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CLINICAL QUESTION
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Does immune checkpoint inhibitor therapy increase the
frequency of adverse reactions to concomitant medications?
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1 | INTRODUCTION

In recent years, the clinical installation of immune checkpoint inhib-
itors (ICls) has proven to be an exceptionally valuable addition to
oncological therapy, illustrating superior short- and long-term effi-
cacy in challenging-to-treat malignancies and taking on an increasing
role across the majority of disease sites. Despite this revolutionary
new addition to the oncologist's armamentarium, the “no pain no
gain” adage that applies to many of the more established oncologi-
cal approaches such as chemotherapy still unfortunately appears to
hold true in immunotherapy so far. That said, the inmune-mediated
mechanism and unpredictability of toxicity has created a new and
significant challenge for clinicians and patients alike.

A demonstration of this can be found within the robust associ-
ation of toxicity and response.’ This is presumably attributable to
the rather blunt usage of a very precise tool; one can recognise that
this approach is currently the systemic deregulation of one or more
checkpoints. Thus, in addition to alleviating the negative regulation
of tumour-specific T-cells by blocking a checkpoint, so too do we
deregulate the operations undertaken by that checkpoint by any
other pharmacologically accessible cellular components. As a result,
the immunological perception of a plethora of antigens is shifted
in favour of elicitation. This has given rise to the clinically diverse
array of on-target, off-tissue reactions that we collectively refer to
as immune-related adverse events (irAEs).2 These encompass ab-
errant adaptive immune responses to endogenous (autoimmune)
and exogenous (dietary and commensal organism) derived antigens.
Recently, it has come to light that the latter class can be extended to

include xenobiotic (namely drug-related) antigens, which presents as
hypersensitivity reactions. One can draw parallels of this heightened
immunological state in which the incidence of drug hypersensitiv-
ity is increased with the state that must be achieved in individuals
who experience multiple drug hypersensitivity; discussed in Ref. [3]
The scenario pertaining to checkpoint blockade is probably best de-
scribed as an immunological drug-drug interaction and is an emerg-

ing issue with significant potential clinical impact.

1.1 | What mechanistic evidence is there for
hypersensitivity as subcategory of irAEs?

Evidence to support an enhanced, detrimental immunological re-
sponse to xenobiotics under the regulatory perturbations imposed
by ICls has been available for much of the time they have been clini-
cally available. Indeed, enhanced in-vitro priming responses to the
reactive metabolite of sulfamethoxazole under ICI blockade* and
apparent in-vivo drug (amodiaquine) induced idiosyncratic liver in-
jury profiles in PD-1 knockout, CTLA-4 blocking antibody treated
mice’ indicated the nature of this risk. However, the potential rel-
evance of this in the clinical setting has been underappreciated and
we have now seen this translate to the clinic, sometimes with fatal
consequences.® Rather reassuringly, the mechanism(s) do appear
to be in line with what is thought to underlie the efficacy of ICls
in terms of tumour response, evidence for both enhanced priming/
recruitment of naive T-cells,*” and the enhanced activation of aner-
gised/exhausted memory T-cells® is now available.
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1.2 | What are the clinical presentations and
consequences of these reactions?

Unfortunately, the clinical manifestations of both irAEs and drug
hypersensitivity reactions are heterogeneous, have variable latency
and lack pathognomonic features.® This represents a challenge, as
clinicians in general attribute toxicity to the ICl itself, often unaware
of the potential drug hypersensitivity reaction to a concomitant
medication.” Given the high frequency of polypharmacy within im-
mune oncology patients, it is feasible that the proportion of irAEs
that might in fact be hypersensitivity reactions could be grossly
underestimated. This scenario is undesirable on two counts: firstly,
the patient might be re-exposed to the hypersensitivity causing
agent, and secondly, the individual may as a result of the reaction,
have immunotherapy withheld for extended periods and/or have
ameliorative treatment (usually corticosteroids) to the detriment of
the intended anti-malignant efficacy. Furthermore, the burden of
risk from corticosteroids and additional immunosuppressive drugs
such as hyperglycaemia, opportunistic infection and osteoporosis,
is significant and must be navigated as a hallmark of irAE treatment.
The standard practice for a clinically significant (CTCAE grade 2 and
above) irAE involves holding ICI treatment (sometimes in the form
of permanent discontinuation), and usually high-dose corticosteroid
treatment, often followed by a prolonged wean. This is logical in the
case of a direct immune toxicity from the dysregulated cells to tissue
targets; the endogenous antigens are present throughout and so the
deleterious response must be terminated and may recur with read-
mission of the ICl. However, if the event can be attributed to a hy-
persensitivity reaction to a concomitant medication, that drug (and
with it the implicated antigen) could be removed from the clinical
equation with a reduced immunosuppressive burden and possibly
permit the reinstatement of a critical systemic anti-cancer therapy.
The possibility that hypersensitivity reactions are responsible for a
proportion of what is currently considered irAEs may, therefore, rep-
resent an opportunity to both refine the toxicity profile of ICls, and
optimise treatment efficacy.

1.3 | What are the culprit drugs?

Drug hypersensitivity is generally an exceedingly rare occurrence in
the general population. Not all drugs are created equal in this domain
and so in the first instance, corroboration of exacerbated toxicity
profiles of ICI treated patients in conjunction with drugs with well-
known liabilities for hypersensitivity is an area of interest. Indeed,
such cases have begun to be recognised and acted upon; sulfasala-
zine is an excellent example as it elicits hypersensitivity in the general
population at a rate considered to be high but acceptable. However,
the incidence of sulfasalazine hypersensitivity appears to be in-
creased to an unacceptable level in ICI treated individuals,” and as
a result this drug is effectively informally contraindicated in this pa-
tient cohort. Ironically, as the current treatment algorithms for irAEs
are lifted from the management of parallel autoimmune diseases,

sulfalsalazine formed part of the initial treatment algorithms for
ICl-induced arthralgia. The use of drugs with a pre-existing, well-
recognised risk for these types of reactions are likely to be prob-
lematic in these patients, and the oncology community should be
made aware of the potential challenge posed by certain concomitant
medications. A review of hypersensitivity literature to identify such
compounds might be helpful in terms of identifying therapeutics to
closely monitor. Adjunctive therapies such as tyrosine kinase inhibi-
tors also have a proven capacity to elicit such reactions.® It is also
important to remember, as demonstrated in our own case report on
iodinated contrast media, that previous tolerance of a compound in
isolation does not guarantee tolerance once a checkpoint is intro-
duced.® Whilst some combinations will be obviously intolerable, for
the vast majority, it might be that the risk-benefit balance is altered,
but ICI treatment is still considered to convey sufficient benefit to
warrant treatment. Additionally, pre-emptive review of concomi-
tant medication could be undertaken as standard to ameliorate the
risk. Therefore, wide reassessment of concomitant medications is

warranted.

1.4 | What strategies can we employ to mitigate
this toxicity?

It can be envisaged that there are multiple approaches that could be
pursued to address this issue. As outlined in Figure 1, there are sev-
eral stages at which there is potential to improve. Firstly, de-risking
the patient; it may prove possible to identify which pre-existing
medications might prove problematic prior to commencement of
therapy. Next, de-risking the treatment; where adjunctive therapy is
used, immune reactions to the additional agent may compromise the
tolerability profile, further, common medications introduced during
the course of treatment, for example, antibiotics may well be impor-
tant. This is particularly relevant when considering irAE therapeutic
management strategies and the use of prophylactic antimicrobials
following the introduction of ICls. Finally, there is the matter of ac-
curate and timely diagnoses where these reactions do occur, and
along with this, potentially more effective management/treatment
algorithms which permit both better resolution of the reaction and
optimal cancer treatment.

Broad analysis of which medications ICI patients bring with
them may facilitate identification of reactions that occur early on
in treatment. A potential example of this was reported in an indi-
vidual treated with allopurinol and cotrimoxazole who developed
toxic epidermal necrolysis following introduction of nivolumab.’” For
de-risking of patient and therapy, it is now clear that there will be
several drugs for which the toxicity profile in conjunction with ICls
rationalises contra-indication during an ICI regimen. More subtle
refinement (in the form of refinement and referral of concomitant
drugs prior to and during ICI treatment) may also be useful in this
setting.

For de-risking the treatment, the adjunctive drug choice has the
potential to determine whether therapy is tolerable, for example,
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FIGURE 1 Theoretical patient journey through pre-treatment screening, administration of ICI therapy, hypersensitivity reaction,
recovery and reinstatement of ICl treatment. Potential encounters with concomitant medications are outlined across the three key areas of

intervention with suggested areas of investigation outlined in blue

dacarbazine combination with ipilimumab is intolerable whilst both
agents are tolerable in isolation.!® It may be that timing of agents
is critical with regards to this, and in time the deconvolution of the
optimal sequence/timing of combinatorial strategies will likely prove
useful. It is important to remember the pharmacokinetic profile of
these biological agents means that the deregulation period will per-
sist for some time after the final treatment. Furthermore, irAEs are
observed up to 3 years after ICl treatment has discontinued; thus,
there may be a complex interplay with T-cell memory and naive T-
cell subsets. It is currently unclear as to whether there needs to be
active, direct dysregulation to specific T-cell populations for hyper-
sensitivity, and thus, whether this propensity to hypersensitivity to
xenobiotics has a period post ICI following which there is a reduced
risk from new con meds or whether the timeline is the same as with
self-antigen (i.e. several years).

There is also the issue of identification of the reactions as hy-
persensitivity itself, which is critically important in informing the
above strategies on which medications are confirmed to be prob-
lematic. The emphasis here will be careful clinical evaluation of the
concomitant medications the individual has been administered, with
critical importance placed on the timeline and tempo of toxicity.
Where there is doubt, additional confirmation may be also sought
through in-vitro/in-vivo diagnostics. At present, it is not known what
the most appropriate diagnostic method may be for this particular

form of hypersensitivity reaction, and it is likely that as with more
conventional hypersensitivity, the optimal test will be influenced by
the reaction type itself. Based on the mechanism of action and re-
ported clinical presentations of reactions reported thus far (appar-
ent predominance of type IV hypersensitivity reactions), one would
expect the associated assays (in-vivo patch test, ex-vivo lymphocyte
transformation test/cytokine release/other cell-based assays to be
most relevant). As with conventional hypersensitivity, many nuances
pertaining to the appropriateness of key assays will apply, for ex-
ample, the suitability of drug provocation testing will depend on
severity of reaction, and thus, associated risk. It is unclear to what
degree withdrawal of the xenobiotic would temper the hypersensi-
tivity reaction and to what degree immunosuppression would still
be required, but if a temporal relationship could be established then
therapeutic withdrawal could enhance clinical diagnostic certainty.
The existence of irAEs have, in themselves, caused significant
challenge for the oncological community associated with multi-organ
impact, therapeutic uncertainty and high treatment burdens along-
side unpredictable incidence and impact on efficacy. The potential
relevance of concomitant medications is largely unconsidered as a
potential risk factor or propagator of adverse events. Understanding
potential drugs of interest and the differences in management in
the presence of a xenobiotic-induced hypersensitivity has the po-
tential to modify clinical practice in an expanding number of cancer
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patients, lead to more considered therapeutic combinations within

oncology and reduce the incidence of significant toxicity which is

blighting the otherwise positive impact of ICI treatment.
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