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Tumor necrosis factor alpha (TNF)-dependent modulation of immune responses and cell death
processes has long been the subject of intense research. Yet, its role in cancer progression is still
a matter of debate. Here, we will (i) summarize key findings linking TNF to the promotion or
inhibition of tumor progression, (ii) attempt to reconcile some of the contradictory findings, and
(iii) describe the scientific rationale for improving the efficacy of immune checkpoint inhibitors via
TNF blockade in metastatic melanoma patients.

TNF AS ANTI-TUMOR AGENT

Identified in 1975 and cloned in 1984, TNF was named regarding its capacity to induce the
necrosis of transplanted methylcholanthrene-induced sarcomas in mice, when injected at a high
concentration in tumors (1, 2). This phenomenon was later related to the ability TNF has to trigger
apoptosis of tumor endothelial cells via ligation of the TNFR1 (3, 4). The high systemic toxicity
associated with TNF treatment hampered the transposition of such a treatment to the clinic until
two research teams developed procedures whereby high concentrations of TNF were perfused in
isolated limbs of patients with melanoma or sarcoma (5, 6) (Figure 1). Building on these findings,
studies focused on developing new strategies to augment TNF-mediated toxicity toward malignant
cells. Notably, a fusion protein coupling TNF to the Cys-Asn-Gly-Arg-Cys peptide, able to target
the aminopeptidase N expressed by tumor blood vessels, proved more efficient than TNF alone
at reducing tumor growth in murine melanoma and lymphoma models (7), and promoted the
efficacy of adoptive T cell transfer therapy (ACT) combined or not with anti-PD-1 treatments
in mouse models of melanoma, and prostate carcinoma (8, 9). These results are in line with
another work using a homotrimericmurine TNFmolecule fused to a single-chain variable fragment
(scFv) of the F8 antibody directed against the extra-domain A of fibronectin (10). Targeting this
antigen, found in malignant tissues, allowed for TNF delivery in tumors, and favored the efficacy
of peptide anticancer vaccine in mouse colon carcinoma. In another study, intra-tumor injection
of an oncolytic adenovirus coding for murine TNF, and IL-2 also promoted anti-PD-1 efficacy in
mouse melanoma (11). In these settings, improved CD8+ T cell infiltration in tumors was observed
upon viral and anti-PD-1 combination therapy, although this phenotype is likely attributable to
immune checkpoint blockade as viral therapy alone did not impact this parameter. Thus, delivering
high concentrations of TNF in tumors is able to enhance the efficacy of immunotherapy. Of
note, the direct impact of TNF on immune activation seemed often limited, and remains to be
evaluated in more details. Onemight suggest however that, in this context, the TNF-induced tumor
necrosis should promote some immune activation through the release of “danger signals,” and/or
by increasing the delivery of antigens.
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Interestingly, antigen-specific CD8+ T cells used TNF as
part of their anti-tumor effector arsenal to kill MC38 mouse
colon carcinoma cells (12). More precisely, production of
TNF by perforin knockout OT-I CD8+ T cells, was toxic
for ovalbumin-expressing MC38 cells (MC38Ova) in co-culture
experiments. The authors showed that anti-PD-1 therapy
slowed the progression of MC38Ova tumors in perforin-deficient
animals. This observation suggests that anti-PD-1 treatment
could boost CD8+ tumor-infiltrating T lymphocytes (TILs) to
use perforin/granzyme-independent cytotoxic mechanisms to
impede cancer progression. However, direct implication of TNF
in tumor growth control is lacking and would require evaluation
of this phenomenon upon anti-PD-1/anti-TNF combination
therapy. A recent study showed that tumor cell death following
TNF production by CD4+ TILs during ACT required co-
treatment with chemotherapeutic agents in murine models of
lymphoma as well as colorectal andmammary carcinoma (13). In
this work, both production of TNF by antigen-specific CD4+ T
cells and chemotherapy were necessary to increase the oxidative
stress in tumors hence promoting mouse survival. These findings
suggest that even in a context whereby high numbers of antigen-
specific T cells manage to reach the tumor, the levels of TNF
produced might still be insufficient to kill malignant cells unless
they are pre-sensitized to its cytotoxic properties.

Overall, the above-mentioned studies show that despite its
potential to activate cell death processes, physiological intra-
tumor TNF levels are likely insufficient to induce cancer
regression in mice as well as in patients. Finding ways to
increase production of this cytokine can potentiate the efficacy
of immunotherapy, yet selective targeting of TNF in the tumor
mass as well as management of the toxicity associated with such
approaches remain a concern.

TNF AS PRO-TUMOR AGENT

The first observation directly linking TNF to tumor promotion
came from Prof. F. Balkwill’s laboratory. In the DMBA/TPA-
induced mouse skin carcinogenesis model, TNF, TNFR1 as well
as TNFR2-deficiency markedly reduced papilloma development
(14, 15). These results might have seemed counter-intuitive at the
time, however, a plethora of research now support them. One
argument would be that as much as high TNF levels impede
tumor growth, low levels of this cytokine, as observed in tumors,
would on the contrary sustain cancer development. As a matter
of fact, in the B16mousemelanomamodel, secretion of low levels
of TNF by cancer cells promoted the infiltration of tumors with
myeloid cells. These were shown to express endothelial markers,
which promoted tumor vascularisation and progression (16). In a
mouse model of ovarian carcinoma, TNFR1 expression on CD4+

T cells was found necessary for IL-17 secretion and myeloid
cell recruitment in tumors, a phenomenon also associated with
cancer progression (17). Moreover, our team showed that TNF
production in mouse melanoma triggered TNF-R1-dependent
activation-induced cell death (AICD) of CD8+ TILs. Blocking
TNF/TNFR1 signaling in vivo using targeting antibodies was
able to increase the proportion of melanoma-specific CD8+ T

cells in the microenvironment and delayed tumor growth (18).
Other studies implicated TNF in the activation, function, and/or
differentiation of immune regulatory cells, including myeloid-
derived suppressor cells (19) or regulatory T cells (20), most
likely in a TNF-R2-dependent manner. Considering experiments
performed in TNF-deficient animals, the main sources of TNF
production in tumors are likely cells from the stroma rather
than malignant cells. Interestingly, Donia et al. (21) showed
that MHCII expression by patient-derived melanoma cells was
associated with increased numbers of CD4+ TILs in tumors,
which were able to produce TNF. Additionally, by performing
adoptive cell transfer experiments, TNF production by B cells was
able to support skin carcinomagenesis (22).

Another interesting notion is the implication of tumor-
associated TNF in the dedifferentiation of cancer cells. Indeed,
following ACT therapy whereby gp100-specific CD8+ T cells
are injected in mouse melanoma tumors, TNF production
induces dedifferentiation processes leading to loss of melanocytic
markers, decreased immunogenicity, and tumor relapse (23),
phenomena which were recently observed in a melanoma
patient treated with ACT (24) (Figure 1). TNF involvement
in epithelial-to-mesenchymal transition (EMT) was also
described in other cancer models including breast, lung, and
renal cell carcinoma (25–27). In melanoma, TNF-dependent
dedifferentiation processes were also associated with increased
expression of immune checkpoint molecules such as PD-L1,
and CD73 (28, 29) (Figure 1). Whereas, PD-L1 increase likely
depends onNF-κB activation,MAPK signaling pathway, through
the c-Jun/AP-1 transcription factor complex, activates CD73
expression (28, 29).

In summary, not only can TNF inhibit anti-tumor immune
responses via direct modulation of the activation, function, and
survival of leukocytes during cancer progression but it can also
alter the phenotype of cancer cells so that they become less visible
to T cells, and express immune inhibitory molecules.

COMBINING TNF BLOCKADE TO IMMUNE
CHECKPOINT BLOCKERS TO TREAT
MELANOMA

Although melanomas represent only 1% of all skin cancers,
they are responsible for the majority of skin cancer deaths.
The use of immune checkpoint inhibitors (ICI) considerably
improved the prognosis for metastatic melanoma patients with
an overall survival of 58% at 3 years when treated with
a combination of anti-PD-1 (Nivolumab), and anti-CTLA4
(Ipilimumab) (30). However, median progression-free survival
is still only 11.5 months with nearly all patients experiencing
mild to severe (grade 3/4) immune-related adverse events (irAE)
(Figure 1). Interestingly, Infliximab, a first-generation chimeric
TNF blocking antibody is currently being used in the clinic
to treat some of the irAEs, mainly colitis, sometimes triggered
by ICI (31). The impact anti-TNF antibodies have on anti-
cancer immune responses in these settings are not known.
A recent study indicates that 1% of patients with advanced
melanoma treated by ICI develop severe colitis, which can
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FIGURE 1 | Role of TNF in cancer-associated immune responses: from tumor necrosis to resistance to immunotherapies and tumor progression. Recombinant TNF,

administered by isolated limb perfusion, potently triggers endothelial cell death, and consequently, tumor necrosis. Immune checkpoint blockers promote an acute

TNF production in the tumor microenvironment, which contributes to (i) the immune-related adverse events, (ii) the expression of the immunosuppressive molecules

PD-L1 and TIM-3 on tumor-infiltrating leukocytes and/or cancer cells, (iii) the activation-induced cell death (AICD) process in CD8+ TILs. Adoptive T cell transfer of

CD8T cells is also associated with TNF production, which leads to melanoma dedifferentiation as well as expression of the CD73 ectonucleotidase. TNF-dependent

expression of immunosuppressive molecules in the tumor microenvironment as well as AICD of CD8+ TILs and dedifferentiation of cancer cells favor acquired

resistance to immunotherapies. During chronic inflammation, TNF likely contributes to immune escape and tumor progression by facilitating the biological activity

and/or expansion of immunosuppressive cells such as regulatory T cells (Tregs), regulatory B cells (Bregs), and myeloid-derived suppressor cells (MDSCs).

be efficiently cured with one infliximab infusion in most of
the patients, without affecting disease outcome (32). A clinical
study evaluating the tolerability of infliximab in advanced cancer
patients shows no dose-limiting toxic (DLT) effects and no
evidence of disease acceleration in any patient. Moreover, 7
out of 41 patients experienced disease stabilization, including
1 metastatic melanoma patient (33). Other studies indicate the
safety and tolerability of administering anti-TNF (etanercept or
infliximab) in cancer patients affected with ovarian cancer (34),
or renal cell carcinoma (35).

Following on these observations, we emphasized that rather
than trying to increase TNF levels in tumors, blocking it
may constitute a viable strategy to boost response to ICI. In
an immunogenic mouse melanoma model, anti-PD-1 therapy
allowed for the regression of 20% of tumors, whereas combining
anti-PD-1, and anti-TNF induced the regression of 75% of them
(36). This was associated with an increased percentage of CD8+

TILs likely related to reduced AICD. Under these settings, anti-
PD-1 therapy promoted the expression of TIM-3, a secondary
immune checkpoint molecule at the surface of CD8+ TILs as
well as PD-L1 on dendritic cells, and TILs (Figure 1). This

phenomenon was abrogated upon anti-PD-1 and anti-TNF co-
treatment. Of note, although TNF blockade slightly reduced the
production of IFNγ by CD8+ TILs, it did not impact that of
granzyme B, suggesting that inhibiting TNF signals does not
significantly alter the cytotoxic potential of CD8+ TILs.

These results represented the foundation for starting a phase
1b clinical trial (TICIMEL, NCT03293784), held at the Toulouse
Oncopole (promoter: Claudius Regaud institute) funded by
Bristol-Myers Squibb (BMS), and directed by Prof N. Meyer,
oncodermatologist at the Toulouse cancer center. In TICIMEL,
which started in December 2017, 30 patients with metastatic
melanoma are for the first time simultaneously treated with
TNF blocking antibodies (Infliximab or Certolizumab), and
ICI (Nivolumab and Ipilimumab). The primary objective of
TICIMEL is to assess the incidence of DLT, evaluated 12
weeks after treatment induction. The secondary objectives are
to evaluate (i) the safety and tolerability, (ii) the progression-
free survival, and (iii) the objective response rate. For the
pharmacodynamic aspects, the systemic as well as the tumor-
associated immune activation will be monitored before and
during the treatment cycles.
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In line with our preclinical findings, Melero, and co-workers
recently published an interesting study in mouse colon cancer
models, indicating that TNF blockers (anti-TNF or Etanercept)
not only improves the anti-tumor effect of ICI (i.e., anti-PD-
1 and anti-CTLA-4 combination) but also reduce irAEs (37).
TNF blockers enhance the specific immune response, most likely
by limiting the AICD of specific CD8T cells, and neutralize
the TNF-dependent colitis, and hepatitis. The benefits of TNF
blockade were further documented using the B16-Ova mouse
melanoma model, reinforcing our own observations, and further
justifying our ongoing TICIMEL clinical trial in advanced
melanoma patients.

To summarize, TNF implication in cancer development is
rather complex with a balance between high, and low levels of
TNF having opposing effects on tumor growth. Finding ways
to exploit this balance has the potential to help promoting

anti-tumor immune responses and improving the efficacy of
existing anti-cancer therapies, especially immunotherapies.
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