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To evaluate the feasibility, safety, and
efficacy of vaccination with autolo-
gous tumor cells genetically modified
with an adenoviral vector (Ad-GM) to
secrete human granulocyte–macro-
phage colony-stimulating factor (GM-
CSF), we conducted a phase I/II mul-
ticenter trial in patients with early
and advanced stage non–small-cell
lung cancer (NSCLC). Vaccines were
generated from autologous tumor
harvests. Intradermal injections were
given every 2 weeks for a total of three
to six vaccinations. Tumors were
harvested from 83 patients, 20 with
early-stage NSCLC and 63 with
advanced- stage NSCLC; vaccines were
successfully manufactured for 67 pa-
tients, and 43 patients were vaccinated.
The most common toxicity was a local
injection-site reaction (93%). Three of
33 advanced-stage patients, two with
bronchioloalveolar carcinoma, had
durable complete tumor responses
(lasting 6, 18, and >22 months).
Longer survival was observed in pa-
tients receiving vaccines secreting
GM-CSF at more than 40 ng/24 h
per 106 cells (median survival � 17
months, 95% confidence interval
[CI] � 6 to 23 months) than in pa-
tients receiving vaccines secreting
less GM-CSF (median survival� 7
months, 95% CI � 4 to 10 months)
(P � .028), suggesting a vaccine
dose–related survival advantage. [J
Natl Cancer Inst 2004;96:326 –31]

Given the considerable toxicity and
modest benefit of chemotherapy for
non–small-cell lung cancer (NSCLC)
(1), immune-based therapies have been
explored as potential treatment options.
Treatment with interferon � (2), lym-
phokine-activated killer cells, and in-
terleukin 2 (3) has been explored with
limited success. Therapeutic cancer
vaccines derived from whole tumor
cells (4–8) or lysates (9) mixed with
adjuvant have been tested in patients
with resected early-stage NSCLC and
have demonstrated immunologic activ-
ity and the suggestion of a survival ad-
vantage. Genetically modified tumor
cells used as vaccines have demon-
strated activity in murine tumor mod-
els (including Lewis lung) with a va-
riety of immune-modulatory cytokine
genes (10–15).In head-to-head compar-
isons, vaccines secreting granulocyte–
macrophage colony-stimulating factor
(GM-CSF) have shown greater activity
than vaccines using other cytokines (14).

Several phase I/II human trials using
GM-CSF–secreting autologous or allo-
geneic tumor cell vaccines have been
performed (16–21). In this study, we
evaluated such autologous vaccines in a
multicenter phase I/II trial of patients
with early-stage and advanced-stage
NSCLC. Patients were enrolled in two
cohorts (A and B) at five clinical sites
after the study design received institu-
tional review board approval; the pa-
tients provided written informed con-
sent. Patients in cohort A had stage IB or
II (according to the American Joint
Committee on Cancer staging system)
NSCLC with planned primary surgical
resection and no pre- or postoperative
chemotherapy or radiotherapy. Patients
in cohort B had stage III or IV NSCLC
with an accessible tumor to harvest for
vaccine processing and no chemother-
apy or radiotherapy within 4 weeks of
tumor harvest or vaccine treatment. El-
igibility criteria for both cohorts in-
cluded age of at least 18 years, Eastern
Cooperative Oncology Group (ECOG)
performance status of 0–1 at tumor har-
vest, histologic confirmation of NSCLC,
successful vaccine processing, and ac-
ceptable organ function. Patients were
excluded for the following reasons: pre-
vious treatment with cancer vaccines or
gene therapy, active or untreated brain
metastases, systemic corticosteroid use,
active autoimmune disease, or infection
with human immunodeficiency virus.

For vaccine preparation, tumor tissue
was obtained surgically or by thoracen-
tesis in the case of malignant effusions.
A tissue or cytological sample was sub-
mitted for pathological evaluation to
confirm the diagnosis of NSCLC. The
remaining tumor or pleural effusion was
shipped at 4 °C to a central processing
facility (US Oncology, Dallas, TX).
Solid tumors were processed to a single-
cell suspension by mechanical and en-
zymatic digestion for 45–60 minutes in
medium containing collagenase (Life
Technologies, Grand Island, NY) and
fetal bovine serum (JRH Biosciences,
Lenexa, KS) using a Stomacher labora-
tory blender (Brinkmann, Westbury,
NY). Pleural effusions were subjected to
Ficol (Amersham Pharmacia, Uppsala,
Sweden) density gradient separation.
Tumor cells were set aside for use in
delayed-type hypersensitivity (DTH)
skin testing (1 � 106 tumor cells per
test) and, when cell yields were suffi-
cient, for immunologic studies. The re-
maining cells were exposed overnight at
37 °C to vector supernatant (Ad-GM) at
a multiplicity of infection of 10 plaque-
forming units per cell in medium con-
taining 10% fetal bovine serum. The
Ad-GM replication-defective vector
(manufactured at Cell Genesys, South
San Francisco, CA) was constructed by
replacing the E1 gene of adenovirus
type 5 with the gene for human GM-
CSF and deleting an additional segment
in the E3 region (22). After overnight
infection (or culture for DTH cells), vac-
cine and DTH cells were washed in
serum-free medium, irradiated at 10 000
cGy (137Cs Nordion Gammacell 3000
irradiator; Kanata, Ontario, Canada) to
prevent tumor cell proliferation, and
cryopreserved in liquid nitrogen. The to-
tal process was completed within 36
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hours. Irradiated prostate adenocarci-
noma PC-3 cells were used as a control
in DTH skin tests (Cell Genesys). Suc-
cessful vaccine processing required a
minimum yield of three vaccines at 5 �
106 tumor cells per vaccine. All proce-
dures were performed in compliance
with regulatory guidelines for gene
therapy.

Vaccines were administered intrad-
ermally every 2 weeks for a total of
three to six vaccinations. The vaccine
dose was individualized on the basis of
yield, and each dose contained 5 � 106

to 100 � 106 tumor cells. Patients were
stratified into three dose ranges for anal-
ysis: 5 � 106 to 10 � 106 cells per
vaccination, 10 � 106 to 30 � 106 cells
per vaccination, and 30 � 106 to 100 �
106 cells per vaccination. Vaccine and
DTH cells were thawed and directly in-
jected into the extremities. Autologous
tumor DTH cells were administered on
the same day on the first and fourth
vaccinations and at month 9. PC-3 DTH
cells were administered with the fourth
vaccination only.

Immune response of the vaccine and
DTH skin reactions was determined by
use of the diameter of induration. Punch
biopsy specimens were assessed immu-
nohistochemically for CD3, CD4, CD8,
and CD1a (a dendritic cell marker) with
corresponding monoclonal antibodies
(Impath Laboratories, Los Angeles,
CA). Serum antibodies against autolo-
gous lung tumor (when available); allo-
geneic lung tumor cell lines 157, 441,
520, 596, 1435, 1437, and 2347; the
prostate tumor cell line PC-3; and ade-
novirus before and after vaccination
were assayed by immunoblotting (Cell
Genesys).

For statistical analysis, the primary
end points were safety, manufacturing
feasibility, and immunologic activity.
Secondary end points were tumor re-
sponse, disease progression, and sur-
vival. Adverse events were recorded by
use of National Cancer Institute Com-
mon Toxicity Criteria. Manufacturing
feasibility assessment included analysis
of vaccine yields, viability, GM-CSF se-
cretion, and sterility. Tumor staging was
performed at baseline and week 12, and
response was evaluated with standard
Southwest Oncology Group criteria
(23). Tumor responses were confirmed
by repeat imaging studies more than 4
weeks after the initial response.
Progression-free and overall survival

were calculated by the Kaplan–Meier
method from the date of tumor harvest.
Univariable and multivariable associa-
tion analyses between manufacturing,
clinical, and immunologic variables
were performed with Spearman’s corre-
lation coefficient, Wilcoxon signed rank
test, Fisher’s exact test, and Cox propor-
tional hazards regression, depending on
the nature of the variables analyzed
(continuous or categorical). The as-
sumptions for using the Cox propor-
tional hazards regression test were met.
All statistical tests were two-sided.

Eighty-three patients underwent
tumor harvest (20 in cohort A, 63 in
cohort B) and 43 initiated vaccine

treatment (10 in cohort A, 33 in co-
hort B). Patient baseline characteris-
tics are shown in Table 1. All 10 pa-
tients in cohort A completed vaccine
treatment. The median number of vac-
cines administered in cohort B was five.

The median size of processed solid
tumor was 14 g (range � 0.5–96 g), and
the median volume of pleural fluid pro-
cessed was 675 mL (range � 127–2600
mL). Among vaccine-treated patients,
the median tumor cell dose was 23 �
106 cells (range � 5 � 106 to 100 � 106

cells), with a GM-CSF secretion level
(post-thaw) of 104 ng/(24 h) per 106

cells (range � 50–1871 ng/(24 h) per
106 cells) and viability of 62% (range �

Table 1. Baseline patient characteristics

Tumors
harvested

Initiated
vaccine*

Total No. (%) 83 43
Cohort, No. (%)

A 20 (24) 10 (23)
B 63 (76) 33 (77)

Age, y
Median 64 61
Range 32–89 32–81

Sex, No. (%)
Male 41 (49) 21 (49)
Female 42 (51) 22 (51)

Tumor stage, No. (%)
IB N/A† 8 (19)
IIA N/A 2 (5)
IIIA N/A 3 (7)
IIIB N/A 2 (5)
IV N/A 28 (65)

Performance status, No. (%)
0 N/A 13 (30)
1 N/A 30 (70)

Histology, No. (%)
Adenocarcinoma 39 (47) 17 (40)
Squamous cell 19 (23) 14 (33)
Large cell 6 (7) 4 (9)
Bronchioloalveolar 4 (5) 3 (7)
Undifferentiated/other 15 (18) 5 (12)

Source of tumor harvest, No. (%)
Lung 47 (57) 26 (60)
Pleural effusion 15 (18) 4 (9)
Lymph node 13 (16) 7 (16)
Subcutaneous 3 (4) 1 (2)
Brain 2 (2) 2 (5)
Adrenal 2 (2) 2 (5)
Liver 1 (1) 1 (2)

No. of prior regimens, cohort B only, No. (%)
0 N/A 7 (21)
1 N/A 1 (3)
2 N/A 11 (33)
�3 N/A 14 (42)

Dose, No.
Cohort A

5 � 106 to 10 � 106 tumor cells N/A 3
10 � 106 to 30 � 106 tumor cells N/A 1
30 � 106 to 100 � 106 tumor cells N/A 6

Cohort B
5 � 106 to 10 � 106 tumor cells N/A 13
10 � 106 to 30 � 106 tumor cells N/A 10
30 � 106 to 100 � 106 tumor cells N/A 10

*Reasons for not proceeding to vaccine treatment included vaccine processing failure (16 patients),
death (11 patients), withdrawal (11 patients), and ineligibility (two patients).

†N/A � not available.
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11%–94%). The median number of days
from tumor harvest to vaccine release
was 31 and that from harvest to initia-
tion of vaccine treatment was 49. Vac-
cines were successfully manufactured in
80% of patients in cohort A and 81% of
patients in cohort B. The majority of
manufacturing failures (15 of 16 fail-
ures) resulted from an insufficient num-
ber of tumor cells; two cases of bacterial
contamination were noted. The success
rate was higher for solid tumors (82%)
than for pleural effusions (53%) (P �
.02). GM-CSF secretion varied by 300-
fold between vaccine lots. This variabil-
ity was not associated with any baseline
tumor characteristic evaluated, with the
exception of higher levels of GM-CSF
secreted from pleural effusions than
from solid tumors (P�.001). Tumor
cells had a broad range of viability after
thawing that was not consistently asso-
ciated with any immunologic or clinical
end point.

The most common vaccine-related
adverse events were local vaccine injec-
tion site reactions (93%), followed by
fatigue (16%), and nausea (12%) and
then by pain, arthralgia, and upper respi-
ratory infection (each at 5%). All injec-
tion site reactions except one were grade
1 or 2 in severity and consisted of local,
self-limited erythema, induration, and
pruritis (Fig. 1). Two grade 4 (pericar-
dial effusion) and six grade 3 (dyspnea,
fatigue, injection site reaction, hypoka-
lemia, malignant ascites, and pulmonary
embolism) possibly related events were
reported. There was no association be-
tween vaccine dose and the total number
of adverse events or grade 3 or 4 adverse
events.

Immune response to vaccination was
measured by vaccine and DTH skin re-
actions and the induction of tumor-
reactive antibodies. After the first injec-
tion, 81% of patients developed vaccine
site induration, which increased to 90%
after repeated vaccination. Vaccine re-
action size was positively associated
with vaccine GM-CSF secretion (P �
.01) and increased with repeated vacci-
nations. Analysis of vaccine site biopsy
specimens showed dense infiltration
with CD4� and CD8� T cells, CD1a�

dendritic cells, and eosinophils (Fig. 1).
Cellular immune response to vacci-

nation was monitored by DTH skin re-
actions to injections of irradiated, autol-
ogous tumor cells or control PC-3
prostate cancer cells. Autologous tumor

DTH testing was positive (�5-mm in-
duration) in four (9%) of 43 patients at
baseline (all four were negative on re-
peat testing). After four vaccinations, 10
(34%) of 29 patients tested positive (Fig.
1). No positive DTH reactions (of a total
of 10) were seen at doses of fewer than
10 � 106 cells compared with 10 (53%)
of 19 at higher doses (P � .04), suggest-
ing a possible dose–response effect.
DTH reactions against PC-3 were
present in 15 (50%) of 30 patients.

Five of 33 patients induced serum
antibodies reactive against autologous
tumors after vaccination. This analysis
was technically limited by insufficient
tumor material from most patients and,
therefore, was extended to a panel of
seven allogeneic lung cancer cell lines.
In 32 (78%) of 41 patients, antibody
reactivity was induced against at least
one lung cancer line, whereas only 13
(32%) of 41 patients induced reactivity
against PC-3. Because residual adenovi-
ral proteins are a component of the final
vaccine and might serve as an immuno-
logic adjuvant, we measured the impact
of vaccination on adenoviral immunity.
Most patients (98%) had anti-adenoviral
antibodies before vaccination, and 95%
had an increased anti-adenoviral anti-
body titer after vaccination. No statisti-
cally significant differences were noted
between the early- and advanced-stage

cohorts in any of the immune response
end points.

Three patients in cohort B achieved
durable, complete tumor regressions
lasting 6 months, 18 months, and ongo-
ing at 22 months. In addition, there was
one minor response (30% decrease in a
lung nodule) and two mixed responses;
seven patients had stable disease (me-
dian duration � 7.7 months; range �
4.7 to �28 months). Prior chemotherapy
for advanced disease had failed for two
of the three complete responders, and
two had bronchioloalveolar histology
(Fig. 2), a relatively uncommon subtype
of NSCLC. Complete responses oc-
curred at doses of 6.7 � 106 to 10 � 106

tumor cells per vaccine and at vaccine
GM-CSF secretion rates of 44–236 ng/
(24 h) per 106 cells. Vaccine viability
ranged from 19% to 90% among the six
patients with any evidence of tumor re-
gression. Immunologic end points were
inconsistent; none of the complete re-
sponders developed DTH reactions to
autologous tumor, but DTH reactions
were detected in two of three pa-
tients with minor responses. One
complete responder showed an in
vitro T-cell response to autologous tu-
mor–pulsed dendritic cells after vacci-
nation (data not shown). Antibody re-
sponses against autologous tumor were
not measured in the complete respond-

Fig. 1. Vaccine and autologous
tumor delayed-type hypersensi-
tivity (DTH) skin reactions.
Grade II vaccine injection site
reaction is shown in A, CD3�

T-cell infiltrate in B, and CD1a�

dendritic-cell infiltrate in C. D)
Autologous tumor DTH injec-
tion site reaction after vaccina-
tion. E) Minimal CD3� T-cell
infiltrate at the DTH injection
site before vaccination. F) Ex-
tensive CD3� infiltrate at the
DTH site after vaccination.
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ers because of a lack of tumor cells. Six
recurrences have been observed among
the 10 cohort A patients, with a median
follow up of 20 months. There were no
statistically significant associations be-
tween immunologic end points and tu-
mor response.

Survival analysis was performed on
cohort B. The median progression-free
survival was 4 months (95% confidence
interval [CI] � 3 to 6 months), and the
median overall survival was 9 months
(95% CI � 6 to 12 months) among all
63 patients who underwent tumor har-
vest. The median progression-free sur-
vival was 4 months (95% CI � 2 to 6
months), and the median overall sur-
vival was 12 months (95% CI � 6 to 19
months) among the 33 treated patients.
Survival at 1 year was 39% (95% CI �
34% to 44%) among all patients who
underwent tumor harvest and was 44%
(95% CI � 37% to 52%) among treated
patients. Vaccine-associated GM-CSF
secretion was statistically significantly
associated with survival (Fig. 3). Me-
dian survival among patients receiving
vaccines secreting GM-CSF at a rate of
at least 40 ng/24 h per 106 cells was 17
months (95% CI � 6 to 23 months)
compared with 7 months (95% CI � 4 to
10 months) for those receiving vaccines
secreting less GM-CSF (P � .028).
Corresponding 1-year survivals were
56% and 0%, respectively. This GM-
CSF cutoff was predetermined from
the threshold required for reliable in-
duction of antitumor immunity in mu-
rine models (24). In a multivariable
analysis of prognostic factors for over-
all survival among treated cohort B
patients that included manufacturing
(dose, GM-CSF secretion, viability,
and solid tumor versus pleural effu-
sion), clinical (performance status and
prior chemotherapy), and immuno-
logic (vaccine site reaction, tumor
DTH reaction, and antibody induction)
parameters, only vaccine-associated
GM-CSF secretion was statistically
significantly associated with improved
survival. Results of this initial prelim-
inary investigation will be assessed
prospectively in future studies.

NSCLC is not considered an im-
mune-sensitive malignancy. However,
durable tumor regressions in this trial
were seen in three of 33 treated patients
with metastatic NSCLC. We are not
aware of previous reports in which im-
mune therapy was the sole therapy as-

sociated with complete and durable re-
gression of refractory metastatic
NSCLC lesions, particularly those last-
ing more than 1 year, as observed in two
of three complete responders in our
study.

Interestingly, two of three treated pa-
tients with the bronchioloalveolar sub-

type of NSCLC achieved a complete
response (Fig. 2). This subtype is clini-
cally and pathologically distinct and is
more common in younger patients, non-
smokers, and women (25). A viral etiol-
ogy for bronchioloalveolar carcinoma
has been proposed, potentially resulting
in expression of immunogenic viral an-

Fig. 2. Complete tumor re-
sponses in subjects with bron-
chioloalveolar carcinoma, as
shown by radiologic assess-
ment. A–D) Patient 1. A and
B) Baseline tumor staging
showing two lung tumors,
one of which (B) was resected
for vaccine processing. C and
D) Complete tumor regres-
sion after vaccination. E–H)
Patient 2. E and F) Baseline
tumor staging showing two
lung lesions, one of which (E)
was resected. G and H) Com-
plete tumor regression after
vaccination.

Fig. 3. Kaplan–Meier estimates of overall survival in cohort B. Treated advanced-stage patients analyzed
by vaccine-associated granulocyte–macrophage colony-stimulating factor (GM-CSF) secretion. Dashed
lines � at least 40 ng/24 h per 106 cells (26 patients); solid lines � less than 40 ng/24 h per 106 cells
(seven patients). Median survival � 17 months (95% confidence interval [CI] � 6 to 23 months) for
GM-CSF at greater than or equal to 40 ng/24 h per 106 cells versus 7 months (95% CI � 4 to 10 months)
for GM-CSF at less than 40 ng/24 h per 106 cells (P � .028). Corresponding 1-year survival � 56% (95%
CI � 46% to 69%) versus 0% (95% CI � indeterminate), respectively.
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tigens (26,27). This subtype is com-
monly held to be less responsive to che-
motherapy than other subtypes of
NSCLC and to have a more indolent
clinical course, although few trials fo-
cused on bronchioloalveolar carcinoma
have been conducted (28). Whether the
activity of this vaccine is truly more
pronounced in this particular subtype of
NSCLC is the subject of future research.
Multivariable analysis suggested that
survival of patients who received vac-
cines secreting levels of GM-CSF asso-
ciated with optimal induction of antitu-
mor immunity in preclinical models (24)
was longer than that of patients receiv-
ing vaccines secreting lower levels of
GM-CSF. These data suggest that this
vaccine has a broader therapeutic benefit
than that noted in bronchioloalveolar
carcinoma.

Measures of immunologic response
were not consistently associated with ei-
ther tumor regression or survival and,
therefore, did not function as useful sur-
rogates of clinical activity in this study.
Consistent associations between immu-
nologic and clinical end points have
been rare in the history of cancer vac-
cine development, with a few exceptions
(29–32). This study had the additional
challenge that the relevant immunodom-
inant antigens in NSCLC have not been
identified, and the availability of autol-
ogous tumor cells for immunologic
analyses was limited.

A primary study end point was as-
sessment of manufacturing feasibility.
The overall success rate for vaccine pro-
cessing was 81%. Although this was
lower than the 97% success rate reported
in a similar trial using the same vaccine
platform (20), the minimum required tu-
mor cell dose in this trial was fivefold
higher. GM-CSF secretion varied by
300-fold from lot to lot, probably be-
cause of intrinsic heterogeneity among
tumors in the expression of receptors
critical for adenoviral infection, namely,
coxsackie adenoviral receptor and ���
integrins (33,34). This variability in
transduction efficiency may be over-
come by a “bystander” vaccine ap-
proach in which autologous tumor cells
and cells secreting GM-CSF are mixed
(35). This approach is currently being
evaluated in clinical trials in NSCLC
and hematologic cancers. Although vac-
cine viability varied, cancer vaccine
strategies have included the use of tu-
mor cell lysates (36,37), membrane ex-

tracts (9), and tumor-derived heat-shock
protein preparations (38), suggesting
that viable tumor cells may not be re-
quired to induce antitumor immunity.
Finally, the overall feasibility of this ap-
proach was limited by the long delay
between tumor harvest and vaccine
treatment, resulting in an overall drop-
out rate of 48%. Expedited vaccine re-
lease should be possible in future studies
through the use of a validated closed
system for vaccine manufacturing. This
approach should increase the proportion
of patients who undergo vaccine treat-
ment and improve the overall feasibility
of this approach.

GM-CSF gene-modified tumor vac-
cines have been tested in multiple hu-
man cancers, and immunologic activity
has been observed in all studies (16–
21). Objective tumor responses were
noted in melanoma and renal cell carci-
noma (17,18,21). More specifically, a
previous phase I study (20) of such vac-
cines in metastatic NSCLC, with the
same adenoviral vector and vaccine
platform used in this study, demon-
strated immunologic activity, a mixed
tumor response, and prolonged recur-
rence-free survival (�42 months) in two
subjects rendered surgically disease-free
before vaccination. Although the DTH
response rate reported in that trial was
higher than reported here (82% versus
34%), criteria for assessing a positive
DTH reaction differed. In contrast, vac-
cine site reactions were more frequent in
our trial (93% versus 72%), and objec-
tive tumor responses were more com-
mon. Thus, these trials provide evidence
for both immunologic and clinical activ-
ity of this vaccine approach in NSCLC.
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