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Intro - Tumour Immunology 101



Intro – the PDAC immune landscape

• PDAC mostly exhibit an immune ‘‘cold’’ TME, with prominent myeloid cell infiltration, a paucity of effector T
cells, and low T cell activation markers

• Low tumour mutational burden, and an immunosuppressive TME aggravate the situation

• Immune suppression is evident even at early stages

- Immunosuppressive TAMs, MDSCs and Tregs are already present in PanINs, with cDC1s becoming fewer and increasingly
dysregulated through tumour progression

• This impaired immune response mean PDAC is refractory to ICB

+ Dendritic Cells

+ γδ T cells

(and the tumour cells, CAFs and endothelial cells, obviously)

Generally, PDAC is myeloid rich, T cell poor
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Current approaches



Targeting neutrophils/MDSCs

• In mice, neutrophil depletion or blocking trafficking (CXCR2) leads to reduction in tumour or
metastatic burden and strongly synergize with PD-1 blockade.

• Mice treated with CCR2i show reduced PDAC tumour burden.

- But, early trial data for CXCR2i + IO were disappointing

• FOLFIRINOX + CCR2i resulted in reductions in primary tumour burden, leading to downstaging
and increased eligibility for surgery.

• Unfortunately, a similar trial of a CCR2i + Gem/nP in metastatic PDAC failed for both safety and
efficacy.

• Neutrophil/MDSC blocking strategies cannot be maintained long term due to the critical
importance of neutrophils for host defence?



Targeting neutrophils/MDSCs



Targeting macrophages

• Macrophages are highly abundant and mostly tumor-promoting (?). Close proximity of
alternatively activated TAMs to tumour cell nests correlates with poor prognosis

• Efficacy of macrophage depletion may be impacted by compensatory increases in other myeloid
cell populations, however, there are alternative approaches, e.g.:

o Reprogramming macrophages to phagocytose and kill live tumor cells

- Via agonistic anti-CD40 which can activate the phagocytic program in macrophages.

- Via NF-κB modulation which can induce lymphotoxin production from T cells to reprogramme
macrophages to phagocytose.

- Via activation of macrophages with the TLR9 ligand CpG which can induce phagocytosis

o Blockade of the ‘don’t eat me’ ligand CD47 on tumor cells



Targeting macrophages – which ones??

• PDAC TAMs originate from bone marrow-derived infiltrating
monocytes and embryonic tissue resident macrophages (TRMs)

• TRMs exhibit pro-fibrotic activities (distinct from infiltrating
monocytes) and only they promote PDAC progression

• Tissue-resident TAMs expand in PDAC via in situ proliferation

• However, during the early stages of tumorigenesis, TRMs could have
tumor suppressive properties?

• Should we be specifically targeting the pro-tumorigenic,
immunosuppressive signals, rather than the cells themselves?



Targeting macrophages

Synergy or not with 
dual targeting???



Targeting CAFs (to reprogramme the immune TME)

• Blanket CAF targeting has been unsuccessful, however, targeting CAF subsets or their secreted
products (e.g. myeloid cell-recruiting chemokines) may be worthwhile, e.g.:

- anti-TGFβ antibodies can decrease CAFs, reduce myeloid infiltration and relieve CTL suppression.

- ATRA / PIN1 targeting have demonstrated efficacy in orthotopic mouse models by promoting CAF
quiescence and reducing fibrosis and may synergize with chemo + ICB.

- Blockade of IL-1β (which supports iCAFs to produce IL-6 and and reinforce the immunosuppressive PDAC
TME) synergizes with ICB in preclinical models.

• Clinical trials of all of the above concepts are ongoing

• Whether any will be effective remains to be determined….



Targeting CAFs (to reprogramme the immune TME)



Targeting / reprogramming DCs

• Is T cell exhaustion the problem in PDAC or is it a lack of T cell priming?

• In mice, there is a dearth of cross-presenting type 1 conventional dendritic cells (cDC1s) in
pancreatic tumours

• Anti-CD40 (agonistic) antibodies can activate DCs and enhance T cell priming.

• FLT3L treatment increases intratumoral cDC1s and restores sensitivity to CD40 agonist antibody
and RT in PDAC mouse models.

• Ongoing trials to determine tolerability & efficacy of CD40 agonist + FLT3L in human.

• Other approaches include targeted agents that affect DDR pathways, to activate the STING
pathway and IFN production, to promote DC activation.



Targeting / reprogramming DCs



Targeting B cells

• Several high impact papers reported a tumour promoting role in PDAC

• My lab have a lot of evidence that this isn’t true…. If nothing else, the conflicting data show
that model and context are very important!

Aside: Do we know what tertiary lymphoid structures 
are doing???



Tumour-Intrinsic immune resistance

• mKRAS orchestrates a network of immunosuppression 

- enhances autophagocytosis to modulate cell surface MHC-I 

- regulates expression of CD47 & PD-L1

- drives GM-CSF & CXCL1 expression

- downregulates CCL4 to impede DC recruitment

- promotes SHH signalling & expression of COX2, IL-6, pSTAT3, and MMP7 to 

drive chronic inflammation & fibrosis.

• p53 deficiency promotes M2-like TAM polarization.

• p53R172H mutation drives neutrophil accumulation

• Cdkn2a, Pten, Lkb1 mutations all associated with IO resistance

Should we consider genetic/transcriptomic subtype when 
thinking about immune-targeting strategies?



Targeting T cell function

• ICB (typically targeting PD-1/PD-L1 or CTLA-4) has been been largely unsuccessful, beyond the
~1% of patients with MSI high tumors

• Although T cell numbers can vary, they’re rarely located adjacent to tumor cell nests. Thus,
efforts have focused on increasing T cell numbers more than targeting function

• But, do we understand T cells well enough???

- e.g. Are Tregs good or bad???

- What ICB should we use?? (e.g. TIGIT – Pasca di Magliano, Jacks)



What about the ‘other’ T cells?

• gd T cells

- gdT cells constitute ~40% of
infiltrating T cells in PDAC???

• Innate lymphoid cells – do they do
anything??



Hot topics

• Neoantigen quality, not quantity?



Hot topics - microbiome

Bacterial ablation protects against PDAC, associated with reduced MDSCs, M1-like TAM polarisation, 
increased TH1 CD4 T cells, and CTL activation.  The PDA microbiome generates a tolerogenic immune 
program by activating select TLRs in monocytes?

Antifungals limited PDAC progression and improved chemo efficacy. A glycan on the wall of a yeast 
prevalent in mouse and human PDAC is recognized by mannose binding lectin which activates C3 and 
the complement cascade?

The gut microbiome modulates the PDAC tumor microbiome landscape. A high diversity PDAC tumoral 
microbiome signature predicts long- term survival, with fecal microbial transplants able to modulate 
tumour growth and the immune TME.

or…



Hot topics - radiation

• Can figuring out what’s going on in the TME in terms of immune landscape help to improve
utility of RT?



Hot topics – vaccines

• Therapeutic cancer vaccines have historically been unsuccessful; however, recent developments have
reignited interest.

• Mutant KRAS epitopes can be presented on multiple human HLA alleles and can elicit antitumor T cell
responses, suggesting T cell recognition of mKRAS is possible.

• Analysis of blood from healthy donors with diverse HLA haplotypes revealed that mutant KRAS-specific T cells
could be readily expanded.

• Given the early emergence of KRAS mutations, mKRAS-specific T cells may acquire tolerance?

• The development of better tools for candidate neoantigen prioritization, improved vaccine delivery platforms,
and innate immune adjuvants or microbial products to engage TLR signalling and support DC
activation/function could drive development?



Where are we going?

• Probably, more and more combos?

• Combination approaches to target tumour cells, CAFs/ECM, immune system, but also the
myeloid cell mediated resistance to maximize response.

• Cancer vaccines????

• Adoptive T cell therapies????

• ???



Ongoing IO Trials

Strategy Molecular target Cell targets Active clinical trial(s) 

Removing short-lived immunosuppressive 
myeloid cells 

CCR2 
Infiltrating monocytic 
immunosuppressive cells 

NCT03496662: BMS-813160 with nivolumab and Gem/Abraxane in 
borderline resectable and locally advanced PDAC

CXCR2 
Infiltrating granulocytic 
immunosuppressive cells 

NCT04477343: SX-682 with nivolumab as a maintenance therapy in 
metastatic PDAC

Reprogramming DCs to better prime 
tumor-specific T cell responses 

FLT3L and CD40 (agonism) 
Mobilization of conventional DCs 
from bone marrow and activation 
in the TME

NCT04536077: Immunologic effects of CDX-301 and CDX-1140 in 
resectable PDAC

NCT03329950: A study of CDX-1140 (CD40) as monotherapy or in 
combination in patients with advanced malignancies

Reprogramming PDAC-associated 
fibroblasts 

Vitamin D receptor PDAC-associated fibroblasts 

NCT03520790: Paricalcitol plus Gem/Abraxane in previously-
untreated metastatic PDAC

NCT02754726: Phase II Pilot of Paricalcitol + Gem/Abraxane + 
Nivolumab + Cisplatin in first-line metastatic PDAC

Blocking immunosuppressive TGFβ 
signaling

Angiotensin II receptor PDAC-associated fibroblasts 
NCT03563248: Losartan and nivolumab in combination with 
FOLFIRINOX and SBRT in localized PDAC.

Blocking immunosuppressive TGFβ 
signaling

TGFβ PDAC-associated fibroblasts 
NCT04390763: NIS793 (+/- spartalizumab) in combination 
Gem/Abraxane in first-line metastatic PDAC

Blocking immunosuppressive IL-1β
signaling

IL-1β PDAC-associated fibroblasts 
NCT04581343: Phase 1B study of canakinumab, spartalizumab, and 
Gem/Abraxane in metastatic PDAC



Vaccine Trials in PDAC

Vaccine candidate Molecular targets Mechanism Phase Trial design Population Primary endpoints 

mRNA-5671/V941 
KRASG12D, KRASG12V, 
KRASG13D, KRASG12C 

mRNA against KRAS elicits T cell 
response 

1 
Two-arm trial: drug alone
and drug plus pembrolizumab 

Basket trial with KRAS-
mutated PDAC, NSCLC, or 
CRC

Safety

ELI-002 KRASG12D, KRASG12R 
Lipid-conjugated immune-stimulatory 
oligo + mix of lipid-conjugated 
peptide-based antigens 

2 
90 patients with PDAC 
randomized to vaccine or 
observation 

Basket trial with KRAS-
mutated PDAC, CRC, 
NSCLC, OvCa, CCa.

relapse-free survival

KRAS peptide vaccine + 
poly-ICLC 

Targeted long peptide vaccine elicits 
immune response against mutant 
KRAS 

1 
Single-arm, sequential 
assignment of individuals 

Individuals with high risk of 
PDAC by family history or 
germline mutation

Safety, IFN-producing 
mutant KRAS-specific 
CD4+ & CD8+ T cells 

KRAS peptide vaccine plus 
poly-ICLC 

KRASG12C, KRASG12V, 
KRASG12D, KRASG12A, 
KRASG13D, KRASG12R 

Targeted vaccine elicits immune 
response against mKRAS, enhanced 
with ICB 

1 
Single-arm study of vaccine 
candidate + anti-PD-1 + anti-
CTLA-4

Resected PDAC patients after 
neoadjuvant and/or adjuvant 
chemo and/or RT 

Safety, IFN-producing 
mutant KRAS-specific 
CD8+ & CD4+ T cells 

Neoantigen peptide 
vaccine plus poly-ICLC 

Prioritized neoantigens 
and personalized 
mesothelin epitopes 

Neoantigen peptide vaccine will 
generate neoantigen-specific CD4 & 
CD8 T cell responses 

1 
Single-arm study of PDAC 
patients

Resected PDAC patients after 
adjuvant chemotherapy 

Safety

RO7198457 (mRNA-based 
personalized tumor 
vaccine) 

Tumor-associated 
antigens 

APCs take up vaccine and express 
antigens, leading to CTL and memory 
responses

1 
Single-arm study in resected 
PDAC + vaccine + FOLFIRINOX + 
atezolizumab.

Resected PDAC patients Safety

Synthetic personalized 
tumor-associated peptide 
vaccine therapy 

Tumor-associated 
antigens 

APCs take up vaccine and express 
antigens, leading to CTL and memory 
responses

I 
Single-arm study of imiquimod 
(TLR7 agonist), pembrolizumab 
+ vaccine

Patients with advanced 
PDAC or CRC

Demonstrate feasibility 
& safety of vaccine + 
pembrolizumab 



Where should we be going?

• Better models (cell of origin!)

- Do we need germ-free facilities???

• Consideration of tumour genetics?

- e.g. mutations linked to intrinsic resistance to ICB

• Predictive biomarkers (e.g. NLR)

• Spatial analysis – transcriptomic, multiplex IF

- Can we target subsets of cells or aberrant signalling, to 
‘normalize’ rather than wiping out whole cell 
populations

• Intravital imaging of transient interactions



Where should we be going?

• Pancreatitis – why is the relative risk of PDAC not much higher?

• Investigation of cachexia and other systemic changes

- Interplay between tumor and host ‘normal’ cells can have effects in the tumour and systemically. In turn,
systemic signals may impact tumour biology.

- Cancer-associated cachexia likely depends on specific tumour-related mechanisms including pro-
inflammatory signals.

- Does altered systemic inflammation/metabolism affect the tumour immune microenvironment?



Where should we be going?

• Scheduling / priming studies?

- Priming the immune system by targeting 
suppressive cells prior to chemo + ICB?

- Intermittent dosing could allow “normalised” 
myeloid cells to repopulate tumours and support 
anti-tumour immune responses (and manage 
tox?)

• Personalized IO strategies for individual 
patients or patient subgroups

• Better trials (not set up to fail!)



Conclusions

• There’s a lot we don’t know

• The immune TME appears, on the whole, to be tumour-promoting.

- Is is too late to re-educate the tumour-promoting immune cells in PDAC patients? Can we only target it in
terms of immunosuppression?

• There are many potential ways to transform the PDAC TME from ‘‘cold’’ to ‘‘hot’’ but we don’t
know which might be effective or in what combination

- Targeting Myeloid cells / Targeting CAFs and/or ECM / Anti-CD47 to re-activate “eat me” signalling??
/ Priming innate immunity - via cGAS-STING, TLRs, etc - Good or bad idea? / CD40 agonists to restore
cDC1 function / novel ICB targets: TIGIT, TIM3, VISTA / Cancer vaccines, Can mKRAS be harnessed as a
tumour antigen? / Adoptive T cell therapies?

• Personalized immunotherapy strategies might be appropriate for individual patients or
subgroups of patients ???



Points for discussion

• What are we genuinely confident that we know?!

• What don’t we know that we need to?

• Can we address this? What do we need for that to happen? (tools, tech, teamwork?)

• Is this something we do well as a UK community?

- Should we be doing this??

• Can we work better together?


