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heel of chronic interleukin-6 signaling in
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overall survival is less than 20%". CCA is commonly diagnosed at an advanced stage,
due to low symptom burden in earlier stages. The standard of care for advanced
disease is a combination of chemotherapy and immunotherapy". The typical tumor
microenvironment (TME) in CCA is desmoplastically transformed and
immunosuppressive'.

In their study, Gehl et al. added an important piece to the puzzle of how the CCA
TME functions by showing that chronic IL-6 signaling by tumor cells modulates the
TME!". High serum IL-6 concentrations are known to be correlated with even poorer

B ook or e survival in CCA patients”. From human CCA resections, neighborhood analysis by
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spatial transcriptomics revealed that IL-6 positive CCA cells were surrounded to a much greater extent by
cancer-associated fibroblasts (CAFs) and neighboring hepatocytes compared to IL-6" CCA cells, which were
more often in direct proximity to myeloid cells'". Until now, the IL-6 interaction between CAFs and tumor
cells was known to be directed from CAFs to IL-6 receptors on CCA cells, resulting in increased cancer
stemness markers [CD13, CD90, and epidermal growth factor receptor (EGFR)]".

Gehl et al. demonstrated through ligand-receptor analysis that communication from IL-6 positive tumor
cells to CAFs enables and promotes CAF motility, cell-cell adhesion, and proliferation. In this way, tumor
cells were shown to directly promote CAFs’ abundance in the TME"!. CAFs are a hallmark of CCA, as they
physically shield tumor cells by building a stroma rich in collagens and fibronectins that excludes vessels and
hinders immune invasion. Hence, CAFs are a key protagonist of chemo-immune therapy resistance'”’.

Further, the IL-6-rich CCA surrounding shapes the state of immune cells within the TME. Conditioned
medium from tumor cells with high IL-6 expression (TCM IL-6) altered peripheral blood mononuclear cell
(PBMC) development from healthy donors: on the one hand, TCM IL-6 enriched mature T cell subsets,
whereas naive subsets were depleted. On the other hand, tumor necrosis factor (TNF) production by T and
NK cells was reduced, suggesting poor effector function. This contrasted with conditioned medium from
control tumor cells (TCM dC)!.

Furthermore, Gehl et al. observed a switch in the myeloid effector mechanism, showing that the TCM IL-6
increased the percentage of monocytes expressing IL-1p as a tumor-promoting factor-suggesting
inflammasome activation!!. Cell surface effector marker expression (CD80, CD8s, CD206, CD163, MerTK)
was decreased. In line with this, immunosuppressive PD-L1 was upregulated on myeloid cells. This
observation supports the concept of an overall immunosuppressive switch upon tumor-cell-derived high-
level IL-6 exposure!’.

Although CCA is a highly heterogeneous tumor, genetically engineered, high IL-6 signaling triggered a
common drug response: three tested patient-derived cell lines showed a consistent response in a broad drug
sensitivity screen. They were most sensitive to the agent GMX1778, which inhibits nicotinamide
phosphoribosyltransferase (NAMPT), the rate-limiting enzyme biosynthesizing nicotinamide adenine
dinucleotide (NAD") from nicotinamide (a form of vitamin B3). NAMPT is responsible for the salvage of
NAD?, the central redox partner for the main metabolic pathways (i) glycolysis; (ii) citric acid cycle; and (iii)
oxidative phosphorylation. This common weak spot is not surprising, as tumor cells undergo metabolic
reprogramming to meet the metabolic demands of tumor growth. Many tumor cells rely on NAMPT as a
source of NAD", as de novo synthesis from tryptophan and the Preiss-Handler pathway are more complex,
and tumor cells potentially lose concerted expression of all enzymes needed for those alternative pathways
upon de-differentiation'”. At least the IL-6""" tumor cells seem to depend on the salvage pathway: GMX1778
was shown to impair respiratory oxidation and reduce NAD" levels, adenosine triphosphate (ATP) levels,
and finally IL-6 expression itself!".

The clinical landscape for IL-6 modulators is currently less clear. For CCA, one anti-IL-6 clinical trial was
prematurely closed, but it did not show superiority in overall survival after 12 months with
Gemcitabine/Cisplatin and Tocilizumab compared with Gemcitabine/Cisplatin alone. Potential explanations
include the exclusion of an immunotherapy component rather than a quadruple combination and the lack of
stratification at enrollment by IL-6 status (high/positive vs. negative). To date, no anti-IL-6 trial for
intrahepatic CCA (iCCA) is registered in combination with chemo-immunotherapy, but for non-small cell
lung cancer, a Phase Ib-II trial with atezolizumab (anti-PD-L1) and tocilizumab is ongoing (NCT04691817),
with pending results.
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NAMPT inhibition might be even more promising as it targets cancer cells’ metabolism and IL-6 production.
Different inhibitors are available and have undergone early-phase clinical evaluation in other cancer types
(lymphoma and melanoma). However, no therapeutic efficacy but high toxicity was documented”, as NAD*
utilization is of general importance for any tissue and cell type. Even evaluation of a small molecule acting as
a dual modulator of p21 protein (Cdc42/Rac)-activated kinase 4 (PAK4) and NAMPT for advanced solid
cancers failed: combination with Niacin as rescue or Nivolumab as an immune therapy combination could
not achieve an efficient anti-cancer response. Consequently, the recent trial NCT 02702492 was terminated.

Potential resistance mechanisms in tumor cells could include NAD" or NMN uptake from the extracellular
space (provided by dying cells) or de novo synthesis. Of particular relevance for further in vivo testing and
potential clinical implications is circadian regulation. The NAMPT gene and NAD* levels are controlled by
CLOCK, BMALT1, and SIRT1-key circadian rhythm regulators"®*.. Applying NAMPT inhibition during the
systemic physiologic nadir would allow healthy cells to sustain NAD" levels at their peak time, whereas
inhibition at the systemic nadir might still target tumor cells with their increased NAD* need"’.

The metabolic dependency of chronic IL-6 signaling in iCCA remains to be demonstrated for clinical
relevance in vivo, particularly in combination with immune therapy. As NAMPT inhibition targets the
metabolic core of a cell, the addition of Gemcitabine/Cisplatin might be too toxic in humans. At least,
clinical trials of NAMPT monotherapies (e.g., GMX1778 or APO866) failed to reduce tumor growth!”.
Instead, combinatorial therapies with chemotherapy (NCT00724841) led to early termination, potentially for
toxicity reasons.

In addition, another aspect warrants attention: the IL-6"¢" CCA model showed clear downregulation of MYC
target genes, but accelerated activity of the MYC activation factor X (MAX). Still, MYC-targeting therapies
reached significance in the drug sensitivity screen in IL-6"¢" CCA cells". The role of MAX in cancer is
controversial. MAX can act as a tumor suppressor. Either as a homodimer or as a heterodimer with MD1-2,
MGA, or MNT. As a partner in a heterodimer with MYC, it is tumor-promoting!''’. Hence, the
downregulation of MYC, alongside increased MAX activity, is worth exploring in detail. Surprisingly,
multiple distinct MYC inhibitors were effective in the drug sensitivity screen despite low MYC expression in
IL-6"¢" CCA cells""l. As MYC and MAX are also positive regulators of the NAMPT enhancer, MYC’s
downregulation but positivity in the drug sensitivity screen might point to a negative feedback loop by active
NAMPT or IL-6.

In conclusion, Gehl et al. elegantly showed that induced chronic IL-6 expression in CCA tumor cells leads to
their metabolic reprogramming"’. Further, chronic IL-6 secretion by tumor cells attracts CAFs and promotes
a desmoplastic and immune-suppressing TME. Artificially increased IL-6 production in CCA cells occurs at
the expense of ATP and can be successfully inhibited by blocking the NAD" salvage pathway. The
intertwining of chronic, high IL-6 signaling with tumor cell metabolism suggests NAMPT inhibition as a
potential additional therapeutic approach to explore in more detail in vivo. It remains unclear what role
NAMPT inhibition can play across the heterogeneous landscape of CCAs and whether it may be useful for
all distinct CCA types, or probably only subsets in a personalized approach, such as IL-6-positive tumors.
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