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a b s t r a c t 

Recent reports have put into evidence the possibility of a link between immune-related adverse events (IRAEs) 

and treatment outcome, patients drawing a benefit from treatment being also exposed to the risk to develop 

toxicity. 

A still unanswered question remains the biological origin(s) which can sustain and explain such a relationship. 

The purpose of this review paper is to lay out different potential contributions which can help to understand 

the IRAEs-outcome link and to propose clinical perspectives taking advantage of this association. 

In this respect, pharmacokinetics aspects, immunological and immunogenetics implications have been taken 

into consideration. 
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dverse events and treatment outcome 

During the last decade, the introduction of immune-checkpoint in-

ibitors (ICIs) has markedly transformed the therapeutic landscape of

 large number of recalcitrant diseases [1] . However, the use of ICI is

omplicated by the occurrence of serious immune-related adverse events

IRAEs) such as colitis, pneumonitis and hepatitis which are largely

npredictable [2] . Recent reports have examined the possibility of a

ink between IRAEs and treatment outcome, patients drawing a benefit

rom treatment being also exposed to the risk to develop toxicity. Al-

hough some studies report the absence of such a link [3] , more frequent

re those who support the existence of a positive association response-

oxicity for ICI. As an example, the recent retrospective study by Maher

t al. [4] based on seven trials including to a large set of 1,-747 patients

ith urothelial cancer treated by ICI and reporting an hazard ratio at

.45 for the link between overall survival and the presence of IRAEs.

ore recently Maillet et al. reported on IRAEs in single-agent ICI (mostly

nti-PD(L)1) in a large retrospective multicentric series with a majority

f lung cancer patients [5] . They found a strong association between

RAEs and long-term survival outcomes. There is however a possible

ias, frequently advocated, which is the fact that responders are those

ho benefit from a longer duration of treatment and are thus exposed to

 higher risk to develop toxicity throughout time [6] . There are several

eports showing that IRAEs actually precede response [5 , 7 , 8] . The con-

lusions of the study by Maillet et al. [5] were established after using an

dapted statistical method for limiting time-dependent bias. It follows
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hat an unanswered question remains the biological origin(s) which can

ustain and explain such a relationship. This knowledge would help to

trengthen and to validate the notion of the link between toxicity and

fficacy for ICI, to obtain a better control of adverse events and, more

enerally, to improve the practice of immunotherapy. The aim here was

hus to lay out the different potential contributions which can help to

nderstand the IRAEs-outcome link and to propose clinical perspectives

aking advantage of this association. 

ould PK-PD relationships with ICIs be of any help? 

A close relationship between the occurrence of specific drug-related

oxicity and treatment outcome has been repeatedly observed with

 large variety of anticancer agents ranging from cytotoxics, hor-

onotherapy, targeted therapy and even possibly with the latest im-

une checkpoint inhibitors in agreement with the “no pain, no gain ”

phorism [9] . Most of the time, for standard treatments this relation-

hip is related to underlying exposure levels, i.e. patients experiencing

evere toxicities having circulating drug levels higher than patients with

o toxicity, thus increasing the odds to achieve higher efficacy eventu-

lly [10] . However, as recently reported, establishing a clear correla-

ion between drug exposure and pharmacodynamics for ICIs remains

hallenging [11] . Conflicting data have been reported indeed on pos-

ible exposure/effect relationships with currently immune checkpoint

nhibitors. For instance, high trough levels of anti-PD1 nivolumab were

nce associated with better response in NSCLC patients [12] , whereas
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nother study failed to confirm this relationship [13] . Of note, none

f these studies have found a link between plasma exposure levels and

ivolumab-related toxicities. Conversely, with anti-CTLA4 ipilimumab,

rough levels were found to be associated both with progression free sur-

ival and toxicities in melanoma patients [14] . The analysis of PK/PD

elationships with more recently approved ICIs such as durvalumab, ate-

olizumab or avelumab is recent, but clinical reports have already iden-

ified the through levels required to ensure a maximum target engage-

ent [15–17] . Still, to date, for all these drugs the impact of pharma-

okinetic variability as a possible cause for response, non-response or

oxicities remain highly speculative considering a routine clinical prac-

ice context. Of note, most PK/PD studies have focused thus far on the

ssue of efficacy, and not safety concerns. In addition, the “the higher

he exposure, the better the effect ” paradigm usually supporting the link

etween toxicity and efficacy is less relevant with the recent trend to de-

elop flat dosing with immunotherapy. Flat dosing indeed assumes that

ll cancer patients weight 80–100 kg, thus leading to plasma levels ex-

eeding by far the minimal concentrations required to inhibit the target

18] . This makes challenging to considerer treatment toxicity as a mean-

ngful surrogate marker for high exposure levels triggering efficacy, be-

ause flat dosing already ensures that drug concentrations are always

argely above theoretical levels associated with maximal target engage-

ent. In addition and because the PK of ICIs is likely to be influenced

y the antigenic mass (a phenomenon known as Target Mediated Drug

isposition (TMDD) resulting in time-varying clearance [19] , PK could

e actually a confounding factor when trying to decipher next the links

etween toxicity and efficacy. For instance, tumor shrinkage upon ICI

reatment could decrease drug clearance, thus increasing plasma levels

nd possibly triggering toxicity next. Therefore, toxicity would be rather

 consequence of the efficacy through modulation of drug clearance, and

ot an upfront marker. Along with the fact that plasma concentrations

re already above the efficacy level, toxicities are unlikely to be predic-

ive of efficacy with ICIs. This has been recently confirmed in nivolumab

atients in a prospective study including mostly NSCLC patients, where

o association between immune-related toxicity and efficacy data (i.e.,

FS and OS) put into evidence [20] . Much interestingly, this observa-

ion in lung cancer patients is fully in line with previous reports failing

o establish such a correlation between nivolumab-related toxicities and

urvival in melanoma patients [21] . Overall, this makes PK/PD relation-

hips rather complicated to help identifying a possible link between ef-

cacy and toxicity, because of too many confounding factors blurring

he picture [22] . 

re common immunological factors able to explain the 

ssociation? 

At the immunological level, several clues may be followed to un-

erstand the link between IRAEs and treatment outcome with ICIs [23] .

hey can be related, at least, to a common deregulation of the PD1-PDL1

arget [24] , immune cell infiltration, neoantigen formation and patient

haracteristics like age and sex. 

In particular T cell clonality appears to be an interesting path to

erein comment on. A recent study in NSCLC explored the link between

utoimmune skin toxicity and a better treatment outcome [25] . The

uthors reported T cell clonality and more precisely identical antigen-

pecific T cells, in the patient’s peripheral blood mononuclear cells and

n both tumor and skin tissues. This finding may support the observed

ink between toxic effect and response to therapy, and is consistent

ith previous reports in melanoma patients treated with ICIs show-

ng both the occurrence of vitiligo and a better response to treatment

6] . This supports the hypothesis of an ICI-mediated induction of tumor

esponse against common antigens shared by melanomas and normal

elanocytes. These considerations on common antigens call for tumor

utational burden (TMB) since an association between IRAEs and tu-

or TMB has recently been reported [26] . Because TMB has recently
merged as a potential ICI response predictor [27] , it could bridge the

ap between efficacy and toxicity. 

A possible explanation for this finding was proposed by Bomze et al.

26] . A cross-reaction for T cells between neoantigen and correspond-

ng wild-type proteins was advocated by the authors as well as the

henomenon of tumor cell death released antigens, including neoanti-

ens which could prime T lymphocytes against the wild-type antigens

n healthy tissue. 

The well-established global inhibitory effect of corticosteroids on T

ells [28] may lead to consider that corticosteroid application during

CI treatment triggers a protection to ICI-related toxicity and could be

etrimental for treatment efficacy. Several reports, however of retro-

pective nature, tell us that it is in fact not the case since, in an attempt

o protect from toxicity, the use of corticosteroids in patients who re-

eived ICIs did not result in a deleterious effect on efficacy outcomes

2 , 4] . Thus, a link between response and toxicity may be, at the least

n part, dissociated from a common origin at the immunological level

mplicating T cell function. 

Multiple publications have contributed to demonstrate a role for gut

icrobiota in modulating response to ICI [29] . Different gut microbiota

rofiles characterize responders to treatment and the favorable profiles

re linked to enhanced systemic immunity and intratumoral immune

omposition. Interestingly, several gut bacterial components may be as-

ociated with favorable response as well as toxicity. This is notably the

ase with Firmicutes in the development of immunotherapy-induced col-

tis [30] . Therefore microbiota composition at an individual level could

ontribute to explain why some patients way exhibit both a favorable

esponse and an increased risk for toxicity. 

he part of the host: immunogenetics 

There is a cumulative evidence that treatment pharmacodynamics

both tumor response and toxicity) of conventional anticancer therapy

ay be linked to intrinsic patient genomics characteristics, generally

eferred to as pharmacogenetics [31] . 

In fact, genetic polymorphisms affecting either pharmacokinetics or

harmacodynamics could explain, at least partly, the relationship be-

ween treatment efficacy and side effects previously reported for con-

entional anticancer drugs [9] . Interestingly, in this context, the phar-

acogenetics related to functional effects affecting drug mechanisms

f action and supporting the link between treatment-related toxicities

nd efficacy have been considered for anti EGFR therapy [32] and more

articularly in patients with advanced colorectal cancer receiving anti-

GFR-based treatment [33] . 

In this respect, we recently hypothesized that the host genetics could

e used as predictive biomarkers for ICI response and IRAEs [34] . A ret-

ospective study in 94 patients treated with ICI and based on SNPs analy-

es was conducted on genes affiliated with immune response and tumor-

icroenvironment interaction [35] . Several single-nucleotide polymor-

hisms (SNPs) were identified as able to predict response (7 SNPs) and

oxicity (5 SNPs). The fact that the SNPs differed between toxicity and

esponse precluded on these bases to formulate the hypothesis that com-

on SNPs predicting treatment outcome could explain a link between

dverse events and outcome. However, among the SNPs identified as

redictors of adverse events there was rs4143815 ( PD-L1 ) with an in-

rinsic weight in the predictive model [34] . Interestingly, this SNP was

lso recently reported by others investigators [36] as a possible marker

or nivolumab efficacy. This SNP was found to be associated with posi-

ive eQTL of the downstream PDCD1LG2 gene, coding for PD-L2 in sev-

ral tissues (GTEX portal: https://gtexportal.org/home/ ). An increase

n PD-L2 expression may contribute to excessive sensitivity to ICI action

ith toxic reactions in normal tissue and a favorable tumor regression in

ancerous lesions. This hypothesis needs to be prospectively validated

o support a role for the rs4143815 as a key element explaining both

oxicity and response to ICIs. 

https://gtexportal.org/home/
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Fig. 1. A global vision on the possible link between texicity and response with ICIs considering potential explaining factors, the establishment of a predictive index, 

a clinical strategy for a prospective validation and fine-tuning of the index taking into account observed link revealed by clinical study. 
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linical perspectives taking advantage of the association 

The question is now clearly addressed about over-treating patients

ith ICIs taking into account their elevated costs [37 , 38] . To be able

o identify patients who will be responders both at the tumoral and

ormal tissue level is a true opportunity to personalize treatment by

voiding treating potentially refractory patients. The above-considered

spects tell us that among other potential factors including conventional

arameters like age and sex are tumor-linked TMB and patient-related

actors like germinal gene polymorphisms with rs4143815 (PD-L1) as

ood examples to characterize a multifactorial profile characterizing re-

ponders to ICIs [39] . Fig. 1 illustrates a global strategy aiming to es-

ablish, on rigorous clinical bases of prospective trials, concrete applica-

ions highlighting the association between adverse events and outcome

nder ICIs. The strategy is based on the possibility to compute a multi-

actorial index which can help to characterize patients as ICI sensitive

r ICI unsensitive. The index may be prospectively fine-tuned following

 clinically-based prospective evaluation. This proposed global strategy

oncurs well with Johnson and coworkers [40] considerations who re-

ently reported on prospective trials with ICIs which are now feasible

o provide the opportunity to shape patient care beyond the simple us

f high-dose steroids. The present position paper may provide, among

thers possible, concrete perspectives in this view. 
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