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Background: Lung cancer is a complex disease with many subtypes. However,
histochemical characteristics, and genetic mutation determinations are contributing to
better define therapeutic targets and new drugs. Although this guarantees patients the
possibility of obtaining tailored treatment, it makes it more difficult for clinicians patient
management more difficult for clinicians who have to define the most suitable therapeutic
strategy and to deal with new treatment-related adverse events (TRAEs). It has been seen
that the administration of a tyrosine kinase inhibitor (TKI) sequential to an immune
checkpoint inhibitor (ICI) can lead to a higher rate of severe and life-threatening TRAEs.
We report the case of a patient with advanced non-small cell lung cancer (NSCLC) who
experienced severe hepatotoxicity and Stevens-Johnson syndrome (SJS) induced by
osimertinib sequential to pembrolizumab.

Case presentation: A 54-year-old woman with advanced NSCLC received one cycle of
chemotherapy plus pembrolizumab after diagnosis. Ten days later she began osimertinib
80 mg daily because epidermal growth factor receptor (EGFR) analysis had revealed an
exon 19 deletion. On day 23 of osimertinib the patient experienced an episode of grade (G)
3 hepatotoxicity resolved by discontinuing osimertinib and corticosteroid therapy. The
patient restarted osimertinib 80 mg daily after the remission of symptoms but was
hospitalized 14 days later following a second episode of severe G3 hepatotoxicity and
the onset of SJS, successfully treated with high-dose corticosteroids. Despite the short
exposure to osimertinib, the patient obtained a good pathological response.

Conclusion: It is important to alert clinicians to carefully evaluate the sequential therapeutic
strategy in patients with NSCLC who are candidates for TKI- or ICI-based treatment. Our
experience suggests that the use of tyrosine kinase inhibitors (TKIs) as front-line treatment is a
more reasonable and safe option for EGFR-mutated lung adenocarcinoma,with ICIs considered
as a possible further treatment in sequential approaches.
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INTRODUCTION

Lung cancer is the leading cause of cancer death worldwide (Torre
et al., 2016), with the majority of patients diagnosed with advanced
non-small cell lung cancer (NSCLC). The prognosis for these patients
is poor, with an estimated 5-year overall survival (OS) of around 15%.
Recently, the identification of a number of molecular alterations has
helped to identify oncogene-addicted tumors (Rosell and Karachaliou,
2016). The greatest benefit in OS has been achieved in patients
harboring activating mutations in epidermal growth factor receptor
(EGFR) gene or genetic rearrangements of echinoderm microtubule-
associated protein-like 4 with anaplastic lymphoma kinase (EML4-
ALK). Osimertinib targets both EGFR-activating and T790M
mutations. A tumor response rate of 60% was reported in two
single-arm trials, the phase I AURA (Jänne et al., 2015) and the
phase II AURA2 (Goss et al., 2016) trials. InNovember 2015, the drug
was approved by the Food and Drug Administration (FDA) for the
treatment of patients with metastatic NSCLC and EGFR T790M
mutation progressing during EGFR TKI treatment. The phase III
AURA3 study (Mok et al., 2017) reported significantly longer
progression-free survival (PFS) and a higher objective response rate
(ORR) for osimertinib with respect to platinum plus pemetrexed
combination chemotherapy in this population of patients. Hence,
osimertinib was approved by the FDA and the European Medicines
Agency (EMA) for use in NSCLC with sensitizing EGFR mutations
(National Comprehensive Ca, 2021). Osimertinib is more tolerable
than chemotherapy and can penetrate the blood brain barrier
(Colclough et al., 2021).

The main treatment for patients with metastatic NSCLC and no
evidence of oncogene drivers is a combination of an immune
checkpoint inhibitor (ICI) with platinum-based chemotherapy
(Gandhi et al., 2018). The combined use of pembrolizumab with
pemetrexed and cisplatin or carboplatin has already been approved for
clinical practice in patients with non-oncogene-addicted advanced
NSCLC. A recent meta-analysis on chemoimmunotherapy
highlighted that it does not induce a higher risk of high-grade
hematological or gastrointestinal adverse effects, with the exception
of high-grade diarrhea (Abdel-Rahman, 2019).

The use of these new biological treatments has also meant that
oncologists have had to deal with rare new toxicities other than those
deriving from chemotherapy. never experienced before. Of note, the
sequential use of ICIs (especially PD-1 inhibitors) followed byTKIs for
EGFR-mutated adenocarcinoma has been shown to increase the risk
of severe and life-threatening side-effects, toxicities as seen in clinical
trials with combination regimens (Schoenfeld et al., 2019; De-Rui
Huang and Chih-Hsin Yang, 2020). Hence, a pressing challenge now
facing clinicians is that one of the new challenges consists of being able
to combine these new therapies in the right way to maximize
therapeutic success and limit potentially dangerous adverse events.

CASE PRESENTATION

A 54-year-old woman with NSCLC (ALK-negative, ROS 1-
negative, PDL1 expression <1%, EGFR not available) without
comorbidities presented with disseminated disease involving
lymph nodes, adrenal glands, bones, and brain. She

immediately began carboplatin 5AUC, pemetrexed 500 mg/m2

and pembrolizumab 200 mg q21 because of rapid disease spread.
After the first therapy cycle, EGFR status was evaluated and
showed an exon 19 deletion. Ten days later the patient started
osimertinib 80 mg daily. On day 23 of osimertinib she interrupted
treatment because of fever, grade (G) 3 hypertransaminasemia
(Common Terminology Criter, 2020), with negative abdomen
ultrasonography, suspected pancreatitis, and concomitant G2
mucositis. Upon suspicion of drug-induced hepatotoxicity, the
patient began steroid therapy, slowly tapering off it. After an 8-
day discontinuation the patient was re-started on osimertinib
8 mg/die because of the complete remission of symptoms and the
improvement in liver serum enzymes to G1 (AstraZeneca
Pharmaceuticals, 2018).

Fourteen days after the rechallenge with osimertinib, the
patient was hospitalized in a state of hypovolemic shock with
fever >39°C, diffuse painful G3 cutaneous erythema with
confluent macules, pruritus and diffuse flaking. Laboratory
tests showed hepatotoxicity with a G3 increase in liver serum
enzymes (Figure 1). Viral hepatitis was excluded and blood
cultures were negative. After 24 h, the cutaneous toxicity
worsened and was accompanied by diffuse mucositis with oral
blisters, nasal ulcers and conjunctivitis. Nikolsky’s sign was
negative. Finally, a clinical diagnosis of Stevens-Johnson
syndrome was made (Figure 2).

Methylprednisolone (1 mg/kg/die) in association with an
antihistamine were started, with rapid defervescence, and then
increased to 2 mg/kg/die when the skin conditions got worse. An
antimycotic (fluconazole) and empirical antibiotic therapies
(piperacillin-tazobactam) were started intravenously, as were
hyaluronate ocular drops, sucralfate oral granules, a ceramide-
containing topical body cream and parenteral nutrition. Liver
enzymes showed a slow downtrend and the cutaneous erythema
began to resolve with, however, residual areas of depigmentation
due to cutaneous flaking.

A total body contrast-enhanced CT scan showed disease
stability and complete response of brain lesions (day 60)
(Figure 3). The patient was discharged and continued the
tapering off of oral steroid therapy. The skin returned to
normal, with residual areas of depigmentation that showed
further cutaneous flaking, and liver enzymes slowly reached
normal values. The patient was monitored closely for the next
3 months.

A subsequent positron emission tomography (PET) scan
showed a slight increase in disease progression. In agreement
with the patient, after receiving patient informed consent,
osimertinib was resumed at a dose of 80 mg daily combined
with prednisone 25 mg, with close clinical surveillance. The
patient successfully continued osimertinib, slowly reducing
corticosteroid therapy, with good tolerance and maintaining
disease stability.

DISCUSSION

In our case report, we present an unusual combination of rare and
life-threating adverse events. Although a few postmarketing cases
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of SJS have been reported in patients receiving osimertinib
(AstraZeneca Pharmaceutica, 2018), elevation in liver enzymes
is considered uncommon (5% G1-2, <1% G3) (Goss et al., 2016).
In particular, osimertinib-induced acute liver injury is an

extremely rare event and described in few case reports
(Yoshida and Kim, 2017; Hirabayashi et al., 2018; González
and Chatterjee, 2019). Conversely, immune-related
hepatotoxicity has been documented as a more common ICI-

FIGURE 1 |Serum enzyme trend during treatment with osimertinib after chemotherapy + pembrolizumab and concomitant steroid therapy. Themodification of liver
enzymes indicated grade (G) 3 liver injury, with important alterations in alkaline phosphatase (ALP), gamma-glutamyltransferase (GGT), aspartate transaminase (AST) and
alanine transaminase (ALT). Although the interruption of osimertinib and the concomitant use of steroids reduced the altered enzyme values, an insufficient interval
between the adverse event and osimertinib rechallenge rapidly induced new toxicity that took several days to resolve.

FIGURE 2 | Cutaneous and mucosal involvement in Stevens-Johnson syndrome (day 45 of osimertinib). (A) Diffuse painful G3 erythema over the entire body upon
hospital admission. The patient also had mucositis of the oral cavity (with blisters), pharynx (causing dysphagia), eyes, vagina, and nose (with ulcers causing episodes of
epistaxis). SCORTEN score 3 (Bastuji-Garin, et al., 2000). (B) Reduction in the diffuse erythema, with areas of flaking and depigmentation (day 60).
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mediated adverse event, as have as well for cutaneous
reactions. SJS is a rare event that are described too
(Schoenfeld et al., 2019; National Comprehensive Ca,
2021). There are several therapeutic options for lung
cancer are various to date and finding the right treatment
sequence is critical given that the association between ICIs
and TKIs may be lethal (De-Rui Huang and Chih-Hsin
Yang, 2020). In a recent study, the sequential use of ICIs
(especially PD-1 inhibitors) and osimertinib appeared to
increase the risk of toxicity, including pneumonitis and
colitis (Sharp and Corp, 2021). Toxicity occurred
irrespective of the duration of the PD-1 blockade
treatment, usually a few weeks after beginning
osimertinib (as in the case of our patient). The half-life of
osimertinib is 55 h (Jänne et al., 2015), whereas the receptor
occupancy of anti PD-1 antibodies can last for months and
may also vary among patients (Brahmer et al., 2010). This
may explain the long-term effectiveness of ICIs on disease
response and thus, given this durable action, severe TREAs
may also occur after several months of latency.

The mechanism behind the synergism between ICIs and TKI
that is responsible for higher toxicity is still not clearly
understood. As seen from histological findings in conditions of
immune-related adverse events (iRAEs), pembrolizumab induces
a modification of the immune activity in the tissue
microenvironment, with an increase in infiltrating
T-lymphocytes CD3+, especially CD8+ (Saw et al., 2017; Zen
and Yeh, 2018). This may create a favorable environment for a
cytotoxic reaction when osimertinib is administered. It can be
hypothesized that osimertinib may have undefined immune
effects capable of triggering an immune response in conditions
of susceptibility induced by ICIs.

Although the association of TKIs and ICIs may have a
therapeutic rationale (Karachaliou et al., 2017; Latif and Liu,
2019) given the potential impact of EGFR in immune signaling

and induction of PD-L1 expression, no clear benefit have been
reported for their sequential or combined use. Starting
immunotherapy +/− chemotherapy as front-line treatment
could prove a good choice when molecular results are not
rapidly available, with the intention of switching to targeted
therapy as soon as possible. However, the first administration
of immunotherapy may compromise the further possibility of
treatment with osimertinib or other TKIs. This is important
because ICIs are currently used in various settings such as
locally advanced unresectable stage III NSCLC, regardless of
EGFR status, and as adjuvant/neoadjuvant treatment (Remon
et al., 2020).

A safe wash-out period of at least 12 months between the last
infusion of ICIs and the start of osimertinib should be considered
to reduce the risk of severe toxicity (Brahmer et al., 2010) when
this treatment sequence is needed. As PD-L1 has long-lasting
receptor occupancy, its evaluation before starting TKIs could be
useful to identify the minimum wash-out latency time after ICIs.
When osimertinib is the best option for the patient, a
desensitization method could be taken into account (Yoshida
and Kim, 2017), but this attempt could also be dangerous when
ICI therapy has already been administered.

Hypothesizing the involvement of an immune-mediated
mechanism in the genesis of the toxicity, we successfully
treated the adverse events of our patient with corticosteroid
therapy, enabling her to continue treatment assuming an
immune-mediated mechanism involved in the genesis of the
toxicity (Coleman and Pontefract, 2016). One of the limits of
our approach was that invasive investigations such as skin or liver
biopsies were not carried out, as these would have been useful for
a complete analysis of the case. A sequential approach with TKIs
as a first treatment option appears to be the safest strategy in
EGFR-mutant metastatic NSCLC to avoid severe immune.-
mediated TRAEs, with ICIs reserved as possible further
treatment.

FIGURE 3 | Brain response at CT scan. Comparison between baseline brain lesion at diagnosis and the impressive complete response after 3 months following
chemoimmunotherapy and osimertinib. Osimertinib was only taken for a total of 37 days and then suspended because of severe toxicity.
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CONCLUSION

We reported a case of SJS and G3 hepatotoxicity induced by
osimertinib administered sequentially to pembrolizumab plus
chemotherapy and successfully treated with high-dose steroid
therapy. There are still a great many uncertainties about the
correct sequencing timing of sequence of ICIs and EGFR TKIs,
and also about the correct management of potential toxicities.
The identification of a patient population with fewer toxicity risks
and safer TKIs should be considered is needed to reduce the risk
of toxicity from sequential approaches. Further research is thus
warranted into toxicity pathogenesis and safe treatment
associations to maximize therapeutic success.
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