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A R T I C L E I N F O

Keywords:
Immune checkpoint inhibitors
Small targeted therapies
Concomitant or sequential administration
Toxicities
Non-small cell lung cancer

A B S T R A C T

Background: Immune checkpoint inhibitors (ICIs) have become standard-of-care at different stage disease in non-
small cell lung cancer (NSCLC). Based on the increasing characterization of molecular aberrations and oncogenic
drivers in NSCLC, it is expected that more and more patients will benefit from orally small targeted therapies in
NSCLC. However, their concomitant or sequential use is associated with an increased risk of a various toxicity
pattern.
Methods: Relevant publications were included if they reported data on the question of toxicities associated with
sequential or combined use of ICIs and small targeted therapies used in NSCLC treatment. MEDLINE, Google
Scholar, and the Cochrane Library were searched for the following request, from database inception until June
2023.
Results: This review highlighted a various pattern of toxicities (i.e., interstitial lung disease, hepatitis, dermatoses)
in the context of both sequential and concomitant administration of ICIs and small targeted therapies. Such
toxicities seem rather a “drug-effect” than a “class-effect” and some of these toxicities are more specific of a small
targeted therapy. This review highlights on the impact of treatment sequence administration and emphasis for
physicians to be particularly careful whether small targeted therapy is administered within one to three months
after last ICIs injection.
Conclusion: Physicians have to be aware of severe toxicities in case of both concomitant or sequential ICIs/small
targeted therapies administration in NSCLC. Further studies are needed to better understand the mechanisms
underlying these toxicities in order to prevent them and to refine ICIs and small targeted therapy sequencing
strategy.

Introduction

Immune checkpoint inhibitors (ICIs), mainly represented by anti-
programmed cell death receptor-1/programmed death ligand 1 [PD-
(L)1], significantly improve survival outcomes in advanced non-small
cell lung cancer (NSCLC) and represent a standard of care [1–7]. ICIs
also confer significant benefit as a treatment consolidation after radio-
chemotherapy for locally advanced NSCLC [8,9]. They are also being
tested in both neoadjuvant and adjuvant settings for localized NSCLC

and are close to be considered as standard of care worldwide in peri-
operative setting [10–12]. ICI-related specific toxicities have emerged
and are named immune-related adverse events (irAEs) [13,14]. The
biological mechanisms of irAEs are largely unknown but may rely on
cross reactivity with self-peptides results in breakout of host immune
tolerance [13]. The most frequently reported irAEs with anti-PD-1
include thyroiditis, pneumonitis, hepatitis, diarrhea, and colitis
[14,15]. It is estimated that approximately 10% of patients treating with
anti-PD-1 will experience grade ≥3 irAEs [14].
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Based on the increasing characterization of molecular aberrations
and oncogenic drivers in NSCLC, it is expected that up to half of
advanced NSCLC patients will receive orally available small targeted
therapies during their treatment history. Small targeted therapies are
mainly represented by tyrosine kinase inhibitors (TKIs) that inhibit the
tyrosine kinase activity of tyrosine kinase-dependent oncogenic proteins
leading to cell death and clinical activity. Based on biopharmaceutical
optimization, TKIs are increasingly specific of tyrosine kinase dependent
oncogenic proteins leading to better tolerance by reducing off-target
side effects. KRAS inhibitors are small targeted therapies that trap
KRAS in its inactive GDP-bound state through covalent binging [16,17].

Sequential anti-PD-(L)1 and TKI is associated with an increased
prevalence of a diverse range of toxicities in NSCLC [18–20]. Severe
hepatitis was reported in a KRASG12C-mutant NSCLC patient who
received sequential anti-PD-(L)1 and sotorasib therapy [21]. This raises
the hypothesis that small targeted therapies may trigger severe anti-PD-
(L)1-mediated toxicities, questioning the optimal sequencing of targeted
therapies and anti-PD-(L)1. Herein, we aim to address specific toxicities
with either sequential or concomitant ICI and small targeted therapy
administration in NSCLC.

Methods

Relevant publications (case reports, original reports, and reviews)
were included if they reported data on the question of toxicities asso-
ciated with sequential or combined use of ICIs and small targeted
therapies used in NSCLC treatment. MEDLINE, Google Scholar, and the
Cochrane Library were searched for the following request, from data-
base inception until June 2023.

For sequential toxicities, the query in MEDLINE was: (“toxicity” OR
“adverse event” AND “immune checkpoint inhibitors” AND “XX” [MESH
Terms]); for toxicities resulting from combined treatment, it was
(“toxicity” OR “adverse event” AND “concomitant” AND “immune
checkpoint inhibitors” AND “XX” [MESH Terms]). To increase accuracy,
the same query was made using the [ALL FIELDS] filter. No restriction
filters were applied regarding the type of study articles. The same query
for either sequential or combined treatment toxicities was used in
Google Scholar and the Cochrane Library. In Google Scholar, an addi-
tional restriction filter was applied to select only articles that contain the
request formulation in their title. In the Cochrane Library, the request
formulation was only made with MESH Terms.

In the queries, “XX” was replaced by small targeted therapies
currently available in NSCLC according to the 2023 ESMO Clinical
Practice Guideline [22]: erlotinib, gefitinib, afatinib, osimertinib,
mobocertinib, dacomitinib, alectinib, brigatinib, lorlatinib, crizotinib,
ceritinib, trametinib, dabrafenib, sotorasib, adagrasib, capmatinib,
tepotinib, larotrectinib, entrectinib, reprotrectinib, pralsetinib, and
selpercatinib.

Results

No publications were found in Google Scholar and the Cochrane
Library databases.

Relevant articles were selected from the MEDLINE database
[18–21,23–44]. None of them reported data for the following small
targeted therapies in NSCLC: dacomitinib, mobocertinib, brigatinib,
lorlatinib, entrectinib, reprotrectinib, dabrafenib, trametinib, praselti-
nib, capmatinib, adagrasib, larotrectinib.

Type of toxicities associated with sequential or combined use of ICIs and
small targeted therapies in NSCLC

Lung toxicities
Preliminary reports of toxicities associated with sequential osi-

mertinib following ICIs emerged in 2017 [23,24]. A single-center
retrospective study including 19 patients treated with osimertinib

reported four cases of interstitial lung disease (ILD), leading to osi-
mertinib discontinuation [23]. Three of them were previously treated
with nivolumab (i.e., anti-PD-1). Systemic steroids were begun for two
patients [23]. Osimertinib administration eight days after the last
nivolumab infusion conducted to mild infiltration of lungs, fever and
shortness of breath within one month after the beginning of osimertinib
[24]. Respiratory symptoms were gradually resolved after osimertinib
discontinuation. However, same symptoms appeared a week following
osimertinib re-introduction. Hypersensitivity pneumonitis was
confirmed through bronchoalveolar lavage and transbronchial biopsy.
Definitive discontinuation of osimertinib resulted in clinical improve-
ment without administration of steroids [24]. In a post-marketing
evaluation of osimertinib conducted in Japan, ILD was more frequent
among patients previously treated with nivolumab (15 %) than among
those who did not receive an ICI (5.7 %) [25]. Previous nivolumab
treatment was an independent risk factor of ILD onset during osimerti-
nib treatment (adjusted odds ratio [OR] 2.84; 95 % CI [1.98;4.07]) [25].
Among 41 patients treated with ICIs followed by osimertinib, 15 %
experienced a severe irAE [18]. Grade 3 pneumonitis was the most
frequent irAE; patients with pneumonitis responded to high-dose ste-
roids with resolution of symptoms over weeks to months [18] (Table 1).

ILD is also reported in case of concomitant EGFR TKIs and ICIs
administration (Table 2). The TATTON phase Ib trial evaluating
concomitant treatment with osimertinib and durvalumab was stopped
early due to safety concerns regarding ILD [26,27]; 11/23 patients (48
%) receiving durvalumab and osimertinib after prior EGFR TKIs expe-
rienced grade 3 or higher AEs and 5/23 (22 %) patients experienced ILD
[26]. The increased risk of ILD with concomitant administration of ICIs
and EGFR TKIs was also highlighted in the analysis of FDA Adverse
Events Reporting System (FAERS) database. Among 70 patients treated
with nivolumab and EGFR TKIs, ILDwas reported in 25.7% of them, and
the adjusted OR for ILD with EGFR TKIs was 5.09 (95 % CI [2.87;9.03])
with nivolumab and 1.22 (95 % CI [1.00;1.47]) without [28].

Hepatic toxicities
Severe hepatic toxicities are described with EGFR TKIs, crizotinib,

ceritinib, alectinib and sotorasib in case of sequential or concomitant
administration with ICIs (Table 1 and 2).

Hepatitis onset during osimertinib treatment following nivolumab
was described in a single-center retrospective study [29]. In this study,
7/47 patients included received osimertinib immediately (i.e., within
180 days) after the last nivolumab infusion and grade 3 or 4 hepatitis
was reported for 4/7 patients. One patient required high-dose steroids,
and, in addition to osimertinib discontinuation, another patient required
2 mg/kg/day prednisolone followed by oral mycophenolate mofetil 2 g/
day [29]. Grade 4 hepatitis requiring high-dose steroids and mycophe-
nolate mofetil was reported for a patient treated with sequential ICIs
followed by osimertinib. For this patient, osimertinib was discontinued
[18]. Erlotinib associated with nivolumab led to grade 3 TRAEs in 24 %
of the 21 chemotherapy-naïve EGFR-mutated advanced NSCLC patients
[30]. Treatment was discontinued in two patients for, respectively,
grade 3 diarrhea and concomitant grade 3 elevated aspartate amino-
transferase (AST)/grade 2 elevated alanine aminotransferase (ALT)
[30]. Among 28 patients who received erlotinib associated with atezo-
lizumab, 46 % experienced a grade 3 TRAE, including 14 % grade 3
hepatitis [31]. None of these grade 3 TRAEs led to treatment discon-
tinuation [31]. Among 7 patients who received concomitant gefitinib
and pembrolizumab, 3/7 (42.9 %) experienced grade 3 and 2/7 (28.6 %)
grade 4 TRAEs [32]. Liver-related toxicity resulted in permanent treat-
ment discontinuation for four patients. Recruitment to the later trial was
stopped after seven patients enrolled, due to liver-related toxicity [32].

Lin et al. assessed whether sequential ICI followed by crizotinib in-
creases hepatotoxicity [20]. Eleven patients received sequential ICI
followed by crizotinib; 5/11 (45.5 %) experienced grade 3 or 4 elevated
ALT (27.3 % grade 4) and 4/11 (36.4 %) a grade 3 or 4 elevated AST,
compared to, respectively, 34/442 (8.1 %) and 14/442 (3.4 %) of ICI-

A.-L. Désage et al.
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Table 1
Toxicities of sequential immune checkpoint inhibitors and small targeted therapies in non-small cell lung cancer.

Study Study design number of
patients
treated with
sequential ICI
and small
targeted
therapy*

ICI regimen small targeted
therapy

Time interval
between ICI
and small
targeted
therapy

Time to onset of
first toxicity
after small
targeted
therapy
introduction

Toxicity Toxicity
grade¶

Steroids Other treatment

Mamesaya et al.
[24]

case report 1 nivolumab osimertinib 8 days 31 days hypersensitivity pneumonitis not
reported

no no

Kotake et al.
[23]

monocentric
retrospective

5 nivolumab osimertinib 2 weeks 6 weeks ILD (n= 3) not
reported

yes (n= 2) no

Gemma et al.
[25]

multicentric
real-world
post marketing
data

202 nivolumab osimertinib not reported not reported ILD (n= 43/287 patients
previously treated with
nivolumab). The exact number in
case of direct sequence is not
reported.

not
reported

not
reported

not reported

Uchida et al.
[42]

monocentric
retrospective

12 nivolumab (n= 11)
pembrollizumab (n= 1)

osimertinib
(n= 7)

15 days, 20 days
and 5months

1month (n= 2)
and 4months
(n= 1)

ILD (n= 3), all patients were
treated with osimertinib.

grade 2
(n= 2)
grade 3
(n= 1)

yes (n= 3) no

erlotinib+ BVZ
(n= 2)
gefitinib (n= 1)
afatinib (n= 2)

Schoenfeld et al.
[18]

monocentric
retrospective

41 PD-(L)1 monotherapy (i.
e., nivolumab,
pembrolizumab or
atezolizumab) or as
combination with
ipilimumab or platinum-
based chemotherapy

osimertinib ≤29 days (n= 3
pneumonitis
and n= 1
colitis) 39 days
(n= 1 hepatits)

14 days (n= 1
colitis)

pneumonitis (n= 3) grade 3 yes (n= 5) infliximab for
colitis (n= 1)
mycophenolate
mofetil for hepatitis
(n= 1)

39 days (n= 1
hepatitis)

15 days (n= 1
pneumonitis)

colitis (n= 1) grade 3

24 days (n= 1
pneumonitis)

hepatitis (n= 1) grade 4

39 days (n= 1
hepatitis)
167 days (n= 1
pneumonitis)

Jung et al. [43] monocentric
retrospective

16 nivolumab or
pembrolizumab

gefitinib (n= 6) 20 and 28 days
respectively

7 and 12 days
respectively

pneumonitis (n= 2) grade 3 yes no

osimertinib
(n= 6)

40 days 54 days pneumonitis (n= 1) grade 3 yes

Yamaguchi et al.
[29]

monocentric
retrospective

7 nivolumab osimertinib range 24 to
180 days

range 29 to
526 days

hepatitis (n= 4) grade 3–4 yes (n= 2) mycophenolate
mofetil (n= 1)

Cui et al. [39] case report 1 pembrolizumab with
platinum-based
chemotherapy

osimertinib 3 weeks 3 weeks toxic epidermal necrosis grade 2–3
rash grade
3–4
stomatitis

yes intravenous
immunoglobulin

Gianni et al.
[40]

case report 1 pembrolizumab with
platinum-based
chemotherapy

osimertinib 10 days 23 days yes no
hepatitis grade 3
mucositis grade 2

Mc coach et al.
[19]

data of phase
1/2
LIBRETTO-
001

152** anti PD-(L)1 (i.e.,
atezolizumab, avelumab,
cemiplimab,
durvalumab, nivolumab,
pembrolizumab and
spartalizumab)

selpercatinib not reported 1.7 (1.0–3.3)
week

hypersensitivity reaction (n= 17) grade 1
(n= 1)
grade 2
(n= 11)
grade 3
(n= 5)

yes
(n= 19/22
patients
among the
whole
cohort)

no

(continued on next page)
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Table 1 (continued )

Study Study design number of
patients
treated with
sequential ICI
and small
targeted
therapy*

ICI regimen small targeted
therapy

Time interval
between ICI
and small
targeted
therapy

Time to onset of
first toxicity
after small
targeted
therapy
introduction

Toxicity Toxicity
grade¶

Steroids Other treatment

Lin et al. [20] monocentric
retrospective

11 PD-(L)1 monotherapy (i.
e., nivolumab,
pembrolizumab or
atezolizumab) or as
combination with
ipilimumab or platinum-
based chemotherapy

crizotinib 30 (21–135)
days

38 (13–49) days ALT elevation grade 3–4
(n= 5)

no no

AST elevation grade 3–4
(n= 4)

Begum et al.
[21]

case report 1 pembrolizumab-
pemetrexed combination

sotorasib 14 weeks 12 days ALP elevation grade 2 yes no
bilirubin elevation grade 1
ALT elevation grade 3

Thummalapalli
et al. [36]

multicentric
retrospective

86** PD-(L)1 monotherapy (i.
e., pembrolizumab,
atezolizumab,
durvalumab) or as
combination with
pemetrexed-platinum
chemotherapy

sotorasib 4.6 (3.0 to 11.6)
weeks

6.4 (2.0 to 14.1)
weeks

hepatotoxicity (n= 12) grade 3
(n= 11)
grade 4
(n= 1)

5/13
patients
with grade
3 or higher
hepatic
toxicity

no

7.9 weeks 3.4 weeks pancreatitis+ hepatotoxicity
(n= 1)

grade 3

4.6 weeks 77.7 weeks pneumonitis (n= 1) grade 3
3.1 weeks 11.6 weeks pneumonitis+ anemia (n= 1) grade 3

Chour et al.
[37]

multicentric
retrospective

48 PD(L)1 monotherapy (i.
e., pembrolizumab,
atezolizumab,
nivolumab) or as
combination with
platinum-based
chemotherapy,
ipilimumab or
investigational agent

sotorasib 32 (22.5–131)
days

31 (2–113) days GGT elevation (n= 13) grade≥ 3 yes (n= 7) no
ALT elevation (n= 12) grade≥ 3
AST elevation (n= 8) grade≥ 3

BVZ: Bevacizumab. ILD: Interstitial Lung Disease. ALT: Alanine Aminotransferase.
AST: Aspartate Aminotransferase. ALP: Alkaline Phosphatase. GGT: Gamma-Glutamyltransferase.
*Defined the number of patients in the study who were treated with sequential immune checkpoint inhibitors followed by small targeted therapies.
**Not precised if all patients received ICI as last line before small targeted therapy initiation.
¶According to CTCAE (Common Terminology Criteria for Adverse Events) classification.

A
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naïve patients treated with crizotinib (p < 0.0001) [20]. Four patients
required permanent crizotinib discontinuation, and for one patient cri-
zotinib was resumed with dose reduction; no steroids were administered
and all cases were reversible [20]. Contrary to crizotinib, the safety
analysis of VISION phase 1/2 open-label multi-cohort trial evaluating
tepotinib for MET exon 14 skipping NSCLC did not find any significant
difference according to prior systemic therapies received; 62/255 (24.3
%) of patients treated with tepotinib experienced grade 3 or 4 TRAEs
[33]. Among patients who received prior ICIs the incidence of liver
enzyme elevation was consistent with that in the overall population, and
no pneumonitis was reported among these [33]. In the case of
concomitant administration, phase 1/2 Checkmate 370 trial evaluating
crizotinib and nivolumab as first-line treatment for ALK-rearranged
NSCLC was interrupted due to severe hepatotoxicity [34]. Among the
first 13 enrolled patients, 5/13 (38 %) experienced grade 3 or higher
hepatic toxicity. Of these, two patients died subsequently to grade 3
ALT/AST elevation and grade 3 acute liver failure [34]. Treatment as-
sociation was discontinued and steroids were administered for two pa-
tients. Three of the five patients who presented grade 3 or higher hepatic
TRAEs fully recovered [34]. The phase 1b study evaluating crizotinib
and pembrolizumab for previously untreated ALK-rearranged NSCLC
patients was also interrupted earlier due to an excess of hepatitis dose-
limiting toxicities [35].

A preliminary case report published in 2021 emphasis on hepato-
toxicity risk with sequential ICI and sotorasib [21]. Sotorasib was
initiated 14 weeks after the last pembrolizumab-pemetrexed infusion
and on day 12 after sotorasib initiation, grade 2 alkaline phosphatase
(ALP), grade 1 bilirubin and grade 3 ALT elevation were observed.
Steroids were started on day 15 after sotorasib initiation and were
markedly increased to 2 mg/kg intravenous methylprednisolone in
addition to N-acetyl cysteine since the patient presented grade 4 ALT/
GGT elevation and grade 3 ALP/bilirubin elevation [21]. Among pa-
tients who experienced grade ≥ 3 sotorasib TRAEs, 15/16 received
previously anti-PD(L)1 [36]. These grade ≥ 3 sotorasib TRAEs consisted
mainly of hepatotoxicity and resulted in treatment discontinuation for

10 patients [36]. Steroids were administered to 5/13 patients with
grade ≥ 3 hepatotoxicity. Clinical improvement defined as grade 1
hepatotoxicity or better was observed for four patients within 12 weeks
of steroid initiation [36]. In a multicenter retrospective cohort study
conducted in France, grade ≥ 3 sotorasib-related AEs were significantly
more frequent for ICI exposed patients compared to their counterparts (i.
e., non-sequential ICI exposed patients or ICIs-naïve patients; 50 % vs.
13 %; p < 0.001) [37]. Grade ≥ 3 sotorasib-related hepatotoxicity was
reported for 16/48 (33 %) of patients who were previously treated with
ICIs [37]. Sotorasib was discontinued for 17/22 of them; steroids were
administered for 7 patients [37].

Gastrointestinal toxicities
Grade 3 colitis was reported among a patient treated with sequential

ICIs followed by osimertinib [18]. This patient required high-dose ste-
roids and infliximab [18] (Table 1).

In phase Ib escalation and expansion cohort of ceritinib associated
with nivolumab among 36 treatment-naïve or prior-treated patients
with either ALK inhibitor or chemotherapy, grade 3 or 4 AEs led to
treatment discontinuation in 8 patients [38]. The most frequent AE was
diarrhea, occurring in 69 % patients; one patient had grade 3 or 4
diarrhea [38] (Table 2).

Cutaneous toxicities
Severe cutaneous toxicities are also described for EGFR TKIs, cer-

itinib, alectinib and sotorasib in case of sequential or concomitant
administration with ICIs (Table 1 and 2).

Osimertinib administration three weeks after last chemo-
immunotherapy infusion conducted to a toxic epidermal necrosis
within three weeks after osimertinib beginning, requiring osimertinib
discontinuation [39]. Despite high-dose steroids and intravenous
immunoglobulin, extended dermatoses conducted to death 19 days later
[39]. In another case, osimertinib was introduced 10 days after the last
chemo-immunotherapy infusion [40]. A grade 3 hepatitis and concom-
itant grade 2 mucositis was reported 23 days after osimertinib admin-
istration, requiring high-dose steroids [40]. After eight days of
osimertinib wash-out and steroids, osimertinib re-introduction con-
ducted to onset of grade 3 hepatotoxicity and grade 3 cutaneous ery-
thema (i.e., clinical diagnosis of Stevens-Johnson syndrome) 14 days
later [40]. Grade 3 TRAEs – mainly skin reactions – were reported for 4/
12 patients (33.3 %) who received concomitant administration of erlo-
tinib and pembrolizumab; treatment was discontinued for three of them
[32].

Among 21 patients included in phase Ib evaluating alectinib asso-
ciated with atezolizumab, 57 % of them experienced grade 3 TRAEs
[41]. Of these, 33.3 % of patients required steroids. Rash was the most
frequently reported grade 3 TRAE (19 %), followed by blood bilirubin,
ALT elevation and dyspnea (10 % each) [41].

Rash-related AE was reported for 23/36 (64 %) of patients treated
with ceritinib and nivolumab; this AE was more severe whether ceritinib
was administered at 450 mg (i.e., 29 % grade 3) than 300 mg (i.e., 14 %
grade 3) [38].

One grade 5 toxic epidermal necrosis related to sotorasib was re-
ported for a patient who received last pembrolizumab infusion 4 days
before sotorasib initiation [37].

Hypersensitivity reaction
Mc Coach et al. analyzed the risk for hypersensitivity reaction with

selpercatinib in prior ICI-treated patients and their ICI-naïve counter-
parts [19]. Hypersensitivity reaction was defined by maculopapular rash
often preceded by fever with arthralgias/myalgias and followed by one
or greater symptoms including thrombocytopenia, increased AST/ALT,
hypotension, tachycardia, or increased creatinine [19]. Among the 329
patients with RET-fusion positive NSCLC included in the safety analysis
set, 152 had previously received ICIs [19]. 17/22 (77 %) patients who
experienced hypersensitivity reaction with selpercatinib had been

Table 2
Toxicities of concomitant administration of immune checkpoint inhibitors and
EGFR or ALK tyrosine kinase inhibitors in non-small cell lung cancer.

Study Treatment % Grade III/
IV¶

Grade III/IV adverse events¶

Rudin et al.
[31]

erlotinib-
atezolizumab

46% grade III hepatitis (14%)

Gettinger
et al.
[30]

erlotinib-
nivolumab

24% grade III increased in AST (5%) and
AST/ALT levels (5%),
diarrhea (10%) and weight
loss (1.5 %)

Yang et al.
[32]

gefitinib-
pembrolizumab

42.9% grade
III 28.6%
grade IV

increased in AST (57.1%) and
ALT (71.4%) levels

erlotinib-
pembrolizumab

33.3% grade
III

skin toxicity (2 patients),
neuralgic amyotrophy+ liver
function test elevation (1
patient)

Oxnard
et al.
[26]

osimertinib-
durvalumab

48% one grade 3 ILD (i.e., at 3 mg/
kg durvalumab) and one grade
4 ILD (i.e., at 10mg/kg
durvalumab)Ahn et al.

[27]
Felip et al.
[38]

ceritinib-
nivolumab

86% increased ALT (32%), GGT
(27%) and amylase (14%),
rash (14%)

Spigel et al.
[34]

crizotinib-
nivolumab

38%
(Hepatitis)

−

Kim et al.
[41]

alectinib-
atezolizumab

57% rash (19%), bilirubin
elevation (10%), increased
ALT (10%) and dyspnea
(10%)

¶According to CTCAE (Common Terminology Criteria for Adverse Events)
classification.
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previously treated with ICIs (i.e., anti PD-(L)1) (Table 1); 19/22 required
high-dose steroids and treatment was permanently discontinued for
three patients. Hypersensitivity reaction was more frequent among pa-
tients who had been previously treated with ICIs (11.2 %) than those
who had not (2.8 %). Grade 3 hypersensitivity reaction was reported for
3.3 % of patients previously treated with ICIs. Other grade 3 or more AEs
were more frequent in ICI treated patients (63.2 %) than in ICI-naïve
patients (56.5 %) [19].

Sequence of treatment administration: A major determinant of toxicities

The sequence of treatment administration appears to be a major
determinant of increased toxicities. In an analysis of 26 patients
receiving EGFR TKIs before and/or after anti PD-1, no ILD was reported
among patients treated with EGFR TKIs before receiving ICIs [42]. No
irAEs were observed among 29 patients treated with osimertinib fol-
lowed by ICIs [18]. Small targeted therapies within eight weeks before
ICIs administration did not result in increased risk of pneumonitis [43].
Conversely, 15 % of patients treated with sequential PD-(L)1 blockade
followed by osimertinib experienced severe irAEs [18].

Another major determinant of increased toxicity is the timing of
therapy administration (Table 1; Figs. 1 and 2). The risk of toxicities
seems particularly increased whether small targeted therapy is admin-
istered within one month after the last immunotherapy infusion
[18,20,23,24,37,39,40]. The onset of ILD was more frequent (27.8 %)
whether osimertinib was introduced within one month following the last
nivolumab infusion [25] and there was a trend towards a shorter median
interval between nivolumab last infusion and osimertinib initiation
among patients who experienced ILD (2 weeks [1–4]) than those who
did not (7 weeks [4–17] respectively; p = 0.08) [23]. The median in-
terval between the last ICI infusion and crizotinib administration was
shorter (30 days [21–135]) in case of grade 3–4 AST/ALT elevation as
compared with patients who did not experience transaminase elevation
(50 days [10–12]) [20]. Grade ≥ 3 sotorasib-related AEs were more
frequent (i.e., 28 % of patients) whether patients received last anti-PD-
(L)1 infusion within 12 weeks before sotorasib initiation [36]. 58 % of
patients who received a last infusion of anti-PD-(L)1 within 30 days
before sotorasib initiation experienced a severe sotorasib-related hepa-
totoxicity [37]. Severe toxicities are also described within two to three
months after the last ICI infusion [19,21,29,42]. The risk of ILD onset

remains particularly high (14.2 %) whether patients received osimerti-
nib between two and three months after the last nivolumab infusion
[25]. In case of selpercatinib, the majority of hypersensitivity reaction
onset (14/17) occur within three months after the last ICI infusion [19].

A longer interval between nivolumab and osimertinib seems to
prevent from this side-effect as only one case of ILD was reported among
a patient who received osimertinib six months after the last nivolumab
infusion [25]. No cases of grade≥ 3 sotorasib-related AEs were reported
whether patients received last anti-PD(L)1 infusion more than 12 weeks
before sotorasib initiation [36].

Increased risk of toxicities: A drug effect or a class effect?

Another main question arises through these overlapping toxicities is
whether increased toxicities is a drug or class-effect interaction with
ICIs.

Increased AEs following ICIs are reported for both tyrosine kinase
inhibitors (i.e., osimertinib, selpercatinib and crizotinib) and KRAS
G12C inhibitor (i.e., sotorasib) [18–20,23,24,29,39,40,42]. In case of
sequential administration, several evidence outlined the individual risk
of osimertinib as compared with first (i.e., erlotinib or gefitinib) or
second generation (i.e., afatinib) EGFR TKIs [18,42]. Among 12 patients
who received EGFR TKIs after nivolumab infusion, 3/7 treated with
osimertinib experienced ILD whereas none of those treated with first or
second-generation EGFR TKIs did so [42] (Table 1). No patient devel-
oped severe irAE while exposed to erlotinib or gefitinib following ICI
administration [18]. Conflicting results on first-generation EGFR TKIs
are reported as two cases of grade 3 pneumonitis were observed among
patients who received gefitinib following nivolumab [43] (Table 1). As
another assessment of drug-specific interaction, tepotinib did not result
in significant increased toxicities in the context of sequential treatment
[33].

Mechanisms of interactions between ICIs and small targeted therapies

The exact mechanism of interaction between ICIs and small targeted
therapies that results in increased toxicities is unknown. However,
several hypothesis discuss to explain these toxicities, especially in the
context of sequential treatment (Fig. 3).

First, an increased risk of AE seems to occur independently of either

Fig. 1. Immune related adverse events onset on osimertinib after immune checkpoint inhibitors. Each point matches with the data of one patient according to
Mameyasa et al. [24], Kotake et al. [23], Uchida et al. [42], Schoenfeld et al. [18], Jung et al. [43], Gianni et al. [40] and Yamaguchi et al. [29].
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the duration of PD-(L)1 blockade and previous history of irAEs while
exposed to ICIs [18,20,36,37]. Previous history of irAEs was not asso-
ciated with an increased risk of grade ≥ 3 sotorasib-related AEs (i.e., no
previous irAEs 16 % vs. previous irAEs 20 %, p= 0.757) [36]. No patient
who developed severe sotorasib-related hepatotoxicity had a previous
history or either ICI-related hepatitis or ICI-related immune-mediated
disorder [37]. Among patients who received sequential ICI followed by
crizotinib and developed grade ≥ 3 hepatitis, none has preexisting
autoimmune disorder [20].

Liver and bronchial biopsies have been performed for respectively
grade 3 hepatitis and pneumonitis [21,24,29]. Portal and lobular in-
flammatory changes in a pattern typical of checkpoint inhibitor hepatitis
was reported by an expert review in sotorasib-induced hepatitis [21].
Lobular inflammation and bile duct injury typical of ICI-induced hepa-
titis was reported among a grade 4 sotorasib-related hepatitis [37]. A
strong CD3 + CD8 + cytotoxic T-cell infiltration was observed in both
liver and bronchial biopsies performed consequently to osimertinib
irAEs [24,29]. CD20 + or CD4 + lymphocytes were less expressed
[24,29]. The increased risk of hypersensitivity reaction secondary to
sequential ICIs and selpercatinib was compared as a type 4 hypersensi-
tivity reaction [19,45].

The slow elimination and prolonged receptor occupancy of the anti-
PD-(L)1 antibody associated with immunomodulator effect of small
targeted therapies might explain the risk of long-term irAEs occurrence.
A phase 1 study investigating anti-PD-1 found a sustained occupancy of
70 % or more of PD-1 on circulating T-cells for a time period equal to
two months or more following anti-PD-1 administration [46]. These in
vitro observations are in line with liquid chromatography-mass spec-
trometry analysis reported in clinical setting [44]. Nivolumab blood
concentration was analyzed among three patients previously treated by

nivolumab and who experienced ILD (grade 1 and grade 3 respectively)
and hepatitis (grade 3 ALT elevation) while exposed to osimertinib.
Nivolumab was still detected in a patient serum sample (i.e., 2.1 µg/ml)
treated with osimertinib who developed grade 3 ILD more than one
hundred days after nivolumab discontinuation [44]. Some reports
highlighted the immunomodulator effects of small targeted therapies. In
vitro experiments with erlotinib and additional EGFR inhibitors were
found to increase both basal and IFNγ-induced MHC class I presentation
[47]. Pre-clinical studies of sotorasib found a significant increase of
CD4+/CD8+ T-cells, macrophages and CD103+ dendritic cells [48].
Transcriptional analysis also found a significant increase of interferon
signaling, MHC and TLR score following sotorasib administration [48].

In line with a “drug-effect” rather than a “class-effect”, small targeted
therapy metabolite accumulation may trigger ICIs-related toxicities. In a
treatment sequencing of pembrolizumab followed by erlotinib and osi-
mertinib; osimertinib administration resulted in grade 3 pneumonitis 15
days after beginning [18].

Impact on survival

The objective response rate with durvalumab and osimertinib was
estimated to be 43 % whereas pembrolizumab associated with either
gefitinib or erlotinib achieved a response rate of 41.7 % [26,32]; this is
lower than response rate with osimertinib (80 %) and first-generation
EGFR TKIs (76 %) [49]. Several studies have been interrupted, in
particular in the context of concomitant ICI and small targeted therapies
association, which might have an impact on survival [26,27,34,35].
Although comparable median progression-free survival, a significantly
shorter duration of treatment was observed in case of severe sotorasib-
related AEs (2.8 vs. 4.7 months, p = 0.018) [37].

Hypotheses for management of toxicities associated with sequential use of
ICIs and small targeted therapies

These observations raise the question of a wash-out period for
sequential ICIs and small targeted therapies administration. Most pa-
tients who experienced severe irAEs had a short interval between ICIs
and osimertinib (i.e., ≤29 days) [18]. 3/6 patients presented severe
irAEs within 15 days after osimertinib administration [18]. Osimertinib
re-introduction 18 days later after grade IV toxicity resulted in a
recurrent grade III hepatitis whereas osimertinib re-introduction more
than 70 days after the initial toxicity did not result in a recurrent irAEs
[18]. Chour et al. recently suggest to avoid starting sotorasib within 30
days after last anti-PD-(L)1 infusion [37].

In case of sequential treatment administration, concomitant admin-
istration of steroids with small targeted therapies might be proposed. In
the case reported by Gianni et al., after a period of treatment wash-out
and steroid administration for grade III hepatitis and grade III cuta-
neous erythema, osimertinib was resumed at 80 mg daily with predni-
sone 25 mg/day [40]. In this report, the patient successfully continued
osimertinib with good tolerance and slowly decreased steroid therapy
[40].

Discussion

To our knowledge, this is one of the first literature review that
emphasis on increased toxicities for both sequential and concomitant
administration of ICIs and small targeted therapies in NSCLC [50,51].

This review highlighted a various pattern of AEs (i.e., ILD, hepatitis,
colitis, cutaneous and hypersensitivy reaction) in the context of both
sequential and concomitant administration of ICIs and small targeted
therapies. Otherwise, toxicities are presented heterogeneously (i.e., AEs,
TRAEs, irAEs) regarding drug imputability. The risk of ILD seems
increased with osimertinib whereas high-grade hepatitis is particularly
reported with sotorasib and ALK inhibitors [18,21,23,25,37,42]. Risk of
hypersensitivity reaction are reported with selpercatinib while skin

Fig. 2. Hepatitis onset according to different small targeted therapies following
immune checkpoint inhibitors. Each point matches with the data of one patient
according to Schoenfeld et al. [18], Yamaguchi et al. [29], Gianni et al. [40],
Begum et al. [21], Thummalapalli et al. [36], Chour et al. [37] and Lin
et al. [20].
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Fig. 3. Hypotheses of mechanisms of toxicities in case of sequential ICIs and small targeted therapies administration in NSCLC.
This figure was created with Biorender.com.

Fig. 4. A proposed algorithm of possible clinical situations after immunotherapy for immunotherapy-small targeted therapy sequences. This proposed algorithm has
not to be considered as general recommendations as it is not supported by a high degree of evidence in literature.
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irAEs are also described with osimertinib [19,39,40]. Contrary to mel-
anoma [52,53], no description of toxicity of BRAF plus MEK inhibition
following ICIs is reported in case of NSCLC. These observations also
support that these overlapping toxicities might result from a “drug-ef-
fect” rather than a “class-effect”. Interestingly, in a recent case series,
most patients who discontinued sotorasib (after ICIs) because of hepa-
totoxicity did not have hepatotoxicity with adagrasib [54]. Thus, further
studies are needed to evaluate the tolerability of different ICIs/small
targeted therapies sequences or association.

This review also raises the question as to how to prevent these tox-
icities in a clinical setting. This is of particular concern in case of
sequential treatment administration. A proactive molecular screening
for patients at the metastatic stage as well as for early-stage disease is
determinant to carefully select patients who could receive immuno-
therapy [8,10–12]. Physician have to be aware of these overlapping
toxicities when initiating small targeted therapy within one to three
months after the last ICI infusion. A longer wash-out between ICIs and
small targeted therapies administration could limit these toxicities but
such treatment strategy seems difficult to apply in case of cancer pro-
gression. Based on preliminary observations with BRAF-MEK inhibitor
for melanoma, another way to limit these toxicities might be the
concomitant use of steroids during small targeted therapies [52].
Further studies are needed in the next future to better understand the
mechanism of increased toxicities on sequential treatment and thus
better prevent these severe AEs. An algorithm for management of
immunotherapy and small targeted therapy sequences is proposed in
Fig. 4.

Conclusion

Although there is little published data, specific concerns about an
increased risk of AEs is currently emerging for both concomitant and
sequential ICI administration with small targeted therapies in NSCLC.
Nowadays, this question is of particular relevance in case of sequential
treatment administration. Molecular biology result is important prior to
the introduction of immunotherapy. If a targetable molecular alteration
has been identified and immunotherapy is underway or has recently
been administered, it will be necessary to consider the benefit-risk bal-
ance with regard to the introduction of the targeted therapy. It is
necessary to take into account the type of small targeted therapies, the
time since the last immunotherapy injection, the irAEs and their severity
depending on the type of treatment and therapeutic alternatives.
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