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1. Introduction

The response to immunotherapy is often dramatic but relatively uncommon and until recently
difficult to improve upon. The modern era ofiimmunotherapy was arguably ushered in with the
discovery of William Coley’s (eponymously named) toxins. The development of cancer vaccines and
cytokines, such as Interleukin-2 (IL-2), continued to induce marked clinical responses but only in a

minority of patients (rarely above 20%).[1].

The advent of the checkpoint inhibitors (CPIs), such as Ipilimumab (ipi), Nivolumab (nivo), and
Pembrolizumab (pembro) have led to responses of up to 40% in melanoma when used as single
agents but more importantly increased survival, although at the expense of significant toxicity (a
feature also shared with high dose IL-2 based regimens) especially when given in combination. The
holy grail of optimising these treatments has been to find biomarkers that will predict responders to

these agents [2].

Such is the depth and volume of research worldwide in this area, there is no shortage of leads.

These include the direct assessment of PD-L1 expression on tumour cells as a predictor of response
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to anti-PD1 antibodies. However, initial enthusiasm for this marker has waned as 10-20% of patients
with negative expression will benefit from treatment. As a single biomarker it is not adequate for

determining clinical response [3].

The importance of tumour infiltrating lymphocytes (TILs) has been recognised since Rosenberg and
colleagues sought to improve the response rate to high dose IL-2. It is now well recognised that a
dense TIL is associated with an increased response rate to the CPIs, especially if the density increases
following treatment. However, it is not absolute enough to establish a level at. whichiit is not worth

treating [4].

Another marker used for patient selection is the mutational or neo-antigen burden produced by

somatic mutations.

Patients with colorectal cancer with mismatch repair deficient (MMRD) whose mutational burden is

20X more than those without, are many times more likely to respond to CPIs, together with an

increased overall survival [5].

Within the tumour, immune response genes (IRG’s), such as gamma interferon, are likely to be over-

expressed >2,5 fold in‘responders. A 28 gene panel associated with clinical benefits in melanoma

patients treated with Pembrolizumab has been presented as a model to predict responders [6].

Combinations of these approaches are being studied to increase the specificity and sensitivity of

predicting responders

2. Practical Issues
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Even if these approaches can accurately predict responders then the main advantage will be
financial, in that 60% of patients will not receive a very expensive treatment with significant
toxicities. However, the main question should be, how can we identify patients who won’t respond
to treatment and what is required to tender them potential responders? Towards this end, there
are many trials of combinations that either do not increase the response rate or, if they do, at
greatly increased toxicity [7]. This is particularly true in melanoma when combining checkpoint
inhibitors, however, combination with chemotherapy [8] and tyrosine kinase inhibitors [9] in lung
cancers and renal cancer, respectively, have benefit in progression free survival-and overall survival

with reportedly acceptable toxicity.

3. Predicting the non-responders

My own group have struggled for years to try to understand why some patients have dramatic
clinical responses, sometimes complete, whereas the majority do not. The main rationale is that
responders have either been primed .to the treatment signal, or that non-responders have an
inhibitory environment affecting the [stroma or immune response, such as high suppressive or
regulatory cell activity. Initial studiesifocused on cytokine changes pre and post cancer vaccine
treatment but were very.disappointing as it was thought an increase in all cell mediated cytokines
would be a logical predictor.” Unfortunately, it was of no value whatsoever. However, it was not
until we applied proteomic analysis and mass spectrometry to stored serum from a dendritic cell-
based melanoma vaccine study that it became apparent that the pre-vaccinated status was more
important.than the post-vaccine induced changes. The data from this study showed that clinical
non-responders had a higher signature of inflammatory markers [10]. Mathematical analysis
enabled us to identify ApoE as a new entity in these patients. This finding has also been found in
non-responders to Pembrolizumab in a 300 patient study by Jeff Webber and colleagues using a

similar approach [11].
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4. Implications

Chronic inflammatory status induces cell mediated immunosuppression and an increase in growth,
angiogenic and wound healing factors. Thus, would pre-treatment with anti-inflammatory and
immune modulators be a sufficient prime to increase the response to CPIs? Early studies suggest
this is the case and studies have commenced using combinations to suppress inflammation and
enhance the innate immune response before CPl exposure. It is important to differentiate between
different classes of anti-inflammatories as steroids, which have anti-inflammatory properties may

impair the clinical benefit of CPls.

Another focus of research looking at what features determine responsiveness is the makeup of the
microbiome. Several groups have reported marked differences in the biological flora and
responsiveness to CPls. Improving poor responders with faecal transplants have been reported [12].
However, it is worth noting the ‘healthy’ microbiomes are associated with ‘healthy’ diets and
correlate with high fibre diets, in particular. As this is already known to correlate with a much lower
colorectal cancer incidence, it has to be asked if patients with a lower inflammatory marker

signature have the favourable microbiome signature as well [13].

The above helps explain the presence of the negative or inhibitory factors, but what about ‘priming’?

Our own observations noted that patients who had been on a cancer vaccine or immune modulator
had a higher and quicker response to CPIs. This was particularly marked in patients who had been on
IMM-101, a heat killed Mycobacterium obuense preparation [14]. As well as stimulating the innate
immune response, including NK cells and gamma delta T-cells (via mDI activation) it also inhibits Th-2
tumoural activity, often over expressed in cancer patients with different biomarkers. Several groups
using other types of vaccines, whether antigen or non-antigen specific, are also reporting increased

responses to CPls when given before but, in some cases, not afterwards [15]. The sequence of
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treatments may be more important than combination, as suggested by previous reports with
vaccination prior to CPls, and this may well apply to any treatment that activates and sheds antigens,
such as radiotherapy (RT) ablations and certain chemotherapy regimens. Although RT is associated

with abscopal responses in melanoma it may be more effective at priming in lung cancer [16].

5. Conclusion

From this brief review it is clear that whereas there is no single predictive biomarker to predict
possible patient response to a CPI-based treatment, there is an exciting trend_that a signature of
several chronic inflammatory markers is associated with non-responsiveness.. In/ addition, when
priming with a vaccine or anti-inflammatory agent, it enhanced the response to a CPI especially
when given before, in the case of antigen-specific vaccines, as there‘was no effect when given
afterwards. One such study (NCT03711188) is already recruiting and about to increase the number

of centres involved.

Thus, the importance is the sequence/of these interventions, as opposed to combinations [17], as
well as the doses where more is not always better, a situation that has not been fully explored with
CPls, given that overweight patients seem to do better with CPls in a number of cancer types,

compared to their non-overweight counterparts [18].
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