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An 85-year-old woman with antibiotics-resistant pneumonia after surgery for metastatic brain tumor from lung
cancer was consulted to our department. Chest CT showed diffuse GGO bilaterally. BALF showed elevated ratios
of lymphocytes and CD4/CD8. Tests for bacteria, mycobacteria, and fungi were negative. She improved following
levetiracetam discontinuance and systemic corticosteroid administration, and we diagnosed levetiracetam-

induced lung injury. Although levetiracetam is widely used, few reports of levetiracetam-induced pneumonia
exist. Changes in chest images may occur after levetiracetam administration if patients have multiple risk factors
for development of drug-induced interstitial lung disease. Bronchoscopy is useful for differential diagnosis if new
lung lesions appear after starting levetiracetam.

1. Introduction

Levetiracetam (LEV) is one of a newer type of antiepileptic drug
(AED) that expresses efficacy by binding to synaptic vesicle protein 2A,
which suppresses epileptic seizures [1]. The NICE (National Institute for
Health and Care Excellence) guideline and expert opinion recommended
its use for various types of epilepsy as a first-line treatment alternative to
older AEDs [2,3]. AEDs including LEV is also widely used for the pre-
vention of convulsions in patients with a primary or metastatic brain
tumor and during the perioperative period for brain tumor surgery
[4-8]. Typical adverse events of LEV are asthenia, dizziness, flu syn-
drome, headache, infection, rhinitis, and somnolence [9], but there are
very few reports of lung injury. We report the case of LEV-induced
interstitial lung disease (ILD) for which the patient was investigated
by bronchoscopy.

2. Case report

A never-smoking woman aged 85 years was transferred to our hos-
pital for further examination of a brain tumor. She had a history of right
lower lobectomy with tuberculosis at age 27 years, a left lower lobe

reduction surgery for non-small cell carcinoma at age 76, and bronchial
asthma at age 80, with no recurrence of lung cancer and good control of
bronchial asthma. She became aware of a headache in X-3 month and
visited a nearby hospital with dysarthria in X-2 month, at which time a
cerebral infarction was diagnosed by CT and an antiplatelet drug was
started. However, right hemiplegia newly occurred, and the dysarthria
worsened in X-1 month. She was transferred to our neurosurgery
department after an additional brain MRI scan revealed a brain tumor in
the left parietal lobe.

On admission, she had motor aphasia and right paresis without
sensory disturbance. Brain MRI showed a single tumor with extensive
edema around 19 x 25 x 21 mm in size in the left parietal lobe, and
chest CT showed a 38-mm tumor adjacent to the sutures of the previous
lobectomy in the lower lobe of the left lung (Fig. 1-A, 2-A). We suspected
intrapulmonary recurrence and metastatic brain tumor based on imag-
ing findings started glycerol at 600 mg/day and performed CyberKnife
therapy on day 12. After adding dexamethasone 6.6 mg/day, her
dysarthria and right paresis improved, and glycerol and corticosteroid
administration was terminated on day 23. However, hemiplegia and
aphasia gradually worsened a few days later, and repeat brain MRI
showed further exacerbation of edema (Fig. 1-B). On day 27, glycerol
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Fig. 1. Brain MRI three-dimensional fast spoiled
gradient-echo images. (A) Single tumor with exten-
sive edema around 19 x 25 x 21 mm in size was
found in the left parietal lobe on admission. (B) Brain
edema worsened after CyberKnife treatment. (C)
Brain edema markedly improved after removal of the
brain tumor. (D) Macroscopic specimen of the resec-
ted tumor showed a yellowish-white tumor of 20 x
15 x 10 mm in size and with a necrotic tendency. (E)
A proliferation of atypical spindle cells, multinucle-
ated cells, and multinucleated giant cells with eosin-
ophilic cytoplasm was observed on hematoxylin and
eosin staining. (F) Immunostaining with cytokeratin
AE1/AE3 was extensively positive, suggesting an
epithelial tumor. (G) Anti-p40 antibody was positive,
suggesting lung squamous cell carcinoma.

—]

Fig. 2. Chest CT images. (A) A 38-mm tumor was found in the left lower lobe of the lung, and no specific lesion was found in the background lung. (B) Multiple GGOs
were found in both lung fields with small bilateral pleural effusion. (C) GGOs disappeared after LEV discontinuation and corticosteroid treatment.
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Fig. 3. Changes over time in the C-reactive protein (CRP) level and the pulmonary lesion on chest X-ray. The patient underwent CyberKnife treatment on day 12 with
glycerol and dexamethasone. However, improvement of neurological symptoms was not obtained, and tumor removal was performed on day 31 with the addition of
LEV administration. She developed pneumonia on day 57 after she began to receive LEV only from day 55, and it worsened without responding to antibiotics. Drug-
induced pneumonia was diagnosed with bronchoscopy, and systemic corticosteroid administration rapidly improved pneumonia. DEX, dexamethasone; PSL,
prednisolone; mPSL, methylprednisolone; SBT/ABPC, sulbactam/ampicillin; TAZ/PIPC, tazobactam/piperacillin; AZM, azithromycin.

and corticosteroid administration were resumed preoperatively, and
LEV administration was also begun. Left parietal tumor resection was
performed on day 31. Postoperative pathology revealed that the tumor
was positive for cytokeratin AE1/AE3, negative for thyroid transcription
factor 1, and positive for p40, suggesting brain metastasis of lung
squamous cell carcinoma (Fig. 2-D-G). We diagnosed the recurrence of
non-small cell lung carcinoma that we determined to be stage IV A
(cT2aNOM1b) and performance status 3. The brain tumor specimen
removed was positive for epidermal growth factor receptor (EGFR)
mutations (L858R). The tumor proportion score of anti-programmed cell
death ligand 1 was 70%. Postoperatively, rehabilitation was resumed,
corticosteroid therapy ended on day 54 due to improvement of the
edema on brain MRI (Fig. 1-C), and only LEV was continued to prevent
seizures.

On day 57, fever, dyspnea, and cough appeared, and a chest X-ray
showed ground-glass opacities (GGO) in the left middle, left lower, and
right lower lung fields (Fig. 3). The patient was diagnosed as having
pneumonia and was administered sulbactam/ampicillin, followed by
tazobactam/piperacillin and azithromycin, but her X-ray findings
continued to deteriorate. On day 64, a neurosurgeon consulted with the
Department of Respiratory Medicine due to her worsening respiratory
failure. Physical examination revealed no obvious abnormal ausculta-
tion findings and no rash or edema. Laboratory examinations revealed a
significantly high serum level of C-reactive protein at 7.2 mg/dL and
mildly high serum level of KL-6 at 583 U/ml. Her serum BNP (50.4 pg/
mL), AST (22 U/L), ALT (14 U/L), creatinine (0.51 mg/dL) and pe-
ripheral blood eosinophil count (88/pL) were almost within normal
range. Chest CT showed GGO in both lung fields and a small amount of
pleural effusion (Fig. 2-B). Bronchoalveolar lavage fluid (BALF) was
transparent with a 64% recovery rate. Its cell count is 2.5 x 10”5 and
contained 30.2% macrophages, 64.2% lymphocytes, 4.2% neutrophils,
and 1.4% eosinophils, and the CD4/CD8 ratio was 3.5. Microbiological
tests including for bacteria, mycobacteria, fungi, and polymerase chain

reaction testing for Pneumocystis jirovecii in BALF were negative, as were
cytomegalovirus antigenemia in serum and a rapid test for influenza
virus. No autoantibody tests significantly associated with connective
tissue diseases or vasculitis were positive. Based on the above test re-
sults, she was diagnosed as having LEV-induced ILD. Withdrawal of LEV
and administration of methylprednisolone pulse therapy and predniso-
lone for 10 days improved her respiratory failure and chest CT findings
(Fig. 2-C). She was discharged on day 79 after rehabilitation for right
paresis and aphasia.

3. Discussion

We report a case of adult-onset LEV-induced ILD. Only one reported
case of lung injury caused by LEV in an adult was found via a PubMed
search [10]. This previous case was diagnosed as eosinophilic pneu-
monia based on non-segmental infiltrates detected by CT and findings of
increased peripheral eosinophils. In our patient, lymphocytes without
eosinophilia were dominant in the BALF, and CT showed findings
reminiscent of a non-specific interstitial pneumonia pattern. Although
the number of cases is small, phenytoin, carbamazepine, zonisamide,
and lamotrigine have been reported as AEDs that can cause
drug-induced ILD [11-21]. CT findings in those cases have been re-
ported to be mostly consolidation suggesting eosinophilic pneumonia or
organizing pneumonia [11-19] and GGO or reticular shadows in a small
number of cases [20,21]. From the CT findings which are mainly based
on GGO, Pneumocystis jirovecii pneumonia, viral pneumonia, pulmonary
edema including neurogenic pulmonary edema, Mendelson syndrome,
drug reaction with eosinophilia and systemic symptom (DRESS) syn-
drome were considered as differential diseases in addition to
drug-induced pneumonia. Pulmonary edema and Mendelson syndrome
were ruled out because of the long period (25 days) following the last
neurological surgery, lack of elevated BNP levels, and no apparent epi-
sodes of vomiting or aspiration. DRESS syndrome is a fatal
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hypersensitivity reaction and most commonly associated with AEDs,
sulfonamides, and allopurinol [22]. Although this syndrome is known to
be associated with pulmonary manifestations, we have ruled out the
possibility of this disease due to the absence of a skin rash and peripheral
blood eosinophilia. Antimicrobial agents such as sulbactam/ampicillin,
tazobactam/piperacillin, and azithromycin were used during treatment
for pneumonia. However, since all of these drugs were started after the
appearance of GGO, the likelihood of drug-induced lung injury due to
these drugs was considered low. The results of bronchoscopy were also
particularly useful in differentiating pulmonary infectious diseases.
Interstitial pneumonia developed 30 days after the start of LEV, but
corticosteroid were concurrently being used for brain edema for 27 days
from the start, and the manifestation of lung injury may have been
masked by the corticosteroid (Fig. 3). We speculated that multiple fac-
tors for drug-induced ILD [23], such as old age, decreased lung function,
pre-existing respiratory disease, advanced-stage malignancy, and poor
performance status were involved in the development of ILD in this
patient.

In general, it is very important to prevent convulsions in patients
with brain tumors. Convulsions occur in approximately 20-45% of pa-
tients with brain tumor resulting in a poor quality of life [24]. The fre-
quency of seizures is also reported to be 15% in patients with metastatic
brain tumors and 15-20% in patients who have undergone supra-
tentorial craniotomy [4,25]. The American Academy of Neurology, the
Association for Neurological Surgeons, and the European Association of
Neuro-Oncology recommended against seizure prophylaxis with AEDs
for patients with primary or metastatic brain tumors without a history of
seizures [4-6]. When limited to the perioperative period, there is still no
comprehensive study that includes not only the old generation of AEDs
but also the new generation of AEDs such as LEV, and the usefulness of
the prophylactic administration of AEDs remains controversial [7,8,26,
27].

LEV is one of a new generation of AEDs that is thought to express its
effect by binding to synaptic vesicle protein 2A, which can inhibit
epileptic seizure activity [1]. The most distinctive feature of LEV is that
it is not metabolized by the hepatic cytochrome system but in the kid-
ney, unlike the previous generation of enzyme-inducing AEDs such as
carbamazepine, phenytoin, valproate, and barbiturates [28]. Therefore,
LEV has very little drug interaction and can be easily used in combina-
tion with other AEDs. In recent years, LEV has been highly recom-
mended for epilepsy treatment because of its efficacy [2,3]. In cancer
cases, the interaction between anticancer drugs and AEDs is also clini-
cally important. Our patient had EGFR mutation-positive lung cancer,
and there is a possibility of introducing treatment with EGFR tyrosine
kinase inhibitors in the future. Unlike CYP3A4-inducing AEDs such as
carbamazepine or phenytoin, LEV does not promote the metabolism of
tyrosine-kinase inhibitors and thus has the advantage that convulsion
prevention treatment with LEV is easy to use together with cancer
treatment [29]. Because similar problems occur with many anticancer
agents, such as cyclophosphamide, camptothecin derivatives, taxanes,
and topoisomerase inhibitors [30,31], the choice of LEV would be of
great benefit in cases where chemotherapy with these agents may be
administered for cancer treatment. There are no reports, to our knowl-
edge, on the combination of immune checkpoint inhibitors and AEDs,
and thus, it will be necessary to accumulate data in the future.

In conclusion, LEV is widely used as a new-generation AED to treat
epilepsy and prevent seizures with fewer drug interactions including
anticancer drugs. LEVs are generally considered to be associated with a
low frequency of ILD, attention should be paid to the development of
drug-induced lung injury when there are multiple risks of drug-induced
ILD. Bronchoscopy may be useful for differential diagnosis when GGO
newly appear during LEV administration.
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