Open access Case report

Risk of immunotherapy-related
narcolepsy in genetically predisposed
patients: a case report of narcolepsy
after administration of pembrolizumab

s
*°" Journal for
... ImmunoTherapy of Cancer

To cite: Natori Y, Sasaki E,
Soeda S, et al. Risk of
immunotherapy-related
narcolepsy in genetically
predisposed patients: a
case report of narcolepsy
after administration of
pembrolizumab. Journal for
ImmunoTherapy of Cancer
2020;8:¢001164. doi:10.1136/
jitc-2020-001164

Accepted 23 August 2020

‘ '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

'Department of Medical
Oncology, Fukushima Medical
University, Fukushima, Japan
%Department of Obstetrics and
Gynecology, Fukushima Medical
University, Fukushima, Japan
*International Institute for
Integrative Sleep Medicine
(WPI-IlIS), University of Tsukuba,
Tsukuba, Japan

Correspondence to
Dr Shigehira Saji;
ss-saji@waz2.so-net.ne.jp

Yutaka Natori

,! Eisaku Sasaki,’ Shu Soeda,? Shigenori Furukawa,?

Yusuke Azami," Emi Tokuda,' Takashi Kanbayashi,® Shigehira Saji’

ABSTRACT

Background Immune-related adverse events associated
with immune checkpoint therapy cause autoimmune
disease-like symptoms. People who carry specific
genotypes or haplotypes of human leucocyte antigen (HLA)
are known to be predisposed to develop autoimmune
diseases including narcolepsy. Immunotherapy could be a
trigger to develop narcolepsy in predisposing HLA positive
patients.

Case presentation A 66-year-old woman with stage

IVB endometrial carcinosarcoma experienced daytime
sleepiness and temporary muscle weakness 14 days
after the administration of an immune checkpoint
inhibitor, pembrolizumab. These were consistent with

the main symptoms of narcolepsy with cataplexy. This
patient carried a highly predisposing HLA haplotype

for narcolepsy; HLA-DQB1*06:02, DRB1*15:01,
DQA1*01:02 and DRB5*01:01:01. A hypocretin-1/
orexin-A concentration in the patient’s cerebrospinal

fluid was low at 9.6 pg/mL in ELISA, and 155.5 pg/mL in
radioimmunoassay that was below the normal level of
200 pg/mL. Therefore, she was diagnosed with narcolepsy
tentatively according to the International Classification

of Sleep Disorders, third edition diagnostic criteria for
narcolepsy. The onset of narcolepsy in the 60s is very rare,
and narcoleptic symptoms in our patient were likely to be
caused by pembrolizumab.

Conclusions This case suggests that treatment

with immune checkpoint inhibitors potentially causes
narcolepsy in genetically predisposed patients.

INTRODUCTION

Immunotherapy using immune check-
point inhibitors has recently been a prom-
ising new treatment showing remarkable
benefit in a range of advanced cancers. The
immune checkpoint inhibitors treat cancers
by activating the human immune system
that controls immune response toward
cancer cells. Pembrolizumab, one of the
immune checkpoint inhibitors blocks PD-1,
an immune check point protein and demon-
strated antitumor activity; objective response
rate of 34.3% (95% CI 28.3% to 40.8%) in

patients with cancer with microsatellite insta-
bility (MSI)—high,1 However, the activated
human immune system also attacks healthy
cells, causing >grade 3 adverse events in
about half of treated patients with immune
checkpoint inhibitors or any grade adverse
events in about 100%.” These adverse events
are called immune-related adverse events
(irAEs) and their symptoms are similar to
those of autoimmune diseases (eg, ulcerative
colitis, thyroiditis, interstitial pneumonia
and type 1 diabetes mellitus).” Some irAEs
including colitis and pruritus were recently
reported to be associated with specific geno-
types of human leucocyte antigen (HLA).*
HLAs are polymorphic cell-surface proteins,
and combination of HLAs is unique to each
individual, serving as a landmark of self cells.
Many autoimmune diseases are known to be
associated with specific HLA genotypes or
haplotypes; HLA-DRB1%04:05 for rheuma-
toid arthritis,” DQA1*05:01 and DQB1%03:02
for type 1 diabetes,” and HLA-DRB1%01:03 for
ulcerative colitis. People carrying HLA B27
develop ankylosing spondylitis with a greater
OR 171 compared with healthy controls.”
The genotype of HLA-DQB1*06:02 confers
increased risk of developing narcolepsy with
extraordinary OR 251.°

Narcolepsy is a sleep disorder characterized
by excessive daytime sleepiness, cataplexy,
sleep paralysis and hypnagogic hallucination.
The onset occurs mostly between the age of
10 and 50 years, especially teenage years.” '
Narcolepsy had long been suspected as an
autoimmune disease because of the associ-
ation with the specific HLA genotypes and
haplotypes. Epidemiological observation
recently suggested Pandemrix HINI influ-
enza vaccination is one of the triggers for
narcolepsy.'’ After Pandemrix HIN1 influ-
enza vaccination, 96.8% of patients who
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developed narcolepsy were found to carry a haplotype
in the HLA-DRB5%01:01:01, DRB1%15:01, DQA1%*01:02,
DQB1#06:02 compared with 28.0% of general popu-
lation controls (p=6.17x107"%)."* For development of
narcolepsy, in addition to genetic predisposition, environ-
mental factors such as vaccination is likely required. In
most patients, narcolepsy results from a loss of hypocretin
neurons in the lateral hypothalamus. Hypocretin-1/orex-
in-A neuron specific CD4+ and CD8+T cells were found in
the blood and cerebrospinal fluid (CSF) of patients with
narcolepsy."” '* These studies support the autoimmune
hypothesis of narcolepsy, which develops on the back-
ground of genetic predisposition.

Although there are many cases of irAEs resembling
autoimmune diseases with defined specific HLA geno-
types, there have been no case reports of irAE presenting
symptoms of narcolepsy. Here, we report the first case
of narcolepsy after the administration of pembroli-
zumab. The patient carried a highly predisposing HLA
haplotype and had not developed narcolepsy before the
immunotherapy. Therefore, the immunotherapy with
pembrolizumab was highly suspected to have triggered
the development of narcoleptic symptoms.

METHODS

Narcolepsy diagnosis

Type 1 narcolepsy meaning narcolepsy with cataplexy was
diagnosed with the following criteria in the International
Classification of Sleep Disorders, third edition (ICSD-3)."
Both criteria (A) and (B) must be met for the diagnosis:
(A) The patient has daily periods of irrepressible need
to sleep or daytime lapses into sleep occurring for =3
months. (B) The presence of either one of the following:
(1) The presence of cataplexy and a mean sleep latency of
<8min and two sleep-onset rapid eye movement periods
on a multiple sleep latency test (MSLT). (2) CSF hypo-
cretin-1/orexin-A concentration is either <110pg/mL
or <1/3 of mean values obtained in normal subjects with
the same standardized assay. In addition to the ICSD-3
criteria, presence of accurate cataplexy was judged with
the latest criteria of cataplexy by European experts.'’

HLA genotying

HLA genotyping was performed at HLA Foundation
Laboratory, Kyoto, Japan. DNA was purified from the
patient’s blood with QIAamp DNA Blood Midi kit
(QIAGEN). The DNA sample was sequenced by next-
generation sequencing, Illumina MiSeq technology.
The DNA sequence was genotyped by integrated geno-
typing system (Scisco Genetics). We performed the
high-resolution HLA typing for HLA-A, -B, -C, -DRBI,
-DRB3/4/5, -DQAI1, -DQBI1, -DPA1 and -DPB1.

Hypocretin-1/orexin-A assay

CSF of the patient was collected by a lumbar puncture,
10 days after somnolence and 4 days after cataplexy. A
concentration of hypocretin-1/orexin-A in the CSF

was measured with orexin-A radioimmunoassay (RIA)
kit (Phoenix Pharmaceuticals) as previously reported
by International Institute for Integrative Sleep Medi-
cine (WPIIIS) in the University of Tsukuba.!” We also
measured a concentration of hypocretin-1/orexin-A in
the CSF with orexin-A ELISA kit (WAKO).

CASE REPORT

A 66-year-old woman presented with abdominal pain and
was found to have an intrapelvic tumor with lung and peri-
toneal metastasis. Biopsy was performed and she was diag-
nosed with stage IVB endometrial carcinosarcoma, and
the international federation of gynecology and obstet-
rics IVB. The patient had a clinical complete response
after adjuvant chemotherapy, followed by abdominal
total hysterectomy, bilateral salpingo-oophorectomy and
pelvic lymphadenectomy. However, the intrapelvic tumor
relapsed and dysuria occurred. The patient received a
total pelvic exenteration with ileal conduit as a salvage
operation and was treated with standard chemothera-
pies for endometrial carcinosarcoma and carcinoma.
Two episodes of febrile neutropenia occurred during
the chemotherapies, which were treated with antibiotic
therapy. The carcinosarcoma was classified as MSI high,
and was eligible for treatment with an immune checkpoint
inhibitor, pembrolizumab. Pembrolizumab at a dose of
200mg/day was intravenously injected. The patient had
the Eastern Cooperative Oncology Group Performance
Status (PS) of 1 and did not have neurological symp-
toms, impaired consciousness or sleep-wake disorders.
At 14 days postinjection, the patient developed a fever
of 39°C (figure 1). CT showed an increase in the size of
the pelvic tumor, but the cause of fever was not appar-
ently identified. However, as bacteriuria was found, the
cause of fever was suspected to be urinary tract infection,
and the patient was treated with piperacillin/tazobactam
in our hospital. At the same time, excessive daytime
sleepiness and sleep attack occurred and persisted. The
sleepiness was too intense to answer questions, causing
disorientation or sleep even during conversation. The
intensity of the sleepiness was temporarily weakened
after naps or nocturnal sleep. No signs of paralysis or
meningitis were observed. All electrolyte levels in the
serum were normal. No medications that induce sleep
were administered. Administration of vitamin B, could
not improve the somnolence. Delirium due to neoplastic
fever was suspected, and dexamethasone 6.6mg/day
was administered at 23 days postinjection. The steroid
reduced the fever, however, did not improve the somno-
lence. During pleasant conversations with her family at
the hospital, temporary muscle weakness affecting the
whole body including the face occurred, and lasted for
a few seconds. The patient showed her muscle weak-
ness despite being fully conscious. Brain CT and MRI
demonstrated no brain metastasis, degenerative disease
or infarction. The MRI image did not show hypothalamic
inflammation (figure 1). Gadolinium-enhanced MRI
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Pembrolizumab 200 mg/day
Piperacillin/Tazobactam 13.5 g/day
Vitamin B1 50mg/day
Dexamethasone 6.6mg/day
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MRI FLAIR

Figure 1
radioimmunoassay.

was not performed. Surgical intervention that disrupts
the blood-brain barrier had not been performed. A CSF
examination showed clear fluid, normal pressure, nega-
tive oligoclonal bands, no cancer cells and no evidence
of infection. The CSF revealed slightly elevated white
blood cell count (10/mm?, lymphocytes 93.3%). Serum
paraneoplastic antibodies were negative (AMPH, CV2,
PNMA2/Ma2, Ri, Yo, Hu, recoverin, SOXI, titin, zic4,
GADG65, Tr/DNER). Serum immunoglobulin G (IgG) was
elevated from 1490mg/dL at preinjection of pembroli-
zumab to 2091 mg/dL at postinjection, suggesting acti-
vated immune system. Autoimmune encephalitis as an
irAE associated with pembrolizumab was suspected.
Prednisolone 1 mg/kg was initiated and dexamethasone
was discontinued at 35 days postinjection. However, the
steroid treatment did not improve somnolence, disori-
entation or temporary muscle weakness. Pembrolizumab
therapy was permanently discontinued due to the irAE,
and the patient died by progression of carcinosarcoma at
72 days postinjection of pembrolizumab. Her family did
not permit an autopsy.

RESULTS

The patientin the present case was initially diagnosed with
an irAE encephalitis. In the clinical time course, onset of
narcolepsy was suspected. Although she had no previous
history of sleep-wake disorders, she repeated sleep attacks
2weeks after administration of pembrolizumab. There
were no structural disorders and no sleeping pills or
opioids administered at the onset of somnolence. The
latest cataplexy criteria were applied to diagnose cata-
plexy.16 Among the criteria, the patient met a criterion of
cataplexy with pleasant surprise when meeting a familiar
acquaintance. The patient’s consciousness was preserved

|
Cerebrospinal fluid analysis
Pressure 12 cmH,0
Cell 10/mm3 (lymphocytes 93.3%)
Glucose 60 mg/dl
Protein 48 mg/dl
1gG 14.10 mg/dl
Oligoclonal band negative
Tuberculosis PCR negative
Varicella zoster virus PCR negative
Herpes simplex virus PCR negative
Hypocretin-1/orexin-A (ELISA) 9.6 pg/ml
Hypocretin-1/orexin-A (RIA) 155.5 pg/ml

Clinical course, MRI and cerebrospinal fluid analysis in the patient. FLAIR, fluid-attenuated inversion recovery. RIA,

when the loss of muscle tone of her whole body arose
for a few seconds. Bilateral loss of muscle tone for a few
seconds with preserved consciousness also met the cata-
plexy criteria. These sleep attack and cataplexy were
consistent with the main symptoms of narcolepsy with
cataplexy. Apparent hypnagogic hallucination and sleep
paralysis were not found. The patient could not undergo
polysomnography and MSLT for diagnosis of obstruc-
tive sleep apnea syndrome (OSAS) or narcolepsy due to
physical weariness. Our patient did not notice snoring or
apnea during sleep, we considered our case unlikely to
have moderate or severe OSAS. A concentration of hypo-
cretin-1/orexin-A in the CSF of the patient measured with
RIA was 155.5pg/mL, and that measured with ELISA was
9.6 pg/mL. This difference in the concentrations is consid-
ered to be within the range of error due to the measuring
method." The 155.5 pg/mL measured with RIA does not
meet the narcolepsy ICSD-3 criteria (<110 pg/mL), but is
below the normal level of 200 pg/mL. One of the ICSD-3
criteria describing daytime lapses into sleep lasting for
3months could not be applied to the present case due
to short survival time, indicating inappropriateness of the
criterion for patients with poor prognosis. If she had lived
longer, she would have met the criterion as she had daily
daytime sleep attacks. High-resolution HLA genotyping
demonstrated that the patient carried HLA-DQB1%06:02,
DRB1%*15:01, DQA1%01:02 and DRB5*01:01:01 (table 1).
In a previous report, people carrying HLA-DQB1*06:02,
DRB1#15:01, DQAI*01:02 and DRB5*01:01:01 developed
narcolepsy with OR 6.75 after Pandemrix influenza vacci-
nation.'” Almost all narcoleptic patients are known to
carry HLA-DQB1%06:02, DRB1%15:01, and DQAI*01:02,
regardless of race.” ' In particular, 100% of Japanese
narcoleptic patients are reported to carry DQBI1*06:02
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Table 1 HLA haplotype in the patient

HLA-A HLA-B HLA-C

01:01 02:01 37:01 39:01 06:02 07:02

HLA-DRB1 HLA-DRB5 HLA-DQA1 HLA-DQB1 HLA-DPA1 HLA-DPB1
10:01 15:01 01:01:01 - 01:02 01:05 05:01 06:02 01:03 - 02:01 -

HLA, human leucocyte antigen.

and DRB1¥15:01." These results supported that the
patient’s condition was similar etiology of narcolepsy with
cataplexy.

DISCUSSION

Narcolepsy had long been suspected of having an auto-
immune origin, because narcolepsy patients carry the
haplotype HLA-DQB1#06:02, DRB1*15 and DQA1*01:02
with significantly higher rates (54.3%-100%) compared
with healthy controls (12.2%-23.8%) in any race."
Pandemrix HINI influenza vaccination is epidemiologi-
cally confirmed to increase the incidence of narcolepsy."'
Hypocretin-1/orexin-A producing neuron specific CD4+
and CD8+T cells were found in the CSF of narcolepsy
patients.”” '* These T cells are considered to attack the
neurons and to be responsible for low concentration
of hypocretin-1/orexin-A. An accumulation of studies
revealed that narcolepsy is an autoimmune disease and
a genetically predisposed disease. However, 25%-31% of
genetically identical monozygotic twins are concordant
for narcolepsy.”’ This finding supports the hypothesis that
in addition to the genetic predisposition, a non-genetic
trigger is required for the onset of narcolepsy.

We experienced a case of narcolepsy after the initia-
tion of a PD-1 inhibitor, pembrolizumab. The patient
had a highly predisposing HLA haplotype for narcolepsy.
Although the narcolepsy simultaneously developed with
fever, the fever itselfis not thought to be the trigger of this
disorder. Two episodes of febrile neutropenia before the
administration of pembrolizumab did not cause narco-
lepsy. There were no episodes that seemed to trigger
narcolepsy other than the administration of pembroli-
zumab. Considering that the incidence of narcolepsy
in the 60s is almost zero per cent,9 the immune check-
point inhibitor, pembrolizumab is highly suspected to
have induced narcolepsy in the 66-year-old patient in the
current case. Since pembrolizumab causes irAEs similar
to autoimmune diseases, pembrolizumab probably could
cause an irAE similar to narcolepsy. Approximately 5.6%
of the Japanese population carry predisposing HLA haplo-
types for narcolepsy: HLA-DQB1#%06:02, DRB1*¥15:01
and DQA1%01:02,*' while the prevalence of narcolepsy
is about 0.16%-0.18%.*" This low prevalence of narco-
lepsy compared with the prevalence rate of predisposed
HLA haplotype indicates the necessity of triggers to
develop narcolepsy. Our case implies that inhibition of
immune checkpoint could be a potential pathogenesis

of narcolepsy. However, there have been no reports of
narcolepsy as an irAE, despite the fact that many cancer
patients have been treated with immune checkpoint
inhibitors.”” There are some cases of encephalitis as an
irAE, some of which presented with somnolence or sleep-
iness.” Of these irAE encephalitis cases with somnolence,
there may have been cases of undiagnosed narcolepsy.
Anti-PNMA?2 /Ma2-associated encephalitis after initiation
of immune checkpoint inhibitors has been reported with
increased frequency.** In those cases, serum anti-PNMA2/
Ma2 antibody levels increased. However, there was no
increase in anti-PNMA2/Ma2 antibody levels in serum of
our patient, therefore we thought that anti-PNMA2/Ma2-
associated encephalitis was unlikely. Although typical irAE
encephalitis responds well to steroid treatment, followed
by symptom improvement, our case did not.

Our patient could not live a life that she had before the
onset of narcolepsy due to severe somnolence. We should
focus on the development of immunotherapy-related
narcolepsy as that remarkably interferes with patients’
daily life. Some HLLA genotypes or haplotypes associated
with the development of irAEs have been reported.
HLA haplotypes could be predictive markers for irAE
narcolepsy.

Finally, we note that our report did not prove a statis-
tical association between immune checkpoint inhibi-
tors and narcolepsy. Etiological or biological studies are
needed. In addition, there still remains the question of
different concentrations of hypocretin-1/orexin-A in
different measuring methods. ELISA (WAKO) recognizes
two epitopes of hypocretin-1/orexin-A, and likely detect
intact hypocretin-1/orexin-A."* However, RIA (Phoenix
Pharmaceuticals) recognizes only a single epitope, and
is known to detect the degradation product of hypo-
cretin-1/orexin-A.** Detection of metabolites of hypo-
cretin-1/orexin-A may mask the possible decline in real
hypocretin-1/orexin-A level. The value of 155.5pg/mL
measured with RIA was lower than 200 pg/mL of normal
hypocretin-1/orexin-A cut-oft level, which suggested that
low concentrations of hypocretin-1/orexin-A may have
affected the pathology of the patients. Usually, the diag-
nosis of narcolepsy often needs at least several months
after the onset of symptoms. In this case, the timing of
lumbar puncture was very close to the onset of somno-
lence (10 days) and cataplexy (4 days). Therefore, some
possibility exists that hypocretin-1/orexin-A neurons were
damaged, but hypocretin-1/orexin-A remained from the
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onset until the lumbar puncture. Current diagnostics
for narcolepsy requiring long disease duration may be
unsuitable to diagnose narcolepsy of irAE.

We reported the first case of narcolepsy as an irAE after
the administration of an immune checkpoint inhibitor,
pembrolizumab. Immune checkpoint inhibitors poten-
tially cause irAE narcolepsy. Our patient carried a predis-
posing HLA haplotype for narcolepsy, indicating that we
should carefully monitor patients genetically predisposed
to narcolepsy when treating them with immunotherapy.
The present case will hopefully alert the occurrence of
irAE narcolepsy and help elucidating the mechanism of
narcolepsy onset.

Acknowledgements Authors appreciate International Institute for Integrative Sleep
Medicine (WPI-IIIS), University of Tsukuba, Tsukuba, Japan, for the measurement of
hypocretin-1/orexin-A with RIA.

Contributors YN treated the case, performed experiments, and YN and SS wrote
the manuscript. ES, SS and SF treated the case. All authors discussed the results,
and read and approved the final manuscript.

Funding This work was supported by grant of Japan Society for the Promotion
of Science KAKENHI, number JP19K09079, and supported by grant of Ministry
of Health, Labor and Welfare, number 201 908 033A. This work was partially
supported by AMED under grant number JP20dm0107162 and JSPS KAKENHI
Grant-in-Aid for Scientific Research (C): 19K08037 for TK.

Competing interests SS reports grants and personal fees (lecture fee) from
Chugai, grants and personal fees from Kyowa Kirin, grants and personal fees from
Eli lilly, grants and personal fees from Astra Zeneca, personal fees from Pfizer,
personal fees from MSD, grants and personal fees from Novartis, grants and
personal fees from Eisai, grants and personal fees from Takeda and grants from
Taiho, outside the submitted work. ET reports grants from Eli lilly, personal fees
from Chugai, personal fees from Pfizer, personal fees from Novartis, outside the
submitted work.

Patient consent for publication Not required.

Ethics approval This study was approved by the ethics committee of Fukushima
Medical University.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Yutaka Natori http://orcid.org/0000-0002-9535-5298

REFERENCES

1 Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pembrolizumab in
patients with noncolorectal high microsatellite Instability/Mismatch
repair-deficient cancer: results from the phase Il KEYNOTE-158
study. J Clin Oncol 2020;38:1-10.

2 Larkin J, Chiarion-Sileni V, Gonzalez R, et al. Combined nivolumab
and ipilimumab or monotherapy in untreated melanoma. N Engl J
Med 2015;373:23-34.

3

20

21

22

23

24

25

Postow MA, Sidlow R, Hellmann MD. Immune-related adverse
events associated with immune checkpoint blockade. N Engl J Med
2018;378:158-68.

Hasan Ali O, Berner F, Bomze D, et al. Human leukocyte antigen
variation is associated with adverse events of checkpoint inhibitors.
Eur J Cancer 2019;107:8-14.

Terao C, Yano K, lkari K, et al. Brief report: main contribution of
DRB1*04:05 among the shared epitope alleles and involvement of
Drb1 amino acid position 57 in association with joint destruction

in anti-citrullinated protein antibody-positive rheumatoid arthritis.
Arthritis Rheumatol 2015;67:1744-50.

Erlich H, Valdes AM, Noble J, et al. HLA DR-DQ haplotypes and
genotypes and type 1 diabetes risk. Diabetes 2008;57:1084-92.
Brown MA, Pile KD, Kennedy LG, et al. HLA class | associations of
ankylosing spondylitis in the white population in the United Kingdom.
Ann Rheum Dis 1996;55:268-70.

Tafti M, Hor H, Dauvilliers Y, et al. DQB1 locus alone explains most of
the risk and protection in narcolepsy with cataplexy in Europe. Sleep
2014;37:19-25.

Dauvilliers Y, Arnulf I, Mignot E. Narcolepsy with cataplexy. Lancet
2007;369:499-511.

Bassetti CLA, Adamantidis A, Burdakov D, et al. Narcolepsy - clinical
spectrum, aetiopathophysiology, diagnosis and treatment. Nat Rev
Neurol 2019;15:519-39.

Nohynek H, Jokinen J, Partinen M, et al. AS03 adjuvanted AH1N1
vaccine associated with an abrupt increase in the incidence of
childhood narcolepsy in Finland. PLoS One 2012;7:e33536.

Lind A, Akel O, Wallenius M, et al. HLA high-resolution typing by
next-generation sequencing in Pandemrix-induced narcolepsy. PLoS
One 2019;14:0222882.

Latorre D, Kallweit U, Armentani E, et al. T cells in patients

with narcolepsy target self-antigens of hypocretin neurons. Nature
2018;562:63-8.

Luo G, Ambati A, Lin L, et al. Autoimmunity to hypocretin and
molecular mimicry to flu in type 1 narcolepsy. Proc Nat/ Acad Sci U S
A 2018;115:E12323-32.

American Academy of Sleep Medicine. International classification of
sleep disorders, 2014.

Lammers GJ, Bassetti CLA, Dolenc-Groselj L, et al. Diagnosis of
central disorders of hypersomnolence: a reappraisal by European
experts. Sleep Med Rev 2020;52:101306.

Nishino S, Ripley B, Overeem S, et al. Low cerebrospinal fluid
hypocretin (orexin) and altered energy homeostasis in human
narcolepsy. Ann Neurol 2001;50:381-8.

Ono T, Kanbayashi T, Yoshizawa K, et al. Measurement of
cerebrospinal fluid orexin-A (hypocretin-1) by enzyme-linked
immunosorbent assay: a comparison with radioimmunoassay.
Psychiatry Clin Neurosci 2018;72:849-50.

Mignot E, Lin L, Rogers W, et al. Complex HLA-DR and -DQ
interactions confer risk of narcolepsy-cataplexy in three ethnic
groups. Am J Hum Genet 2001;68:686-99.

Mignot E. Genetic and familial aspects of narcolepsy. Neurology
1998;50:516-22.

Hashimoto M, Kinoshita T, Yamasaki M, et al. Gene frequencies

and haplotypic associations within the HLA region in 916 unrelated
Japanese individuals. Tissue Antigens 1994;44:166-73.

Yshii LM, Hohlfeld R, Liblau RS. Inflammatory CNS disease caused
by immune checkpoint inhibitors: status and perspectives. Nat Rev
Neurol 2017;13:755-63.

Feng S, Coward J, McCaffrey E, et al. Pembrolizumab-Induced
encephalopathy: a review of neurological toxicities with immune
checkpoint inhibitors. J Thorac Oncol 2017;12:1626-35.

Vogrig A, Fouret M, Joubert B, et al. Increased frequency of anti-Ma2
encephalitis associated with immune checkpoint inhibitors. Neurol
Neuroimmunol Neuroinflamm 2019;6:e604.

Sakai N, Matsumura M, Lin L, et al. HPLC analysis of CSF
hypocretin-1 in type 1 and 2 narcolepsy. Sci Rep 2019;9:6-11.

Natori Y, et al. J Immunother Cancer 2020;8:¢001164. doi:10.1136/jitc-2020-001164


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9535-5298
http://dx.doi.org/10.1200/JCO.19.02105
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1056/NEJMra1703481
http://dx.doi.org/10.1016/j.ejca.2018.11.009
http://dx.doi.org/10.1002/art.39105
http://dx.doi.org/10.1136/ard.55.4.268
http://dx.doi.org/10.5665/sleep.3300
http://dx.doi.org/10.1016/S0140-6736(07)60237-2
http://dx.doi.org/10.1038/s41582-019-0226-9
http://dx.doi.org/10.1038/s41582-019-0226-9
http://dx.doi.org/10.1371/journal.pone.0033536
http://dx.doi.org/10.1371/journal.pone.0222882
http://dx.doi.org/10.1371/journal.pone.0222882
http://dx.doi.org/10.1038/s41586-018-0540-1
http://dx.doi.org/10.1073/pnas.1818150116
http://dx.doi.org/10.1073/pnas.1818150116
http://dx.doi.org/10.1016/j.smrv.2020.101306
http://dx.doi.org/10.1002/ana.1130
http://dx.doi.org/10.1111/pcn.12780
http://dx.doi.org/10.1086/318799
http://dx.doi.org/10.1212/WNL.50.2_Suppl_1.S16
http://dx.doi.org/10.1111/j.1399-0039.1994.tb02375.x
http://dx.doi.org/10.1038/nrneurol.2017.144
http://dx.doi.org/10.1038/nrneurol.2017.144
http://dx.doi.org/10.1016/j.jtho.2017.08.007
http://dx.doi.org/10.1212/NXI.0000000000000604
http://dx.doi.org/10.1212/NXI.0000000000000604
http://dx.doi.org/10.1038/s41598-018-36942-8

	Risk of immunotherapy-­related narcolepsy in genetically predisposed patients: a case report of narcolepsy after administration of pembrolizumab
	Abstract
	Introduction
	Methods
	Narcolepsy diagnosis
	HLA genotying
	Hypocretin-1/orexin-A assay

	Case report
	Results
	Discussion
	References


