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The antibody-based targeted delivery
of TNF in combination with doxorubicin
eradicates sarcomas in mice and
confers protective immunity
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Background: Soft-tissue sarcomas are a group of malignancies of mesenchymal origin, which typically have a dismal prognosis if
they reach the metastatic stage. The observation of rare spontaneous remissions in patients suffering from concomitant bacterial
infections had triggered the clinical investigation of the use of heat-killed bacteria as therapeutic agents (Coley’s toxin), which
induced complete responses in patients in the pre-chemotherapy era and is now known to mediate substantial elevations in serum
TNF levels.

Methods: We designed and developed a novel immunocytokine based on murine TNF sequentially fused to the antibody
fragment F8 (specific to extra-domain A of fibronectin). The antitumor activity was studied in two syngeneic murine sarcoma
models.

Results: The L19 antibody (specific to extra-domain B of fibronectin) has shown by SPECT imaging procedures to selectively
localise on sarcoma in a patient with a peripheral nerve sheath tumour, and immunohistochemical analysis of human soft-tissue
sarcoma samples showed comparable antigen expression of EDA and EDB. The antibody-based pharmacodelivery of TNF by the
fusion protein ‘F8—TNF’ to oncofetal fibronectin in sarcoma-bearing mice leads to complete and long-lasting tumour eradications
when administered in combination with doxorubicin, the first-line drug for the treatment of sarcomas in humans. Doxorubicin
alone did not display any therapeutic effect in both tested models of this study. The cured mice had acquired protective immunity
against the tumour, as they rejected subsequent challenges with sarcoma cells.

Conclusion: The findings of this study provide a rationale for the clinical study of the fully human immunocytokine L19-TNF in
combination with doxorubicin in patients with soft-tissue sarcoma.

Sarcomas are rare tumours and represent a heterogeneous group of
cancers that stem from soft tissue, bone, cartilage, peripheral nerve
sheets or from other connective tissues. Many of these tumours
affect children and young adults, accounting for 15% of all
paediatric cancers. Most sarcomas originate from non-epithelial
extraskeletal tissue and are called soft-tissue sarcoma. For localised

disease, surgical resection represents a potentially curative therapy,
but this is often limited by anatomical constraints. Additionally,
soft-tissue sarcomas have a high recurrence rate (Clark et al, 2005;
Scoggins and Pisters, 2008).

In the metastatic stage of soft-tissue sarcoma and depending on
histological sub-type, chemotherapy is administered as first-line
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treatment, but the median survival is only 8-12 months. The
anthracycline derivate doxorubicin (Adriamycin) is used as a
standard-of-care drug in sarcoma with a response rate of 12-30%.
Commonly, doxorubicin is administered in combination with
ifosfamide or dacarbazine, which enhances the response rates,
but does not lead to a significant survival benefit compared to the
monotherapy (Pisters, 2007; Riedel, 2012). These combination
treatments are associated with substantial toxicities and a median
duration of responses in the order of months. Thus, there is a clear
need of improved agents for the therapy of soft-tissue sarcomas.

More than 100 years ago, the New York surgeon William B
Coley had observed a case of spontaneous sarcoma regression as a
consequence of an erysipelas infection. This observation triggered
the development of ‘Coley’s toxin’ (a mixture of heat-inactivated
bacteria), which induced high fever in patients, but also a
reasonable chance of long-term survival (Starnes, 1992). We now
know that endotoxin treatment can be efficacious against certain
types of immunogenic tumours (Berendt et al, 1978) and that
Coley’s toxin treatment induced a dramatic elevation of TNF
(Starnes, 1992). Indeed, for reasons that are still not completely
understood but are probably related to the immunogenic nature of
sarcoma-associated antigens, sarcomas appeared to respond much
better to Coley’s toxin treatment compared to other tumour types
(Starnes, 1992).

Systemic treatment of cancer patients with recombinant human
TNF showed that this pro-inflammatory cytokine can only
be tolerated at a very low dose (MTD of 300 ugm ~?). In spite
of the occurrence of severe hypotension and organ failure events,
tumour regressions were rarely observed (Lejeune et al, 2006).
However, recombinant human TNF (Beromun) has been found to
be efficacious for the treatment of patients with large sarcomas of
the limb, who are candidates for amputation, in the isolated limb
perfusion procedure, with response rates up to 80% (Eggermont
et al, 1997). The product is frequently administered in combination
with melphalan and mild hyperthermia.

The therapeutic activity of pro-inflammatory cytokines is often
hindered by substantial toxicity at low doses, which prevents the
escalation to therapeutically active doses. However, recent research
has shown that suitable tumour-targeting antibodies can be used
for the construction of ‘immunocytokine” fusion proteins and can
mediate the selective delivery of cytokines to the site of disease
(Kontermann, 2012; Pasche and Neri, 2012). Curnis et al (2002)
investigated the therapeutic potential of recombinant human TNF
fused to an NGR peptide that mediates a preferential localisation of
the protein at sites of tumour neo-vasculature, as assessed by
microscopic analysis of tissue sections. The corresponding murine
NGR-TNF fusion protein was tested in combination with
doxorubicin in mouse models of melanoma, mammary adenocar-
cinoma, prostate cancer and lymphoma (Bertilaccio et al, 2008),
leading to the observation of additive therapeutic effects but no
tumour eradication. The human NGR-TNF fusion protein is
currently being studied by MolMed in combination with
doxorubicin in a randomized Phase II clinical trial in patients
with soft-tissue sarcoma (NCT00484341) (Ferrari et al, 2013).

We have previously described the immunocytokine L19-TNF,
consisting of the fully human antibody fragment L19 (specific to
the alternatively spliced EDB domain of fibronectin, a marker of
angiogenesis) fused to TNF (Borsi et al, 2003). The fusion protein
based on murine TNF mediated a potent therapeutic effect in mice
bearing murine sarcomas or colon carcinomas when used in
combination with melphalan (Borsi et al, 2003; Balza et al, 2006).
At the immunological level, the treatment led to a highly efficient
priming of CD4+ T cells and consequent activation and
maturation of CD8+ CTL effector cells, as demonstrated by
in vivo depletion and adoptive cell-transfer experiments (Mortara
et al, 2007). Complete tumour eradications were also observed
when L19-TNF was combined with a second immunocytokine,

L19-1L2, for the treatment of mouse models of neuroblastoma and
teratocarcinoma (Borsi et al, 2003; Balza et al, 2010).

The fully human L19-TNF fusion protein, containing human
TNF, has been tested in a Phase I/II monotherapy clinical trial
(Spitaleri et al, 2013) and in a Phase II clinical trial in patients with
metastatic melanoma of the limb in the isolated limb perfusion
setting (Papadia et al, 2012), in combination with melphalan.

Melphalan is not commonly used for the systemic therapy of
sarcoma and there is a need to learn about the clinical potential of
the combination of L19-TNF with doxorubicin (the drug of choice
for first-line treatment of most soft-tissue sarcomas). Moreover, it
remains unclear whether it is better to use the F8 (specific to
the EDA domain of fibronectin) or L19 (specific to EDB) for
tumour-targeting applications (Schliemann et al, 2009; Berndt
et al, 2010; Frey et al, 2011; Schwager et al, 2011). To address these
issues in a preclinical model, we performed a comparative
immunohistochemical analysis of the two antibodies on sarcoma
specimens. In addition, we studied the therapeutic performance of
a murine TNF-based immunocytokine specific to EDA-positive
fibronectin (termed F8-TNF), alone or in combination with
doxorubicin in two syngeneic immunocompetent mouse models of
sarcoma. F8-TNF, when used in combination with doxorubicin,
led to complete and long-lasting tumour eradications in both the
models. Interestingly, the cured mice had acquired an antitumour
immunity, as they rejected subsequent challenges with sarcoma cell
lines. Nuclear medicine information (for example, SPECT-CT)
about the tumour-targeting performance of the F8 antibody in
patients is still missing. However, the opportunity to use the
TNF-based immunocytokines specific to oncofetal fibronectin in
patients with sarcoma is supported by the fact that a radiolabelled
preparation of the L19 antibody was shown to selectively localise to
sarcoma lesions in a patient.

MATERIALS AND METHODS

Cell lines and tumour models. CHO cells (ATCC-LCG, Mol-
sheim Cedex, France), LM-fibroblasts (ATCC-LCG) and the
murine tumour cell lines F9 teratocarcinoma (ATCC-LCG),
WEHI-164 Sarcoma (ATCC-LCG) and Sarcoma 180 (CLS,
Eppelheim, Germany) fibrosarcoma were cultured according to
the supplier’s protocol.

For tumour models, 10-12-week-old female 129/SvEv mice and
ICR mice were obtained from Charles River (Sulzfeld, Germany)
and female Balb/c mice were obtained from Janvier (Le Genest
Saint Isle, France). Tumour cells were implanted subcutaneously in
the flank using 25 x 10° cells (F9), 3 x 10° cells (WEHI-164) and
10 x 10° cells (Sarcoma 180). Animals were killed when tumour
volumes reached a maximum of 2000 mm’. Experiments were
performed under a project license granted by the Veterindramt des
Kantons Ziirich, Switzerland (169/2008, 42/2012).

Nuclear medicine studies. As part of a larger radioimmunother-
apy clinical trial open to patients with various types of
malignancies (Eudra-CT Number 2007-007241-12) investigating
the use of the L19 antibody in SIP format and labelled with iodine-
131 (Sauer et al, 2009; Erba et al, 2012), we studied one patient
with a high-grade sarcoma (malignant peripheral nerve sheath
tumour). SIP(L19) was radioiodinated as described (Erba et al,
2012) and administered to the patient by intravenous injection at a
dose of 4mg and 213 mCi.

Images were acquired on a GE Infinia Hawkeye 4 SPECT-CT
system (GE Healthcare, Bucks, UK) at 24, 48, 72 and 144 h post
injection. Transaxial images were reconstructed by OS-EM using
CT-based attenuation correction and triple-energy window scatter
correction. Regions of interest were drawn over tumour and
normal tissue regions on the CT images (three slices per tissue) and
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transferred to the corresponding SPECT images for data extraction
(counts per voxel) for relative uptake estimation.

Immunofluorescence analysis of antigen expression in sarcoma.
Frozen human sarcoma samples from OriGene Technologies
(Rockville, MD, USA) and 10-um cryostat sections of WEHI-164
and Sarcoma 180 tumours were fixed in ice-cold acetone and
stained for antigen expression either with primary biotinylated
antibodies in small immunoprotein (SIP) format of F8, L19 and
KSF (negative control, specific to egg lysozyme) or biotinylated
F8-TNF (final concentration of 2 ugml ~'). Binding was detected
with streptavidin-Alexa Fluor 488 complex (Biospa, Milan, Italy).

Cloning, expression and protein in vitro characterisation.
F8-TNF is a fusion protein consisting of the F8 antibody (specific
to the alternatively spliced EDA domain of fibronectin (Villa et al,
2008)) in scFv format, sequentially fused to murine tumour-necrosis
factor alpha (gene from Source BioScience, Nottingham, UK)
by the 15-amino-acid linker (SSSSG)3. The genes for the F8
antibody and TNF were PCR-amplified, PCR-assembled and
cloned into the mammalian cell expression vector pcDNA3.1(+ )
(Invitrogen, Zug, Switzerland) by a HindIII/Notl restriction site
(sequence of F8-TNF is shown in Supplementary Material 1).
The fusion protein was expressed by CHO cells from a stable
monoclonal cell line (as previously described (Sacchi et al, 2004))
and purified to homogeneity by protein A chromatography
(Hoogenboom and Winter, 1992). The purified protein was analysed
using SDS-PAGE, size-exclusion chromatography (Superdex200
10/300GL, GE Healthcare, Freiburg, Germany) and BIAcore on an
EDA antigen-coated sensor chip (Borsi et al, 1998; Villa et al, 2008).
The biological activity of murine TNF was determined by incubation
with mouse LM fibroblasts (ATCC), in the presence of 2 ugml "'
actinomycin D (Sigma-Aldrich, Buchs, Switzerland) as described by
Borsi et al (2003). The cytotoxic potential of F8-TNF on different
tumour cell lines was tested in vitro using different cytotoxicity
assays. In 96-well plates, the cells were incubated in medium
supplemented with 2 ugml " actinomycin D and varying concen-
trations of recombinant murine TNF (eBioscience, San Diego, CA,
USA) or F8-TNF. After 24h at 37 °C, cell viability was determined
with Cell Titer Aqueous One Solution (Promega, Diibendorf,
Switzerland). Results were expressed as the percentage of cell
viability compared to cells treated with actinomycin D only.

Biodistribution studies. The in vivo targeting was assessed by
quantitative biodistribution as previously described (Pasche et al,
2011). Radioiodinated F8-TNF (3 ug) were injected iv. into the
lateral tail vein of tumour-bearing mice. Mice were killed 24 h after
injection, and their organs were excised, weighed and radioactivity
was measured using a Cobra y counter (Packard, Meriden, CT,
USA). The radioactivity of organs and tumours was expressed as
the percentage of injected dose per gram of tissue (%ID/
g * standard error).

Therapy studies. When tumours were clearly palpable, mice were
randomly grouped (n = 5) and received three injections i.v. into the
lateral tail vein. PBS (5mgkg '), Doxorubicin (2 ug F8-TNF) or
the combination was administered every 48h. The mice were
monitored daily and tumour volume was determined by measuring
the diameters with a caliper (volume=0.5 x length x width?).
For re-challenge experiments, cured mice were injected subcuta-
neously with 3 x 10° WEHI-164 cells and 10 x 10° Sarcoma 180
cells in the flank.

Ex vivo immunofluorescence analysis of therapy. For the ex vivo
detection of targeting, the mice were injected according to the
therapy schedule and tumours were excised 2 days after the final
injection. The tumours were embedded in cryoembedding medium
(Thermo Scientific, Rockford, IL, USA) and cryostat sections
(10 um) were stained using the antibodies rat anti-murine TNF

(eBioscience) and anti-rat Alexa Fluor 488-coupled secondary
antibody (Invitrogen). For vascular staining, goat anti-CD31
(Santa Cruz, Heidelberg, Germany) and anti-goat Alexa Fluor
594-coupled secondary antibody (Invitrogen) were used.
Slides were mounted with fluorescent mounting medium
(Dako, Glostrup, Denmark) and analysed with an Axioskop2
mot plus microscope (Zeiss, Feldbach, Switzerland).

Statistical analysis. Data are expressed as the mean (+s.e.m.).
Differences in tumour volume between therapeutic groups were
compared using the repeated measures (mixed model) ANOVA
analysis with Bonferroni post-test of Graphpad Prism (La Jolla,
CA, USA).

RESULTS

Nuclear medicine data. As part of a broader characterisation of
the tumour-targeting performance of the L19 antibody in patients
with various types of cancer (Santimaria et al, 2003; Sauer et al,
2009; Erba et al, 2012), we studied the accumulation of this
antibody in SIP format (Borsi et al, 2003; Berndorff et al, 2005) in a
patient with a high-grade sarcoma that was refractory to
conventional therapy. The patient had metastatic disease in his
lung and bones. Figure 1 shows an expansile metastatic deposit in
the apex of the right lung infiltrating the second rib, as seen on CT.
The deposit was also FDG-avid as evidenced by FDG-PET
imaging. Highly selective uptake of '*'I-SIP(L19) could be
observed 48, 72 and 144h following antibody administration by
intravenous bolus injection. The cumulated uptake (area under the
time activity curve) of the L19 antibody was greater in tumour than
in liver and kidney (clearance-related organs that often exhibit a
higher antibody uptake compared to other tissues).

Oncofetal fibronectin expression in human and murine
sarcoma. Freshly frozen tissue samples from sarcoma patients
and murine sarcomas were analysed for the expression of oncofetal
fibronectin as an antigen. Figure 2 presents representative
immunofluorescence findings of tumour sections stained with
L19, F8 and KSF antibody (specific to hen egg lysozyme and used
here as negative control). Human sarcomas and WEHI-164
sarcoma exhibited comparable staining levels for the two
antibodies, whereas F8 showed a more intense staining in the
experimental mouse model Sarcoma 180. Based on these results,
we decided to focus our preclinical work on the immunocytokine
F8-TNF.

Immunocytokine production and characterisation. The fusion
protein F8-TNF, consisting of the F8 antibody in scFv format
(Villa et al, 2008) sequentially fused to murine TNF with a
15-amino-acid linker (Borsi et al, 2003), was expressed in CHO
cells and purified to homogeneity by Protein A chromatography,
followed by gel-filtration (monomer: 44 kDa, non-covalent homo-
trimer: 132 kDa) (Figure 3A and B). The fusion protein eluted as a
single peak of the correct size in analytical size-exclusion
chromatography (Figure 3C) and exhibited a high functional
affinity and kinetic stability towards the cognate antigen
immobilised on a BIAcore microsensor chip with an apparent
Kp of 1nm (Figure 3D). The apparent Kp of 1nwm reflects the
avidity of the trimereic fusion protein. The biological TNF activity
of F8-TNF was assessed by a cell cytotoxicity assay on murine LM
fibroblasts (Borsi et al, 2003) and on the murine sarcoma cell lines
WEHI-164 and sarcoma 180, revealing an in vitro potency
comparable to the one of recombinant murine TNF (Figure 3E).
The fusion protein, labelled with iodine-125, was also studied by
quantitative biodistribution assay in mice bearing subcutaneously
grafted F9 teratocarcinomas, WEHI-164 and sarcoma 180
(Figure 3F), confirming a preferential accumulation at the tumour
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Figure 1. Imaging studies of a patient with metastatic sarcoma. (A) Transaxial projection of a CT scan. (B) FDG-PET-CT analysis of the

same section. (C) Composite SPECT-CT transactial sections, imaged 48h, 72h and 144 h following intravenous administration of 1311.SIP(L19)
(4mg, 213mCi). (D) Dosimetric evaluation of the radioactivity counts in regions of interest of comparable sizes, drawn in tumour, liver, kidney
and lung at various time points.
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Figure 2. Analysis of antigen expression by immunofluorescence of freshly frozen human (diagnosis and case ID) and murine sarcoma tissue
samples with biotinylated antibody in SIP format (green, Alexa Fluor 488) and goat anti-CD31 antibody (red, Alexa Fluor 594). x 20 magnification,
scale bars= 100 um.
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Figure 3. Cloning, expression and characterisation of F8-TNF. (A) Schematic representation of the domain assembly of F8-TNF in non-covalent
trimeric format. (B) SDS-PAGE analysis of purified fusion protein: M, molecular marker; N, non-reducing; R, reducing conditions. (C) Size-exclusion
chromatography profile of purified F8-TNF trimer (132kDa, 12.6 ml retention volume; 1, ferritin 440kDa, 11 ml; 2, BSA 67 kDa, 14.1ml).

(D) BlAcore analysis of the fusion protein on an EDA-coated CM5 sensor chip. (E) Cytotoxicity assays of F8-TNF and recombinant murine TNF
against LM-fibroblasts (ICs rTNF: 2 x 10~ 3M; ICs F8-TNF: 4 x 10~ "*M), WEHI-164 (ICs0 rTNF: 2 x 10~ *M; ICso F8-TNF: 5 x 10~ '?M) and
Sarcoma 180 cells (ICso rTNF: 3 x 10~ '3; ICso F8=TNF: 4 x 10~ "3). (F) Biodistribution results obtained 24 h after the i.v. administration of 3ug of
radioiodinated F8-TNF to tumour-bearing mice (F9 teratocarcinoma, WEHI-164 fibrosarcoma, Sarcoma 180). Organs were excised and
radioactivity counted. Results are expressed as percent of injected dose per gram of tissue (% ID per gram £s.e.).

site 24 h after intravenous injection, with tumour-to-blood ratios
of 37, 13 and 25, respectively.

The selective immunofluorescence staining of WEHI-164 and
sarcoma 180 with F8-TNF on tumour sections ex vivo and
following intravenous administration is shown in Supplementary
Material 2 and reveals an accumulation of the fusion protein not
only on tumour neo-vasculature, but also on sarcoma cells.

Therapy studies. We studied the therapeutic activity of intrave-
nous administrations of F8-TNF (2 ug), doxorubicin (5 mgkg ")
or the combination of the two agents at the recommended dose in
immunocompetent mice bearing WEHI-164 sarcoma (Figure 4)
and 180 sarcoma (Figure 5). The dose of doxorubicin was chosen
on the basis of previous studies performed in other groups
(Arap et al, 1998) and in our own lab (Ebbinghaus et al, 2005;
Marlind et al, 2008). In both models, doxorubicin treatment did
not induce any significant anticancer activity. F8-TNF as a single
agent exhibited a potent tumour growth inhibition compared to
the saline control group (P<0.0001; the statistical analysis is
presented in Supplementary Material 3), resulting in complete
cures of 40% of the animals. The combination therapy of F8-TNF

with doxorubicin led to an enhanced antitumour effect and to
complete tumour eradications (four out of five mice and five out

of five mice in WEHI-164 and

180 sarcomas, respectively).

Treatments were very well tolerated, except for the combination
treatment group of F8-TNF with doxorubicin against WEHI-164
tumours, where mice exhibited weight loss up to 15%. Mice
fully recovered weight after the treatment cycle was finished
(Supplementary Material 4). At present, it is not clear why weight
loss in the combination treatment group was observed in the
WEHI-164 model but not in the 180 sarcoma model.

Cured mice were re-challenged by the subcutaneous injection of
tumour cells >50 days after the end of therapy. Interestingly,
tumour lesions did not grow, indicating that the treatment had led
to an antitumour immune protection against the sarcoma.
Similarly, a second subsequent re-challenge with sarcoma cells,
performed >100 days after the end of therapy, did not lead to

tumour formation, indicating
effect was durable.

that the antisarcoma vaccination

Tumours from mice treated with F8-TNF turned black few
hours after injection. In parallel experiments, the histological
analysis of tumour sections after treatment revealed the formation
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Figure 4. Therapeutic activity of F8-TNF and doxorubicin in mono-
and combination therapy against established subcutaneous murine
WEHI-164 sarcoma. Mice received intravenously a single injection of
5mgkg ™" doxorubicin, three injections of 2 ug F8-TNF or the
combination (injections are indicated by arrows. grey, doxorubicin;
black, F8-TNF). Phosphate-buffered saline (PBS) was used as a vehicle.
Treatment was repeated every 48h (CR, complete response). After 50
and 150 days, cured mice were injected with tumour cells to check for
immune protection against sarcoma. Data represent mean tumour
volumes (+s.e.m.), n=5 mice per group.
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Figure 5. Therapeutic activity of F8-TNF and doxorubicin in mono-
and combination therapy against established subcutaneous murine
Sarcoma 180. Treatment was started when tumours reached a size of
70mm? and mice received i.v. injections on days 5, 7 and 9 after
tumour implantation of either 5mg kg‘1 doxorubicin (A), 2 ug F8-TNF
(O), 2 ug F8-TNF followed by 5mg kg’1 doxorubicin (Hl) or PBS as a
control (x) (CR, complete response). Injections are indicated by arrows
(grey, doxorubicin; black, F8-TNF). After 50 and 100 days, cured mice
were re-challenged by s.c. injection of Sarcoma 180 cells. Data
represent mean tumour volumes (+s.e.m.), n=5 mice per group.

of massive necrosis within the neoplastic mass already 4 hours
after the administration of F8—-TNF (Supplementary Material 5).

DISCUSSION

In this study, we presented evidence for abundant expression of
oncofetal fibronectin (containing the alternatively spliced EDA and
EDB domains) in the samples of murine sarcomas and human
specimens. Furthermore, we provided initial evidence supporting the
ability of the L19 antibody (specific to the EDB domain of fibronectin)

to selectively localise to sarcoma lesions in patients. The same
antibody has been used to image > 200 patients with various types
of malignancies (Santimaria et al, 2003; Sauer et al, 2009; Erba et al,
2012), whereas the F8 antibody (which has been isolated more
recently; Villa et al, 2008) has not yet been investigated in nuclear
medicine studies.

Some non-pathogenic bacterial strains, which are able to grow
and accumulate in tumours, but not in normal healthy tissue, have
been considered for a local induction of pro-inflammatory
cytokines (for example, TNF) and for the delivery of
drug-activating enzymes (Pawelek et al, 1997; Bermudes et al,
2001; Dang et al, 2001). While these anaerobic bacteria can only
accumulate in a tumour that has a necrotic core, antibody-based
pharmacodelivery strategies (for example, immunocytokines) are
probably more versatile, both in terms of possible payloads and in
terms of in vivo targeting (tumour cells, tumour stroma and
tumour neo-vasculature). Recently, the use of antibody-modified
engineered Salmonella strains has been proposed for antitumour
applications, with very promising results in mouse models of
cancer (Massa et al, 2013).

The fully human immunocytokine L19-TNF has been studied in
two Phase I/II clinical trials in patients with cancer, but could not
be used in this study, as human TNF does not cross-react with the
murine receptor. We used F8-TNF (containing the murine version
of the cytokine) for the preclinical characterisation of the
therapeutic potential associated to the targeted delivery of TNF
to oncofetal fibronectin. F8-TNF eradicated sarcomas in almost all
treated animals in two murine immunocompetent models of the
disease, when the agent was administered in combination
with doxorubicin. By contrast, this chemotherapeutic agent did
not mediate any detectable anticancer activity, when used as
monotherapy at the recommended dose of 5mgkg '. The
immunocytokine not only eradicated tumours, but also vaccinated
mice against two subsequent challenges with sarcoma cells.

The synergistic therapeutic benefit in the combined use of pro-
inflammatory immunocytokines and cytotoxic drugs may depend
on several parameters, including the administration schedule, the
modulation of antibody uptake at the tumour site, the selective
damage to the endothelium and the activation or repression of
specific immune cell subtypes (Moschetta et al, 2012). Previous
experiments with L19-TNF have shown that the TNF-based
immune response is primarly mediated by CD8+ T cells and
NK cells (Balza et al, 2006). Innovative methodologies, such as
high-throughput tetramer technology (Kita et al, 2003) and
HLA-peptidome analysis (Bassani-Sternberg ef al, 2010) may help
identify the targets of a polyclonal T-cell response.

Murine sarcomas treated with F8-TNF turned black after
treatment. This is reminiscent of scab formation and tumour
eradication, previously observed by our group for the antibody-
based targeted delivery of truncated tissue factor (Nilsson et al,
2001) or photosensitizers (Palumbo et al, 2011) to oncofetal
fibronectin in the tumour sub-endothelial extracellular matrix.
These findings are in line with the ability of TNF to induce potent
intravascular coagulation of tumour blood vessels, previously
reported for the use of recombinant TNF in isolated limb perfusion
procedures (Olieman et al, 1997).

The results presented in this study reinforce the use of TNF for
cancer therapy and provide a rationale for the clinical evaluation of
targeted TNF in combination with doxorubicin in the treatment of
patients with soft-tissue sarcoma. While both EDA and EDB
domain of fibronectin could be considered as targets for the
pharmacodelivery of TNF, our immediate clinical plans feature the
use of L19-TNF as therapeutic agent, as the product has already
completed Phase I monotherapy studies (Spitaleri et al, 2013), and
as the tumour-targeting performance of the L19 antibody has been
studied in > 200 patients with cancer (Santimaria et al, 2003; Sauer
et al, 2009; Tijink et al, 2009; Erba et al, 2012). The selective uptake
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of SIP(L19) in sarcoma lesions, as presented in this paper, has led
to the beginning of a Phase Ib/II clinical trial, featuring the
administration of escalating doses of L19-TNF in combination
with 75mgm > doxorubicin (once every 3 weeks; EUDRA-CT
2012-000950-75).
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