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ABSTRACT 

Antigen containing, allogeneic cells secreting the 
genetically modified protein and peptide-chape- 
rone gp96-Ig cross, prime and expand antigen 
specific CD8 T cells with therapeutic antitumor 
activity in mice. In a first in man phase I study, 
we now report the results of therapeutic vacci-
nation of non-small cell lung cancer (NSCLC) 
patients with an established, allogeneic non- 
small cell lung adenocarcinoma cell line secret- 
ing gp96-Ig. Advanced NSCLC-patients stage 
IIIB or IV of any histological subtype were en- 
rolled and treated with up to 36 vaccinations 
over the course of 18 weeks. Primary endpoint 
was safety, secondary endpoints tumor respon- 
se and overall survival. Measurement of tumor 
antigen specific CD8 CTL responses is preclud- 
ed by the lack of known NSCLC associated an-
tigens. Therefore, we measured patient CD8 T 
cell-IFN-γ responses to allo-antigens of the vac- 
cine cells as surrogate for tumor antigen spe- 
cific CD8 CTL. In 7 of 18 treated patients tumor 
growth was stabilized, however none of the 18 
patients had an objective tumor response by 
RECIST criteria. Of 15 patients evaluable for im- 
mune response, 11 responded to vaccination 
with more than twofold increase in CD8-IFN-γ 
frequency above baseline. These patients had a 
median survival time of 16.5 months. Four pa- 
tients who had no CD8 response above base line 
had survival times from 2.1 to 6.7 months. Our 
data are consistent with the concept that gen- 

eration of CD8 CTL by therapeutic vaccination 
may delay tumor growth and progression and 
mediate prolonged survival even in the absence 
of objective tumor responses. Further studies 
will be required to test this concept and prom-
ising result. 
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1. INTRODUCTION 

Tumor rejection by the immune system requires the 
generation and clonal expansion of tumor antigen spe- 
cific, major histocompatibility complex I (MHC I) re- 
stricted, cytotoxic CD8+ T cells (CTL). Activation, dif- 
ferentiation and expansion of tumor antigen specific 
CD8+ CTL is dependent on tumor antigen presentation 
by MHC I of activated dendritic cells (DC) to the T cell 
receptor (TCR) of cognate CD8 T cells. MHC I presenta-
tion of tumor antigens by activated DC entails antigen 
transfer from tumor cells to DC in a process known as 
“antigen cross-presentation”. The molecular mechanisms 
of antigen cross-presentation are under investigation. We 
have tested previously the use of B7-costimulation for 
this purpose in NSCLC with promising results [1]. One 
efficient pathway for tumor antigen cross presentation to 
and activation of DC, first described by Srivastava’s 
group, is via protein/peptide-chaperones [2-8]. In this 
first in human study, we here describe the use of geneti-
cally modified allogeneic tumor cells secreting protein/ 
peptide-chaperone gp96-Ig as tumor vaccine for the 
treatment of advanced non-small cell lung cancer. 

*Disclosure of potential conflicts of interest: Dr. E. R. Podack and the 
University of Miami have financial interest and hold equity in a com-
mercial enterprise developing this vaccine technology. 
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Protein chaperones are ubiquitous and essential com-
ponents in all cells preventing protein aggregation during 
de novo protein synthesis and folding and during protein 
degradation. When released from dying cells, chaperones 
are danger associate molecular patterns (DAMPs) that 
activate and are taken up by DC and potently cross pre- 
sent chaperone-associated client peptides via MHC I to 
antigen specific CD8 T cells. The biological function of 
endoplasmic reticulum (ER) chaperone gp96, also known 
as heat shock protein gp96, is unique in that it has the 
dual function of chaperoning (i) newly synthesized pro-
teins and (ii) proteasome generated peptides translocated 
into the ER via the transporter for antigen presentation 
(TAP). The latter are subsequently selected for MHC 
class I loading and presentation to CD8+ T cells [9]. In 
its function as DAMP, cell released gp96 functions as 
adjuvant for activating dendritic cells (DC) and macro-
phages [10] by binding to toll-like receptor (TLR) 2 and 
TLR4. By binding to CD91and triggering endocytosis, 
gp96 also imports its chaperoned client peptides into DC 
[11] where they are cross-presented by MHC I. Anti-
genic peptides mediate antigen specific CD8 T cell acti-
vation, clonal expansion and generation of antigen spe-
cific, MHC I restricted, CD8+ CTL. Importantly, all an-
tigenic epitopes present in the gp96-associated client- 
peptide pool released from a dying cell are cross pre-
sented and generate a polyepitope specific CD8 CTL 
response. Therefore gp96 derived from tumor cells gen-
erates CD8 CTL against all tumor associated antigens 
without the requirement of knowing the nature of the 
antigen. Antigen cross presentation by gp96 is fully ac-
tive across MHC barriers allowing the use of allogeneic 
tumor cells as source of tumor antigen [9,12]. Self anti-
gens chaperoned by gp96 are not antigenic since they are 
normally and continuously presented by MHC I and the 
peripheral TCR repertoire has been shaped in the thymus 
to delete self reactive CD8 T cells. 

Srivastava and his collaborators were the first to rec-
ognize that the MHC I antigen cross presenting activity 
of gp96 had excellent potential for the use as cancer vac-
cine to generate antigen specific CD8 CTL in cancer 
patients. A vaccine trial in melanoma patients vaccinated 
with gp96 purified from autologous melanoma speci-
mens showed safety and no statistical difference to the 
control group treated with dacarbazine, temozolomide, 
interleukin-2, or complete resection [13]. 

Based on the published results cited, we reasoned that 
tumor cells secreting gp96 will be immunogenic and will 
be rejected by CD8 CTL. We generated the fusion pro-
tein gp96-Ig by deleting the C-terminal ER-retention 
sequence of gp96 and replacing it with the hinge, CH2 
and CH3 domain of the heavy chain of IgG1 to generate 
gp96-Ig. Transfecting the gp96-Ig cDNA into murine 
tumor cells, we demonstrated that gp96-Ig secreting tu-
mor cells upon transplantation into mice are rejected by  

CD8 CTL responses that generate protective memory 
whereas parental vector-transfected tumor cells expand 
and kill the recipient [14]. Figure 1 illustrates the vac-
cine principle in cartoon. 

Gp96-Ig mediated antigen cross presentation and prim- 
ing of CD8+ CTL is extraordinary sensitive and powerful. 
Femto-molar (10−15) amounts of gp96-Ig-chaperoned pep- 
tides are sufficient to induce a full antigen specific CD8 
CTL response in mice in vivo [15,16]. Multiple antigens 
expressed by the gp96-Ig secreting cells will activate 
corresponding antigen specific CD8+ CTL responses as 
shown for multiple simian immunodeficiency virus anti- 
gens (SIV) [17]. 

Can allogeneic cells be used as source of tumor anti- 
gens for gp96-Ig vaccination? Are tumor antigens, here 
NSCLC specific tumor antigens, shared between patients 
with different MHC? It is well documented that mela-
noma associated antigens are identical regardless of the 
MHC type of the patient [18-20]. Although non-small 
cell lung cancer (NSCLC) specific tumor associated an-
tigens have not been identified, we considered it likely 
that NSCLC associated antigens are also shared between 
NSCLC patients with different MHC types. This hypo- 
thesis is supported by numerous gene expression ana- 
lyses that have been conducted to find prognostic mark- 
ers and that show similar patterns of gene up-regulation 
and down-regulation [21]. In support, we found antigen 
sharing in allogeneic small cell lung cancer (SCLC) in an 
analysis of over 40 HLA A1 or A2 restricted CD8 CTL 
clones that killed two allogeneic HLA A1 or HLA A2 
positive SCLC lines [22]. 

Tumors induce immune suppression which interferes 
with CTL responses. We have found in preclinical mod-  
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Figure 1. Principle of antigen-cross presentation via 
MHC I of DC to clonally expand antigen specific 
CD8 CTL by secretion of gp96-lg peptide complexes 
by allogeneic NSCLC vaccine cells AD100. The al-
logeneic irradiated cell line AD100 injected as vac-
cine secretes gp96-lg which chaperones tumor asso-
ciated antigenic peptides (TAA) and self peptides. 
Gp96-lg activates DC via TLR2, TLR4 and CD91, 
and is endocytosed. Chaperoned peptides are cross 
presented by MHC I and cross prime TAA-specific 
CD8 CTL. DC also secrete IL-12 and recruit NK 
cells creating a Th1 environment. 

Copyright © 2013 SciRes.                                    Openly accessible at http://www.scirp.org/journal/alc/ 



L. E. Raez et al. / Advances in Lung Cancer 2 (2013) 9-18 11

els that frequent vaccination with gp96-Ig secreting tu-
mor cells can overcome immune suppression induced by 
established tumors and restore CD8 CTL activation 
[23,24]. The method of frequent (up to twice weekly) 
vaccination is evaluated in patients for the first time in 
this study.  

The preclinical data in mice and macaques provide a 
solid basis for considering the gp96-Ig technology for 
therapeutic vaccination of cancer patients. We selected 
non-small cell lung cancer (NSCLC) as our primary tar- 
get because NSCLC, unlike melanoma, is non-immuno- 
genic. Generation of a CD8 CTL response to NSCLC 
associated antigens therefore will find the tumor unfit to 
cope with CTL attack rendering NSCLC potentially sus-
ceptible to rejection by vaccine immunotherapy.  

The annual mortality of non-small cell lung cancer 
(NSCLC) in the United States exceeds 156,940 patients 
and an estimated 221,130 new cases of lung cancer are 
expected in 2011 according to the American Cancer So-
ciety [25]. Results of treatment with chemotherapy for 
NSCLC are far from optimal and 5-year survival only 
increased from 14.2% to 18.0% from 1975 to 2005 (NCI, 
SEER Statistics Review 1975-2006). Older (>5 years) 
Phase III trials have typically demonstrated responses to 
therapy in less than 30% of patients, with median sur-
vival less than one year [26-28]. New drugs have been 
reported for NSCLC patients, but these regimens still 
result in complete responses in <10% of patients with 
little effect on survival [29-33]. There is a great need of 
other therapeutic options for our NSCLC patients and 
active immunotherapy is one of them, however there is 
no vaccine approved for NSCLC. 

In this phase I study we evaluate the secreted gp96-Ig 
vaccine strategy for NSCLC. The NSCLC cell line 
AD100 was transfected with HLA A1 and human gp96- 
Ig and after irradiation used to vaccinate advanced 
NSCLC patients of any HLA type. Following results 
from preclinical studies [23] we increased the frequency 
of vaccination from biweekly to weekly and twice week- 
ly for a total of 9, 18 or 36 intracutaneous vaccinations. 
The data show safety and a trend toward clinical benefit 
associated with increased IFN-γ screting CD8+ CTL lev- 
els. 

2. PATIENTS, MATERIAL AND METHODS 

2.1. Patient Selection 

Inclusion criteria were: patients with histologically 
confirmed NSCLC stage IIIB, stage IV, or recurrent dis-
ease; at least one site of bi-dimensionally measurable 
disease; treated brain metastasis must be stable by CT 
scan or MRI for at least 8 weeks; patients must have re-
ceived and failed at least two lines of therapy; age ≥ 18 
years; ECOG performance status 0-2; life expectancy ≥ 3 

months; signed informed consent. Laboratory parameters 
included: hemoglobin levels ≥ 10 g/dl; absolute neutro-
phil count ≥ 1500; platelets ≥ 100k; creatinine clearance 
≥ 50 ml/min; and <2.5 upper institution limit for nor- 
mal, liver function tests (total and direct bilirubin, aspar- 
tate transaminase, alanine transaminase, and alkaline 
phosphatase). Exclusion criteria: active or symptomatic 
cardiac disease; pregnant or lactating women; known 
HIV infection; uncontrolled brain or spinal cord metas- 
tases; active infections; concomitant steroid or other 
immunosuppressive therapy; other active malignancies 
present within the past three years, except for basal and/ 
or squamous cell carcinoma(s) or in situ cervical cancer; 
meningeal carcinomatosis; current chemotherapy or ra- 
diation therapy, or other anti-tumor therapy during the 
last four weeks; immune deficiency syndromes including 
the following: rheumatoid arthritis, systemic lupus ery-
thematousus, Sjogren’s disease, sarcoidosis, vasculitis, 
polymyositis, and glomerulonephritis. Also patients need- 
ed to have acceptable lung function defined as: FEV1 > 
30% of the predicted value, or DLCO > 30% of the pre- 
dicted value, or pCO2˚ < 45˚ mmHg.  

2.2. Investigational Agent: Allogeneic  
NSCLC/AD100-gp96-Ig Vaccine 

The use of allogeneic NSCLC tumor cells as source of 
tumor antigens chaperoned by secreted gp96-Ig and cross 
presented via MHC I to patient CD8 T cells is based on 
the hypothesis that allogeneic NSCLC tumors from dif-
ferent patients have a repertoire of identical tumor anti-
gens similar to allogeneic melanomas and allogeneic 
small cell lung cancers [22,34,35]. Recent gene array 
analyses of NSCLC tumors are consistent with this hy-
pothesis [36]. We stably transfected an established 
NSCLC adenocarcinoma cell line (AD100) with a plas-
mid encoding HLA-A1 and gp96-Ig and generated the 
AD100-A1-gp96-Ig live cell-based vaccine that con-
tinuously secretes gp96-Ig as measured by ELISA. Se-
creted gp96-Ig is expected to activate the innate immune 
response and stimulate patient dendritic cells (DC) to 
cross present gp96-Ig chaperoned, tumor associated an-
tigens to CD8 T cells and generate polyepitope specific 
CD8 CTL to NSCLC in treated patients. The AD100- 
gp96-Ig vaccine cells were expanded under cGMP con-
ditions, tested for gp96-Ig secretion as immunologically 
active vaccine agent, for HLA A1 expression for cell 
identity, for sterility and freedom of adventitious agents, 
irradiated at 12,000 rad, frozen in aliquots with 10% 
DMSO and stored at −135˚C until use. 

2.3. Treatment Plan 

Based on the results in the B7 vaccination study in 
which the CD8 T cell immune response was not affected 

Copyright © 2013 SciRes.                                    Openly accessible at http://www.scirp.org/journal/alc/ 
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by partial HLA matching of vaccine and patients [1], the 
AD100-A1-gp96-Ig vaccine was given to patients irre-
spective of their HLA type. If treatment was completed a 
total maximum of 4.5  108 AD100-A1-gp96-Ig vaccine 
cells were administered intradermally in three 6-week 
courses over an 18-week period in 9, 18, 36 doses (Table 
1). Intradermal injections on succeeding vaccination days 
were rotated to different limbs in a clockwise manner. On 
each visit clinical evaluation of the status of disease and 
adverse events was conducted. 

Blood samples for immunological evaluation were 
obtained before the initial vaccination and on the last day 
of each course. Patients with either objective responses 
or stable disease (SD) and an acceptable toxicity profile 
(autoimmune < grade 2, and grade ≤ 3 for other body 
systems) were treated with a second and third course. 

2.4. Trial Design  

The trial was designed as a single institution Phase I, 
proof of principle study with safety as the primary end-
point and secondary objectives tumor response and sur-
vival. After accrual of 7 patients to DS-1 (9 vaccinations 
every other week) between July 2007 and October 2008, 
a protocol amendment took effect adding patient cohorts 
to receive 18 weekly (DS-2) or 36 twice weekly (DS-3) 
vaccinations. Assignment to DS-1, DS-2 and DS-3 then 
proceeded in an alternating manner with a planned total 
of 12 patients per cohort. The study was not powered for 
statistical comparison of DS cohorts but 12 patients per 
cohort was expected to provide the basis for recom-
mending at least one vaccination schedule for further 
testing. Although the study was funded by foundation 
support and monitored by an independent data and safety 
monitoring committee, enrollment proceeded slowly due 
to institutional conflict of interest concerns and several 
audits that did however not reveal any safety concern. 
Despite an appropriate conflict of interest management 
plan and apparent safety, the study unfortunately had to 
be closed for completely study-unrelated institutional 
reasons in April 2011 at which time 11 patients had been 
enrolled and treated in DS-1, 4 in DS-2 and 3 in DS-3.  

2.5. Adverse Events (AE) 

All AEs were classified by type and severity according  

(CTCAE v 3.0). No dose modification was made for any 
vaccine-related AEs if encountered. Vaccination was to 
the Common Terminology Criteria for Adverse Events 
discontinued for any patient experiencing a grade 2 or 
higher autoimmune AE or grade 3 or higher non-auto-
immune AE that was possibly vaccine-related. 

2.6. Clinical Response 

Clinical response and progression of disease were 
evaluated according to criteria proposed by the Response 
Evaluation Criteria in Solid Tumors (RECIST) Commit-
tee. The study was approved by FDA (IND10940) and 
OBA, by the University of Miami IRB and IBC, and 
monitored by an external Safety Monitoring Committee 
operated by the DSM Services Division of the Western 
Institutional Review Board (WIRB) as part of the con-
flict of interest management plan. The clinical principal 
investigator had no financial conflict. 

2.7. Immune Response 

Since tumor associated tumor antigens have not been 
identified in NSCLC, tumor antigen specific CD8 CTL 
frequencies and activity cannot be determined. As surro-
gate assay we used the allo-antigen specific CD8-IFN 
response to vaccination as indicator of CD8 reactivity. 
We have documented previously the potency of gp96-Ig 
induced antigen specific cross-priming of polyepitope 
specific CD8 T cells in murine models and in non-human 
primates in the presence of allogeneic responses [15- 
17,37]. Therefore we expect that patients immunized 
with AD100-A1-gp96-Ig will also generate NSCLC- 
associated antigen-specific CD8 CTL if allo-reactive 
IFN-γ screting CD8 cells are generated in vaccinated 
patients.  

Patient CD8 T cells were purified from PBMC by 
negative selection. 2 × 104 CD8 T cells were restimulated 
in vitro in triplicate with104 irradiated vaccine cells for 
40 hours in ELIspot plates for IFN-γ-detection. Stimula-
tors for specificity controls were K562 and melanoma 
tumor cells. In addition unstimulated CD8 cells served as 
negative controls. Data are reported as number IFN-se-
creting cells per 2 × 104 CD8 T cells and patients were 
characterized as immune responders (IR+) if they had 
more than a twofold increase from baseline. 

Table 1. Dose-schedules (frequency of vaccinations). 

 # of Vaccine Cells Course Schedule Courses Vaccinations 

DS-1 ≥ 4 × 107 Biweekly for 6 weeks 3 9 

DS-2 ≥ 2 × 107 Weekly for 6 weeks 3 18 

DS-3 ≥ 1 × 107 Twice weekly for 6 weeks 3 36 

Three cohorts of 12 patients each were therapeutically vaccinated in 3 courses of 6 weeks. The total number of vaccine cells injected was the same in 
all three cohorts, if treatment was completed. The frequency of vaccination increased from injections every 2nd week in cohort 1 to weekly injections in 
cohort 2 and twice weekly injections in cohort 3. 
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2.8. Statistical Considerations 

Patient characteristics, treatment received, and im- 
mune parameters (plotted in relation to treatment course) 
were summarized with descriptive statistics. Progres-
sion-free (PFS) and overall survival (OS) were estimated 
by the Kaplan Meier method with 95% confidence inter-
vals (CIs) based on the log-log transform method and 
Greenwood’s variance [38]. PFS was defined as the 
elapsed time from treatment start to documented evi-
dence of disease progression or death from any cause, 
whichever was earlier, or to date of last progression-free 
assessment (censored observations). OS was the elapsed 
time from treatment start to death from any cause or to 
last contact (censored observations). Exploratory analy-
ses included examination of prognostic factors for PFS 
and OS using the log rank test and Cox regression as 
well as plots and descriptive statistics to assess clinical 
outcome in relation to DS cohort and immune response 
(IR). 

3. RESULTS 

3.1. Expectations for Phase I Studies of  
Vaccine Immunotherapy of Cancer 

The immune system performs immune surveillance to 
detect transformed cells and eliminates them in an im-
mune response that requires Perforin-1 and IFN-γ before 
they form cancers [39,40]. The fact that cancers do arise 
indicates that the tumor has evaded immune surveillance. 
Once tumors are established the immunological balance 
is completely changed. There is now an excess of tumor 
associated antigens that can anergize antigen specific T 
cells and the tumor often mediates active immune sup- 
pression favoring tumor survival. Therapeutic vaccine 
immunotherapy is applied in this setting of tumor in- 
duced immune suppression and antigen excess, raising 
the following questions: (1) Is it possible and what is the 
best method and vaccination schedule to generate tumor 
specific CD8 T cell IFN-responses in heavily pretreated 
patients in the presence of established immune-suppres- 
sive cancers? (2) Are CD8 T cell IFN-γ responses to vac- 
cination-therapy a good surrogate to assess vaccine re- 
sponsiveness and predict improved clinical outcome?  

In this phase I study we can only provide early data on 
safety, on overall survival and on the induction of CD8- 
IFN-γ responses. Premature closure of the study pre- 
cludes statements about vaccine scheduling due to lim- 
ited enrollment in DS-2 and DS-3. Although we observe 
CD8 T cell IFN-γ responses to therapeutic vaccination in 
a group of patients who also have longer survival than 
patients without a CD8 IFN-γ response, we cannot de-
termine in a phase I study whether these two observa-
tions are causally related and whether CD8 responses are 
good surrogates for clinical response. 

3.2. Clinical Response 

Nineteen patients were consented. One patient was 
never treated due to early disease progression and clini-
cal deterioration. Eleven patients were treated in DS-1, 
four in DS-2, and three in DS-3. Two patients, both in 
DS-3, completed the planned three-course treatment as 
they achieved and maintained disease stabilization through 
three courses of vaccination. Two patients in DS-1 and 3 
in DS-2 completed two courses and eight patients (all in 
DS-1) completed one course. The remaining three pa- 
tients (one in each cohort) progressed or died during the 
first treatment course. The median age of 18 evaluable 
patients was 67 years (range 38 - 86); the majority were 
female (11 patients). Most of the patients were White 
non-Hispanic (11 patients) and a third were White His- 
panic (6 patients). Demographic characteristics for study 
patients are summarized in Table 2.  

There were no treatment-related serious adverse events 
(SAE) or immune related events (IRE) with the vaccine 
or the vaccinations. Most of the AEs were grade 1 or 2. 
They included: erythema and skin induration that were 
transitory and usually resolved in 1 - 2 weeks. A sum- 
mary of the most common treatment-related AEs is given 
in Table 3.  

There were no complete or partial clinical responses. 
Seven of 18 patients (39%; 95% CI: 17.3% -64.3%) 
achieved disease stabilization after the first course of 
vaccinetions (6 weeks) and eleven patients had disease 
progression. The seven patients with initial disease stabi-
lization continued to a second (5 patients) and third (2 
patients) course of vaccination and all but one of them 
exhibited an immune response. Five of these patients 
died at a median time of 16.5 months (range 6.7 to 20.0) 
and two were alive with 12.2 and 21.0 months follow up. 
Overall a total of 15 patients have died and three surviv-
ing patients have been followed for 12.2, 21.0, and 38.8 
months. The Kaplan-Meier estimate of median survival 
was 8.1 months (95% CI: 6.7-18.2), and the 1, 2, and 
3-year rates were 44.4% (95% CI: 21.6% - 65.1%), 
19.0% (95% CI: 4.8% - 40.3%), and 9.5% (95% CI: 
0.8% - 32.1%), respectively). Overall survival is shown 
in Figure 2. Exploratory analysis of the prognostic effect 
of baseline factors found no associations with progres-
sion free survival but indicated longer OS for patients of 
Hispanic ethnicity (p = 0.020) as well as for those who 
were fully active per ECOG assessment (p = 0.043). 

3.3. Dose Schedule 

Although the study was not powered for comparison 
by DS, we observed longer progression-free times for 
most of the patients vaccinated weekly or twice weekly 
than for those vaccinated every other week (Figure 3). 
An effect of vaccination frequency on OS is not evident  

Copyright © 2013 SciRes.                                    Openly accessible at http://www.scirp.org/journal/alc/ 
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Table 2. Baseline characteristics of 18 evaluable patients. 

Age (years) (median 67; range 38 - 86) Race/ethnicity ECOG performance status 

 N %  N %  N % 

< 50 1 5.5 White non-Hispanic 11 61 0: Fully active 10 56 

50-59 4 22 White Hispanic 6 33 1: Restricted, ambulatory 8 44 

60-69 5 28 Black 1 6 Histology 

70-79 7 39 
Prior NSCLC treatments 
(median = 7; range 2 - 13) 

Adenocarcinoma/ 
Bronchoalveolar 

14 78 

80+ 1 5.5 2 to 3 4 22 NOS 4 22 

Gender 4 to 6 5 28 Stage 

Male 7 39 7 to 9 4 22 IIIB 4 22 

Female 11 61 10 to 13 5 28 IV 14 78 

Distribution of age, gender, ethnicity, frequency of prior treatments, performance status, tumor-histology and disease stage among enrolled and treated 
patients. 

 
Table 3. Most common treatment-related AEs. 

Category AE Short Name Patients Episodes Worst 

  N %  Grade 

DERMATOLOGY/SKIN Induration 18 100% 102 1 

DERMATOLOGY/SKIN Rash 16 89% 124 1 

DERMATOLOGY/SKIN Pruritus 5 28% 11 1 

DERMATOLOGY/SKIN Dermatology/Skin - Other (Specify) 3 17% 11 1 

DERMATOLOGY/SKIN Hypopigmentation 3 17% 7 1 

DERMATOLOGY/SKIN Bruising 2 11% 3 1 

DERMATOLOGY/SKIN Injection site reaction 2 11% 7 1 

DERMATOLOGY/SKIN Hyperpigmentation 1 6% 1 1 

PAIN Pain - Other 2 11% 17 1 

NEUROLOGY Dizziness 1 6% 1 1 

HEMORRHAGE/BLEEDING Hematoma 1 6% 1 1 

MUSCULOSKELETAL/SOFT TISSUE Muscle weakness lower limb 1 6% 1 2 

Total    286  

Adverse events, type, frequency and grade related to vaccine-treatment.  

 
Raez et al

All 18 patients

 
Figure 2. Overall survival of all 18 patients 
with advanced NSCLC. 

but immune response positive (IR+) patients lived longer 
most of the patients vaccinated weekly or twice weekly 
than IR− patients (Figure 3). 

3.4. Immune Response 

We were able to measure CD8 IFN-responses to in vi-
tro restimulation with vaccine cells in 15 patients at 
baseline and following at least one course of vaccination; 
for 6 patients data were also available after the second 
treatment course and 2 patients were assessed after 3 
courses. Controls were stimulated with melanoma cells 
or with K562 or left unstimulated. As summarized in 
Table 4 and illustrated in Figure 4, CD8 responses were 
highly variable and the distribution was skewed to the 
right. A more than twofold increase in the frequency of  
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Table 4. CD8 CTL Response by IFN- ELI-Spot. 

 N Median IQR* Mean Std Dev CV** 

Baseline 14 0.50 0 to 3.50 1.90 2.52 133% 

After 1st course 14 7.57 1.00 to 21.50 14.58 19.92 135% 

After 2nd course 5 13.50 11.00 to 92.00 74.84 107.0 143% 

After 3rd course 2 10.15 9.00 to 11.30 10.15 1.63 16% 

*IQR: Inner quartile range, 25th to 75th percentile; **CV: coefficient of variation = standard deviation as a percent of mean; Table 4. Patient CD8 T cells 
purified by negative selection from PBMC were restimulated in vitro with vaccine cells and IFN-g secretion determined in ELI-spot plates. Controls 
were unstimulated or stimulated with unrelated tumor cells as described in material and methods. 

 

 
Figure 3. Time to progression (thick line) and additional fol-
low up (thin line) by dose-schedule cohort. Patients are shown 
within cohort in order of increasing follow up (shortest at top). 
Filled diamonds indicate disease progression; open diamonds 
indicate stable disease at last assessment. Filled circles indi-
cate death; open circles last follow up of surviving patients. 
IR+: more than twofold increase in CD8 from baseline. IR−: 
no CD8 immune response. na: not assessed for immune re-
sponse. 
 
IFN-γ secreting CD8 cells during all courses of vaccina- 
tion was observed in 11 patients giving an overall im- 
mune response rate of 73.3% (95% CI: 44.9% to 92.2%), 
In spite of the absence of an objective tumor response the 
11 patients who developed a CD8 CTL response during 
the first, second or third course of vaccination had an 
estimated median survival of 16.5 (95% CI: 7.1 - 20.0) 
months (see Figure 3, patients marked IR+). In contrast, 
4 patients (1002, 1009, 1014, 1018 in Figure 4) had 
minimal change or decreased frequency of IFN-γ secret-
ing CD8 cells after 6 weeks of vaccination, indicating 
that their immune system was unable to mount an al-
logeneic CD8 response and probably also unable mediate 
CD8 responses to gp96TAAIg mediated antigen cross 
presentation; survival of these 4 patients was only 2.1, 
2.3, 6.7 and 6.7 months (see Figure 3, marked IR−). 

4. DISCUSSION  

In this first in man vaccine trial injecting live, irradi-
ated, allogeneic tumor cells secreting gp96-Ig we found 
the treatment safe with no vaccine related serious ad-
verse events and only expected local adverse events at  

 
Figure 4. CD8 IFN-γ response. Samples from 15 
patients collected for immune response at base line 
and after at least one course of vaccination were 
available for analysis of the CD8 IFN-γ response. 
20,000 purified patient CD8 T cells were stimulated 
with vaccine cells for 40h in ELI-spot plates and 
the frequency of IFN-γ secreting cells determined. 
+ indicates first increase. Solid indicate immune 
response (IR+), dashed lines no response (IR−). 

 
the injection site. Although the study is limited in lacking 
a control arm and in having been closed prematurely by 
the institution for reasons entirely unrelated to the study, 
it offers extremely interesting insights into the effects of 
therapeutic vaccine immunotherapy.  

The mechanisms of immunotherapy are very different 
to those of chemotherapy. A single vaccination by anti-
gen cross presentation will induce an antigen specific 
CD8 CTL response which, however, in the environment 
of tumor induced immune suppression and antigen ex- 
cess will be very modest [23,24] and transient and unde- 
tectable within about one week [41,42]. Frequent vacci- 
nation before the original response is suppressed gradu- 
ally builds up a more substantial response that in pre- 
clinical models has been able to completely reject tumors 
in a percentage of test subjects [23,24]. Building up this 
anti-tumor response in cancer patients may take 6 to 12 
weeks with repeated vaccinations. Only when the CD8 
CTL response, measured here as IFN-γ secretion, is suf- 
ficiently built up by vaccination, can it be expected to 
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affect tumor growth. The anti tumor effect may be de- 
tected by slower and delayed tumor growth associated 
with prolonged survival, as is frequently seen in experi- 
mental animals [23,24]. Or tumors may be stabilized and 
arrested in growth or even be rejected. Unlike in chemo- 
therapy, the therapeutic effects of anti tumor vaccine 
immunotherapy are expected to be delayed but may con- 
tinue even after cessation of vaccination. Tumors may 
not completely stop to grow but may grow significantly 
slower resulting in longer survival. The determination of 
progression free survival (PFS) and of responses accord-
ing to RECIST criteria therefore is of limited value for 
estimating anti tumor activity of vaccine immunotherapy.  

We find in this study that none of the 18 patients had 
an objective tumor response by RECIST criteria, such as 
partial or complete remission. Nonetheless, 11 of the 18 
lacking objective clinical response developed an immune 
response evidenced by increased frequency of vaccine- 
specific IFN-γ CD8 T cells. For these patients, the esti-
mated median survival was 16.5 months (95% CI: 7.1 - 
20.0), and three of them were alive at last follow up of 
12.2, 21.0 and 38.8 months. Patients who had no CD8 
response had shorter survival times. While this select 
group of patients necessarily excludes those with early 
progression and death, and the small number of patients 
makes it difficult to assess the influence of baseline 
characteristics, their outcome suggests that further study 
of gp96 vaccination is warranted. We consider the data as 
suggestive evidence for beneficial effects of CD8 CTL 
responses in NSCLC patients. 

The gp96-Ig secreting vaccine cells are allogeneic and 
are expected to generate allo-antigen specific responses 
concurrent with tumor-associated antigen-specific cross 
presentation by gp96-Ig and priming of MHC I restricted 
antigen specific CD8 CTL. Since we do not know the 
identity of putative NSCLC-associated antigens, we can 
only measure the allo-response and assume that cross 
presentation of tumor associated antigens will occur to a 
corresponding extent, similar to data in preclinical ani-
mal models in mice and macaques [16,17,24]. Preclinical 
studies have also shown that concurrent allogeneic re- 
sponses do not interfere with or inhibit antigen cross 
presentation by gp96-Ig [9,16,17]. If no allo-CD8 re- 
sponse is observed, it is likely that the CD8 cells are also 
unable to respond to antigen cross presentation, probably 
as consequence to prior treatment regimens and due to 
overwhelming tumor induced immune suppression.  

Due to the unfortunate, premature institutional closure 
of the trial, which was completely unrelated to this study, 
we could not complete enrollment in the two arms with 
increased frequency of vaccination of 18 times weekly or 
36 times twice weekly. Nonetheless, 4 of the 5 immune 
response-evaluable patients in these two groups had in-
creased CD8 responses and are included in the group of 

11 patients with prolonged overall survival. The data are 
supportive for our preclinical findings that increased 
frequency of vaccination can surmount tumor induced 
suppression and increase CD8 CTL responses with clini-
cal benefit. 

Our method of preparing vaccines from established, 
allogeneic tumor cell lines by transfection with gp96-Ig, 
such as the NSCLC cell line AD100 in this study, pro-
vides a relatively simple and inexpensive way to conduct 
tumor-vaccine immunotherapy. Off the shelf allogeneic 
vaccines are of great advantage as therapeutic option. 
Vaccine cell-secreted gp96-Ig-tumor-peptide-chaperone 
complexes are danger signals for DC and generate pa-
tient autologous MHC I restricted CTL responses against 
tumor associated antigens. Normal self-peptides do not 
induce immune responses. Allogeneic cells have been 
shown to contain shared tumor antigens in melanoma 
and other tumors, thus it is reasonable to expect that 
NSCLC tumors share antigens. Indeed, recent microarray 
data indicate substantial identity of gene expression pro-
files in NSCLC tumors [36].  

In this single institution study of 18 patients, the tumor 
cell-based gp96-Ig secreting AD100-gp96-Ig vaccine 
was found to have an acceptable safety profile. Because 
there was a significant disease control rate in this heavily 
pretreated population, as well as a substantial CD8 CTL 
response in this Phase I trial, there is a strong basis for 
developing Phase II trials incorporating new combina-
tions and strategies for a novel approach to the treatment 
of advanced NSCLC patients and to test the strategy in 
other tumors. 

5. CONCLUSION 

Vaccination of patients with a novel, first-in-man, al-
logeneic gp96-Ig transfected NSCLC-adenocarcinoma 
vaccine, in the setting of minimal toxicity and strong 
immunologic responses has proven to be a viable thera-
peutic intervention and will be important to explore fur-
ther in this population of advanced NSCLC patients.  
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