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ABSTRACT

Introduction: EGFR tyrosine kinase inhibitors are one of the
key drugs for treatment of NSCLC with EGFR mutations. In
recent times, immune check-point inhibitors (ICIs) have also
been widely used for patients with NSCLC. Although a subset
of patients obtain benefit from ICIs, adverse events (AEs) that
are different from those of cytotoxic chemotherapies may
occur. Moreover, some patients develop AEs, which seem to
be caused by the previously discontinued nivolumab.

Methods: We identified patients with NSCLC who devel-
oped AEs, which started shortly after discontinuation of
nivolumab and during treatment with osimertinib. We
conducted liquid chromatography-mass spectrometry ana-
lyses to estimate the concentration of serum nivolumab.

Results: Three patients with AEs were identified. Two pa-
tients developed interstitial lung disease (cases 1 and 2)
and one developed hepatotoxicity (case 3) during osi-
mertinib therapy initiated after nivolumab administration.
They received several treatments, including cytotoxic che-
motherapies or EGFR tyrosine kinase inhibitors other than
osimertinib, followed by nivolumab for three to five cycles;
nevertheless, the disease progressed. After discontinuation
of nivolumab, osimertinib was administered from day 22 to
46; but treatment-related toxicities developed 56 to 96 days
later. Liquid chromatography-mass spectrometry analyses
revealed that the remaining levels of nivolumab in the blood
(2.1 mg/mL, 12.8 mg/mL, and 31.1 mg/mL, respectively, for
cases 1, 2, and 3) were enough to induce an immune
response.
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Conclusion: The presence of the ICI antibody that persists
even after drug discontinuation may account not only for
the prolonged efficacy of these agents but also for the late
onset of AEs, especially when the antibodies may have
interacted during subsequent treatments.

� 2020 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
EGFR tyrosine kinase inhibitors (TKIs) are key drugs

for patients with sensitizing EGFR mutations involved in
NSCLC. Osimertinib is a third-generation EGFR TKI that
is effective against tumors with sensitizing mutations
and the T790M-resistant mutation. Osimertinib was
approved in March 2016 for use in Japan, and many
patients are now receiving this new EGFR TKI after
having been previously treated with other anticancer
therapies. Interstitial lung disease (ILD) is a major
adverse effect of EGFR TKIs. Its incidence is higher in
Japan; however, the reasons for this are not yet known.
In a global phase 3 trial comparing osimertinib and
platinum plus pemetrexed in EGFR T790M–positive pa-
tients with NSCLC, the incidence of ILD was 4% among
all patients and 7% among Japanese patients.1,2 Nivolu-
mab is a human immunoglobulin G4 programmed cell
death protein 1 (PD-1) antibody that is effective in the
treatment of NSCLC. Among previously treated patients
with NSCLC, overall survival was better with nivolumab
than with docetaxel.3 Moreover, several studies revealed
a durable response of nivolumab even after therapy was
discontinued.4,5 Owing to the biological nature of anti-
bodies, nivolumab may remain in the blood for extended
periods of time.

However, the long-lasting effects of nivolumab may
be partly responsible for the late onset of adverse events
(AEs). A previous study revealed that sequential PD-1
blockade and osimertinib frequently induce immune-
related AEs (irAEs).6 However, little is known about
the extent of nivolumab that may contribute to this
phenomenon.

Materials and Methods
We identified patients who developed AEs during

treatment with osimertinib shortly after discontinuation
of nivolumab (PD-1 antibody) after March 2016 when
osimertinib was approved in Japan. We conducted liquid
chromatography-mass spectrometry (LC-MS) analyses to
estimate the concentration of serum nivolumab in these
patients.7 We repeated the analyses with the remaining
serum samples. AEs were graded according to the
Common Terminology Criteria for Adverse Events
(CTCAE) guidelines version 4.0. We obtained ethical
approval from the National Cancer Center Hospital, and
confidentiality of the patient data was maintained.
Written informed consent was obtained from the pa-
tients for the analysis of blood samples and for
publication.
Results
Three patients with related AEs were identified. Two

patients suffered from ILDs (cases 1 and 2) and one
developed hepatotoxicity (case 3) during osimertinib
therapy initiated after nivolumab administration. Here,
we describe the detailed clinical courses of these
patients.

Case 1 (Fig. 1) was a man in his late 50s who had
recurrent lung adenocarcinoma with an EGFR exon 19
deletion. He was an ex-smoker and had no comorbidities.
He received gefitinib, erlotinib, carboplatin, pemetrexed,
and bevacizumab for 3 years. He was then treated with
nivolumab at a dosage of 3 mg/kg every 2 weeks. He
received three cycles of nivolumab with no obvious AEs.
However, the treatment was discontinued because his
disease progressed rapidly. He underwent another bi-
opsy of the lung tumor through bronchoscopy, and a new
EGFR T790M mutation was detected. Osimertinib (80
mg/d) was started 46 days after the final nivolumab
administration. The efficacy of osimertinib was
confirmed by computed tomography (CT) 50 days after
administration, which was 96 days after the final dose of
nivolumab. However, because nonsegmental, diffuse,
ground-glass opacities were found in the CT scan, drug-
induced ILD was suspected. Seven days later, his
symptoms of dyspnea worsened and he underwent
bronchoscopy for a differential diagnosis of abnormal
findings in the lung. An analysis of his bronchoalveolar
lavage fluid revealed that the fraction of lymphocytes
had increased to 61% and the cluster of differentiation
4/cluster of differentiation 8 ratio was 1.93. There was
no evidence of infection. At that time, his blood nivolu-
mab concentration, as determined by LC-MS, was 2.1 mg/
mL. Thus, he was diagnosed with grade 3 drug-induced
ILD according to CTCAE guidelines. He was treated
with prednisolone (0.5 mg/kg), and his symptoms
improved dramatically within 1 week.

Case 2 (Fig. 2) was a woman in her early 70s who
was diagnosed with stage IV lung adenocarcinoma
characterized by an EGFR exon 19 deletion. She received
erlotinib, carboplatin, and pemetrexed for 2 years. When
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Figure 1. Clinical course of case 1. A computed tomography scan taken 15 days after three cycles of nivolumab revealed
disease progression (A). After 50 days of administration, the efficacy of osimertinib was confirmed, although abnormal
findings indicating interstitial lung disease were found (B). Seven days later, the symptoms and computed tomography
findings of drug–induced interstitial lung disease worsened and prednisolone was started (C). The graph exhibits the treat-
ment timeline and longitudinal changes in the nivolumab concentrations in the blood (D).
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the disease progressed, she underwent another biopsy of
the primary lung tumor, and a T790M resistance muta-
tion was identified. She received an investigational drug
for 9 months followed by nivolumab (3 mg/kg) every 2
weeks for three cycles. She had no AEs during nivolumab
therapy, but it was stopped because of disease pro-
gression. She was started on osimertinib 22 days after
the final administration of nivolumab. Thirty-four days
later, at 56 days after the final administration of nivo-
lumab, CT scan results confirmed the efficacy of osi-
mertinib but also revealed patchy, diffuse, ground-glass
opacities. There were no other findings that implied an
infection, and so drug-induced ILD was suspected. The
nivolumab concentration in her blood, taken on the same
day on which the CT scan revealed the abnormal find-
ings, was calculated at 12.8 mg/mL. Because the patient
had no symptoms related to abnormal findings, the AE
was evaluated as grade 1 according to CTCAE guidelines.
The patient continued to receive osimertinib with close
follow-up. Sixty-three days after the CT scan, or 128 days
after the final administration of nivolumab, she under-
went another CT scan, which revealed disappearance of
the abnormal shadow.

Case 3 (Fig. 3) was a woman in her early 50s who
was diagnosed with stage IV lung adenocarcinoma
characterized by an EGFR L858R mutation. She received
gefitinib, erlotinib, afatinib, pemetrexed, and radiation
therapy for the brain, followed by nivolumab at 3 mg/kg
for five cycles. However, the disease progressed. Her
trough serum concentration of nivolumab before the final
administration was 69.7 mg/mL. Biopsy from a liver
metastasis revealed a T790M mutation, and she was
started on osimertinib at 80 mg/d 35 days after the final
administration of nivolumab. On day 15, grade 2 elevation
of transaminase levels was found, and the osimertinib
dosage was reduced to 40 mg. Nonetheless, her symp-
toms exacerbated, accompanied by grade 1 fever and
grade 2 malaise, 5 days later, and a grade 3 increase of
alanine aminotransferase levels was also observed. The
treatment with osimertinib was stopped 63 days after the
final nivolumab administration. Her blood concentration
of nivolumab was 31.1 mg/mL. After osimertinib cessa-
tion, her liver function recovered within 2 weeks without
any additional treatment. She was therefore restarted on
osimertinib at a dosage of 40 mg on alternate days. The
dosage was subsequently increased to 80 mg/d, but there
were no signs of hepatotoxicity. Her blood nivolumab
concentration decreased steadily (12.7 mg/mL on day 98
and 3.4 mg/mL on day 126 after the final nivolumab
administration).



Figure 2. Clinical course of case 2. A computed tomography scan taken 15 days after three cycles of nivolumab revealed
disease progression (A). After 34 days of administration, the efficacy of osimertinib was confirmed, although ground-glass
opacities indicating interstitial lung disease were found (B). Although the patient continued osimertinib treatment, the
abnormal shadow in computed tomography disappeared spontaneously (C). The graph exhibits the treatment timeline and
longitudinal changes in the nivolumab concentrations in the blood (D).

Figure 3. Clinical course of case 3. The graph exhibits the treatment timeline and longitudinal changes in the nivolumab
concentrations in the blood and serum ALT activities. ALT, alanine transaminase.
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Discussion
Because ICIs targeting PD-1 or its ligand, pro-

grammed death ligand 1 (PD-L1), have revealed
favorable results in patients with NSCLC, anti–PD-1 or
anti–PD-L1 antibodies are considered standard treat-
ment. These antibodies disrupt suppressive signaling
between cytotoxic T cells and tumors and thereby
exhibit clinical benefits.8 In some cases, a durable
response to these antibodies may occur even after
discontinuation.4 This phenomenon can be explained by
ICIs, which may affect the immune response and occur
even at low concentrations. In a phase I study of nivo-
lumab, PD-1 occupancy was 60% to 80% even after
nivolumab was no longer detected in the blood (< 1.2
mg/mL).9 Furthermore, according to an in vivo study, a
concentration of 1 mg/mL of nivolumab is enough to
activate a T-cell response.10 Durable efficacy may pro-
voke delayed irAEs. On August 5, 2016, postmarketing
surveillance revealed 68 severe AEs in 50 patients,
which occurred more than 31 days after discontinuation
of nivolumab (median, 49 days; range, 31–247 days). In
the present study, the patients developed ILD or hepa-
totoxicity after discontinuation of nivolumab. The pre-
vious study revealed that PD-(L)1 blockade followed by
osimertinib induces severe irAEs more frequently than
does osimertinib followed by PD-(L)1 blockade.6 There
are also several case reports of ILD caused by EGFR TKI
administration after ICIs11,12 and possible interaction
between the AEs and previously administered ICIs.
However, this is the first case series that revealed the
possible relation between late-onset AEs and the con-
centrations of nivolumab in the blood analyzed using LC-
MS. The analyses revealed that nivolumab remained in
the blood for months at a level sufficient to induce an
immune response. Despite the lack of evidence, nivolu-
mab could have affected the clinical course of our pa-
tients even after discontinuation. There has also been a
report of a patient with melanoma who developed AEs
related to vemurafenib, which occurred even after
discontinuation of anti–PD-1 antibodies.13 Although it is
known that a single dose of 3 mg/kg nivolumab has a
half-life of 13 days (± 7 days),14 it remains unclear as to
how long it takes to sufficiently diminish the effect of
nivolumab on the immune system so as not to affect
subsequent treatment.

ILD is one of the most severe AEs related to both ICIs
and EGFR TKIs. Previous meta-analyses found that
pneumonitis occurred in about 3% and 1.12% of pa-
tients with NSCLC who received anti–PD-(L)1 antibodies
or EGFR TKI, respectively.15,16 In a clinical trial that
evaluated the combination of osimertinib and durvalu-
mab, an antibody targeting PD-L1, an extremely high
incidence (38%) of interstitial pneumonia was seen.17
Since the approval of nivolumab in Japan, eight cases
of ILD potentially attributed to EGFR TKI use after
nivolumab therapy have been reported as of July 13,
2016. An ongoing postmarketing surveillance of osi-
mertinib has, thus far, identified 39 cases of ILD,
including at least six cases in which the patients previ-
ously received nivolumab. Although these epidemiologic
reports are more sporadic rather than comprehensive,
and the incidence rate is yet to be determined more
rigorously, many physicians have observed related ab-
normalities. The drug distributors and the Ministry of
Health and Welfare of Japan have even released a
statement to warn physicians. Details regarding the
incidence of ILD after nivolumab treatment are expected
to be updated.

Finally, we treated a patient who developed severe
hepatotoxicity during osimertinib treatment after the
failure of nivolumab. When osimertinib is administered
as a single agent, hepatotoxicity is a relatively rare AE.1

However, hepatotoxicity is one of the major AEs associ-
ated with gefitinib, and the patients who were adminis-
tered a combination of gefitinib and durvalumab had
alanine aminotransferase levels that increased to 40%.18

ICIs may augment susceptibility to EGFR TKI–related
AEs because of their contribution to immune response.

In summary, we have reported three cases of
osimertinib-induced interstitial pneumonia or hepato-
toxicity after the discontinuation of nivolumab. LC-MS
revealed that their nivolumab concentrations were
much lower than trough concentrations during treatment
yet high enough to induce immune responses. Long-
lasting antibodies may account for the prolonged effect
of ICIs even after drug discontinuation, and they can also
participate in unanticipated cross-interactions with sub-
sequent treatments. Therefore, to avoid provoking an
immune reaction that negatively alters the clinical course
of the disease, careful consideration and closer follow-up
are imperative during treatment after ICI therapy.
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