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Treatment with immune checkpoint inhibitors (ICIs) is frequently associ-

ated with immune-related adverse events (irAEs). A new study identified

an interleukin 7 (IL-7) allelic variant—rs16906115—as a major risk factor

for the development of ICI-associated irAEs. This association is of great

significance as it indicates that germline genetic variants influence the

occurrence of irAEs, thus opening a new avenue for identifying high-risk

patients to enable better management of ICI therapy and associated irAEs.

In contrast to immunocytokine therapies, ICIs have

made a breakthrough in cancer therapy over the past

decade [1]. ICIs work by unblocking the inhibitory sig-

naling effect of immunomodulatory receptors

expressed by immune or cancer cells (such as CTLA-4

and PD-1 or PD-L1), which usually allow cancer cells

to escape destruction. This inhibition will lead to a

strong activation of the immune system orchestra, par-

ticularly T cells, and consequently to a more effective

antitumor response [2–5].
Despite the significant success of ICIs in improving

survival in some patients, they are frequently associ-

ated with adverse events (from rash to severe colitis

and myocarditis) and toxicities that can be fatal in

some cases. Thus, overactivation of the immune sys-

tem may act as a ‘poisoned chalice’ as it may also lead

to the development of inflammatory side effects, called

irAEs, which may lead to discontinuation of ICI ther-

apy [6–8]. Over the years, considerable effort has been

made to stratify the patients that will respond well to

ICI therapy and those that will be less susceptible to

irAEs. However, the underlying relationship between

the emergence of irAEs and ICI therapy remains

unclear. One of the proposed hypotheses is that the

composition of patients’ microbiota is associated with

the development of irAEs and the efficacy of ICIs

[9,10]. Also, the influence of host germline genetic fac-

tors has been associated with drug exposure and

patient susceptibility to toxicity of different chemother-

apeutic agents [11]. Previous studies have shown a cor-

relation between polygenic germline risk of

autoimmune conditions and the emergence of thyroid
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and skin irAEs linked to ICIs [12]. However, to date,

no individual genetic variants have been linked to

irAEs. In the December 2022 issue of Nature Medicine,

Gusev and colleagues identified a germline variant of

IL-7 as a crucial regulator of lymphocyte stability and

a critical predictor of irAEs occurrence [13].

First, by performing a genome-wide association

study (GWAS) on 1751 patients with 12 cancer types

treated with ICI, Gusev and colleagues classified each

patient according to irAEs outcomes after initiation of

ICI treatment (either ‘high-grade’ or ‘all-grade’ irAEs).

After verifying that the power analysis of their samples

was sufficient to detect large effect variants, they iden-

tified three genome-wide significant loci linked to all-

grade irAEs (but none with ‘high-grade’ irAEs): one

association at chr4p15, one near the interleukin 22

receptor subunit alpha 1 (IL22RA1), and the third one

near the IL-7 at Chr8q21 [13]. None of these variants

were associated with overall survival nor with death

without irAEs.

The authors investigated the effect of factors that

could modify the link observed between IL-7 variant

and irAEs occurrence and demonstrated that the

observed effects were specific to ICIs treatment, as

none of them were strongly related to age, sex, or

even previous autoimmune diseases, underscoring the

involvement of these germline variants in irAEs [13].

The link observed between the rs16906115 variant

near IL-7 and irAEs occurrence was significantly

reproduced in two additional independent cohorts, as

opposed to the two other SNP identified [13].

Although the noted effect of IL-7 SNP was not linked

to the OS of patients under ICIs, this SNP also

uncovered an antitumor response beyond the ICI

therapy. The authors strikingly discovered a persistent

significant association between the IL-7 variant and

OS of patients treated with conventional therapies

[13].

To uncover the link between the IL-7 locus and

irAEs, the authors integrated quantitative trait loci

(QTLs) and RNA sequencing analysis to their GWAS

data. Remarkably, they identified a novel 70-base

pair ‘cryptic exon’ that was highly activated in

patients carrying the IL-7 SNP compared with non-

carriers. Cryptic exons are splicing variants introduc-

ing modifications of the resulting mRNA, such as

frameshift codons. Using a de novo isoform recon-

struction method, they were able to reveal a new IL-

7 transcript that was highly expressed in lymphoblas-

toid cell lines, consistent with the function of IL-7 in

lymphocyte development [14]. This increase in expres-

sion was also associated with an increased co-

expression of IL-7 and IL-7 receptor, suggesting that

the new IL-7 transcript may act as an IL-7 stabilizer

or an IL-7R binding enhancer [13]. Based on previ-

ous knowledge about the role of IL-7 in lymphocyte

homeostasis [14], the authors finally investigated the

effect of the IL-7 variant on peripheral blood lym-

phocyte counts at the initiation of ICIs and the onset

of irAEs in two different cohorts. Indeed, they were

able to show a significant decrease in the lymphocyte

count in patients not carrying the IL-7 variant com-

pared with carriers of this variant [13]. Thus, these

results suggest a consistent function of the IL-7 vari-

ant on lymphocyte homeostasis and irAEs incidence

during ICIs therapy.

In GWAS association studies, the power of the

study is often impaired by the sample size analyzed

and a lack of independent validation. In this study,

by Gusev and colleagues [13] this IL-7 variant was

associated with irAEs using a large sample size

(> 1000 patients) and two independent validation

cohorts making it as the first genetic variation

robustly associated with irAEs. In the future, an

even larger, well-powered study should uncover new

germline genetic variants influencing different grades

of irAEs. Indeed, it will be important to identify

markers for ‘high-grade’ irAEs, as lower-grade irAEs

have been associated with better outcome, indicating

that some toxicity may be acceptable and may be

indicative of an efficient anticancer immune response.

The type of ICI treatment (e.g., single anti-PD-1/

PD-L1 or anti-CTLA-4 therapy or combination regi-

mens) will have a large influence on irAEs. In this

study, the vast majority of patients received single-

agent PD-1/PD-L1 treatment. As such, it remains to

be determined whether the IL-7 variant is associated

with CTLA-4-related irAEs or a combination of ICI

regimen-driven irAEs, which are known to be associ-

ated with higher incidence of ‘high-grade’ irAEs.

Finally, it will also be important to determine

whether pre-existing autoantibodies or elevated serum

cytokines may represent valid biomarkers. This could

provide mechanistic insights into patient susceptibility

to irAEs since an effective predictive model of irAEs

may allow for more personalized treatment enabling

better management or prediction of ICI treatment-

induced toxicities.

Acknowledgements

This work was supported by la Ligue Nationale Con-

tre le Cancer ‘Equipe Labellis�ee’, by Institut National

du Cancer (INCa PLBIO) and le Canc�eropôle PACA

and l’Agence Nationale de la Recherche (LABEX

SIGNALIFE ANR-11-LABX-0028-01).

385Molecular Oncology 17 (2023) 384–386 � 2023 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

H. Issaoui and J.-E. Ricci IL-7 germline variant: setting the stage for immune-related adverse events



Conflict of interest

The authors declare no conflict of interest.

References

1 Robert C. A decade of immune-checkpoint inhibitors in

cancer therapy. Nat Commun. 2020;11:3801.

2 Ahmadzadeh M, Johnson LA, Heemskerk B,

Wunderlich JR, Dudley ME, White DE, et al. Tumor

antigen-specific CD8 T cells infiltrating the tumor

express high levels of PD-1 and are functionally

impaired. Blood. 2009;114:1537–44.
3 Selby MJ, Engelhardt JJ, Quigley M, Henning KA,

Chen T, Srinivasan M, et al. Anti-CTLA-4 antibodies

of IgG2a isotype enhance antitumor activity through

reduction of intratumoral regulatory T cells. Cancer

Immunol Res. 2013;1:32–42.
4 Ribas A, Wolchok JD. Cancer immunotherapy using

checkpoint blockade. Science. 2018;359:1350–5.
5 Pardoll DM. The blockade of immune checkpoints in

cancer immunotherapy. Nat Rev Cancer. 2012;12:252–
64.

6 Bagchi S, Yuan R, Engleman EG. Immune checkpoint

inhibitors for the treatment of cancer: clinical impact

and mechanisms of response and resistance. Annu Rev

Pathol. 2021;16:223–49.

7 Boutros C, Tarhini A, Routier E, Lambotte O, Ladurie

FL, Carbonnel F, et al. Safety profiles of anti-CTLA-4

and anti-PD-1 antibodies alone and in combination.

Nat Rev Clin Oncol. 2016;13:473–86.
8 Postow MA, Sidlow R, Hellmann MD. Immune-related

adverse events associated with immune checkpoint

blockade. N Engl J Med. 2018;378:158–68.
9 Sivan A, Corrales L, Hubert N, Williams JB, Aquino-

Michaels K, Earley ZM, et al. Commensal

Bifidobacterium promotes antitumor immunity and

facilitates anti-PD-L1 efficacy. Science. 2015;350:1084–9.
10 V�etizou M, Pitt JM, Daill�ere R, Lepage P, Waldschmitt

N, Flament C, et al. Anticancer immunotherapy by

CTLA-4 blockade relies on the gut microbiota. Science.

2015;350:1079–84.
11 Hertz DL, Rae J. Pharmacogenetics of cancer drugs.

Annu Rev Med. 2015;66:65–81.
12 Khan Z, Hammer C, Carroll J, Di Nucci F, Acosta SL,

Maiya V, et al. Genetic variation associated with thyroid

autoimmunity shapes the systemic immune response to

PD-1 checkpoint blockade. Nat Commun. 2021;12:3355.

13 Groha S, Alaiwi SA, Xu W, Naranbhai V, Nassar AH,

Bakouny Z, et al. Germline variants associated with

toxicity to immune checkpoint blockade. Nat Med.

2022;28:2584–91.
14 Fry TJ, Mackall CL. Interleukin-7: from bench to

clinic. Blood. 2002;99:3892–904.

386 Molecular Oncology 17 (2023) 384–386 � 2023 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

IL-7 germline variant: setting the stage for immune-related adverse events H. Issaoui and J.-E. Ricci


	Outline placeholder
	mol213392-aff-0001
	mol213392-aff-0002
	mol213392-bib-0001
	mol213392-bib-0002
	mol213392-bib-0003
	mol213392-bib-0004
	mol213392-bib-0005
	mol213392-bib-0006
	mol213392-bib-0007
	mol213392-bib-0008
	mol213392-bib-0009
	mol213392-bib-0010
	mol213392-bib-0011
	mol213392-bib-0012
	mol213392-bib-0013
	mol213392-bib-0014


