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Recent FDA approval of sipuleucel-T 
 and Ipilimumab as indicated 

immunologic therapy in patients with 
advanced prostate cancer and melanoma, 
respectively, has established a foothold 
for broader utilization of vaccine based 
technology in managing cancer. Despite 
difficulty of cell harvest and processing 
with sipuleucel-T and modest toxicity to 
Ipilimumab, when matched up with the 
appropriate cancer patient these immu-
nologic approaches have provided signifi-
cant benefit and have stimulated exciting 
forward progress in the development of 
new potent and less toxic (more targeted) 
vaccines. However, surrogate measures 
of activity to optimally define more sen-
sitive subset populations and to deter-
mine length of treatment time in order to 
optimize management with other treat-
ment options remain elusive. Key clini-
cally tested vaccines under development 
which demonstrate correlation of patient 
benefit to induced immune responsive-
ness will be discussed. Results suggest 
with some vaccines correlation of patient 
benefit and surrogate measures of activ-
ity actually do exist. Examples will be 
discussed.

Introduction

So, how does it work? What are we trying 
to turn on or off in the immune system in 
order to reestablish control of our body’s 
ability to prevent cancer from expanding? 
In essence, how can we prolong life, pos-
sibly with cancer, without cancer com-
plications related to treatment and/or 
progressive disease? In Figure 1 the core 
immunologic process is demonstrated. 
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Vaccines providing relevant tumor anti-
gens excite the dendritic cell process to 
turn on afferent and efferent effector cells 
which create a targeted systemic attack on 
metastatic tumor cells.1 Until recently sys-
temic immune induction had been limited 
to therapeutic use in melanoma and renal 
cell cancer. Sipuleucel-T activity demon-
strating statistically significant improve-
ment in survival of advanced prostate 
cancer patients suggests the potential 
utilization of immune induction therapy 
(i.e., vaccines) in other solid tumors. In 
particular, as a proof of principle, extensive 
data has been demonstrated in non-small 
cell lung cancer (NSCLC) suggesting 
immune sensitivity to vaccine approaches 
(see Tables 1 and 2).

Granulocyte-macrophage Colony-
stimulating Factor Gene Vaccine (GVAX). 
GVAX vaccine induces immune activation 
and exposes tumor antigens. Autologous 
lung cancer cells harvested from the 
patients are genetically modified with 
an adenoviral vector (Ad-GM) to secrete 
human GMCSF. After irradiation, they are 
administered intradermally over a sequen-
tial course every several weeks to months.1

This vaccine is well-tolerated, with the 
most common toxicity involving local 
injection-site reaction. Remarkably, 3 of 
33 metastatic NSCLC patients who had 
failed prior standard therapy had durable 
complete tumor responses. The longest 
now more than 12 y (recent unpublished 
update). There appeared to be a vaccine 
dose-related survival advantage: longer 
survival was observed in patients receiv-
ing GVAX in which their vaccine secreted 
more than 40 ng of GMCSF per 24 h per 
106 cells (median survival = 17 mo, 95% 
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confidence interval [CI], 6–23 mo) than 
in patients receiving GVAX secreting less 
GMCSF (median survival = 7 mo, 95% 
CI, 4–10 mo; p = 0.028).

Belagenpumatucel-L

Belagenpumatucel-L is a nonviral gene-
based vaccine. This vaccine is synthesized 

by incorporating transforming growth 
factor beta2 (TGFβ2), a potent immune 
response inhibitor produced by some lung 
cancer cells, antisense gene into a pool of 
allogeneic tumor cells.

A randomized phase 2 trial of belagen-
pumatucel-L examined 3 different doses, 
1.25 × 107 cells/injection, 2.5 × 107 cells/
injection, and 5.0 × 107 cells/injection.2 

The dose was administered as an intrader-
mal injection once per month for 4 mo, 
then once a month or every other month 
for a total of 12 mo. The majority of the 
75 patients in the study had non-resect-
able stage III or IV disease. No signifi-
cant side effects were observed and of 40 
patients with measurable disease, 5 (13%) 
had a radiographic partial response. A 
detectable immune response occurred in a 
subset of patients, which correlated with 
lack of disease progression, and there was 
a dose-related effect on overall survival 
(Fig. 2). Efforts are ongoing to charac-
terize patients who are likely to be more 
responsive to this vaccine, either initially 
or during the course of treatment, consid-
ering a panel of immune response assays, 
key of which involves ELISPOT assess-
ment at baseline and at follow-up.

A phase 3 trial of belagenpumatucel-
L (STOP) has just completed accrual. 
Results are under analysis.

TGFβ2 Antisense + rhGMCSF 
Tumor-associated Glycoprotein 

(TAG)

Experience with the results involving 
GVAX suggest independent benefit to 

Figure 1. Vaccines (A) providing relevant tumor antigens (Ag) to local dendritic cells (B) turn on B and t effector cells, which distribute systemically, 
seeking metastatic tumor cells (C) containing the identified antigens.

Table 1. results of gene-Based Vaccines in IIIB/IV nScLc

Vaccine Stage # Pts Median Survival Reference

Allogenic Ad B 7.1 IIIB/IV 19
18 mo

(52% 1yr)
Raez, L.E. et al.; 200410

GM-CSF gene vaccine IV 35 Not done Salgia, R. et al.; 200311

GM-CSF gene vaccine IIIB/IV 33
12 mo

(44% 1yr)
Nemunaitis, J. et al.; 20041

GM-CSF gene vaccine 
bystander

IIIB/IV 49
7 mo

(31% 1 y)
Nemunaitis, J. et al.; 200612

Galactosyl-

transferase
IV 7 Not done Morris, J.C. et al.; 200513

Lucanix IIIB/IV 61
14.4 mo

(56% 1 y)
Nemunaitis, J. et al.; 20062

Lucanix IIIB/IV 21
15.5 mo

(72% 1 y)
Nemunaitis, J. et al.; 200914

TG4010 IIIB/IV 65
14.9 mo

(60% 1 y)
Ramlau, R. et al.; 20085

TG4010 IIIB/IV 48 17.1 mo Quoix E et al.; 20116
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advanced NSCLC patients based on dis-
parate methods of enhancement (immune 
stimulation, inhibition of immune inhibi-
tors, respectively) of antigen stimula-
tion using whole cell vaccines. We thus 

considered combining these activities into 
a single vaccine. The TGFβ2 Antisense + 
rhGMCSF tumor-associated glycoprotein 
(TAG) vaccine uses an expression plasmid 
that coexpresses the GMCSF and TGFβ2 

antisense nucleotide sequences, incorpo-
rated into autologous tumor tissue.3,4

During phase 1 trial, 22 advanced 
cancer patients were treated.3 Patients 
were infused with either 1 × 107 (n = 7) 
or 2.5 x 107 (n = 15) cells. There was little 
evidence of adverse events, apart from 
injection site pain.

Stable disease of 3 or more months’ 
duration was observed in 17 of 21 evalu-
able patients (median survival 465 d). One 
complete response occurred in a patient 
with stage IV malignant melanoma. 
Subsequent follow-up revealed correlation 
between immune response and survival, 
as determined by ELISPOT results which 
show activated T-cell expression to autolo-
gous tumor cells.

TG4010

Lessons learned from GVAX, Lucanix 
and TAG studies identified in Tables 
1 and 2, as limited examples primar-
ily involving advanced NSCLC, reveal 
methods of enhancing tumor antigen 
expression and activation of dendritic 
cells and other immune effectors toward 

Table 2. results of non-gene-Based Vaccines in IIIB/IV nScLc

Vaccine Stage # Pts Median Survival Reference

SRL172 IIIB/IV 210 7.3 mo O’Brien et al.; 200415

Dendritic NSCLC 
pulsed

IA-IIIB 16 Not Applicable
Hirschowitz, E.A. et al.; 

200416

Dexosome 
MAGE load

IIIB/IV 13 Not Done Morse, M. A. et al.; 200517

CIMAvax III, IV 40 8.2 mo Gonzalez, G. et al.; 200318

CIMAvax IIIB, IV 43
Low dose: 6.43 
mo; High does: 

8.4 mo
Ramos, T.C. et al.; 200619

Telomerase 
peptide

IIIB, IV, (I,III 
A)

26
8.5 mo

(36% 1yr)
Brunsvig, P.F. et al.; 200620

BLP 25 IIIB 88 17 mo Butts, C. et al.; 200521

BLP 25 IIIB/IV 17
5 mo (low)

15 mo (high)
Palmer, M. et al.; 200122

EP2101 IIIB/IV 135 17 mo Barve, M.; 200823

1E10 IIIB/IV 71 9.9 mo Alfonso et al.; 200724

1E10 IIIB/IV 20 10.6 mo Hernandez et al.; 200825

Pulsed DC’s IIIB/IV 5 12 mo Perroud et al.; 201126

CEA pulsed DC’s IIIB/IV 14 22 mo (64% 1 y) Zhong et al.; 201127

Figure 2. Dose related survival relationship is shown between cohorts of patients receiving lower and higher cell dose number (n = 75, p = 0.0155).
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providing targeted immunologic antican-
cer attack. TG4010 is another DNA based 
vaccine that expresses MUC1 antigen in 
combination with an expressive human 

Table 3. FAng Vaccine transgene expression and Knockdown effect During phase I trial (n = 42).

Pre- Post-

(a) GMCSF (pg/106 cells/mL 7.3 1,108

(b) Furin ↓90.7%*

(c) TGFβ1 ↓93.5%

d) TGFβ2 ↓92.5%
* Subset population of 20.

Figure 3. Survival response of patients with previously treated IIIB/IV nScLc receiving tg4010 
correlated with normal circulating activated nK (anK) levels.6 (A) Analysis of the whole popula-
tion (n = 148) who received tg4010 revealed no survival difference. (B) However, 25% subset 
population was identified with abnormally elevated circulating activated nK cells (anK). (C) 
Analysis of survival excluding patients with anK cells revealed significant advantage in patients 
with normal circulating anK cells who received tg4010.

interleukin-2 (IL-2) DNA sequence con-
structed into a modified vaccinia virus. 
A recent phase II study was conducted to 
evaluate the immune response induced by 

this vaccine in advanced stage NSCLC 
patients.5 Sixty-five patients were ran-
domized into 2 arms and treated until 
disease progression. Arm 1 involved 44 
patients who received TG4010 combined 
with chemotherapy upfront, and TG4010 
monotherapy was administered to 21 
patients in arm 2. There were no signifi-
cant toxic events observed. In the 37 eval-
uable patients, all experienced a MUC-1 
specific cellular response. The OS for arm 
1 was 12.7 mo and it was 14.9 mo for arm 
2. One-year survival was 53%. In a fol-
low-up randomized study of 148 patients, 
TG4010 was administered SC weekly for 
6 weeks with and without chemotherapy.6 
Assessment of immunologic biomarkers 
revealed a 25% subset population with 
significantly increased circulating acti-
vated NK cells. Comparison of patients 
who received TG4010 with normal (low 
levels) circulating NK cells to similar 
patients with high NK cell levels receiving 
standard doublet chemotherapy revealed 
survival advantage to patients receiving 
TG4010 plus chemotherapy in correla-
tion only with those patients with low 
activated NK levels (Fig. 3). These results 
fulfilled requirements necessary to initiate 
further phase III testing targeting only the 
low NK group.

FANG

In order to further expand upon lessons 
learned for prior immune stimulating 
approaches, we tested a dual expressive 
vector containing human GMCSF DNA 
with a novel bifunctional RNA interfer-
ence technology7 targeting furin. Furin 
is a proprotein convertase which upregu-
lates both TGFβ1 and TGFβ2, potent 
cancer produced immune inhibitors. 
Activity of Lucanix and TAG are limited 
to TGFβ2 knockdown; however, TGFβ1 
is the predominant immune inhibitor 
produced by most tumor cell popula-
tions. Knockdown of the direct target 
(furin) and the key downstream effector 
targets (TGFβ1, TGFβ2) was effective 
(Table 3).8 Moreover, dual functions of 
GMCSF expression and knockdown of 
both TGFβ1 and TGFβ2 proteins were 
consistent and within predicted guide-
lines when expressed. No significant toxic 
effect was observed and suggested survival 
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advantage was demonstrated between 
later stage patients receiving FANG and 
those electing to choose other standard of 
care options (Fig. 4).

The observed survival differ-
ent between FANG and No FANG is 
encouraging but these are not random-
ized results and patients treated were not 

a uniform population. Nevertheless, the 
median survival with most recent follow-
up of 522 d extending out over 1,000 d is 
quite impressive and compares favorably 

Figure 4. (A) Survival of advanced metastatic previously treated cancer patients receiving FAng compared with those with constructed vaccine not 
receiving FAng as previously published8 based on analysis done 7/7/11. (B) recent follow up on 4/26/12 revealed continued survival difference and 
greater than expected survival compared with historical metaanalysis of phase I trial patients.9

Figure 5. methods of providing relevant tumor antigens (A), immune function enhancement (i.e., gmcSF) and inhibition of cancer produced immune 
inhibitors (i.e., tgFβ1, tgFβ2) appear to be successful in demonstrating preliminary enhancement of dendritic cell response (B) and enhancement of 
circulatory tumor targeted activated t-cells (C), as measured by eLISpot assay.
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to observed survival of 264 d. A recent 
previously published analysis at MD 
Anderson involving 182 phase I trial par-
ticipating advanced solid tumor patients 
observed a median survival of only 9 mo.9 
However, more importantly, blinded com-
parison within the FANG treated group of 
patients distinguishing ELISPOT positive 
induced patients from ELSIPOT negative 
patients revealed statistically significant 
survival advantage of the ELISPOT posi-
tive induced group. Randomized phase II 
testing in frontline ovarian cancer is now 
ongoing.

Conclusion

Hypothesis of combining relevant can-
cer antigen stimulation with methods 
to enhance immune function and/or to 
reduce cancer produced immune inhibi-
tion appear on target (Fig. 5). Several 
phase III trials are either recently com-
pleted (waiting for database maturity) 
or are ongoing. Preliminary biomarker 
assessment based on key assays measur-
ing immune function suggest clinical 
relevance (i.e., aNK function, ELISPOT 
response to autologous tumor). Over the 
next three years results will be known 
from randomized trial assessment.
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References
1. Nemunaitis J, Sterman D, Jablons D, Smith JW 2nd, 

Fox B, Maples P, et al. Granulocyte-macrophage 
colony-stimulating factor gene-modified autologous 
tumor vaccines in non-small-cell lung cancer. J Natl 
Cancer Inst 2004; 96:326-31; PMID:14970281; 
http://dx.doi.org/10.1093/jnci/djh028

2. Nemunaitis J, Dillman RO, Schwarzenberger PO, 
Senzer N, Cunningham C, Cutler J, et al. Phase 
II study of belagenpumatucel-L, a transforming 
growth factor beta-2 antisense gene-modified alloge-
neic tumor cell vaccine in non-small-cell lung cancer. 
J Clin Oncol 2006; 24:4721-30; PMID:16966690; 
http://dx.doi.org/10.1200/JCO.2005.05.5335

3. Olivares J, Kumar P, Yu Y, Maples PB, Senzer N, 
Bedell C, et al. Phase I trial of TGF-beta 2 anti-
sense GM-CSF gene-modified autologous tumor cell 
(TAG) vaccine. Clin Cancer Res 2011; 17:183-92; 
PMID:21208907; http://dx.doi.org/10.1158/1078-
0432.CCR-10-2195

4. Maples PB, Kumar P, Oxendine I, Jay C, Yu Y, Kuhn 
J, et al. TAG Vaccine: Autologous Tumor Vaccine 
Genetically Modified to Express GM-CSF and Block 
Production of TGFB2. BioProcessing Journal 2009; 
8:38-45

5. Ramlau R, Quoix E, Rolski J, Pless M, Lena H, Lévy 
E, et al. A phase II study of Tg4010 (Mva-Muc1-Il2) 
in association with chemotherapy in patients with 
stage III/IV Non-small cell lung cancer. J Thorac 
Oncol 2008; 3:735-44; PMID:18594319; http://
dx.doi.org/10.1097/JTO.0b013e31817c6b4f

6. Quoix E, Ramlau R, Westeel V, Papai Z, Madroszyk 
A, Riviere A, et al. Therapeutic vaccination with 
TG4010 and first-line chemotherapy in advanced 
non-small-cell lung cancer: a controlled phase 2B trial. 
Lancet Oncol 2011; 12:1125-33; PMID:22019520; 
http://dx.doi.org/10.1016/S1470-2045(11)70259-5

7. Rao DD, Maples PB, Senzer N, Kumar P, Wang 
Z, Pappen BO, et al. Enhanced target gene knock-
down by a bifunctional shRNA: a novel approach of 
RNA interference. Cancer Gene Ther 2010; 17:780-
91; PMID:20596090; http://dx.doi.org/10.1038/
cgt.2010.35

8. Senzer N, Barve M, Kuhn J, Melnyk A, Beitsch P, 
Lazar M, et al. Phase I trial of “bi-shRNAi(furin)/
GMCSF DNA/autologous tumor cell” vaccine 
(FANG) in advanced cancer. Mol Ther 2012; 20:679-
86; PMID:22186789; http://dx.doi.org/10.1038/
mt.2011.269

9. Wheler J, Tsimberidou AM, Hong D, Naing A, 
Jackson T, Liu S, et al. Survival of patients in a Phase 
1 Clinic: the M. D. Anderson Cancer Center experi-
ence. Cancer 2009; 115:1091-9; PMID:19165805; 
http://dx.doi.org/10.1002/cncr.24018

10. Raez LE, Cassileth PA, Schlesselman JJ, Sridhar K, 
Padmanabhan S, Fisher EZ, et al. Allogeneic vac-
cination with a B7.1 HLA-A gene-modified adeno-
carcinoma cell line in patients with advanced non-
small-cell lung cancer. J Clin Oncol 2004; 22:2800-
7; PMID:15254047; http://dx.doi.org/10.1200/
JCO.2004.10.197

11. Salgia R, Lynch T, Skarin A, Lucca J, Lynch C, 
Jung K, et al. Vaccination with irradiated autolo-
gous tumor cells engineered to secrete granulocyte-
macrophage colony-stimulating factor augments 
antitumor immunity in some patients with meta-
static non-small-cell lung carcinoma. J Clin Oncol 
2003; 21:624-30; PMID:12586798; http://dx.doi.
org/10.1200/JCO.2003.03.091

12. Nemunaitis J, Jahan T, Ross H, Sterman D, Richards 
D, Fox B, et al. Phase 1/2 trial of autologous tumor 
mixed with an allogeneic GVAX vaccine in advanced-
stage non-small-cell lung cancer. Cancer Gene Ther 
2006; 13:555-62; PMID:16410826; http://dx.doi.
org/10.1038/sj.cgt.7700922

13. Morris JC, Vahanian N, Janik JE. Phase I study of an 
antitumor vaccination using α(1,3)galactosyltransfer-
ase expressing allogeneic tumor cells in patients (Pts) 
with refractory or recurrent non-small cell lung can-
cer (NSCLC). Journal of Clinical Oncology, 2005 
ASCO Annual Meeting Proceedings 2005;23(No. 
16S, Part I of II (June 1 Supplement)):2586.

14. Nemunaitis J, Nemunaitis M, Senzer N, Snitz 
P, Bedell C, Kumar P, et al. Phase II trial of 
Belagenpumatucel-L, a TGF-beta2 antisense gene 
modified allogeneic tumor vaccine in advanced non 
small cell lung cancer (NSCLC) patients. Cancer 
Gene Ther 2009; 16:620-4; PMID:19287371; 
http://dx.doi.org/10.1038/cgt.2009.15

15. O’Brien ME, Anderson H, Kaukel E, O’Byrne 
K, Pawlicki M, Von Pawel J, et al.; SR-ON-12 
Study Group. SRL172 (killed Mycobacterium 
vaccae) in addition to standard chemotherapy 
improves quality of life without affecting survival, 
in patients with advanced non-small-cell lung can-
cer: phase III results. Ann Oncol 2004; 15:906-14; 
PMID:15151947; http://dx.doi.org/10.1093/annonc/
mdh220

16. Hirschowitz EA, Foody T, Kryscio R, Dickson L, 
Sturgill J, Yannelli J. Autologous dendritic cell vac-
cines for non-small-cell lung cancer. J Clin Oncol 
2004; 22:2808-15; PMID:15254048; http://dx.doi.
org/10.1200/JCO.2004.01.074

17. Morse MA, Garst J, Osada T, Khan S, Hobeika 
A, Clay TM, et al. A phase I study of dexosome 
immunotherapy in patients with advanced non-
small cell lung cancer. J Transl Med 2005; 3:9; 
PMID:15723705; http://dx.doi.org/10.1186/1479-
5876-3-9

18. Gonzalez G, Crombet T, Torres F, Catala M, Alfonso 
L, Osorio M, et al. Epidermal growth factor-based 
cancer vaccine for non-small-cell lung cancer thera-
py. Ann Oncol 2003; 14:461-6; PMID:12598354; 
http://dx.doi.org/10.1093/annonc/mdg102

19. Ramos TC, Vinageras EN, Ferrer MC, Verdecia BG, 
Rupalé IL, Pérez LM, et al. Treatment of NSCLC 
patients with an EGF-based cancer vaccine: report 
of a Phase I trial. Cancer Biol Ther 2006; 5:145-
9; PMID:16357522; http://dx.doi.org/10.4161/
cbt.5.2.2334

20. Brunsvig PF, Aamdal S, Gjertsen MK, Kvalheim G, 
Markowski-Grimsrud CJ, Sve I, et al. Telomerase 
peptide vaccination: a phase I/II study in patients 
with non-small cell lung cancer. Cancer Immunol 
Immunother 2006; 55:1553-64; PMID:16491401; 
http://dx.doi.org/10.1007/s00262-006-0145-7

21. Butts C, Murray N, Maksymiuk A, Goss G, Marshall 
E, Soulières D, et al. Randomized phase IIB trial of 
BLP25 liposome vaccine in stage IIIB and IV non-
small-cell lung cancer. J Clin Oncol 2005; 23:6674-
81; PMID:16170175; http://dx.doi.org/10.1200/
JCO.2005.13.011

22. Palmer M, Parker J, Modi S, Butts C, Smylie 
M, Meikle A, et al. Phase I study of the BLP25 
(MUC1 peptide) liposomal vaccine for active specific 
immunotherapy in stage IIIB/IV non-small-cell lung 
cancer. Clin Lung Cancer 2001; 3:49-57, discussion 
58; PMID:14656392; http://dx.doi.org/10.3816/
CLC.2001.n.018

23. Barve M, Bender J, Senzer N, Cunningham C, Greco 
FA, McCune D, et al. Induction of immune responses 
and clinical efficacy in a phase II trial of IDM-2101, 
a 10-epitope cytotoxic T-lymphocyte vaccine, in 
metastatic non-small-cell lung cancer. J Clin Oncol 
2008; 26:4418-25; PMID:18802154; http://dx.doi.
org/10.1200/JCO.2008.16.6462

24. Alfonso S, Diaz RM, de la Torre A, Santiesteban E, 
Aguirre F, Pérez K, et al. 1E10 anti-idiotype vaccine 
in non-small cell lung cancer: experience in stage 
IIIb/IV patients. Cancer Biol Ther 2007; 6:1847-
52; PMID:18075301; http://dx.doi.org/10.4161/
cbt.6.12.5000

25. Hernández AM, Toledo D, Martínez D, Griñán 
T, Brito V, Macías A, et al. Characterization of the 
antibody response against NeuGcGM3 ganglioside 
elicited in non-small cell lung cancer patients immu-
nized with an anti-idiotype antibody. J Immunol 
2008; 181:6625-34; PMID:18941253

26. Perroud MW Jr., Honma HN, Barbeiro AS, Gilli SC, 
Almeida MT, Vassallo J, et al. Mature autologous 
dendritic cell vaccines in advanced non-small cell 
lung cancer: a phase I pilot study. Journal of experi-
mental & clinical cancer research. CR (East Lansing, 
Mich) 2011; 30:65

27. Zhong R, Teng J, Han B, Zhong H. Dendritic cells 
combining with cytokine-induced killer cells syner-
gize chemotherapy in patients with late-stage non-
small cell lung cancer. Cancer Immunol Immunother 
2011; 60:1497-502; PMID:21681372; http://dx.doi.
org/10.1007/s00262-011-1060-0

28. Ribas A, Butterfield LH, Glaspy JA, Economou JS.  
Current developments in cancer vaccines and cellular 
immunotherapy.  J Clin Oncol 2003; 21:2415-32; 
PMID:12805342


