nodular carcinoma and carcinoma in situ (CIS)
according to their gross and microscopic configuration.
Papillary carcinomas usually develop in multiple forins
and frequently recur elsewhere, however, these tumors
usually remain superficial confining to the mucosal
layer, and the prognosis of patients, even treated con-
servatively, is generally fair. On the other hand, nodular
carcinomas are usually deeply invasive when first
observed, and the clinical outcome, even after cystecto-
my, is poor. CIS is a flat lesion with or without reddy vel-
vet-like appearance of the mucosal surface, and
although initially CIS is confined to the mucosal layer,
CIS easily starts to invade to the submucosal or deeper
muscular layer. TCCs are a mixture of these three basic
patterns.'®

Multiple development of TCC in lhe urinary
tract. Multiple development of TCC in the entire urinary
tract has been well documented. For example, renal
pelvic, ureteral, bladder and urethral cancers are some-
times observed in a single case (Fig. 1a). When ordinary
nephrectomy is performed for the renal pelvic and/or
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Table I. Pathological findings of the subsequently and
concurrently resected urethras

No. Cases
Subsequently resected uretiva
Coexistence of papillary and # siti ca 3
Cainsiu 5
Papillary ea 3
[nvasion to the comus spongiosum and cavenosum 7
Concurrently resected uretha
No cancerous tissue 17
Small foci of ca in the corpus spongiosum 1
Small area of dysplasia 1

ureteral cancer, TCC arising in the remnant ureter, i.e.
about one third of the lower part of the ureter, is
reported in 20-58% (Fig. 1b). Consequently, the estab-
lished state of the art operation for TCC of the renal
pelvis and/or ureter is total nephroureterectomy indi-
cating removal of the kidney, total ureter with resection
of the small part of the bladder. Even such an operation
is performed, however, a 15 to 50% incidence of subse-
quent TCC in the bladder is reported (Fig. 1c). When
superficial papillary TCC of the bladder is treated by
transurethral resection (TUR), the subsequent. develop-
ment of tumors having a similar nature in the normal-
appearing bladder mucosa is reported to be 50-80% (Fig.
1d). After cystoprostatectomy (removal of the bladder
and prostate) for bladder cancer in men, a 4-17% inci-
dence of cancer in the remaining urethra is reported'
(Fig. 1e). In female patients, involvement of the urethra
in relation to bladder cancer is reported to be 1.4-
36%.""

These data should be taken into consideration
when we perform nephroureterectomy (removal of the
kidney and ureter) or cystectomy and for the follow-up
plans of the upper and lower urinary tract and the con-
tralateral urinary tract assuming them as a single unit.
from the renal pelvis to the urethra.

Selection of urinary reconstruction in relation to
carcinogenesis. When a patient is indicated for cystec-
tomy as the treatment of invasive bladder cancer, basi-
cally three different options of selecting 1 of 3 types of
urinary reconstruction are provided to the patients and
families as information: (1) an ileal conduit, (2) a cuta-
neous continent reservoir requiring self-catheteriza-
tion, or (3) an orthotopic neobladder anastomosed to the
urethra to ensure urethral voiding. Presently, type (2) is
not commonty used because patients do not choose this
type of reconstruction mainly because type (2) seems to
be intermediate of types (1) and (3). From the carcino-
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pTa. papiflary carcinoma

invasion to the corpus spongiosum and cavernosum

Fig. 2. Typical pathological findings in the resected urethra. Prostatic side is at left and
meatus of urcthra is at right side. Each specimen was examined by vertical or hori-
zontal sections as indicated (Ref. 18). pTis indicates carcinoma ¥ silve on the surtace
of the urethral mucosa. pTa indicates papillary superficial cancer without submucosal

invasion.

geneic standpoint, an orthotopic neobladder anasto-
mosed to the urethra is the biggest issue to be discussed.
In male bladder cancer patients, urethral recurrence of
TCC after cystoprostatectomy is reported to be 4-17%
(Fig. 1¢). In our series of patients analyzed by Tobisu et
«l.,"” of 169 male patients who underwent cystectomy
for bladder cancer, 18 (10.6%) demonstrated subseqguent
urethral cancer within 5 years after cystectomy. Risk fac-
tors for subsequent urethral cancer were analyzed in
terius of the grade, stage, number, size, location and
gross pattern of bladder cancers in the cystectomized
specimens. Signilicant risk factors in bladder cancer rej-
evant. to the later development of cancer in the
retained urethra were papillary cancers, multiple can-
cers, and tumors in the bladder neck, prostatic urethra
and prostatic gland. On the other hand, 19 patients with
concomitant CIS and/or multiple turnors in the bladder
compatible to the above-mentioned risk factors under-
went simultaneous prophylactic urethrectomy with
cystectoruy in the same observed period. Of them, 17
(89%) of 19 had no pathological lesion in the resected
urethra (Table I). As is indicated in Fig. 2, pathological
findings observed in the urethra subsequently resected
after cystectomy were versatile but the urethra simulta-
neously resected with cystectomy exhibited almost no

pathological lesions. Possible reason to explain this
extreme difference may be that, the urine stream is pre-
served in the latter cases until simultaneous removal of
the bladder, prostate and urethra (cystoprosta-
tourethrectomy). To support this hypothesis, urethral
cancer development is not commonly observed and is not
a serious problem for patients who undergo repeated
TUR for multiple, frequent recurrences in the bladder.
This hypothesis together with above mentioned risk
factors for urethral cancer development in relation to
bladder cancer supports our idea to reconstruct the uri-
nary tract by anastomozing the neobladder to the ure-
thra. Regarding urethral cancer after cystectomy, male
patients are carefully analyzed, however, the incidence
and characteristics of urethral involvement in female
patients with bladder are not well documented. One rea-
son for the very few amount of data may the principle of
routine urethrectomy together with cystectomy is well
established in female patients because the female ure-
thra is short and easy to remove with the bladder. A 1.4%
incidence of urethral involvement was observed during
follow-up cystoscopy in 293 female patients with bladder
cancer.'"” A few studies of bladder cancer were reported
urethral involvemnent in cystourethrectomy specimens ?”%"
We reviewed 47 consecutive step-sectioned cys-
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Fig. 3. Urethml involverent in 47 cystourethrectomy specimens in female bladder cancer
(Ref.17)). Bladders are sagittally opened and lower part. of the diagram indicates the urethra.

tourethrectomy specimens of bladder cancer in female
patients to determine the incidence and characteristics
of bladder cancer with the involvement of the ure-
thra.'™ Of the 47 cases, 10 (23%) were papillary, 9 (21%)
papillonodular that. is intermediate between papillary and
nodular carcinoma and 18 (42%) nodular carcinoma, and
6 (14%) primary or secondary CIS. There were 23
cases (54%) of invasive carcinoma of more than stage
pT1and 27 (63%) were grade 3 lesions. Urethral cancer
was observed in only 3 cases (Fig. 3): 1 stage pT4, grade
3 papillonodular carcinoma developed widely in the
bladder and, overriding the bladder neck and proximal
urethra, stage pTa, grade 2 papillary cancer, was
detected, while in 2 with nodular invasive lesions of the
bladder including bladder neck, urethral cancer was
detected either as a direct invasive extension via urethral
CIS or as an intralymphatic spread without urethral
mucosal change. These findings indicate the necessity for
prophylactic urethrectomy in cases of papillary or
papillonodular carcinoma encroaching on the bladder
neck, and nodular invasive carcinoma infiltrating the
bladder neck and trigone. Based on those analyses, by
only removing the bladder, we successfully treated the
first female bladder cancer patient by a neobladder
anastomozing to the retained urethra.™ Later, a large
series of orthotopic neobladder for female bladder cancer
patients including our series of patients were reported.”

Ureteral involvement in association with bladder
cancer such as in a manner of spread of CIS is-well doc-
umented. Consequently, it is a routine to examine the
proximal end of the ureters by frozen section during cys-
tectomy whether there is any CIS or cancerous lesions in
the cut end of the ureters. Margin-free ureters must be
used for ileal conduit, or various forms of neobladder. in
addition to this, when urinary tract is reconstructed after

cystectomy via ileal conduit or neobladder, the incidence
of appearing subsequent. cancers in the remaining renal
pelvis and/or ureter is reported to be 2-4%.%" Bilateral
involvement of the renal pelvis and ureter (synchronous
or metachronous) occurs in 2-5%” of sporadic cases.
Although the possibility is low, we have to be carelul and
always bear in mind this possibility.

Reconstruction of the urinary tract after cys-
tectomy. Reconstruction of the urinary tract, particu-
larly after cystectomy, must be planned from the two
points, i.e., carcinogenic nature of remaining urinary
tract, and postoperative function of the urinary tract and
quality of life (QOL) of patients.

History. In 1852, Simon®” performed the first con-
tinent urinary diversion in a patient with ectopic bladder
using ureterorectal anastomosis. In 1911, Soffey”™
reported a physiologic implantation of the ureters to the
sigmoid colon and in 1913, Lamoine™ reported the first
use of the true rectal bladder i.e., implanting both
ureters to the rectum using the rectum as a blacdder.
Since 1913 ureterosigmoidostomy, implanting both
ureters to the sigmoid colon, has been utilized as a major
means ol continent urinary diversion. With increased
clinical experience, problems associated with
ureterosigmoidostonmy, such as recurrent, pyelonephritis
due to ureteral reflux, hyperchloremic acidosis, and the
possibility of later colonic cancer deve]opmem:,"‘”’ have
become apparent. Development of mainly adenocarci-
noma, occasionally TCC has heen reported near the site
of anastomosis between the ureters and sigmoid colon.
Leadbetter™ reported 45 cases arising cancer afler
ureterosigmoidostomy during 50 years. Physical irritation
by fecal stream is thought to be one reason and the risk
of developing this sort of cancer in patients who under-
went ureterosigmoidostomy is 500 times higher than nor-
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Fig. 4. Comparison of calculated capacities of (A) an intact 20 cm tube having 34 cm
diameter and of (B) same segment opened lengthwise and folded upon itself (Ref. 38)).

mal controls.®? This risk is evaluated as 5% for 6-50 years
after ureterosigmoidostomy. Hydronephrosis appearing
in patients who underwent ureterosigmoidostomy must
be carefully checked bearing in mind the possibility of
carcinoma near the ureteral anastomoses. In 1950,
Bricker™ first reported reconstruction of the urinary
tract using an ileal conduit. This technique is widely
accepted as the major procedure for urinary tract
reconstruction. In 1951, Couvelaire reported the first
clinical use of bladder substitution, a kind of neobladder
from the present meaning, through an anastomosis of the
isolated ileum to the urethra. In 1985, Carney™ used an
isolated U-shaped ileum anastomosis to the urethra as a
continent urinary diversion in more than 150 patients.
Unfortunately, nocturnal incontinence due to increased
pressure of the ileal segment resuiting from ileal peri-
stalsis occured. For a long time this type of procedure
was used sporadically. In 1982, Kock et al.*” reported on
their pioneering use of a detubularized ileal segment i.e.,
opening the lumen of ileal tube and to use it as a ileal
plate, a continent reservoir. With this breakthrough, an
almost explosive interest in continenp urinary recon-
struction using cutaneous and urethrally anastomosed
forms occurred throughout the world.

Theoretical considerations. The neobladder pro-
cedure involved postcystectomy construction usmg a
segment of the patient's own intestine to form a new
almost natural-like bladder. Ideally this neobladder
must achieve high compliance, i.e., low pressure in

neobladder, continence, and nonrefluxing reservoirs.

that allow adequate capacity and preservation of upper
urinary tract function. The purpose of bladder replace-
ment with an internal reservoir is not to improve survival
of patients after cystectomy for bladder cancer but to

improve quality of life. The status of continence and
upper urinary tract function are evaluated by a normal
micturition pattern, 24-hour continence, serum creati-
nine levels, and intravenous pyelography. QOL and
functional comparison among various procedures of
urinary tract reconstruction®®*” have been reported.

The basic principles of a neobladder, including
configuration of reservoir, accommodation, viscoelastic-
ity and contractility have been thoroughly reviewed by
Hinman® from the standpoints of physics, mathematics,
and hydraulics. The configuration, and studies of the vol-
ume of the reservoir (height x radius®) showed that the
detubularized, folded pouch had almost twice the volume
of the original ileal segment (Fig. 4). Interestingly,
accommodation, volume to mural tension and vis-
coelasticity or compliance depend on the physical char-
acteristics of the reservoir wall, and contractility
depends on the motor functions of the bowel.

The clinical success of a neobladder is principally
related to its reservoir geometry. The selected bowel seg-
ments are opened (detubularized) along the antimesen-
teric border and refashioned into various shapes, such as
a U, S, M or W resembling to the shape of alphabet.
Different reservoir shapes produce different character-
istics in length and location of selected bowel, radius, and
volume of the reservoir. .

Quality of life afier reconstruction of the urinary
tract. lleal conduit is the time-honored procedure since
1950 and significant number of patients underwent this
surgery all over the world. In principle, this surgical pro-
cedure needs to apply urine-collecting pouch to the
stoma where the distal end of ileal conduit is anasto-
mosed to the skin. This pouch must be changed to the
new one every 5 to 10 days. Patients must discard the
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urine from pouch when it is full, 5-6 times a day. If the
urine extravasates to the space between the stoma and
pouch, severe dermatitis around the stoma occurs.
Unexpected urine leakage may sometimes occur from
the stoma. Renal pelvic stones may arize. These are the
main clinical issues associated with ileal conduit. With
neobladder, when successfully constructed, patients
can enjoy almost normal life by voiding the urine from
the urethra even after cystectomy. However, this proce-
dure is relatively new compared to ileal conduit, we have
only 10 to 15 years observation period after construction.
About 10-15% of patients suffer from incontinence,
particularly while sleeping, and approximately 10-15% of
patients cannot void necessitating intermittent self-
catherization indicating to introduce a catheter from the
urethra to the neobladder. As a long-term sequelae, stone
formation in the neobladder is known and hyper-
chloremic acidosis by absorbing the electrolytes in the
urine stored in the neobladder, or excretion of calcium
resulting in osteoporosis, particularly elderly female
patients are also known. Consequently, both proce-
dures have characteristic merits and demerits, respec-
tively.

In summary, urinary reconstruction after cystecto-
my should be considered from the carcinogenic stand-
point and the function of reconstructed urine flow
route. -

As was stated earlier, the variety of cancerous
changes observed in the 18 patients with urethral
recurrence is in sharp contrast to the simultaneously
resected urethras of 19 patients with almost no cancer-
ous changes (Table I, Fig. 2). The shedding of cancer
cells from malignant urethral tissue by urine flow
appears to be an important mechanism when considering
the very low incidence of urethral recurrence in the large
-numbers of patients who undergo repeated
transurethral resections for multiple papillary bladder
cancers (unpublished). Shed -bladder cancer cells
spilled in the urethra during cystectomy procedure are
left intact in the remnant urethra because there is no
urine flow after cystectomy. They are harvested in the
urethra during the months or years after cystectomy.
This mechanism may explain the difference shown in
Table I. In addition, recent molecular evidence®'® indi-
cates that the implantation of cancer cells may provide
an explanation for the multiple development of TCC in
the urinary tract.

For a support of this hypothesis, we are seeking
molecular evidence to prove the same molecular
changes in the bladder cancer and the urethral cancer.
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However, we are so far unsuccessful to obtain appropri-
ate specimens to analyze. Should this be the case, sub-
sequent urethral cancer development may not be a hin-
drance to neobladder construction when patients at
high risk for urethral cancer are excluded.
Conclusion. Urinary reconstruction after cystec-
tomy for bladder cancer has a long history. Modern sur-
gical technique revolutionalized the procedure of
reconstructions using patient’s own intestine for a
neobladder. Theoretical consideration must be added to
construct the neobladder from the standpoints of the
function of neobladder, selection of the bowel, shape and
size of the reservoir in terms of length and radius. At the
same time, when neobladder is anastomosed to the ure-
thra to assure voiding from the urethra after cystectomy, -
carcinogenic risk factors of developing subsequent can-
cers in the urethra both in male and female patients must
be seriously considered. In this respect, contribution
from Japan was great as was reviewed in this article.
QOL and cure of the disease are two most important fac-
tors when cystectomy is indicated for a patient with blad-

- der cancer. Highest QOL and/or function of the

neobladder and the lowest risk of the subsequent car-
cinogenesis must be compromised reasonably for each
patient.
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We produced lethally irradiated retrovirally GM-CSF-transduced autologous renal tumor cell
vaccines (GVAX) from six Japanese patients with stage IV renal cell cancer (RCC). Four patients
received GVAX ranging from 1.4 x 10® to 3.7 x 10® cells on 6 ~17 occasions. Throughout a total of
48 vaccinations, there were no severe adverse events. After vaccination, DTH skin tests became
positive to autologous RCC (auto-RCC) in all patients. The vaccination sites showed significant
infiltration by CD4™ T cells, eosinophils, and HLA-DR-positive cells. The kinetic analyses of cellular
immune responses using peripheral blood lymphocytes revealed an enhanced proliferative
response against auto-RCC in four patients, and cytotoxicity against auto-RCC was augmented in
three patients. T cell receptor B-chain analysis revealed oligoclonal expansion of T cells in the
peripheral blood, skin biopsy specimens from DTH sites, and tumors. Western blot analysis
demonstrated the induction of a humoral immune response against auto-RCC. Two of the four
patients are currently alive 58 and 40 months after the initial vaccination with low-dose interleukin-
2. Our results suggest that GVAX substantially enhanced the antitumor cellular and humoral
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immune responses, which might have contributed to the relatively long survival times of our

patients in the present study.

Key Words: GM-CSF, renal cell cancer, CD4" T cell, CD8" T cell, T cell repertoire

INTRODUCTION

Each year, approximately 3000 people die of renal cell
cancer (RCC) in Japan [1]). Conventional treatments, such
as surgery, chemotherapy, radiotherapy, and cytokine
therapies, have not been established for stage IV RCC.
Approximately 25% of RCC patients have metastatic
disease at the time of diagnosis, and RCC sufferers have
a reported 2-year survival rate of less than 20% [2). As
RCC is considered an immunogenic tumor, various types
of antitumor immunotherapy have been reported that
use cytokines, such as interleukin-2 (IL-2) and interferon-
a; cell therapy with LAK; or nonmyeloablative stem cell
transplantation. As all of these therapies have their
limitations, the introduction of more specific antitumor
immunotherapy with less toxicity is required [2-8].
Granulocyte-macrophage colony-stimulating factor
(GM-CSF)-secreting cancer cell vaccines, which are
generated from cancer cells by ex vivo gene transfer,
have been shown to elicit tumoricidal antitumor
immune responses in a variety of animal models and
in human clinical trials [9-11]. Irradiated GM-CSF-
secreting cancer cell vaccines are thought to induce
antitumor immune responses by recruiting antigen-
presenting cells, such as dendritic cells (DCs), to the
site of immunization. DCs, which are the most potent
immunostimulatory antigen-presenting cells, are known
to activate antigen-specific CD4* and CD8" T cells, by
priming them with oligopeptides that are processed
from the lethally irradiated dying cancer cells. The
antitumor immune reaction induced by GM-CSF-trans-
duced tumor cells has been reviewed previously [11].
Since the initial clinical report on the use of a GM-
CSF gene-transduced tumor vaccine [10], there have
been a number of clinical studies applying this tech-
nology to the treatment of melanoma, renal cell
carcinoma, prostate cancer, pancreatic cancer, and
non-small-cell lung cancer. All of these clinical studies
were performed without any severe adverse events [12-

22). In a clinical study examining RCC, Simons et al. -

reported a randomized, double-blind dose-escalation
study with equivalent doses of autologous, irradiated
RCC vaccine cells, with or without ex vivo human GM-
CSF gene transfer. GM-CSF gene-transduced vaccines
were equivalent in toxicity to nontransduced vaccines
up to the feasible limits of autologous tumor vaccine
yield. There was no dose-limiting toxicity, no evidence
of autoimmune disease, and no replication-competent

retrovirus encountered in 18 patients receiving full
follow-up care. This phase 1 study demonstrated the
feasibility, safety, and bioactivity of autologous GM-CSF
gene-transduced tumor vaccines for RCC patients. An
objective partial response- was observed in one of the
three patients who received 1.2 x 10® GM-CSF gene-
transduced cells and showed the largest delayed-type
hypersensitivity (DTH) conversion [13,14]. However,
the optimum number of GM-CSF-transduced autolo-
gous renal tumor cell vaccine (GVAX) cells for use in
vaccination and boosting and the optimum frequency
of cell administration remain to be determined.

To determine more précisély whether GM-CSF-secret-
ing RCC vaccines can be used safely to induce
antitumor immunity in advanced RCC patients, we
conducted a clinical trial of this treatment strategy. Our
clinical protocol consisted of tumor resection by
nephrectomy, the establishment of primary RCC cul-
tures, and ex vivo gene transfer, which was carried out
in our own cell-processing facility [23]. The minimum
dosage of the vaccine cells was set according to the
previous report on RCC by Simons et al. [14], and the
booster schedule was based on a previous report on
non-small-cell lung cancer by Soiffer et al. [16]. This
was the first clinical trial of human gene therapy for
cancer patients approved by the Japanese government
and performed in Japan. The results of the present
study indicate that this novel RCC immunotherapeutic
regimen, which features vaccination with GM-CSF-
secreting, irradiated autologous RCC tumor cells, is
feasible, safe, and capable of eliciting systemic immune
responses against RCC tumor cells. Furthermore, these
patients, some of whom also received systemic low-dose
IL-2 therapy, have been followed up on an outpatient
basis.

RESULTS

Case Presentations

Forty patients suffering from either primary RCC with or
without metastases or postoperative relapsed RCC were
evaluated at our hospital between July 1998 and March
2001. Of these, 6 preoperative patients with stage IV RCC
(UICC classification 1997) with metastatic lesions were
allowed to participate in the present clinical study by our
ethics committee, based on clinical condition and
eligibility criteria listed under Patients and Methods. As
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TABLE 1: Patient characteristics and clinical response to GVAX

Patient
1 2 3 4
Age (years)/sex 60/male 71/male 57 Hemale 50/male
Tumor site
Primary Right RCC Right RCC Left RCC Left RCC
Metastases Lung, liver Sacral bone Liver, lung Lung
Previous therapy None Sacral irradiation None None
GM-CSF production® (ng/1 0° cells/24 h) 49 98 51 16
No. of GVAX treatments 10 17 15 6
Vaccinated total cell number 2.2 x 108 3.7 x 108 3.2 x 10° 1.4 x 10°
Adverse events
Systemic Low-grade fever Low-grade fever None None
Local Erythema, pruritis Erythema, pruritis Erythema, pruritis Erythema, pruritis, blister
Eosinophil number® (/ul; mean * SD) 718 £ 76 437 + 306 226 + 283 390 + 150
Clinical response PD sD PD PD, MR
Survival (months from first vaccination) 7.5¢ >62 45¢ >44

PD, progressive disease; SD; stable disease; MR, mixed response.

® GM-CSF production rate from each autologous GM-CSF-transduced RCC.
b Eosinophil number was measured 48 h after vaccination.

€/Patient passed away.

2 patients, a 48-year-old Japanese man having right RCC
with multiple lung metastases.and a 58-year-old Japanese
man having right RCC with metastases to the right
clavicle, bilateral lung, and liver, were excluded from
this study because their GM-CSF-transduced RCC cells
did not produce enough GM-CSF to satisfy the eligibility
criteria as described under Autologous Vaccine Yield and
Gene Transfer, 4 patients received GVAX.

The first patient (Case 1), a 60-year-old Japanese
man, was diagnosed in August 1998 with RCC of the
right kidney with multiple lung and liver metastases.
His largest metastatic tumor, which was located in the
right hilar region, was calculated volumetrically as 135
ml by computed tomography (CT) scan. The vaccine
preparation used, his clinical course, and the autopsy
findings have been reported previously [24]. Further-
more, he received a total of 2.2 x 10® GVAX cells over
10 subcutaneous injections. The adverse events he
experienced during vaccination are summarized in
Table 1. He received gamma knife irradiation for his
brain metastases and was initiated with low-dose
(700,000-140,000 IU) recombinant IL-2 (fIL-2; lmu-
nace, 350,000 1U/vial; Shionogi, Osaka, Japan), which
was administered intravenously according to the
patient’s request. One week after the start of the rlL-2
treatment, the patient’s right hilar mass lesion became
smaller and decreased by 30% of the total volume
within 1 month (Fig. 1A). Unfortunately, this patient
died of multiple RCC metastases on July 8, 1999, 10
months after nephrectomy and 7 months after the start
of GVAX vaccination (Fig. 2A).

The second patient (Case 2), a 71-year-old Japanese
man, was diagnosed in December 1998 with a sacral

tumor that metastasized from RCC of the right kidney.
He received a total dose of 30 Gy of irradiation of the
sacral metastasis in February 1999 for severe pain, which
was followed up with spinal- anesthesia and oral mor-
phine sulfate. The patient was nephrectomized on April
6, 1999, 43 days after the local irradiation, and pathology
showed clear cell carcinoma. He received a total of 3.7 x
108 GVAX cells in 17 subcutaneous injections from June
3, 1999, to February 3, 2000. The adverse events he
experienced during vaccination are summarized in Table
1. His pain at the sacral area disappeared completely after
the 5th vaccination, and oral morphine sulfate was
discontinued. He experienced mechanical ileus due to
nephrectomy after the 13th vaccination, which resolved
after a few days of iv fluid treatment. The ileus was not
related to the vaccination, and no recurrence of the ileus
was noted after 4 further vaccinations. During the course
of vaccination, the growth rate of the sacral tumor was
stable as assessed by CT scan. His clinical course with the
change in tumor size is described in Fig. 2B. The serum
level of the nonspecific tumor marker immunosuppres-
sive acidic protein returned from double the normal level
“to normal after the 6th vaccination, and a thallium scan
showed decreased uptake of thallium at the tumor site on
completion of the vaccination protocol (data not shown).
Eleven months after the start of vaccination, pathological
examination of the biopsied sacral bone specimen
showed no RCC. This patient had been doing well
without any treatment, with a performance status of
zero, until he experienced a dull pain in his right femoral
area in late November of 2001, 29 months after the 1st
vaccination. He was diagnosed as having a 1-cm lytic
metastasis in the right femoral bone. He received local
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Case 1 (chest X-P)
d148 d 166

(IL-2 infusion)

d 186

(just after 10th vacc.)

Case 4 (CT)
d-9 d 105

(IL-2 infusion)

140 d 245

(pre 1st vacc.)

FIG. 1. Size change of the lung metastases in Cases 1 and 4 during the observation period after GVAX vaccination. (A) In Case 1, the size of the .r'ight hilar tumor,
the largest metastatic lesion, became smaller after 1 week of low-dose IL-2 (d 166, day 166) and decreased by 30% after 1 mornith of low-dose IL-2 compared
with the tumor just after the 10th vaccination. Chest X-ray films are presented. (B) In Case 4, the size of the left lung metastasis became smaller during
vaccination as shown on two films for comparison between prevaccination and 105 days after the 1st vaccination. After the start of low-dose IL-2 between days

105 and 245, both the metastatic lesions in the left lung and those in the right lung became smaller. CT scan films are presented.

irradiation at a dose of 30 Gy to his femoral metastasis
followed by daily low-dose 1IL-2 (700,000-140,000 IU).
His performance status at present, 58 months after the
start of vaccination and with low-dose rIL-2 (350,000 IU)
treatment, is zero.

The third patient (Case 3), a S7-year-old Japanese
woman, was diagnosed in October of 1999 with RCC of
the left kidney with multiple liver and lung metastases.
She was nephrectomized on December 9, 1999, and the
pathology showed clear cell carcinoma. She received a
total of 3.2 x 10® GVAX cells in 15 subcutaneous
injections, from February 22, 2000, to September 19,
2000. The adverse events she experienced during vacci-
nation are summarized in Table 1. During the course of
vaccination, the growth rate of the multiple liver tumors
slowed, but the numbers and sizes of the masses did not
decrease as assessed by CT scan (Fig. 2C). The sizes of the
metastases in her right renal pelvis and lungs, observed
on CT scan, were stable during vaccination. Her perfor-
mance status was maintained at zero. After completion of
the vaccination regimen, she requested systemic rIL-2
and interferon-a, but the cytokine treatments were
discontinued due to the appearance of liver dysfunction,
which resolved after discontinuation of cytokines. There-

after, she received monthly-LAK (lymphokine-activated
killer cells) therapy, upon her request. However, her
metastatic lesions gradually increased, and she ultimately
died of multiple RCC metastases on-November 3, 2003,
47 months after nephrectomy and 45 months after the
start of GVAX vaccination.

The fourth patient (Case 4), a 50-year-old Japanese
man, was diagnosed in July of 2000 with right RCC with
multiple lung metastases. He was nephrectomized on
September 20, 2000, and pathology showed clear cell
carcinoma. He received a total of 1.4 x 108 GVAX cells in
six subcutaneous injections from December 13, 2000, to
February 20, 2001. The adverse events he experienced
during vaccination are summarized in Table 1. During
the course of vaccination, the growth rate of the largest
lung tumor slowed, and several tumors disappeared or
were reduced in size, i.e., a mixed response was obtained.
However, the sum of all the masses was increased, as
assessed by CT scan. After the sixth injection, he was
found to have a metastatic brain lesion with a maximum
diameter of 1 cm, and the vaccination was discontinued
according to our eligibility criteria. He received gamma
knife irradiation to his brain metastasis and low-dose 1lL-
2 (700,000-140,000 IU) was initiated, which was given
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FIG. 2. Clinical summary of the four stage IV RCC patients (Cases 1 to 4) who received GVAX. The days of each vaccination are indicated by the short arrows, and
the upper numbers signify the number of vaccinations. The long arrow indicates the time of nephrectomy of an RCC that involved the kidney. The tumor volume
of each target metastatic lesion was measured periodically by CT scan or MRI. in Cases 1 and 4, low-dose IL-2 was administered after vaccination, upon request
by the patients. The sacrum and brain were irradiated in Cases 2 and 4, respectively, to contro! sacral pain and brain ederna.

subcutaneously, according to the patient’s request. One
month after the start of the rIL-2 treatment, the patient’s
total lung tumor volume was reduced and decreased to
30% of the peak volume over 3 months (Figs. 1B and
2D). His metastatic brain tumor was resected in January
of 2002, and his performance status at present, 40
months after the start of vaccination and with low-dose
111-2 (350,000 1U) treatment, is zero.

Autologous Vaccine Yield and Gene Transfer

In this trial, we generated the primary RCC cultures from
large, advanced cancers with some areas of necrosis. The
rate of successful vaccine cell expansion was 100% (6/6).
In our preclinical models, the expression of paracrine
GM-CSF by vaccine cells at levels higher than 40 ng/10°
cells/24 h induced antitumor immunity, and thus, we
excluded cases producing less than this level from the
present study [13,14]. A single transduction with MFGS-
GM-CSF generated. GM-CSF secretion levels of >40 ng/
10°¢ cells/24 h in four of the six patients (66.6%) and

their production levels are shown in Table 1. The level of
GM-CSF secretion by nontransduced cells ranged from 0
to 19 ng/10° cells/24 h. We excluded two of the patients,
who had GVAX production of only 20 and 12.4 ng/10°
cells/24 h, respectively, from our study. Cells from these
individuals incorporated fewer copies of the integrated
GM-CSF cDNA, and the cell doubling times were
approximately two times greater than those of the cells
producing >40 ng/10° cells/24 h GM-CSF (data not
shown). 1t is likely that the extended cell doubling times
resulted in poor GM-CSF transduction efficiency in the
two excluded cases.

Safety of Administration and Systemic Toxicities

All of the six patients’ primary cultures met the vaccine
cell yield specifications for at least six injections.
Importantly, the tests for microbial contaminants gave
negative results for all six GM-CSF-transduced products.
All four patients, designated Cases 1, 2, 3, and 4,
satisfied all of the eligibility criteria for this study and
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received vaccinations (Table 1). No surgical complica-
tions were encountered that would preclude subsequent
vaccination, although Case 1 had mechanical ileus 30
days after nephrectomy, which was before vaccination,
and Case 2 had ileus 219 days after nephrectomy,
between the 12th and the 13th vaccine injections.
These symptoms were resolved by intravenous fluid
replacement for several days. In the latter case, ileus
was thought to be a late adverse event related to
nephrectomy, but not vaccination because reinitiation
of vaccination did not cause any other ileus symptoms.
When vaccine yield and clinical status permitted, we
performed muitiple vaccinations for analysis of cumu-
lative side effects. Cases 1, 2, 3, and 4 received GVAX
at 66, 58, 75, and 84 days after nephrectomy, respec-
tively. They received 48 fully evaluable, 14-day treat-
ment cycles. Finally, Cases 1, 2, 3, and 4 received total
cell doses of 2.2 x 108, 3.7 x 10%, 3.2 x 10°, and 1.4 X
108, respectively. During the vaccinations, we observed
no hepatic, renal, pulmonary, cardiac, neurological, or
gastrointestinal toxicities in any of the patients other
than mechanical ileus in Case 2 as stated above. We
observed significant increases in the numbers of
peripheral blood eosinophils, but not other leukocytes,
after immunization, as shown in Table 1, and the peak
eosinophil level gradually increased in each case after
repetitive vaccinations (data not shown). We -did not
observe the two most concerning toxicities, vaccine
site-specific ulceration and development of acute auto-
immune disease and, specifically, nephritis in unineph-
ric patients, except in Case 4, who experienced blister
formation at the vaccination site following the 6th
vaccination (Table 1). We detected no RCR (replication-
competent retrovirus) during the postvaccination fol-
low-up period in any of the four patients who received
the vaccine cells. The apparent lack of acute, systemic
toxicity in this trial was paralleled by the lack of
plasma elevation of GM-CSF in pharmacokinetic studies
following treatment (data not shown). Follow-up obser-
vations for long-term toxicity, including autoimmune
disease, have been under way on our two surviving
patients, Cases 2 and 4, and no vaccine-related long-
term toxicity has been noted to date.

Phenotype of Cells at the Sites of Vaccination

Although there was some individual variation, we noted
significant infiltration by CD4* T cells and eosinophils
by day 30 (after the third vaccination); Case 3 had
modest eosinophilic but intense mononuclear _cell
infiltration throughout the course of the vaccination
protocol. Thereafter, these cell infiltrations were reduced
in Cases 1 and 4, but increased in Cases 2 and 3. We
could detect CD68* macrophages and CD20cy-positive B
cells as minor populations, but their levels were unal-
tered during the course of the vaccination protocol. The
level of HLA-DR expression by infiltrating cells was

initially low, but increased by day 30. Intradermal $100*
dendritic cells were occasionally observed in most cases.
These findings were comparable with previous reports
[14-20].

Delayed-Type Hypersensitivity Reactions

DTH tests using Multitest CMI showed that Cases 1 and 3
had anergic scores and Cases 2 and 4 had normal scores,
i.e.,, within the range seen for normal volunteers or
patients with localized cancer (data not shown). As
shown in Table 2, we did not observe significant DTH
reactions (>10 mm) to unpassaged, irradiated autologous
RCC cells in any of the four patients prior to treatment.
Following vaccination, we observed significant DTH
reactions in all patients and they were strongest after
the sixth vaccination. We also observed DTH reactions to
normal renal cells (NRCs), but these reactions were
almost always smaller than those to RCC cells.

We examined pathological phenotypes and numerical
analysis of the DTH reactions. In all four cases, significant
DTH reactions against RCC were induced by days 24-28
(following the second vaccination), compared with the
day O controls (prevaccination). CD4" T cells were more
dominant than CD8* T cells at the sites of DTH reaction,
followed by CD68* macrophages and a few B cells, which
was a common feature of DTH in all cases. We also
observed various degrees of eosinophilic infiltration with
degranulation. There were no significant differences
between RCC and NRC with regard to the phenotypes
of the cells in the DTH reaction, although more intense
cell infiltration was observed against RCC than against
NRC (data not shown). Although we detected significant
DTH reactions until day 133 in Case 1, we observed a
certain degree of attenuation in other cases.

Immunophenotypic Analysis of Tumor-Infiltrating
Lymphocytes (TILs)

We performed immunophenotypic analysis of TILs for
Case 1. Immunohistochemical analysis revealed that
CD4* T cells were the predominant infiltrating cell type
in pretherapy primary tumors, followed by B cells (data
not shown). Fig. 3 shows TILs in perivascular areas (Fig.
3A), around the foci of tumor cell apoptosis (Figs. 3B
and D), and in an unremarkable area {Fig. 3D), within
biopsied skin metastatic RCC specimens that were
obtained 5 months after initiation of therapy. Regard-
less of the area under observation, the T cells in this
specimen were CD8*, and we detected virtually no B
cells. In addition, we observed increased numbers of
CD68* macrophages, especially around the apoptotic
foci. In contrast to the results of the DTH test, we did
not observe eosinophilic infiltration of the tumors (data
not shown). Interestingly, immunophenotypic analysis
of the infiltrating cells at the sites of surgically resected
renal cancer and normal renal tissue, autopsied normal
liver, lung, and Kkidney showed a predominance of
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TABLE 2: immunological findings in patients who received GVAX

Patient
s 1 2 3 4
Response to DTH skin test (mm)®
Prevaccination 7x7/6 x4.5 0x0/4 x2 3x6/2x6 0x0/2x2
Peak reaction 85 x 65/30 x 35 (6)° 15 x 15/10 x 10 (6)° 25 x 25/2 x 1 (9)° 17 x 11/22 x 18 (6)°
Lymphocyte proliferation (cpm)
Prevaccination 5,513 5,385 1402 1550
Post third 11,637 16,486 2836 6084
Post sixth 15,845 40,578 2442 6445
Cytokine production (pg/mi)
IFN-y
Prevaccination 2746 ub 50 102
Post third 4952 199 481 uD
Post sixth 3568 394 967 ubD
IL-5
i Prevaccination ub uD 395 128
; Post third 1124 uD 863 1331
Post sixth 2088 792 1850 3017
IL-10
Prevaccination 170 ubD ub ub
Post third 80 uD 43 254
Post sixth 235 155 130 297
Cytotoxicity assay (96)
Prevaccination 62.8 0.2 16.0 13.0
Post third 514 17.0 52.9 21.0
Post sixth 45.3 27.3 36.8 27.5
TCR VB gene-segment PB: 9,14,15,17 PB: 1,7,10,11,21 PB: 4,18 PB: 21,23
& repertoire analysis TIL: 10,17,21 DTH: 10,17 DTH: 1 DTH and Vac: 4,7 Vac: 9 DTH: 21
UD, under the detection level; PB, peripheral blood; TIL, tumor infiltrating lymphocytes; DTH, delayed type hypersensitivity.
2 DTH reactions were examined using cuttured autologous RCC cells/normal renal cells as antigens.
| ® The numbers in parentheses show that peak DTH reactions were observed after sixth or ninth vaccination.

CD4" cells, whereas analysis at the sites of biopsied or
autopsied tumor tissues obtained after vaccination or
after vaccination followed by low-dose IL-2, respec-
tively, showed a predominance of CD8" cells (data not
shown).

Vaccination Enhances the Proliferative Responses and
Cytokine Production Against Autologous Tumors

We assessed the cellular immune responses using the
peripheral blood mononuclear cells (PBMC) of patients
who received GVAX. PBMC proliferated well in
response to autologous RCC cell stimulation at all
times tested (Table 2). In Case 2, the proliferative
response observed before vaccination was augmented
after vaccination. In all cases, vaccination markedly
enhanced the proliferative responses to autologous RCC
in the presence of IL-2. Especially, in Cases 2 and 4,
those with prolonged clinically stable disease, the
proliferative responses against autologous tumor cells
remained high until the end of the study (data not
shown).

IFN-v in cultures stimulated with autologous RCC was
enhanced after the initial vaccinations in Cases 1, 2, and
3, but not in Case 4 (Table 2). Conversely, 1L-5 and IL-10
production was enhanced after vaccination in all cases.
The enhancement of IL-5 seemed to correlate with the
eosinophilia observed after the sixth vaccination. We also
measured IL-4 production, but the levels of this cytokine
were all below the limits of detection (data not shown).

Vaccination Induces Cytotoxicity Against Autologous
RCC, Allogeneic RCC, and Autologous NRC

Case 1 showed comparatively high cytotoxicity against
autologous RCC before vaccination. This level was
maintained until after the fifth vaccination, after
which it decreased. This was consistent with the higher
DTH responses against autologous RCC and NRC seen
in this case (Table 2). In Cases 2, 3, and 4, vaccination
increased and maintained cytotoxicity against autolo-
gous RCC (Table 2, Fig. 4). Moreover, the addition of
F(ab' )2 anti-CD3 mAb efficiently inhibited cytotoxicity
against autologous RCC, suggesting the involvement
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FIG. 3. Immunophenotypic analysis of tumor-infiltrating lymphocytes (TILs) in the RCC tumors of Case 1. TiLs were observed in various areas, particularly (A) in
the perivascular area, (B, D) around foci of tumor cell apoptosis, and (C) in unremarkable areas, within metastatic RCC that were obtained 7 months after the
initiation of therapy. The T cell phenotype in this specimen had been converted to CD8 dominant, and few B cells were detected. To detect tumor apoptosis, the
TUNEL method was applied as described under Patients and Methods.

FIG. 4. Cytotoxicity against autologous RCC in Cases
1 to 4. PBMC were cultured with irradiated GM-CSF-
transduced autologous RCC in the presence of IL-2 for
7 days in 96-well microplates and 'Cr-labeled target
cells were added. After a 6-h incubation, cytotoxicity
was measured as described under Patients and
Methods. Asterisks in the panels for auto-RCC targets
show the cytotoxicity, which was inhibited by more
than 25% by the addition of F(ab')2 anti-CD3 mAb.
Additional experimental values (squares) assessing the
long-term results with additional treatment after the
last vaccinations are also shown. IL-2, the rectangular
bar represents the period of the administration of low-
dose IL-2; R; y-knife, gamma knife treatment was done
for brain metastasis before the administration of 1L-2.

Case 1

Case 2

Case 3

Case 4

-
o
o

(-]

1 23! Sg ; !!%Rﬂtﬁ‘zﬁe

%Cytotoxicity
o
Q

-t
[~
=]

0 50 100 150 200
ey _ &2
12345678 91011121314151617 i
281
743
A " 925
» 951

4h

%Cytotoxicity
-

-
o
(=]

0 50 100 150 200 300 500 700 900

%Cytotoxicity
o 8

-
(=]
(=4

150 200 300 500 700 900

0 50 100

A A A AAAZSNS ife
123456 IL-2$ IL-2

%Cytotoxicity
o 8

0 §0 100 150 200 300 500

806

MOLECULAR THERAPY Vol. 10, No. 4, October 2004
Copyright © The American Society of Gene Therapy

i,



®
.
o
o

doi:10.1016/j.ymthe.2004.07.001

of MHC-restricted T cell receptor (TCR)-mediated
cytotoxicity.

TCR V8 Clonotypic Analysis in DTH, Lung Metastasis,
and RCC

In Case 1, we analyzed TCR VP gene usage in peripheral
blood lymphocytes (2 days before vaccination and after
the 6th and 9th vaccinations) and in tumor-infiltrated
lymphocytes collected from tissue samples from the
original surgically resected tumor, DTH skin biopsy
(biopsied after the 4th vaccination), a metastatic skin
lesion (biopsied after the 10th vaccination), and autopsied
right hilar main lung metastases. We estimated .the
variation in the signal intensity by comparing the ratio
of each VB signal observed in the regressed metastasized
lung lesion with that observed in the nonregressed lung
lesion or at the biopsied RCC or NRC DTH sites. The VP
repertoire, which was overexpressed in the former sample,
but not in the latter, was considered to indicate strong
candidate T cell clones that were specifically _induced by
GVAX. In Case 1, we observed oligoclonal expansion of T
cells with VB 9, 14, 15, and 17 repertoires in peripheral
lymphocytes after the 9th vaccination (Fig. 5A). T cells
with VB 10, 17, and 21 repertoires infiltrated the regressed
tumor to a greater extent than the nonregressed tumor.
These cells were also observed in the metastatic skin lesion
(Fig. 5B). Interestingly, after vaccination, T cells with VB
10, 17, and 21 repertoires expanded clonally in the
peripheral blood of Case 1, and the amplified TCR exactly
matched those of the amplified fragments in a tumor-
specific manner, namely T cells with VB 10 expanded
dominantly in original tumor and lung metastasis, T cells
with VB 17 in lung metastasis and much less in original
tumor, and T cells with VB 21 in arm and lung metastasis
and less in original tumor (Fig. 5C).

In Case 2, a T cell clone with VB 1 was increased in the
pre- and postvaccination peripheral blood, nephrectomi-
zed tumor, biopsied sacral tumor, and DTH sites (Table 2).
‘We saw oligoclonal expansion of T cells with V@ 7, 10, 11,
and 21 in peripheral lymphocytes after the vaccinations.
Among them, T cell clones with VB8 10, 11, and 21
expanded gradually after the first vaccination, and those

with VB 7, 11, and 21 were also found in the nephrectom-
ized original tumor.

In Case 3, the number of peripheral blood T cells with
VB 18 was increased after the 6th, 9th, and 11th vacci-
nations and those with VP 4 were increased only after the
1st vaccination. Interestingly, T cells with VB 4 and 7 were
increased at the RCC DTH sites after vaccination. These
cells were also found at the vaccination site. T cells with V@
4 also infiltrated the metastasized liver tumor and neph-
rectomized original tumor.

In Case 4, peripheral lymphocytes contained increased
numbers of T cells with V@ 23 after the vaccinations. T
cells with VB 9 were expanded after the sixth vaccination
at the vaccinated site. T cells with VB 21 were expanded

at the RCC DTH sites. The results of the T cell repertoire
analysis are summarized in Table 2.

Western Blotting

To examine whether the therapeutic regimen induced
antitumor antibody responses in patients, we compared
the serum antibody reactivity against autologous tumor
cell lysates before and after initiating the therapy by
immunoblot analysis. Using - posttherapy serum as
probes, high-molecular-weight proteins of around 250
kDa generated clear signals, whereas the pretherapy
serum showed no or only weak signals at the same
position (Fig. 6A), suggesting that the GVAX induced
an antibody response in Cases 1, 2, and 4, while the
results were less clear in Case 1. The signals appeared in
similar positions in all patients, suggesting the presence
of common antigens. These high-molecular-weight
antigens were present in both tumor lysates and NRC
lysates (Fig. 6A). In addition, human lip-derived fibro-
blasts might have identical antigens, while H69 lung
cancer cells did not (Fig. 6B). Furthermore, the changes
in the magnitude of the antibody immunoreactivity
over time were analyzed using serum from Case 2. The
strongest signal was observed in serum obtained 67
days after the initial vaccination, between the 5th and
the 6th vaccinations. This response was maintained
from day 67 until day 281, just after the 17th
vaccination, and the immunoreactivity remained until
the last time point examined at day 950 (Fig. 6C).

Clinical Outcomes

According to the standard clinical criteria, Case 2 was in
stable disease, Case 4 was in mixed response, and Cases 1
and 3 were in progressive disease during the course of
GVAX treatment (Table 1). As described under Case
Presentations, Case 1 and Case 3 died of multiple
metastases 7.5 and 45 months, respectively, after the first
vaccination. Case 2 and Case 4 are alive 62 and 44
months, respectively, after the first vaccination in a stable
condition with a performance status of zero. Interestingly,
Case 1 with progressive disease and Case 4 with mixed
response showed 30% decreases in their main or total lung
metastatic lesions, respectively, 1 to 3 months after the
start of low-dose IL-2 treatment (Figs. 2A, B, and 4).

DiscussioN

Although the production of the GVAX from all six
patients was successful, in two cases the levels of GM-
CSF produced were not high enough for cell injection.
Our production rate of 67% was compatible with
previous reports [14-16]. The poor transduction effi-
ciencies in our two patients were probably due to
slowed proliferation of these RCC cells, as reflected by
the extended doubling times. To overcome the hetero-
geneous transduction efficiency with retroviral vectors,
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FIG. 5. TCR VP clonotypic analysis of the T cell infiltration in DTH, lung metastasis, and renal cell carcinoma in Case 1. (A) Oligoclonal expansion of-T cell VB 9,
14, 15, and 17 repertoires was observed in peripheral lymphocytes after the ninth vaccination. (B) Larger numbers of T cells with VB 10, 17, and 21 repertoires
infiltrated the regressed tumor than the nonregressed tumor. These cells were also observed in the skin metastasis designated Arm Meta. (C) After vaccination, T
cells with VB 10, 17, and 21 repertoires were clonally expanded, and the amplified respective VB fragments exactly matched those of the amplified fragments in
a tumor-specific manner.
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