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Standard treatments for nonsmall cell lung cancer (NSCLC), such as surgery, chemotherapy, and radiotherapy, often lead to
disappointing results. Unfortunately, also the various immunotherapeutic approaches so far tested have not produced satisfactory
results to be widely applied in the clinical practice. However, the recent development of new immunomodulatory agents may open
promising therapeutic options. This paper focuses on PF3512676, lenalidomide, and NGR-TNF, that is, drugs belonging to three
different classes of immunomodulatory agents, that are also capable to affect tumor blood vessels with different mechanisms, and
discusses the potential role of such agents in NSCLC treatment strategy.

1. Introduction

Lung cancer is the leading cause of cancer death in both men
and women and one of the leading causes of death worldwide
[1]. Non small cell lung cancer (NSCLC) represents ∼
80% of all types of lung cancer. Most patients present
with locally advanced (stage III) or metastatic (stage IV)
cancer [2, 3]. Despite chemotherapy treatment, sometimes
in combination with radiotherapy, most patients die of
disease progression, due to acquired or intrinsic resistance
to chemotherapeutic drugs. Various immunotherapeutic
approaches have been also attempted, ranging from the use
of nonspecific immunostimulants like Bacillus Calmette-
Guerin (BCG) to more specific strategies, unfortunately
often with disappointing results [4, 5]. However, the recent
improvement of our understanding of how the immune
system works, the identification of new target antigens,
and the development of new immunomodulators capable
to affect the immune system and the tumor neovasculature
could open new therapeutic options that deserve further
investigation.

This review discusses the potential role of three
immunomodulatory agents that, besides regulating immune
cells, can also affect the tumor neovasculature with different
mechanisms and to different extent. In particular we discuss:
(a) PF3512676, a Toll-like receptor 9 agonist primarily
endowed of immunomodulatory activity, (b) lenalidomide,
an immunomodulator with antiangiogenic properties and
(c) NGR-TNF, an immunomodulatory agent with strong
vascular damaging activity.

2. PF3512676 (TLR9 Agonist)

Toll like receptors (TLRs) are a family of highly conserved
receptors that regulate innate antigen-specific immunity
via the recognition of pathogen-associated molecular pat-
tern [6–9]. TLR9 is expressed in endosomes of B and
T lymphocytes, plasmocytoid cells, and dendritic cells
[10]. Immunostimulatory oligonucleotides containing cer-
tain CpG sequence motifs stimulate the innate and adaptive
immune response and have been under investigation for
treating infectious diseases, allergies, asthma, and cancer
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Figure 1: Proposed mechanism of action of PF-3512676. In the first phase, PF-3512676 activates a rapid induction of innate immune
response through TLR9 stimulation in B cell and plasmocytoid cells. This may restore defective plasmocytoid dendritic cell function, induces
IFN secretion (all IFN types), and activates NK and NKT cell. A later induction of adaptive immune response may then occur through
dendritic cell mediated activation of antigen-specific T cells, monocytes and polymorphonuclear leukocytes, promotion of killer T cells and
production of antibodies by B cells.

[11–16]. Through TLR9 signalling pathway, immunostimu-
latory oligonucleotides activate a complex cascade that leads
to increased production of proinflammatory cytokines and
chemokines and stimulation of an immune response with
antitumor effects [17–21]. Bioengineered immunomodula-
tory oligonucleotides have been developed to stimulate the
immune system of various animal species, as well as purified
and cultured human immune cells [22–24]. Several new
immunomodulatory oligonucleotides have been evaluated
in models of human cancer [25–27]. Among these, PF-
3512676 (ProMune) is particularly promising. It contains
unmethylated cytosine and guanine (CpG) motifs and a
nuclease-resistant phosphorothioate backbone [28]. It is
an agonist of the TLR9 expressed in plasmocytoid cells
and B cells [28]. The anticancer activity of PF-3512676 is
related to direct and indirect immunomodulation of both
innate and adaptive immune responses [29]. Plasmocytoid
dendritic cells stimulated by PF-3512676 express increased
levels of MHC I and II and costimulatory molecules (leading
to improved antigen presentation) secrete cytokines and
chemokines that enhance natural killer (NK) cell activity
directed toward tumor cells, present tumor specific antigens
and costimulatory molecules to B and T cells, and generate
long-living antigen specific cytotoxic T-lymphocytes and
antibody responses [30]. A good indicator of activation and
maturation of dendritic cells by PF-3512676 is the produc-
tion of IFNα and the subsequent induction of interferon-
inducible protein 10 (IP-10), an antiangiogenic cytokine
[28, 31]. Furthermore upregulation of CD86 and CD80
on B cells induced by PF-3512676 and secretion of IL-
10 and IL-6 demonstrate its strong stimulatory properties
[30]. A schematic representation of the mechanism of action
of PF-3512676 is shown in Figure 1. The clinical safety
and efficacy of PF-3512676 have been evaluated in 18
clinical studies [30, 32]. Overall, 889 subjects were enrolled
in these trials, where PF3512676 was administered via

subcutaneous, intravenous, intralesional, or intramuscular
routes as monotherapy or in combination with monoclonal
antibodies or with chemotherapeutic agents. Immunological
responses (such as induction of innate/adaptive immune
responses with moderate to abundant cellular infiltrates of
lymphocytes proven in tumor biopsies) leading in some
cases to tumor regression were observed in patients with
melanoma, renal cell carcinoma, non-Hodgkin lymphoma
and non small cell lung cancer [28, 30, 33–38]. Focusing
on NSCLC, a phase II study enrolling 112 chemonaive
patients with NSCLC was conducted. The patients received
PF3512676 in combination with platinum and taxane dou-
blet chemotherapy at a dose of 0.2 mg/kg, sc, on the 2nd and
3rd weeks of a 3-week chemotherapy cycle [39, 40]. Twenty-
eight (37%) patients had a partial or complete response
with the combination of chemotherapy and PF-3512676
and 7 (19%) with chemotherapy alone. The combination
of chemotherapy and PF-3512676 was well tolerated even
if there was an excess of myelosuppression. The most com-
monly reported PF-3512676 related events were reversible
local injection reactions, such as erythema, pain, induration,
warmth and swelling, or systemic flu-like symptoms (fatigue,
pyrexia, headache, chills, arthralgia and myalgia). Based on
these preliminary data, two phase III trials were conducted
to test the efficacy of PF-3512676 in combination with
platinum based chemotherapy in advanced NSCLC patients.
Unfortunately, both studies failed to prove the superiority of
the combination after an interim analysis by an independent
data monitoring safety committee [41], showing also a worse
toxicity profile for the PF-3512676 arm [42, 43].

3. Lenalidomide (Immunomodulatory
Imide Drug)

Another promising drug class among immunomodulatory
agents is represented by Immunomodulatory imide Drugs
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Figure 2: Proposed mechanism of action of lenalidomide. This drug can inhibit endothelial cell migration and adhesion possibly by
downregulating endothelial cell integrins and angiogenesis. Lenalidomide can also induce immunomodulatory effect by activating T
and NKT cells, which in turn release cytotoxic mediators, and by inhibiting the release of proinflammatory cytokines in the tumor
microenvironment. The antiangiogenic effect is a major component of lenalidomide antitumor activity in solid tumors.

(the so-called IMiDs). Thalidomide is the IMiDs progenitor.
Second generation IMiDs are lenalidomide, pomalidomide
and ENMD-0995. Thalidomide has emerged as a potent
treatment for several disease entities. Although originally
marketed in Europe as a sedative and antiemetic, reports of
teratogenic effects [44] led to its withdrawal in the market
in 1961 [45]. Thalidomide-associated congenital malfor-
mations were later explained as impaired vasculogenesis
suggesting that a similar mechanism may contribute to
prevent the growth of tumor blood vessels [46, 47]. In the
cancer setting, thalidomide is currently used in multiple
myeloma patients [48].

Lenalidomide is the first 2nd generation IMiD to be
approved for clinical use. It has been registered as 2nd line
treatment in association with dexamethasone in patients
with multiple myeloma [49]. However, the therapeutic utility
of this drug may not be limited to haematological malig-
nancies. It was synthesized based on the structural backbone
of thalidomide, by adding an amino group at position 4
of the phthaloyl ring and removal of the carbonyl group
of the 4-amino-substituted phthaloyl ring. Such structural
changes were designed to enhance its immunomodulatory
and antitumor activity [49, 50]. Despite the proven clinical
activity of the IMiDs the exact mechanism of their antitumor
activity remains elusive. It is possible that the antitumor
activity of lenalidomide is mediated through multiple non-
mutually exclusive processes that primarily depend on the
type of tumor cells and their microenvironment. Data on
lenalidomide’s mechanism of action, mostly derived from
studies on multiple myeloma and B cell malignancies can
likely be applied also to solid tumors. Lenalidomide has
been shown to inhibit TNF-α [51, 52], IL-6 and other
proapoptotic cytokines and proinflammatory mediators [49,
53], and to activate proapoptotic signals triggered by Fas-

mediated cell death, such as caspase-8 (but not caspase-
9) [49]. Lenalidomide downregulates antiapoptotic proteins
like the cellular inhibitor of apoptosis protein 2 and FLICE
inhibitor protein. Nuclear factor-kB is also directly inhibited
by lenalidomide [49]. Lenalidomide is a potent stimulator of
lipopolysaccharide-induced IL-10, as well as costimulators of
T cells that are partially activated through the T-cell receptor,
in the CD8+ subset [54, 55]. Furthermore, it induces increase
in IL-2 and IFNγ secretion and upregulation of CD40L
expression on anti-CD3 stimulated T cells, resulting in
activation of natural killer cells, and thus improving host
immunity against tumor cells [56]. Compared to thalido-
mide, lenalidomide is 50 to 2000 times more potent in stim-
ulating T-cell proliferation and activation and 50–100 times
more potent in augmenting IL-2 and IFNγ production [49].
In contrast with PF-3512676, which shows a predominant
immunomodulatory activity, IMiDs are also proapoptotic
agents and strong angiogenesis inhibitors. Indeed, various
in vitro assays have demonstrated the antiangiogenic activity
of IMiDs [57–60]. This activity is believed to be secondary
to the inhibition of secretion of angiogenic cytokines, such
as vascular endothelial growth factor (VEGF) and fibroblast
growth factor (FGF), from both tumor and stromal cells. In
addition, lenalidomide has been shown to inhibit endothelial
cell migration and adhesion, perhaps by downregulating
endothelial cell integrins [61, 62]. Lenalidomide is reported
to downregulate key cytokines such as TNF-α, IL-6, IL-8 and
VEGF, that is, cytokines which favour tumor cell survival,
proliferation and, possibly, resistance to therapy, mainly by
affecting the tumor vasculature [50]. A schematic represen-
tation of lenalidomide’s mechanism of action is shown in
Figure 2. In solid tumors, lenalidomide proved to have a
good safety profile both in monotherapy and in combination
with chemotherapy showing results in terms of antitumor
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Figure 3: Proposed mechanism of the tumor homing properties of NGR-TNF. Ultra low dose NGR-TNF can interact more efficiently with
CD13-positive tumor vessel, compared to CD13-negative normal vessels, by virtue of high avidity interactions of the CNGRC domain with
CD13 and of the TNF domain with TNF receptors (TNF-Rs), thereby triggering local activation of endothelial cells, and inducing leukocyte
adhesion molecules, cytokine secretion, procoagulant activity, and apoptosis.

activity in several tumor types and also in NSCLC [63–67].
In fact, Miller et al. tested the feasibility of lenalidomide at a
dose escalated from 5 to 10 to 25 mg/day in 20 patients with
solid tumors refractory to standard treatment [64]. Moderate
dose-dependent and reversible haematological toxicity was
observed. One partial response and three stable diseases were
documented; of these patients three had NSCLC diagnosis.
This study recommended 25 mg/day, orally, of lenalidomide
as single agent for 4 weeks followed by 2-week rest period.
Similarly, Kalmadi et al. explored safety and tolerability of
lenalidomide in association with docetaxel and carboplatin
in 14 patients with advanced solid tumors [67]. No treatment
related deaths or irreversible toxicities were recorded. Five
patients achieved partial response; 5 out of 9 patients had
NSCLC. Docetaxel (60 mg/m2) and carboplatin (AUC 6) on
day 1 with lenalidomide 5 mg daily orally for 2 weeks of a
21 day cycle was the maximum tolerated dose without the
use of prophylactic growth factors. Clinically, lenalidomide
shows a different and more manageable toxicity profile
compared to thalidomide, causing greater haematological
toxicity (neutropenia and thrombocytopenia) but much less
neurological toxicity [49].

4. NGR-TNF

NGR-TNF is an engineered TNF derivative with improved
neovasculature homing properties. This drug, developed and
initially tested at our Institute, is made of tumor necrosis fac-
tor α (TNF) fused to CNGRC, a peptide ligand of aminopep-
tidase N (CD13) overexpressed in tumor neovasculature
[68–70]. A schematic representation of this drug and of
the potential mechanism underlying its improved avidity

for tumor blood vessels is shown in Figure 3. Experiments
in animal models have shown that NGR-TNF, because of
its tumor vasculature homing properties, is endowed of
greater therapeutic activity and lower toxicity than TNF,
enabling systemic administration of therapeutic doses [68,
71]. NGR-TNF can promote antitumor responses primarily
by damaging the tumor vasculature. This provides the
rationale for using NGR-TNF as a single agent. In addition,
it has been demonstrated that ultra-low doses of NGR-
TNF (picograms/mouse) are sufficient to alter permeability
in tumor vessels of tumor-bearing mice and improve the
penetration of various chemotherapeutic drugs in tumor
tissues, including melphalan, doxorubicin, cisplatin, gemc-
itabine, and paclitaxel [71–73]. Thus, NGR-TNF may have
a dual pharmacological effects, acting both as a vascular
damaging agent and as an enhancer of chemotherapy. In
principle, NGR-TNF could be exploited either to improve
the penetration of conventional doses of chemotherapeutic
drugs in tumors, favoring their local antitumor and immune
adjuvant effects, or to reduce the dose of chemotherapeutic
drugs and their toxicity, including that against cells of the
immune system. This combined strategy might also benefit
from the ability of TNF to promote anti-tumor immune
responses [74, 75]. Interestingly, targeted delivery of TNF
alone or in association with chemotherapy has been shown
to cure tumors in animal models and to induce protective
immunity [68]. This suggests that the immune response,
and in particular T-cell dependent mechanisms, represent
an important arm of NGR-TNF activity. TNF targeted to
vessels might also enhance the production of endothelial
immuneregulating cytokines or chemokines and/or upregu-
late endothelial adhesion molecules, favoring extravasation
of immune cells, and improving the ability of the immune
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system to cope with residual tumor cells [76]. A schematic
representation of NGR-TNF mechanism of action is shown
in Figure 3.

Various Phase I and Phase II clinical studies have
been undertaken with NGR-TNF in solid tumors showing
manageable toxicity profile and evidence of disease control,
particularly in hepatocarcinoma, pleural mesothelioma, and
colorectal cancer [77–80]. At our institution, we are currently
testing low-dose NGR-TNF both as a single agent and
in combination with chemotherapeutic agents, such as
antracyclines and cisplatin, in several solid tumors, such as
pleural mesothelioma, NSCLC and small cell lung cancer.
Further studies are warranted to confirm NGR-TNF as a
treatment option for NSCLC patients.

5. Conclusions

Standard treatment options for NSCLC patients, who are
mostly diagnosed in advanced stage of disease, often lead
to disappointing results. Immunotherapy is a promising
approach in several tumors and preliminary but promis-
ing data are arising also for lung cancer. Despite initial
attempts to treat NSCLC with immunomodulatory agents
were unsuccessful, the development of new drugs endowed
of immunomodulatory and antivascular activity have stim-
ulated further clinical studies. The first agent we focused
on (PF-3512676) is an example of an immunomodulatory
agent with modest antivascular activity. Unfortunately, also
this drug eventually turned out to be ineffective in large
phase III trials for advanced NSCLC. However, the promising
early findings, in terms of efficacy and toxicity, obtained with
lenalidomide and NGR-TNF, that is, two immunomodula-
tory agents endowed with strong antivascular activity, may
suggest that these compounds could play a role in the treat-
ment of NSCLC, both as single agents and in combination
with chemotherapeutic drugs. These combinations could be
the key to move a step forward in improving prognosis in
NSCLC patients.

Acknowledgment

This paper was supported in part by Associazione Italiana
per la Ricerca sul Cancro (AIRC), FIRB and Alleanza Contro
il Cancro (ACC) of Italy.

References

[1] American Cancer Society, Cancer Facts and Figures 2005,
American Cancer Society, Atlanta, Ga, USA.

[2] D. Ferrigno and G. Buccheri, “Second-line chemotherapy for
recurrent non-small cell lung cancer: do new agents make a
difference?” Lung Cancer, vol. 29, no. 2, pp. 91–104, 2000.

[3] P. C. Hoffman, A. M. Mauer, and E. E. Vokes, “Lung cancer,”
The Lancet, vol. 355, no. 9202, pp. 479–485, 2000.

[4] D. O’Mahony, S. Kummar, and M. E. Gutierrez, “Non-small-
cell lung cancer vaccine therapy: a concise review,” Journal of
Clinical Oncology, vol. 23, no. 35, pp. 9022–9028, 2005.

[5] M. Tishler and Y. Shoenfeld, “BCG immunotherapy—from
pathophysiology to clinical practice,” Expert Opinion on Drug
Safety, vol. 5, no. 2, pp. 225–229, 2006.

[6] L. Apetoh, F. Ghiringhelli, A. Tesniere, et al., “The inter-
action between HMGB1 and TLR4 dictates the outcome of
anticancer chemotherapy and radiotherapy,” Immunological
Reviews, vol. 220, no. 1, pp. 47–59, 2007.

[7] K. Chen, J. Huang, W. Gong, P. Iribarren, N. M. Dunlop, and J.
M. Wang, “Toll-like receptors in inflammation, infection and
cancer,” International Immunopharmacology, vol. 7, no. 10, pp.
1271–1285, 2007.

[8] H. Hemmi, O. Takeuchi, T. Kawai, et al., “A Toll-like receptor
recognizes bacterial DNA,” Nature, vol. 408, no. 6813, pp. 740–
745, 2000.

[9] S. Rakoff-Nahoum, J. Paglino, F. Eslami-Varzaneh, S. Edberg,
and R. Medzhitov, “Recognition of commensal microflora by
Toll-like receptors is required for intestinal homeostasis,” Cell,
vol. 118, no. 2, pp. 229–241, 2004.

[10] J. Vollmer and A. M. Krieg, “Immunotherapeutic applications
of CpG oligodeoxynucleotide TLR9 agonists,” Advanced Drug
Delivery Reviews, vol. 61, no. 3, pp. 195–204, 2009.

[11] A. Cafaro, F. Titti, C. Fracasso, et al., “Vaccination with
DNA containing tat coding sequences and unmethylated
CpG motifs protects cynomolgus monkeys upon infection
with simian/human immunodeficiency virus (SHIV89.6P),”
Vaccine, vol. 19, no. 20–22, pp. 2862–2877, 2001.

[12] A. F. Carpentier, J. Xie, K. Mokhtari, and J.-Y. Delattre,
“Successful treatment of intracranial gliomas in rat by
oligodeoxynucleotides containing CpG motifs,” Clinical Can-
cer Research, vol. 6, no. 6, pp. 2469–2473, 2000.

[13] A. Dalpke, S. Zimmermann, and K. Heeg, “CpG DNA in the
prevention and treatment of infections,” Bio Drugs, vol. 16, no.
6, pp. 419–431, 2002.

[14] I. Sabroe, L. C. Parker, A. G. Wilson, M. K. B. Whyte, and
S. K. Dower, “Toll-like receptors: their role in allergy and
non-allergic inflammatory disease,” Clinical and Experimental
Allergy, vol. 32, no. 7, pp. 984–989, 2002.

[15] J. Van Uden and E. Raz, “Immunostimulatory DNA and
applications to allergic disease,” Journal of Allergy and Clinical
Immunology, vol. 104, no. 5, pp. 902–910, 1999.

[16] H. Wang, E. Rayburn, and R. Zhang, “Synthetic oligodeoxy-
nucleotides containing deoxycytidyl-deoxyguanosine dinu-
cleotides (CpG ODNs) and modified analogs as novel anti-
cancer therapeutics,” Current Pharmaceutical Design, vol. 11,
no. 22, pp. 2889–2907, 2005.

[17] D. M. Klinman, A.-K. Yi, S. L. Beaucage, J. Conover, and A. M.
Krieg, “CpG motifs present in bacterial DNA rapidly induce
lymphocytes to secrete interleukin 6, interleukin 12, and
interferon,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 93, no. 7, pp. 2879–2883,
1996.

[18] D. M. Klinman, “Immunotherapeutic uses of CpG
oligodeoxynucleotides,” Nature Reviews Immunology, vol.
4, no. 4, pp. 249–258, 2004.

[19] A. M. Krieg, “CpG motifs in bacterial DNA and their immune
effects,” Annual Review of Immunology, vol. 20, pp. 709–760,
2002.

[20] F. Takeshita, I. Gursel, K. J. Ishii, K. Suzuki, M. Gursel, and D.
M. Klinman, “Signal transduction pathways mediated by the
interaction of CpG DNA with Toll-like receptor 9,” Seminars
in Immunology, vol. 16, no. 1, pp. 17–22, 2004.



6 Journal of Oncology

[21] H. Wang, E. Rayburn, and R. Zhang, “Synthetic oligodeoxy-
nucleotides containing deoxycytidyl-deoxyguanosine dinu-
cleotides (CpG ODNs) and modified analogs as novel anti-
cancer therapeutics,” Current Pharmaceutical Design, vol. 11,
no. 22, pp. 2889–2907, 2005.

[22] E. R. Kandimalla, L. Bhagat, Y. Li, et al., “Immunomodu-
latory oligonucleotides containing a cytosine-phosphate-2′-
deoxy-7-deazaguanosine motif as potent Toll-like receptor 9
agonists,” Proceedings of the National Academy of Sciences of
the United States of America, vol. 102, no. 19, pp. 6925–6930,
2005.

[23] E. R. Kandimalla, L. Bhagat, F.-G. Zhu, et al., “A dinucleotide
motif in oligonucleotides shows potent immunomodulatory
activity and overrides species-specific recognition observed
with CpG motif,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 100, no. 2, pp.
14303–14308, 2003.

[24] Y. Li, E. R. Kandimalla, D. Yu, and S. Agrawal, “Oligodeoxynu-
cleotides containing synthetic immunostimulatory motifs
augment potent Th1 immune responses to HBsAg in mice,”
International Immunopharmacology, vol. 5, no. 6, pp. 981–991,
2005.

[25] L. Bhagat, F.-G. Zhu, D. Yu, et al., “CpG penta- and hex-
adeoxyribonucleotides as potent immunomodulatory agents,”
Biochemical and Biophysical Research Communications, vol.
300, no. 4, pp. 853–861, 2003.

[26] E. R. Kandimalla, L. Bhagat, D. Wang, et al., “Divergent
synthetic nucleotide motif recognition pattern: design and
development of potent immunomodulatory oligodeoxyri-
bonucleotide agents with distinct cytokine induction profiles,”
Nucleic Acids Research, vol. 31, no. 9, pp. 2393–2400, 2003.

[27] D. Yu, F.-G. Zhu, L. Bhagat, et al., “Potent CpG oligonu-
cleotides containing phosphodiester linkages: in vitro and
in vivo immunostimulatory properties,” Biochemical and
Biophysical Research Communications, vol. 297, no. 1, pp. 83–
90, 2002.

[28] Y. M. Murad, T. M. Clay, H. K. Lyerly, and M. A. Morse, “CPG-
7909 (PF-3512676, ProMune): Toll-like receptor-9 agonist in
cancer therapy,” Expert Opinion on Biological Therapy, vol. 7,
no. 8, pp. 1257–1266, 2007.

[29] K. Chen, J. Huang, W. Gong, P. Iribarren, N. M. Dunlop, and J.
M. Wang, “Toll-like receptors in inflammation, infection and
cancer,” International Immunopharmacology, vol. 7, no. 10, pp.
1271–1285, 2007.

[30] “Drugs R D,” International Immunopharmacology, vol. 7, no.
5, pp. 312–316, 2006.

[31] A. L. Angiolillo, C. Sgadari, and G. Tosato, “A role for the
interferon-inducible protein 10 in inhibition of angiogenesis
by interleukin-12,” Annals of the New York Academy of Sciences,
vol. 795, pp. 158–167, 1996.

[32] R. S. Geary, J. M. Leeds, S. P. Henry, D. K. Monteith, and A. A.
Levin, “Antisense oligonucleotide inhibitors for the treatment
of cancer. Pharmacokinetic properties of phosphorothioate
oligodeoxynucleotides,” Anti-Cancer Drug Design, vol. 12, no.
5, pp. 383–393, 1997.

[33] M. A. Hofmann, C. Kors, H. Audring, P. Walden, W. Sterry,
and U. Trefzer, “Phase 1 evaluation of intralesionally injected
TLR9-agonist PF-3512676 in patients with basal cell carci-
noma or metastatic melanoma,” Journal of Immunotherapy,
vol. 31, no. 5, pp. 520–527, 2008.

[34] J. A. Thompson, T. Kuzel, B. J. Drucker, W. Urba, and
R. Bukowski, “Safety and efficacy of PF-3512676 for the
treatment of stage IV renal cell carcinoma: an open-label,

multicenter phase I/II study,” Clinical Genitourinary Cancer,
vol. 7, no. 3, pp. E58–E65, 2009.

[35] J. P. Leonard, B. K. Link, C. Emmanouilides, et al., “Phase
I trial of Toll-like receptor 9 agonist PF-3512676 with and
following rituximab in patients with recurrent indolent
and aggressive non-Hodgkin’s lymphoma,” Clinical Cancer
Research, vol. 13, no. 20, pp. 6168–6174, 2007.

[36] B. K. Link, Z. K. Ballas, D. Weisdorf, et al., “Oligodeoxynu-
cleotide CpG 7909 delivered as intravenous infusion demon-
strates immunologic modulation in patients with previously
treated non-Hodgkin lymphoma,” Journal of Immunotherapy,
vol. 29, no. 5, pp. 558–568, 2006.

[37] P. A. Bradbury and F. A. Shepherd, “Immunotherapy for lung
cancer,” Journal of Thoracic Oncology, vol. 3, no. 6, pp. S164–
S170, 2008.

[38] K. Yamada, M. Nakao, C. Fukuyama, et al., “Phase I study of
TLR9 agonist PF-3512676 in combination with carboplatin
and paclitaxel in patients with advanced non-small-cell lung
cancer,” Cancer Science, vol. 101, no. 1, pp. 188–195, 2010.

[39] G. Leichman, D. Gravenor, D. Woytowitz, et al., “CPG 7909, a
TLR9 agonist, added to first line taxane/platinum for advanced
non-small cell lung cancer, a randomized, controlled phase
II study,” Journal of Clinical Oncology, vol. 23, no. 16S, 2005,
abstract 7036.

[40] C. Manegold, D. Gravenor, D. Woytowitz, et al., “Randomized
phase II trial of a Toll-like receptor 9 agonist oligodeoxynu-
cleotide, PF-3512676, in combination with first-line taxane
plus platinum chemotherapy for advanced-stage non-small-
cell lung cancer,” Journal of Clinical Oncology, vol. 26, no. 24,
pp. 3979–3986, 2008.

[41] D. O’Mahony, S. Kummar, and M. E. Gutierrez, “Non-small-
cell lung cancer vaccine therapy: a concise review,” Journal of
Clinical Oncology, vol. 23, no. 35, pp. 9022–9028, 2005.

[42] V. Hirsh, M. Boyer, R. Rosell, et al., “Randomized phase III
trial of paclitaxel/carboplatin with or without PF-3512676 as
first line treatment of advanced non-small cell lung cancer
(NSCLC),” Journal of Clinical Oncology, vol. 26, supplement,
2008, abstract no. 8016.

[43] C. Manegold, N. Thatcher, R. J. Benner, et al., “Randomized
phase III trial of gemcitabine/cisplatin with or without PF-
3512676 as first line treatment of advanced non-small cell lung
cancer (NSCLC),” Journal of Clinical Oncology, vol. 26, 2008,
abstract no. 8017.

[44] G. W. Mellin and M. Katzenstein, “The saga of thalidomide.
Neuropathy to embryopathy, with case reports of congenital
anomalies,” The New England Journal of Medicine, vol. 267, pp.
1184–1192, 1962.

[45] F. O. Kelsey, “Thalidomide update: regulatory aspects,” Tera-
tology, vol. 38, no. 3, pp. 221–226, 1988.

[46] R. J. D’Amato, M. S. Loughnan, E. Flynn, and J. Folkman,
“Thalidomide is an inhibitor of angiogenesis,” Proceedings
of the National Academy of Sciences of the United States of
America, vol. 91, no. 9, pp. 4082–4085, 1994.

[47] B. M. Kenyon, F. Browne, and R. J. D’Amato, “Effects of
thalidomide and related metabolites in a mouse corneal model
of neovascularization,” Experimental Eye Research, vol. 64, no.
6, pp. 971–978, 1997.

[48] Press Release, “Thalomid� sNDA Granted FDA Approval For
Treatment of Newly Diagnosed Multiple Myeloma,” 2007.

[49] K. C. Anderson, “Lenalidomide and thalidomide: mechanisms
of action—similarities and differences,” Seminars in Hematol-
ogy, vol. 42, supplement 4, pp. S3–S8, 2005.



Journal of Oncology 7

[50] A. A. Chanan-Khan and B. D. Cheson, “Lenalidomide for the
treatment of B-cell malignancies,” Journal of Clinical Oncology,
vol. 26, no. 9, pp. 1544–1552, 2008.

[51] G. W. Muller, R. Chen, S.-Y. Huang, et al., “Amino-substituted
thalidomide analogs: potent inhibitors of TNF-alpha produc-
tion,” Bioorganic and Medicinal Chemistry Letters, vol. 9, no.
11, pp. 1625–1630, 1999.

[52] S. Niwayama, B. E. Turk, and J. O. Liu, “Potent inhibition of
tumor necrosis factor-alpha production by tetrafluorothalido-
mide and tetrafluorophthalimides,” Journal of Medicinal
Chemistry, vol. 39, no. 16, pp. 3044–3045, 1996.

[53] L. G. Corral, P. A. J. Haslett, G. W. Muller, et al., “Differential
cytokine modulation and T cell activation by two distinct
classes of thalidomide analogues that are potent inhibitors of
TNF-alpha,” Journal of Immunology, vol. 163, no. 1, pp. 380–
386, 1999.

[54] J. B. Bartlett, K. Dredge, and A. G. Dalgleish, “The evolution
of thalidomide and its IMiD derivatives as anticancer agents,”
Nature Reviews Cancer, vol. 4, no. 4, pp. 314–322, 2004.

[55] L. G. Corral and G. Kaplan, “Immunomodulation by thalido-
mide and thalidomide analogues,” Annals of the Rheumatic
Diseases, vol. 58, supplement 1, pp. I107–I113, 1999.

[56] C. Galustian, B. Meyer, M.-C. Labarthe, et al., “The anti-
cancer agents lenalidomide and pomalidomide inhibit the
proliferation and function of T regulatory cells,” Cancer
Immunology Immunotherapy, vol. 58, no. 7, pp. 1033–1045,
2009.

[57] K. Dredge, J. B. Marriott, C. D. Macdonald, et al., “Novel
thalidomide analogues display anti-angiogenic activity inde-
pendently of immunomodulatory effects,” British Journal of
Cancer, vol. 87, no. 10, pp. 1166–1172, 2002.

[58] D. Chauhan, A. V. Singh, B. Ciccarelli, P. G. Richardson, M.
A. Palladino, and K. C. Anderson, “Combination of novel
proteasome inhibitor NPI-0052 and lenalidomide trigger
in vitro and in vivo synergistic cytotoxicity in multiple
myeloma,” Blood, vol. 115, no. 4, pp. 834–845, 2010.

[59] L. Lu, F. Payvandi, L. Wu, et al., “The anti-cancer drug
lenalidomide inhibits angiogenesis and metastasis via multiple
inhibitory effects on endothelial cell function in normoxic and
hypoxic conditions,” Microvascular Research, vol. 77, no. 2, pp.
78–86, 2009.

[60] D. P. Mangiameli, J. A. Blansfield, S. Kachala, et al., “Com-
bination therapy targeting the tumor microenvironment is
effective in a model of human ocular melanoma,” Journal of
Translational Medicine, vol. 5, article 38, 2007.

[61] D. Gupta, S. P. Treon, Y. Shima, et al., “Adherence of multiple
myeloma cells to bone marrow stromal cells upregulates
vascular endothelial growth factor secretion: therapeutic
applications,” Leukemia, vol. 15, no. 12, pp. 1950–1961, 2001.

[62] S. Lentzsch, M. S. Rogers, R. LeBlanc, et al., “S-3-amino-
phthalimido-glutarimide inhibits angiogenesis and growth of
B-cell neoplasias in mice,” Cancer Research, vol. 62, no. 8, pp.
2300–2305, 2002.

[63] T. Eisen, U. Trefzer, A. Hamilton, et al., “Results of a multicen-
ter, randomized, double-blind phase 2/3 study of lenalidomide
in the treatment of pretreated relapsed or refractory metastatic
malignant melanoma,” Cancer, vol. 116, no. 1, pp. 146–154,
2010.

[64] A. A. Miller, D. Case, M. Harmon, et al., “Phase I study of
lenalidomide in solid tumors,” Journal of Thoracic Oncology,
vol. 2, no. 5, pp. 445–449, 2007.

[65] W. L. Dahut, J. B. Aragon-Ching, S. Woo, et al., “Phase I study
of oral lenalidomide in patients with refractory metastatic

cancer,” Journal of Clinical Pharmacology, vol. 49, no. 6, pp.
650–660, 2009.

[66] S. L. Sanborn, J. Gibbons, S. Krishnamurthi, et al., “Phase I
trial of docetaxel given every 3 weeks and daily lenalidomide
in patients with advanced solid tumors,” Investigational New
Drugs, vol. 27, no. 5, pp. 453–460, 2009.

[67] S. Kalmadi, M. Davis, A. Dowlati, et al., “Phase I trial of
three-weekly docetaxel, carboplatin and oral lenalidomide
(Revlimid) in patients with advanced solid tumors,” Investi-
gational New Drugs, vol. 25, no. 3, pp. 211–216, 2007.

[68] F. Curnis, A. Sacchi, L. Borgna, F. Magni, A. Gasparri,
and A. Corti, “Enhancement of tumor necrosis factor alpha
antitumor immunotherapeutic properties by targeted delivery
to aminopeptidase N (CD13),” Nature Biotechnology, vol. 18,
no. 11, pp. 1185–1190, 2000.

[69] F. Curnis, G. Arrigoni, A. Sacchi, et al., “Differential binding of
drugs containing the NGR motif to CD13 isoforms in tumor
vessels, epithelia, and myeloid cells,” Cancer Research, vol. 62,
no. 3, pp. 867–874, 2002.

[70] P. Di Matteo, F. Curnis, R. Longhi, et al., “Immunogenic
and structural properties of the Asn-Gly-Arg (NGR) tumor
neovasculature-homing motif,” Molecular Immunology, vol.
43, no. 10, pp. 1509–1518, 2006.

[71] F. Curnis, A. Sacchi, and A. Corti, “Improving chemothera-
peutic drug penetration in tumors by vascular targeting and
barrier alteration,” Journal of Clinical Investigation, vol. 110,
no. 4, pp. 475–482, 2002.

[72] A. Corti and M. Ponzoni, “Tumor vascular targeting with
tumor necrosis factor alpha and chemotherapeutic drugs,”
Annals of the New York Academy of Sciences, vol. 1028, pp. 104–
112, 2004.

[73] A. Sacchi, A. Gasparri, C. Gallo-Stampino, S. Toma, F. Curnis,
and A. Corti, “Synergistic antitumor activity of cisplatin,
paclitaxel, and gemcitabine with tumor vasculature-targeted
tumor necrosis factor-alpha,” Clinical Cancer Research, vol. 12,
no. 1, pp. 175–182, 2006.

[74] E. L. Balza, L. Mortara, F. Sassi, et al., “Targeted delivery
of tumor necrosis factor-alpha to tumor vessels induces a
therapeutic T cell-mediated immune response that protects
the host against syngeneic tumors of different histologic
origin,” Clinical Cancer Research, vol. 12, no. 8, pp. 2575–2582,
2006.

[75] M. A. Palladino, M. R. Shalaby, S. M. Kramer, et al., “Charac-
terization of the antitumor activities of human tumor necrosis
factor-alpha and the comparison with other cytokines: induc-
tion of tumor-specific immunity,” Journal of Immunology, vol.
138, no. 11, pp. 4023–4032, 1987.

[76] M. Bellone, A. Mondino, and A. Corti, “Vascular targeting,
chemotherapy and active immunotherapy: teaming up to
attack cancer,” Trends in Immunology, vol. 29, no. 5, pp. 235–
241, 2008.

[77] E. Bennicelli, A. Santoro, L. Rimassa, et al., “Phase II study
of NGR-HTNF, a novel vascular targeting agent in colorectal
cancer patients refractory to standard regimens,” Annals of
Oncology, vol. 19, supplement 9, 2008, abstract no. H16, ix77.

[78] G. Citterio, A. Santoro, T. Pressiani, et al., “Safety and anti-
tumor activity of NGR-HTNF, a selective vascular targeting
agent, administered at low dose in pretreated patients with
hepatocellular carcinoma: preliminary results of a phase II
trial,” Annals of Oncology, vol. 19, supplement 8, 2008, abstract
no. 546P, viii178.

[79] V. Gregorc, P. Zucali, G. Ceresoli, et al., “Phase II trial of NGR-
HTNF, a novel vascular targeting agent, in malignant pleural



8 Journal of Oncology

mesothelioma,” Annals of Oncology, vol. 19, supplement 9,
2008, abstract no. F8, ix57.

[80] H. van Laarhoven, W. Fiedler, I. M. Desar, et al., “Phase I and
DCE-MRI evaluation of NGR-TNF, a novel vascular targeting
agent, in patients with solid tumors (EORTC 16041),” Journal
of Clinical Oncology, vol. 26, supplement, 2008, abstract no.
3521.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


