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Pediatr Blood Cancer. 2023: ¢30323. Epub ahead of print.

Fukuyama M, Horie M, Aoki H, Ozawa J, Kato K, Sawayama Y, Tanaka-Mizuno S, Makiyama T,
Yoshinaga M, Nakagawa Y, Ohno S.

School-based routine screenings of electrocardiograms for the diagnosis of long QT syndrome.
Europace. 2022; 24(9): 1496-1503.

BmRAE - EHERNE
Owatari S, Tokunaga M, Nakamura D, Uozumi K, Sagara Y, Nakamura H, Haraguchi K, Nakano N,
Yoshimitsu M, Ito Y, Utsunomiya A, Otsuka M, Hanada S, Iwanaga M, Ishitsuka K.
A decrease in newly diagnosed patients with adult T-cell leukemia/lymphoma in Kagoshima, a highly
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Early-phase prothrombin time-international normalized ratio in acute liver injury indicates the
timing of therapeutic intervention and predicts prognostic improvement.
Hepatol Res. 2023; 53(2): 160-171. (Epub 2022 Nov 10)
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J Dermatol. 2022; 49(9): 837-844. (Epub 2022 May 5)
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Enhancement of the Ivy Sign during an Ischemic Event in
Moyamoya Disease

Yuki Hamada', Ayano Shigehisa', Yoshiki Kanda', Mei Ikeda', Go Takaguchi',
Hideki Matsuoka' and Hiroshi Takashima’

Abstract:

We herein report a case of increased and expanded ipsilateral ivy sign paralleling the expansion of cerebral
infarction in a patient with moyamoya disease. A 67-year-old woman visited our hospital with symptoms of
left hemiplegia, left homonymous hemianopia, and left unilateral spatial neglect. Magnetic resonance imaging
of the head showed cerebral infarction in the right parietal lobe. In addition, ivy signs were evident on fluid-
attenuated inversion recovery imaging. These findings were enhanced by the expansion of cerebral infarction
and disappeared once the ischemia resolved, implying hemodynamic changes. As a result of continuing medi-
cal treatment without antithrombotic therapy, the patient obtained a good outcome. Treatment for moyamoya
disease in the acute phase is considered to require complex knowledge of multiple factors, such as the ana-

tomical background of the individual patient and the progression grade of ischemia.

Key words: moyamoya disease, ivy sign, ischemic event

(Intern Med 62: 617-621, 2023)
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Introduction

Moyamoya disease is a progressive cerebrovascular dis-
ease that causes stenosis at the ends of the bilateral internal
carotid arteries and formation of an abnormal vascular net-
work (moyamoya blood vessels) at the bottom of the brain
as collateral circulation (1-3). Occlusion of the main artery
may cause ischemic events, while cerebral and intraventricu-
lar hemorrhaging may occur due to the development or dis-
ruption of the fragile collateral circulation. Characteristic
linear hyperintensities along the sulcus on fluid-attenuated
inversion recovery (FLAIR) imaging are called the lep-
tomeningeal ivy sign and are considered to represent a slow
retrograde flow in the engorged pial vasculature via lep-
tomeningeal anastomosis (4).

We herein report a case of ipsilateral ivy sign that en-
hanced and expanded with expansion of the cerebral infarc-
tion in a patient with moyamoya disease.

Case Report

A 67-year-old woman presented to our hospital with the
sudden onset of left hemiparesis (manual muscle testing: 4/
5), left homonymous hemianopia, and left unilateral spatial
neglect. She had a medical history of hypertension and type
2 diabetes mellitus. The patient was being treated by her
family physician with amlodipine (5 mg/day) and metformin
(1,000 mg/day), and home blood pressure was in the 120/80
mmHg range. Vital signs on admission were as follows:
blood pressure, 155/82 mmHg; heart rate, 78 beats/min;
temperature, 36.3°C; respiratory rate, 16 breaths/min; and
Glasgow Coma Scale score, 14 (E4V5MS5). Laboratory find-
ings showed hyperglycemia (fasting blood glucose level, 165
mg/mL; hemoglobin Alc, 7.8%). Other laboratory findings
were unremarkable, including coagulation activity and auto-
immune system disease. She had no retinopathy or nephro-
pathy. Echocardiography showed no regional left ventricular
motion abnormalities.

Emergent magnetic resonance imaging (MRI) demon-
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Figure 1.

A) DWI of the head shows cerebral infarction from the right parietal lobe to the right

occipital lobe. B) On FLAIR imaging, linear hyperintensities of the sulci are evident in the right cere-

bral hemisphere. C) MRA shows occlusion of the terminal portions of the bilateral internal carotid

arteries (white arrows) and right PCA (white arrowhead). D) Angiography of the right internal ca-

rotid artery shows steno-occlusive changes at the terminal portion of the internal carotid artery and

moyamoya blood vessels at the base of the brain. Micro-aneurysm is observed at the periphery of the

lenticulostriate artery (black arrow). E) Angiography of the right vertebral artery shows occlusion of

the PCA (black arrowhead).

strated signal hyperintensity involving the right parietal lobe
on diffusion-weighted imaging (DWI) (Fig. 1A). Magnetic
resonance angiography (MRA) revealed occlusion of the ter-
minal portions of the bilateral internal carotid arteries and
the right posterior cerebral artery (Fig. 1C). FLAIR imaging
showed multiple hyperintensities in the subarachnoid space
(Fig. 1B). After admission, edaravone was administered by
drip infusion, but we did not start antithrombotic drugs, con-
sidering the possibility of subarachnoid hemorrhaging. In
addition, considering the possibility of hemodynamic
ischemic stroke, amlodipine was discontinued, and the blood
pressure was controlled to around 160/80 mmHg with con-
tinuous intravenous infusion of dopamine hydrochloride at
5-7 pg/kg/min.

However, the neurological deficits were exacerbated, and
follow-up MRI one day after admission showed expansion
of the infarction territory and prominent signal enhancement
of hyperintensities in the subarachnoid space (Fig. 2). We
therefore started concentrated glycerin and fructose (200
mL) 3 times a day to prevent the spread of cerebral edema.
Five days after admission, angiography showed steno-

occlusive changes at the terminal portions of the internal ca-
rotid arteries and an abnormal vascular network at the base
of the brain, in addition to posterior cerebral artery (PCA)
occlusion (Fig. 1D, E). Based on these findings, we diag-
nosed the patient with moyamoya disease.

Contrast-enhanced MRI revealed enhancement in the
subarachnoid space corresponding to the area of hyperinten-
sity on FLAIR imaging (Fig. 3A, B), explaining the ivy
sign. Brain single photon emission computed tomography
(SPECT) with '*I-N-isopropyl-p-iodoamphetamine showed
decreased regional cerebral perfusion in the right parietal
lobe on admission and an increase in the hypo-perfused area
around the ischemic lesion five days after admission
(Fig. 4A, B). Since a micro-aneurysm was observed on an-
giography (Fig. 1D), we decided not to perform antithrom-
botic therapy for secondary prevention, considering the risk
of aneurysm rupture. No abnormalities were detected on
electrocardiography or Holter electrography. The cause of
cerebral infarction in the PCA territory was considered to be
progression of moyamoya disease.

Following the exacerbation of neurological symptoms, the
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Figure 2. The comparison of FLAIR and DWI on admission and at 3, 5, and 23 days after admis-
sion. These comparisons show increased and expanded ipsilateral ivy sign paralleling expansion of the

cerebral infarction. Five days after admission, progression of cerebral infarction had stopped on

DWI, and the ivy sign was also diminished 23 days after admission. All immediate MRI studies were

performed on a 1.5-T scanner (Siemens Healthcare, Erlangen, Germany) to examine patients with
suspected stroke, including DWI, FLAIR, and MRA. DWI was performed with a standard protocol
using the following parameters: field of view (FOV), 220 mm; spatial resolution, 1.7x1.7x5.5 mm; and
b-values of 0 and 1,000s/mm? FLAIR was performed in the axial plane (FOV, 220 mm) with a com-

mon spatial resolution of 0.9x0.9x5.5 mm.

Figure 3. Gd-enhanced T1-weighted MRI (A, B) five days after admission reveals enhancement in

the subarachnoid space corresponding to hyperintensity on FLAIR imaging.

blood pressure was controlled to around 180/90 mmHg with
the continuous intravenous infusion of dopamine hydrochlo-
ride at 7-10 pg/kg/min. Five days after admission, the pro-
gression of the neurological exacerbation stopped, and the
progression of cerebral infarction appeared to have stopped
as well based on DWI. Concentrated glycerin and fructose
were administered for 14 days, and the dose of dopamine
hydrochloride was gradually reduced and discontinued by 14
days after admission. The blood pressure was subsequently

controlled to around 150/80 mmHg, and no new neurologi-
cal symptoms appeared. The ivy sign also diminished 23
days after admission (Fig. 2). Finally, the left homonymous
hemianopia and left unilateral spatial neglect gradually im-
proved, but the left hemiparesis remained moderate (manual
muscle testing: 4/5).

The patient was transferred to a rehabilitation hospital
with a modified Rankin Scale score of 3 at 24 days after ad-
mission.
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Figure 4. SPECT on admission (A) and five days after admission (B). Regional cerebral perfusion

in the right parietal lobe is decreased. Five days after admission, there was an increased hypo-per-

fused area around the ischemic lesion.

Discussion

We described an interesting case of increased and ex-
panded ipsilateral ivy sign paralleling the expansion of cere-
bral infarction in a patient with moyamoya disease. The ivy
sign is reportedly found in 31-66% of cases of moyamoya
disease and often appears in symptomatic cases (5). In terms
of clinical significance, one report suggests that this sign re-
flects a state of decreased cerebral circulatory reserve (6).
However, the ivy sign is also reportedly unrelated to the
oxygen intake rate or collateral circulation (7). Other studies
have speculated that only dilated leptomeningeal vessels,
which act to supply blood during ischemia, are visual-
ized (4, 7).

The relationship between the presence of an ivy sign and
the expansion of cerebral infarction in the acute phase of
cerebral infarction has not been clarified. Interestingly, the
presence of the ivy sign has been reported to be a predictor
of recurrent cerebral infarction in adults with moyamoya
disease (8). This suggests that chronic hypoperfusion may
be prone to progress to hemodynamic ischemic stroke. In
addition, staging in moyamoya disease is associated with the
appearance of ischemic disease. The appearance of infarc-
tion in the PCA territory reportedly reflects an increased
risk of ischemic stroke as the stage progresses (9). Based on
these findings, this case was considered to have involved
ischemic stroke because of the presence of the PCA lesion
and resulting disease progression. In addition, we speculated
that the cerebral infarction expanded because the presence of
the ivy sign showed chronic hypoperfusion, which failed to
suppress the progression of hemodynamic cerebral infarc-
tion.

In this case, the ivy sign was enhanced by the expansion
of cerebral infarction, and it disappeared once ischemia re-
solved. In particular, three days after admission, the cerebral
infarction on DWI appeared to have expanded, paralleling

the expansion of the ivy sign, and five days after admission,
SPECT findings showed an increased area of hypo-perfusion
around the ischemic lesion in the right parietal temporal
lobe compared to SPECT on admission. The reason for the
enhancement of the ivy sign was presumed to involve reac-
tive dilation of pial blood vessels due to increased flow de-
mands resulting from expansion of the cerebral infarc-
tion (10). Furthermore, after the progression of cerebral in-
farction stopped, the ivy sign was considered to have dimin-
ished due to decreased flow demands in the ischemic terri-
tory. The patient had an expanded cerebral infarction due to
an insufficient blood flow supply from the pial arteries. We
considered that the ivy sign had weakened as a result of an
increased blood flow from the pial arteries as a result of
maintaining the blood pressure at a high level by means of
the continuous intravenous infusion of dopamine hydrochlo-
ride.

No consensus has been reached regarding the medical
treatment for moyamoya disease. In general, pediatric cases
often develop with cerebral ischemic symptoms, whereas
adult cases often develop with intracranial hemorrhaging in
addition to cerebral ischemic symptoms. In the acute phase
of ischemia and bleeding, medical treatment, such as blood
pressure control and management for increased intracranial
pressure, is performed. Although evidence is lacking, the use
of edaravone, ozagrel sodium, argatroban, and aspirin is rec-
ommended for the treatment of acute ischemic moyamoya
disease based on the treatment for acute-onset atheroscle-
rotic cerebral infarction (3).

In the present case, the ischemic lesion expanded despite
sufficient blood pressure control and intracranial pressure
control with concentrated glycerin and fructose. The accu-
mulation of ischemic cores may have been avoidable with
the addition of antithrombotic therapy. However, in this
case, due to concerns about subarachnoid hemorrhaging and
the presence of micro aneurysm, we were hesitant to use an-
tithrombotic therapy in combination. As a result of continu-
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ing medical treatment without antithrombotic therapy, the
spread of ischemia was minimized, and poor outcomes were
avoided. If antithrombotic therapy had been used in combi-
nation, cerebral hemorrhaging might have developed, and
the outcome might have been poor. Furthermore, if enhance-
ment of the ivy sign is associated with progression of ische-
mia, small-molecular-weight dextran may have been useful
for preventing progression of ischemia, in terms of increas-
ing circulating plasma volume.

Based on the anatomical considerations, such as the local-
ization of aneurysms at the periphery of the lenticulostriate
artery making clipping difficult to perform directly and coil
embolization being difficult because of the small vessel di-
ameter, no surgery was performed. Treatment for moyamoya
disease is thus considered to require complex knowledge of
multiple factors, such as the anatomical background of each
patient and the progression grade of ischemia.

Conclusion

The ivy sign in moyamoya disease with ischemic onset
might enhance and diminish in response to hemodynamic
changes, indicating flow demands in the ischemic territory.
In particular, enhancement of the ivy sign may be associated
with expansion of the ischemic area and warrants personal-
ized medical treatment according to the patient background.

The authors state that they have no Conflict of Interest (COI).
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51 Plague Protrusion in a Patient with Left
Common Carotid Artery Stenting after
Radiation Therapy: A Case Report

Yuki Hamada, Mei Ikeda, Shinju Shimotakahara, Sayaka Tahara, Nao Onobuchi, Yoshiki Kanda, Go Takaguchi,
and Hideki Matsuoka

Case

Report

Objective: We report a case of additional carotid artery stenting (CAS) for plaque protrusion occurring after initial CAS
for radiation-induced common carotid artery (CCA) stenosis.

Case Presentation: A 69-year-old man with a history of radiotherapy for laryngeal cancer presented to our hospital with
sudden-onset right hemiparesis. Since vulnerable plaque of the left CCA was considered the embolic source for ischemic
stroke, CAS was performed for left CCA stenosis. No perioperative complications were observed and the patient was
discharged with a modified Rankin Scale score of 0. However, 1 month after CAS, cerebral embolism recurred. As
protruding plaque was found on CTA, additional endovascular treatment was performed with intravascular ultrasonography.
He was discharged without complications and showed a good outcome at 3 months.

Conclusion: In CCA stenosis after radiotherapy, accelerated arteriosclerosis may cause drug-resistant cerebral
embolism and plaque protrusion after CAS, making determination of the treatment strategy difficult. Appropriate treatment

options need to be based on individual underlying diseases and plaque instability.

Keywords

| Introduction

Carotid artery stenting (CAS) is often required for
radiation-induced carotid artery stenosis, but additional
stenting for plaque protrusion occurring after CAS appears
rare. Pathologically, the plaque is usually stable and the
frequency of ischemic stroke is considered low because
inflammatory changes at the lesion site are scarce and
usually attributable to fibrosis.” However, recent reports
suggest that carotid artery stenosis after radiotherapy
is a form of accelerated arteriosclerosis? and involves
highly unstable plaque,® with fewer fibrous components
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than have been considered in the past. Herein, we report
an instructive case of plaque protrusion following CAS
for left common carotid artery (CCA) stenosis after
radiotherapy.

| Case Presentation

A 69-year-old man presented to our hospital with sudden
onset of right hemiparesis (manual muscle testing: 5-/5).
The patient had a medical history of laryngeal microsur-
gery for laryngeal cancer 11 years earlier, and was subse-
quently treated with 60 Gy of radiotherapy for 1 month.
Since then, no recurrence of cancer has been observed. In
addition, the patient had a history of chronic occlusion of
the right CCA, hypertension, and dyslipidemia.

Emergent MRI demonstrated multiple high-intensity
signals on diffusion-weighted imaging in the territory
of the middle cerebral artery (Fig. 1A). MRA of the
head revealed no findings indicative of occlusion or
stenosis of the right large vessels, except for the absence
of the chronically occluded right internal carotid artery
(Fig. 1B). No abnormalities were evident from labora-
tory findings. According to the European Carotid Sur-
gery Trial criteria, ultrasonography detected 50%

Journal of Neuroendovascular Therapy Vol. 16, No. 10 (2022) ‘ 503 ‘
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Fig. 1 (A) Diffusion-weighted imaging of the head shows cerebral infarction in the territory of the left middle
cerebral artery. (B) MRA of the head reveals no findings suggestive of occlusion or stenosis of the right large
vessels, except for the absence of the chronically occluded right internal carotid artery. (C) Magnetization-
prepared rapid gradient-echo imaging shows a high-intensity signal of the CCA. (D) T1-weighted black-blood
imaging demonstrates a high-intensity signal of the CCA, suggesting vulnerable plaque. CCA: common carotid
artery

stenosis of the left CCA, which showed low-echoic
lesions. MRI of neck plague demonstrated high-intensity
signals on magnetization-prepared rapid gradient echo
sequences (Fig. 1C) and T1-weighted black-blood imag-
ing (Fig. 1D). Based on these findings, we diagnosed vul-
nerable plaque of the left CCA as the embolic source of
ischemic stroke.

On admission, 200 mg of aspirin and 300 mg of clopido-
grel were administered. Angiography revealed a long,
ulcerated plaque in the left CCA (Fig. 2A), which was
located from the upper edge of the 3rd cervical vertebra to
the lower edge of the 5th cervical vertebra. In addition, few
leptomeningeal collateral pathways from the posterior cir-
culation were present and the territory of the right middle
cerebral artery was supplied by cross-circulation through
the anterior communicating artery. Symptoms improved

‘ 504 ‘ Journal of Neuroendovascular Therapy Vol. 16, No. 10 (2022)

markedly and the patient was discharged on hospital day
13 with a modified Rankin Scale score of 0. However, 1.5
months later, he was readmitted with recurrence of cerebral
infarction. Since he appeared resistant to the best medical
oral treatment, endovascular treatment was performed.
The procedure was performed with the patient awake
and under minimal sedation. The right common femoral
artery was punctured and an 8-Fr 30-cm sheath was placed.
After systemic heparinization, a 4- to 6-Fr JB2 catheter
(Medikit, Tokyo, Japan) was guided by a 0.035-inch guide-
wire to the ascending aorta, and then an 8-Fr SEL-OSP
insertion-support guiding catheter (Medikit) was placed at
the origin of the left CCA. A PercuSurge GuardWire
(Medtronic, Minneapolis, MN, USA) was carefully
advanced across the stenotic lesion and blocked the blood
stream in the distal internal carotid artery. The most
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Fig. 2 (A) Left common carotid angiography before CAS (frontal view) shows long stenosis (white arrow). (B) and (C) Pre-
dilation performed using a 7.0 mm x 40 mm balloon catheter at the site of stenosis at three locations: distal, middle, and proximal.
(D) Fluoroscopic image of first stent placement. A 10 mm x 31 mm Carotid Wallstent is placed at the distal site of stenosis.
(E) Subsequently, an additional 10 mm x 31 mm Carotid Wallstent is placed at the proximal site of stenosis. (F) Left common
artery injection shows no contrast-enhanced defect. CAS: carotid artery stenting

stenotic site of the lesion was 3.4 mm in diameter, the
diameter of the distal CCA was 7.8 mm, the diameter of the
proximal CCA was 8.2 mm, and the lesion length was 50
mm. Pre-dilation was performed using a 7.0 mm x 40 mm
balloon catheter (Sterling; Boston Scientific, Natick, MA,
USA) at the site of stenosis at three locations (distal, mid-
dle, and proximal) because of the long lesion (Fig. 2B and
2C). Subsequently, two 10 mm x 31 mm carotid stents
(Carotid Wallstent; Boston Scientific) were placed and par-
tially overlapped to cover the plague-rich area (Fig. 2D
and 2E). After floating debris was vacuumed out using an
aspiration catheter, all procedures were completed. Left
common artery injection showed no contrast-enhanced
defect (Fig. 2F). No perioperative complications were
observed and ultrasonography at 1 and 5 days after CAS
showed no plaque protrusion. The patient was discharged
with a modified Rankin Scale score of 0 but was readmitted
1 month after CAS because of recurrent cerebral infarction.

Ultrasonography revealed low-echoic deposits distal to
the stent, suggesting plaque protrusion. Moreover, a mobile
thrombus was attached to the protruding plaque (Fig. 3A).
CTA showed plaque protrusion at the distal end of the

Carotid Wallstent and at areas of overlap (Fig. 3B). Warfa-
rin was added and 100 mg of aspirin was discontinued
because of insufficient effect on platelet aggregation. Pro-
thrombin time and international normalized ratio (PT-INR)
were controlled to within the range of 2.0-3.0 s. Despite
aggressive medical treatment, the patient experienced
recurrent cerebral infarction and additional endovascular
treatment was performed.

As in the first session, the procedure was performed
with an 8-Fr SEL-OSP placed at the origin of the left CCA.
Left internal carotid artery injection showed a contrast-
enhanced defect on the distal right side of the Carotid Wall-
stent and on the distomedial side at areas of overlap
(Fig. 4A). Before the operative procedure, intravascular
ultrasonography (IVUS) (Volcano Visions PV 0.014P cath-
eter with Chroma Flo; Volcano, Rancho Cordova, CA,
USA) was navigated to the area of protruding plaque,
which clearly indicated the position of the protruding area
(Fig. 4B and 4C). Based on these findings, a Filterwire EZ
protection device (Boston Scientific) was carefully maneu-
vered across the stented region, and a 10 mm x 31 mm
Carotid Wallstent was placed to cover the protruding

Journal of Neuroendovascular Therapy Vol. 16, No. 10 (2022) ‘ 505 ‘



Hamada Y, et al.

Fig. 3 (A) Ultrasonography reveals low-echoic deposits distal to the stent (white arrow), suggesting plaque
protrusion. Mobile thrombus is attached to the protruding plaque. (B) CTA shows plaque protrusion at the
distal end of the Carotid Wallstent and sites of areas of stent overlap (white arrowheads).

Fig. 4 (A) Left common carotid angiography before additional CAS (frontal view) showing plaque protrusion (white arrow-
heads). (B) IVUS before placement shows plaque protrusion at the distal end of the Carotid Wallstent in the direction of 1 o’clock
(thick white arrow). (C) IVUS after stent placement shows plaque protrusion at the site of overlap in the direction of 2 o'clock (thin
white arrow). (D) Fluoroscopic image before stent placement. (E) A 10 mm x 31 mm Carotid Wallstent was placed to cover the
plaque protruded area. (F) Left common artery injection showed no contrast-enhanced defect. CAS: carotid artery stenting;

IVUS: intravascular ultrasonography

plague (Fig. 4D and 4E). Neither pre- nor post-dilation
was performed. After stent placement, IVUS confirmed the
disappearance of plaque protrusion. IVUS was useful in
determining the position for stent deployment. Left
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internal carotid artery injection showed disappearance of
the protruding plaque (Fig. 4F). During the perioperative
period, the patient showed no neurological deficits and
plaque protrusion disappeared on ultrasonography. Finally,



the patient was discharged with a modified Rankin Scale
score of 1. On follow-up at 3 months after discharge, mod-
ified Rankin Scale score remained at 1. Ultrasonography 6
and 12 months after additional endovascular treatment did
not show any protruding plaque or carotid artery resteno-
sis. We therefore discontinued warfarin and only continued
administration of clopidogrel at 12 months after additional
CAS. Since then, the patient has been commuting to
follow-up at our hospital without recurrence of cerebral
infarction. The patient consented to the submission of this
report for publication.

| Discussion

To the best of our knowledge, this case represents the rare
report of additional CAS for plaque protrusion occurring
after initial stent-in-stenting for radiation-induced CCA
stenosis due to resistance to pharmacotherapy. In the pres-
ent case, a large amount of vulnerable plaque was sug-
gested on preoperative examination, so two closed stents
were placed in the lesion, but plaque protrusions still
occurred. These protrusions were seen to progress during
follow-up, and a thrombus was considered to have adhered
to the protrusion, so anticoagulant therapy was added.
However, since the cerebral infarction subsequently
recurred, we decided to perform additional CAS. As no
such cases have been reported previously, we report this as
a didactic case.

Plaque protrusion is a phenomenon in which plaque pro-
trudes from the mesh of the stent due to the radial force of
the stent. Vulnerable plaque with large lipid cores, hemor-
rhage in the plaque, and the use of open-cell stents have
been reported as predictors of plaque protrusion,” which
has a frequency of 2.6%-7.8%.4% The clinical course is
characterized by the possibility of spontaneous regression,
but growth over time leads to intra-stent occlusion and
embolic stroke. Retreatment should be considered if nar-
rowing of the stent lumen diameter, an increasing trend in
areas of protruding plaque, and mobile plaque are observed.
On the other hand, mild narrowing and slight protrusion
require pharmacotherapy with frequent follow-up. Whether
antiplatelet drugs or anticoagulants are more effective as
drug treatments remains unclear.

In general, a history of radiotherapy to the neck rep-
resents a risk factor for carotid artery stenosis. In 1962,
Lindsay et al. irradiated the abdominal aorta with X-rays in
a canine model and discovered arteriosclerotic changes in
the aortic wall.® Morphological characteristics of carotid

Plaque Protrusion with CCA Stenting after Radiation Therapy

artery stenosis after radiotherapy have been reported to
include presence in the CCA,? bilateral stenosis,” a high
stenosis rate in the distal part of the lesion,” and a long
distance between lesion sites,” all of which resemble the
pathology in the present case.

We often encounter cases of symptomatic carotid artery
stenosis several years after radiotherapy to the neck.
A review of cerebrovascular incidents among patients with
a history of cervical radiotherapy reported that 18%—-38%
of patients developed carotid artery stenosis.? This was
explained as accelerated arteriosclerosis due to ischemic
necrosis of the blood vessel wall involving vasa vasorum
disorder and endothelial damage, and has also been called
malignant stenosis. In addition, ischemic stroke was report-
edly induced by the accumulation of plague in the stenotic
site after radiotherapy.®) The patient in our case had hyper-
tension and dyslipidemia as underlying diseases, exhibited
accelerated arteriosclerosis due to the effects of radiother-
apy, and was considered to have developed carotid artery
stenosis after 11 years.

No consensus has been established regarding methods
for preventing plague protrusion. As a method to prevent
plaque protrusion using standard carotid stents, CASPER
micromesh stent (Terumo, Tokyo, Japan) may be effective
for plaque protrusion, although plaque protrusion report-
edly still developed in 44% of patients treated using
CASPER stents.®) On the other hand, the stent-in-stent
technique with closed-cell stents has been reported to show
no incidence of plaque protrusion or perioperative cerebral
infarction.’® However, different methods of evaluating
plaque protrusion were used, with optical frequency
domain imaging used in the former study and IVUS in the
latter. In the future, further cases need to be accumulated
regarding preventive measures against plaque protrusion.

The relationship between plaque protrusion and balloon
post expansion is controversial. Clinically, excessive
post-dilation of vulnerable plaque is recognized to increase
the risk of plaque protrusions, but evidence remains
lacking. Harada et al. performed pre- and post-dilation
evaluations using optical coherence tomography and
reported that post-dilation may reduce both the volume of
protrusion and late-onset cerebral infarction.™ In this case,
post-dilation was not performed in either of the two treat-
ments, but further cases need to be accumulated to clarify
this issue.

IVUS before and after stent placement is useful for
observing morphological changes in plaque protrusions.1213)
In this case, IVUS used before and after additional stent
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placement was considered useful for visually confirming
morphological changes in plaque protrusions. However, if
IVUS had been performed before and after the initial treat-
ment, we might have noticed the plague protrusion earlier.
Plaque protrusion was not detected by ultrasonography at 1
or 5 days after initial CAS in this case, but additional
evaluation with CTA was more useful in detecting plaque
protrusion.

Whether CAS or carotid endarterectomy (CEA) is
more effective for treating carotid artery stenosis after
cervical radiotherapy remains contentious. CAS for
radiation-induced carotid artery stenosis has been
reported to carry a high risk of ischemic stroke within
30 days due to formation of vulnerable plaque.'¥ In this
case, the stenotic lesion was located from the upper edge
of the 3rd cervical vertebra to the lower edge of the 5th
cervical vertebra, and so could be in a reachable position
for CEA. However, this case involved CEA high-risk
factors such as contralateral occlusion and a history of
radiotherapy, and as the collateral circulation was also
underdeveloped, CAS was selected. In general, CEA for
carotid artery stenosis after cervical radiotherapy is gen-
erally known to be of high risk due to the problem of
adhesion around the wound and blood vessels. Since
2004, when the history of cervical radiotherapy was
considered a high-risk factor for CEA in the SAPPHIRE
trial, CAS has been considered the preferred treat-
ment.’>16) Regarding complications, CEA for carotid
artery stenosis after cervical radiotherapy has been
reported to be associated with neuropathy, while CAS
shows a high frequency of restenosis.'? On the other
hand, a recent meta-analysis showed that treatment for
carotid artery stenosis after cervical radiotherapy led to
similar perioperative complications in both CAS and
CEA, with no significant difference in long-term resteno-
sis rates.’® Such reports have been contradictory, so
long-term restenosis rates may remain similar for both
CAS and CEA. We await the accumulation of more
knowledge on this issue in the future.

Relatively few reports have described outcomes for
patients with carotid artery stenosis who have undergone
CAS and have been treated with radiation. Choy et al.*?
followed cases after CAS for carotid artery stenosis with a
history of radiotherapy or cervical surgery for 5 years, but
no significant difference in adverse events was seen com-
pared to cases with no history of CAS, and the outcomes
were also reportedly good. In the present case, no recur-
rence of cerebral infarction was observed after additional
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carotid stenting, and the outcome was favorable. However,
the timing of surgery needed to be considered while
observing responsiveness to antithrombotic therapy. This
was one case in which the optimal treatment strategy was
also difficult to determine.

| Conclusion

CCA stenosis after radiotherapy-accelerated arteriosclero-
sis may cause drug-resistant cerebral embolism and plaque
protrusion after CAS, making determination of the treat-
ment strategy more difficult. Appropriate treatment options
need to be considered based on individual underlying dis-
eases and plaque instability.
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Development of Ivy Sign and Infarction in the
Lateral Part of the Hemisphere or the Middle
Cerebral Artery Territory in Association with
Steno-occlusive Involvement of the Posterior
Cerebral Artery in Moyamoya Disease
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involvement, deep collaterals, pial network
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The Authors Reply We would like to thank the editor and
Mugikura et al. for the letter that included many construc-
tive insights for our case report (1). As Mugikura et al. pro-
posed, this case likely involves the compensatory develop-
ment of so-called choroidal anastomosis, with progressive
posterior cerebral artery (PCA) involvement (2). Occlusion
at the bilateral internal carotid artery terminus was already
present in this case, and the progressive PCA involvement
was thought to have led to the onset of an ischemic event.
The infarction started from the right parietal lobe at the bor-
der region of the right middle cerebral artery and right pos-
terior cerebral artery, and it expanded into the superior pa-
rietal lobule, which corresponds to the vascular territory of
the parieto-occipital artery, a terminal artery of the PCA.

On single-photon emission computed tomography, the
area perfused by the right pericallosal artery was relatively
well-maintained in the present case; this, as shown in a re-
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port by Mugikura et al. (2), is thought to be due to the func-
tioning of deep collateral circulation. Based on a report by
Funaki et al. (3), there are a [ew potential routes, such as a
route from the anterior or posterior choroidal artery via the
subependymal artery or medullary artery, as well as a route
from the thalamoperforating artery, thalamotuberal artery (a
perforating branch of the posterior communicating artery),
or the thalamogeniculate artery (a perforating branch of the
P2 segment) via the medullary artery (Figure). Furthermore,
in the present case, we were able to confirm anastomosis
from the ophthalmic artery to the anterior cerebral artery via
ethmoidal moyamoya on cerebral angiography. and we be-
lieve this also contributed to the CBF maintenance. To iden-
tify these blood vessels, a comparison with coronal images
obtained via magnetic resonance angiography time-of-flight
imaging was extremely useful.

While infarction of a portion of the PCA region (e.g., the
calcarine artery region) was avoided in the present case, this,
as explained by Mugikura et al., appears to be the effect of
the pial network that formed before the PCA involvement
progressed. The ivy sign was observed in the calcarine sul-
cus and paricto-occipital sulcus in the present case, suggest-
ing the presence of hypervascularity at the superficial oc-
cipital lobe in the background. Recently, various methods of
visualizing the collateral circulation path and the ischemic
changes in moyamoya disease have become available, and
we look forward to the further development of imaging
studies.

We thank Mugikura et al. for their constructive sugges-

» Posterior

Anterior =

(medial)

(lateral)

Lenticulostriate Type

Figure.

Thalamic Type

Choroidal Type

Schematic illustration showing the coronal plane of the left cerebral hemisphere and three

subtypes of collateral anastomoses: lenticulostriate, thalamic, and choroidal anastomoses. A: artery,
Med: medullary, Subepend: subependymal, TGA: thalamogeniculate artery, TPA: thalamoperforat-
ing artery, TTA: thalamotuberal artery. Reprinted with permission from Funaki et al. (3).
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Abstract

Background: The associations between developmental patterns (trajectories) in
children and maternal factors have been widely investigated, but paternal effects
on these trajectories are unclear. This study aimed to determine child and parental
factors involved in developmental trajectories at high risk for causing adverse
cardiovascular (CV) profiles in children.

Methods: We analyzed longitudinal anthropometric data from birth to the
present and CV profiles of 1,832 healthy volunteers (51% girls) aged 3-15years
who participated in a nationwide study between July 2012 and January 2014. Six
trajectory latent class growth models were developed using body mass index z-
scores. Predictors for being in developmental trajectories at high risk for causing
adverse CV profiles were determined by multivariate regression analysis.

Results: The meantstandard deviation number of anthropometric data points was
12+3 for both boys and girls. Among the six trajectories, the infantile onset and
continual increase groups had significantly worse levels of many CV profiles than
those in the remaining groups. Paternal overweight/obesity was an independent
predictor for boys being in the infantile onset group and for girls being in the
continual increase group. Additionally, maternal pre-pregnancy overweight/
obesity in boys and maternal excessive gestational weight gain in girls were
independent predictors for being in the infantile onset group. Having no sibling
in boys and an older maternal age were independent predictors for being in the
continual increase group.

Conclusions: Interventions to prevent childhood obesity should include strategies
that focus on fathers and mothers as well as those that focus on children with
certain types of familial background.
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The prevalence of obesity in children and adolescents
in Japan has remained stable for the last decade, with a
peak in the year 2000."* A new concern is that the prev-
alence of childhood/adult obesity is expected to rise as a
result of the COVID-19 stay-at-home orders.>* Obesity
from childhood to adulthood or childhood/adolescent
obesity itself is associated with a risk of type 2 diabe-
tes, coronary artery disease, and cardiovascular (CV)
death.””’

Recent developments in statistical techniques that
allow the analysis of longitudinal data generated from
repeated measurements have enabled researchers to
identify distinctive developmental patterns (trajecto-
ries) in an exploratory manner.® Group-based trajectory
models are designed to identify clusters of individuals
who follow similar progressions of some behaviors or
outcomes at a particular age or over time. The latent
class growth model, one of the group-based trajectory
models, assumes the presence of and identifies latent
groups of individuals who share a particular develop-
mental trajectory of a certain attribute, thus allowing
a better understanding of the pattern of change in the
variable.! Among many studies that have reported
childhood trajectory patterns,g’“’23 several showed the
association between trajectories of developing obesity
and adverse CV profiles. Regarding parental impact on
these trajectories,g’l1’14’24 several reports have focused on
maternal body mass index (BMI) at various time points.
However, few reports have discussed the impact of pater-
nal factors,”>? and no report has determined the impact
of paternal BMIs on these trajectories using multivari-
ate regression analysis. One longitudinal study showed
that children with overweight or obese fathers were at a
higher risk of becoming obese.”

Therefore, this study aimed to determine the predic-
tors for being in developmental trajectories with a high
risk of adverse CV profiles in children by creating tra-
jectories of longitudinal BMI z-scores from birth to the
present. For this purpose, we analyzed separately the
paternal and maternal impact on developmental trajec-
tories by sex of the children.

RESEARCH DESIGN AND
METHODS

Subjects

Participants consisted of 1,843 healthy child and adoles-
cent volunteers (907 boys, 936 girls) aged 3—15years who
participated in a project between July 2012 and January
2014. This project was conducted in the following nine
areas of Japan: Kagoshima, Fukuoka, Okayama, Hyogo,
Aichi, Kanagawa, Chiba, Toyama, and Hokkaido.
Participants were recruited via an announcement by

school officials, regional boards of education, or on the
websites of the authors' affiliated hospitals. The project
included medical examinations of participants at the time
of the study and questionnaires that asked about current
and past anthropometric data and lifestyle behavior of
the participants and their parents. Written informed
consent was obtained from the parents or guardians.
The study was approved by the Ethics Committee of the
National Hospital Organization of Kagoshima Medical
Center.

Longitudinal anthropometric data for latent
class models

Data on participants' height and weight at birth, during
infancy, and after starting school were obtained using
questionnaires. These exact data are available for all
Japanese children and adolescents because the Ministry
of Health, Labour and Welfare performs free medical
examinations for infants. Additionally, the Ministry of
Education, Culture, Sports, Science and Technology
performs medical examinations for students in all school
grades. These data are recorded in maternity health re-
cord books during the infant period and in report cards
for school-age children; the records are kept by the par-
ents. In this study, parents of the participants were asked
to provide data on the height and weight of their chil-
dren before medical examinations at the following data
points: birth; 1, 3, 6, 9, 12 months; 1.5 and 3years and at
each grade after starting school. The inclusion criteria
for the present study were the presence of three or more
data points that should include the following anthropo-
metric data taken at three points: less than 12 months,
1.5-6years, and the current age. The meantstandard de-
viation (SD) number of anthropometric data points of
the final subjects was 12+SD for both boys and girls.

Physical and blood biochemical parameters of
participants at the time of the study

Height and weight were measured to the nearest 0.1 cm
without shoes and to 0.1 kg with only underwear and
without shoes, respectively. BMI was calculated as
weight (kg) divided by the square of height (m?). The
BMI z-score was calculated based on reference values for
Japanese children.?® Blood pressure was measured three
times in the sitting position after 10 min of rest using an
automated oscillatory system (TM-2571; A&D Co. Ltd.)
and the mean value of the second and third measure-
ments was used. Waist circumference was measured at
the umbilical level to the nearest 0.1 cm without clothes.

Blood samples were collected in the morning after an
overnight fast. High-density lipoprotein (HDL) choles-
terol levels were determined using a direct quantitative
assay. Levels of triglycerides, total cholesterol, alanine
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TABLE 1 Values of Bayesian and Akaike information criterions for 2- to 6-trajectory models
Boys Girls
AIC? BIC® AIC? BIC®
2-Trajectory model -13,939 -13,977 —14,175 —14,213
3-Trajectory model —13,466 —-13,524 -13,729 —13,787
4-Trajectory model -13,142 -13,219 —13,434 -13,512
S5-Trajectory model —12,942 —13,038 —-13,229 —-13,326
6-Trajectory model -12,818°¢ -12,933¢ —-13,056¢ -13,172°¢

?AIC; Akaike Information Criterion
bBIC; Bayesian Information Criterion
°A smaller absolute value indicates a better fit for the model.

aminotransferase (ALT), and uric acid were determined
with enzymatic assays using an automated analyzer
(JCA-BM8060; JEOL Ltd.). Levels of fasting plasma
glucose were determined using the hexokinase method
(JCA-BM9000 sseries, JEOL Ltd.). Insulin levels were mea-
sured with a chemiluminescence immunological assay
(Lumipulse® Prestoll; Fujirebio Inc.). Adiponectin,
leptin, and high-sensitive C-reactive protein (CRP) levels
were measured using a Human Adiponectin ELISA kit®
(Otsuka Pharmaceutical Inc.), Human Leptin RIA kit®
(Linco Research, Inc.), and N-Latex CRP II® kit (Dade
Behring Inc.), respectively. All assays were performed by
SRL Inc.

The homeostasis model assessment of insulin resis-
tance (HOMA-IR)*’ was used as a surrogate marker for
insulin resistance and was calculated as fasting insulin
(pU/ml) x fasting glucose (mmol/L)/22.5.

CV risk profile z-scores

Participants in each trajectory group had a wide range
of ages, and each CV risk profile changed with age.
Participants were divided into five age groups by sex:
3-5, 6-7, 8-9, 1011, and 12-15years, based on the age
groups of the National Curriculum Standards by the
Ministry of Education, Culture, Sports, Science and
Technology.28 z-scores of each CV risk profile in each
group were obtained using the Lambda-Mu-Sigma
method.?

Predictors that might affect the trajectory

Predictors that might affect the trajectory (obtained
through questionnaires) were birth order, number of
siblings, breastfeeding duration, current parental age,
parental height, parental weight, and parental smoking
status. Parental overweight/obesity was defined as a
BMI 25 kg/m? or more in the present study. We obtained
maternal information for body weight immediately
before pregnancy and immediately before delivery
as well as information on the presence or absence of

gestational urinary glucose and gestational diabetes
mellitus. These maternal data are recorded in maternity
health record books. Gestational weight gain (GWGQG)
was calculated by subtracting body weight immediately
before pregnancy from body weight immediately before
delivery. GWG was categorized in accordance with the
recently updated recommendations of the Japan Society
of Obstetrics and Gynecology for Japanese women as
follows?: underweight mothers (BMI < 18.5 kg/m?) who
gained 12-15kg; normal weight mothers (BMI>18.5 and
<25kg/m?) who gained 10-13kg; overweight mothers
(BMI>25 and <30kg/m?) who gained 7-10 kg, and
mothers with obesity (BMI230.0 kg/m? who gained
up to 5 kg. Mothers who gained weight below or above
the relevant criteria were categorized as inadequate or
excessive GWG, respectively. We determined the 10th
and 90th percentiles of the participant's birthweight.
Tenth percentile values were 2,529 and 2,468 g in boys
and girls, respectively; 90th percentile values were 3,518
and 3,500 g in boys and girls, respectively.

Statistical analysis

Latent class growth models were applied using “proc
traj”, which is a statistical analysis software macro used
for identifying and describing the BMI z-score trajectory
groups. ®1L131418.20 The Bayesian Information Criterion
(BIC) and Akaike Information Criterion (AIC) were
used to determine the better trajectory group between
the two and six trajectory models. The BIC and AIC
values showed that the six-trajectory model was best in
both boys and girls (Table 1); therefore, the six-trajectory
model was applied in the present study. Seven or more tra-
jectory models were not used because of their complexity.

Statistical significance for the difference in mean
values of the variables among trajectory groups was
determined using analysis of variance and Tukey's test.
When the data were skewed in distribution, statistical
analyses were performed using the Kruskal-Wallis and
Bonferroni's tests. For analysis of the predictive factors
of participants being in a certain trajectory, univariate
and multiple logistic regression analyses were performed
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using the middle-trajectory group (normal weight group)
as the reference. In multiple regression analysis, vari-
ables that were significant in univariate regression anal-
ysis were used. Statistical analysis was performed using
IBM SPSS® Statistics, version 23.0 (IBM Japan, Ltd.). A
two-tailed probability value of less than 0.05 was consid-
ered statistically significant.

RESULTS

Of the 1,843 participants (907 boys, 936 girls), 11 (three
boys and eight girls) were excluded because they did not
fulfill the inclusion criteria. A final total of 1,832 par-
ticipants (904 boys, 928 girls) were included in the study.
Characteristics of the 1,832 participants by sex are shown
in Table 2.

BMI z-score trajectories

Six BMI z-score trajectories were denoted. Trajectory
1 to Trajectory 6 for boys and girls at 12years old
from the bottom to the top are shown in Figure la,b,
respectively.

Trajectory-6 boys were born with the highest mean
BMI z-scores (0.42), which sharply increased during the
early infantile period, and thereafter, the scores remained
high. Participants in this pattern of trajectory were named
the “infantile onset” group. Trajectory-5 boys were born
with a relatively low mean z-score (—0.39), but not the low-
est, and this score increased continually thereafter, until
the elementary school period. Participants in this pat-
tern of trajectory were named the “continual increase”
group. Trajectory-4 boys were born with low mean-scores
(=0.71), which increased slowly to nearly zero by 3years
old. The z-scores then remained the same during the
preschool and school periods. Trajectory-3 boys showed
slightly high z-scores during early infancy and then de-
clined to near zero z-scores. Trajectory-2 boys were born
with near zero z-scores and their scores decreased to the
present. Trajectory-1 boys were born with the lowest mean
z-scores (—0.97) and remained below zero from birth to
the present. The six trajectory groups were re-categorized
as “high-" (Trajectory-6 and -5), “middle-" (Trajectory-4
and -3), and “low-" (Trajectory-2 and -1).

Girls showed similar patterns to boys during in-
fancy. The infantile onset group was born with the
highest mean BMI z-scores (0.92) and the continual
increase group was born with relatively low mean z-
scores (—0.39), but they were not the lowest. The contin-
ual increase group finally reached the highest z-scores
(Trajectory-6).

The number of anthropometric data points and the
mean+SD of the BMI z-score at each point in each tra-
jectory are shown in Table SI.

Characteristics in CV risk profiles among the
six groups by sex

In boys and girls, nearly all CV profiles showed statisti-
cally significant trends across the trajectory groups, ex-
cept for fasting plasma glucose and HbA Ic levels in boys,
and total cholesterol, fasting plasma glucose, and HbAlc
levels in girls (Table 3).

All CV profiles by z-score showed similar signifi-
cant trends across the trajectory groups after z-score
transformation (Table 4). There was a clear sex differ-
ence in changes across the six trajectories (Figure 2 and
Figure SI), which might reflect the sex difference of the
trajectory patterns shown in Figure 1. Boys showed a
stepwise increase in CV profile z-scores as trajectories
changed from low to middle and from middle to high
trajectories, as shown by waist circumference, systolic
blood pressure, and leptin. In contrast, girls showed a
linear increase in CV profile z-scores from Trajectory-1
to Trajectory-6 as shown for BMI, waist circumference,
HOMA-IR, and leptin. The z-scores of CV risk profiles
by sex and by the three (high, middle, and low) trajectory
groups showed that participants in the high-trajectory
group had more adverse CV profiles than those in the
middle-trajectory group (Table S2).

Predictive factors for being in the high-
trajectory group

In the infantile onset group (Trajectory-6 in boys and
Trajectory-5 in girls), univariate regression analysis
showed that maternal present BMIof at least25kg/m?,
maternal pre-pregnancy BMIof at least 25kg/m? and
paternal present BMIof at least25kg/m? were signifi-
cant predictors for being in this group in boys and girls.
Additionally, birthweight less than the 10th percentile
in boys, birthweight of the 95th percentile or more, and
maternal excessive GWG in girls, were significant pre-
dictors (Table 5). Multiple regression analysis showed
that maternal pre-pregnancy BMIof25kg/m?* or more
(p = 0.009) and paternal present BMIof25kg/m?> or
more (p = 0.009) in boys, and maternal excessive GWG
(p = 0.01) were independent predictive factors for being
in the high trajectory group.

In boys in the continual increase group (Trajectory-5),
having no sibling was a significant predictor among
all variables used in univariate regression analysis
(Table 6). In girls (Trajectory 6), the following variables
were significant risk factors by univariate analysis: low
birthweight (<10th percentile), high maternal age, and
paternal current BMI of 25kg/m? or more. Multiple
regression analysis showed that a high maternal age
(p = 0.01) and paternal present BMI of 25kg/m? or more
(p = 0.009) were independent predictive factors for chil-
dren being in the continual increase group.
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TABLE 2 Characteristics of the participants
Boys Girls p value

Number of participants 904 928
Age (year) 10.1 £3.0 10.2+2.9 0.77
Height (cm) 138.1£18.9 137.0 £16.6 0.20
Weight (kg) 342+133 333119 0.13
Body mass index (BMI, kg/m?) 17229 17129 0.49
BMI z score -0.26£1.06 —-0.31£0.99 0.33
Weight status (Normal/Overweight/Obese)

IOTF definition 779/95/30 840/69/19 0.004

CDC definition 764/93/47 844/57/27 <0.001
Waist (cm) 60.4 £9.7 59.8 £9.0 0.18
Systolic blood pressure (mmHg) 9811 97+9 0.03
Diastolic blood pressure (mmHg) 54+9 54+8 0.62
Triglyceride (mmol/L) 0.58 [0.41, 0.80] 0.66 [0.46, 0.94] <0.001
Total Cholesterol (mmol/L) 4.32+0.68 4.42+0.70 0.002
HDL-Cholesterol (mmol/L) 1.64+0.33 1.61£0.31 0.03
non-HDL Cholesterol (mmol/L) 2.68+0.60 2.81+£0.64 <0.001
Fasting plasma glucose (mmol/L) 4.79+0.37 4.68+0.35 <0.001
Insulin (pmol/L) 30.9[17.3, 48.7] 36.1 [21.5, 58.9] <0.001
HbAlc (%) 5.28+0.23 5.25+0.24 0.005
HOMA-IR 0.93[0.51, 1.49] 1.06 [0.62, 1.76] <0.001
Alanine aminotransferase (U/L) 15[12,19] 13 [11, 16] <0.001
Uric acid (pmol/L) 274+71 254+49 <0.001
Leptin (ng/ml) 3.0[2.2,4.9] 4913.3, 8.5] <0.001
Adiponectin (pg/ml) 11.1 £4.5 10.8 £4.3 0.16
hs-C reactive protein (ng/ml) 9525, 259] 84 [25, 247] 0.23
Maternal characteristics

Age (year) 39.8 £4.7 40.0 £5.0 0.38

BMI at present (kg/m?) 21.5+34 21.5+3.2 0.92

BMI before pregnancy (kg/m?) 20.5+2.8 20.5%2.6 0.73

Weight gain during pregnancy (kg)* 9.9+4.1 10.0 £3.9 0.50

BMI retention (kg/m?)® 3.0+1.9 3.0£2.0 0.94
Paternal characteristics

Age (year) 41.6 £5.8

41.9+6.0 0.17

BMI at present (kg/m2) 23.8+3.2 237+3.1 0.64

Note: Normally distributed values are expressed as the mean and standard deviation. Data with a skewed distribution are expressed as the median and [25th/75th

percentile] values. Statistical analysis was performed after natural logarithm transformation.

Abbreviations: CDC, Centers for Disease Control and Prevention; HbAlc, hemoglobin Alc; hs, high-sensitivity; HOMA-IR, homeostasis model assessment of

insulin resistance; IOTF, International Obesity Task Force.
“Gestational weight gain was calculated by subtracting weight immediately before pregnancy from weight immediately before delivery.

"Body mass index (BMI) retention was calculated by subtracting BMI immediately before pregnancy from current BMI in the present study.

Trajectories 5 and 6 in boys finally fused together

(Figure 1), then predictive factors were determined after

both groups were combined (Table S3). Multiple regres-
sion analysis showed that a maternal pre-pregnancy
BMI of25 or more and paternal present BMI of the same
were independently predictive for boy's being in the high

trajectory group.

DISCUSSION

The present study showed that children in the two high-
trajectory groups (infantile onset and continual increase
groups) had significantly worse levels of many CV pro-
files than those in the middle-trajectory groups. Paternal

overweight/obesity was an independent predictor for
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B Traj-6 (infantile onset, 9.4%)

@ Traj-5 (continual increase, 12.1%)
O Traj-4 (192%) ¢ Traj-2 (24.2%)
A Traj-3 (263%) A Traj-1 (8.7%)

8§ 9 10 1

Elementary school period

@ Traj-6 (continual increase, 8.9%)
B Traj-5 (infantile onset, 8.2%)

0O Traj-4 (14.1%) > Traj-2 (28.3%)
A Traj-3 (284%) A Traj-1 (12.0%)

L L Il i J

89 10 11 12 yeyg

Elementary school period

FIGURE 1 Trajectories of body mass index (BMI) z-scores in (a) boys and (b) girls using six trajectory latent class growth models. The six
trajectories were denoted Trajectory-1 to Trajectory-6 in both sexes at 12 years old from the bottom to the top. Abbreviation: Traj-, Trajectory-.

boys being in the infantile onset group and for girls being
in the continual increase group. Additionally, maternal
pre-pregnancy overweight/obesity in boys and excessive
GWG in girls were independent predictors for being in
the infantile onset group. Having no sibling in boys and
an older maternal age in girls were independent predic-
tors for being in the continual increase group.

The association between trajectories of develop-
ing obesity and CV profiles has been previously re-
ported.“’l‘"23 The present study showed that many CV
profiles showed significant trends across the trajectory
groups in both sexes, including waist circumference,

blood pressure, lipid profiles, insulin resistance, a
marker of nonalcoholic steatohepatitis, and biomarkers
(leptin, adiponectin, and high-sensitive CRP; Table 2).
Interestingly, several CV risk variables across the tra-
jectories were different by sex. Boys showed a stepwise
increase in CV profile z-scores as they changed from
the low- to high-trajectory groups, while girls showed a
linear increase in CV profile z-scores from Trajectory-1
to Trajectory-6. The difference in CV profile z-scores
across the six trajectories by sex (Figure 2) may have
been associated with the difference in the trajectory pat-
terns by sex (Figure 1). The present study revealed that
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FIGURE 2 Representative data of the difference in z-scores across six trajectories for (a) body mass index (BMI) (b) waist circumference,
and (c) systolic blood pressure by sex. The upper panels show data for boys and the lower panels show data for girls. Data are mean and

standard error of the mean.

this difference in CV profiles by sex was present not only
in the change in HOMA-IR,* but also in many other CV
profiles including BMI, waist circumference, systolic
blood pressure, and leptin (Figure 2). Our findings sug-
gest that developing unfavorable profiles differ by sex.
This study showed that paternal overweight/obesity had
a significant effect on children being in the high-risk tra-
jectory groups. One potential reason was that a relatively
large number of data points, particularly those in infancy,
made it possible to differentiate the high-risk groups from
others. Another reason might be that we analyzed paternal
and maternal impacts on developmental trajectories by sex
of children separately. The association between maternal
BMIs at various time points and children's growth trajecto-
ries has been extensively investigated.13’14’18*22’24 However,
a few reports have shown that paternal BMI is associated
with children's growth trajectories.ﬂ’22 Koning et al.”! re-
ported that the odds ratio (OR) for paternal overweight
status was significantly higher (OR, 1.6; 95% confidence
interval [CI] 1.1-2.4) for children in the increasing trajec-
tory compared with those in the decreasing trajectory at

12years old. Magee et al.** described that paternal over-
weight was significantly associated with the “early-onset”
trajectory group only (OR, 2.87; 95% CI 1.40-5.89) among
three overweight/obesity trajectory groups at 10-11years
old. These studies analyzed the combined data of boys and
girls and used univariate regression analysis. Systematic re-
view articles have unequivocally demonstrated that fathers
are underrepresented in observational research on child-
hood obesity.*"** Davison et al. reported that in more than
600 studies, only 1% of studies included only fathers and
only 10% of all eligible studies included independent re-
sults for fathers.™! Morgan et al.** reported that in 133 ran-
domized controlled trials in which participation was open
to both parents, 92% did not report objective data on fa-
ther involvement. They concluded that researchers should
strive to report more comprehensive data to highlight the
involvement and engagement of fathers in their studies. To
the best of our knowledge, this is the first report to show
that paternal overweight/obesity is an independent predic-
tor for children being in the high-risk trajectory group in
boys and girls using multivariate regression analysis.
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The following maternal factors are significantly as-
sociated with growth trajectories: pre- or early preg-
nancy overweightlobesity,l3’14’18*20’24 excessive GWG,'3%
postpartum weight retention,”* and current overweight/
obesity."”> Many studies suggest that pre-pregnancy
overweight is universally associated with early- or
infantile-onset paltterns.m’15 ,20-22

Regarding maternal excessive GWG, previous studies
showed that excessive GWG was associated with an in-
creased likelihood of a child being in the high-risk tra-
jectory.lg’20 Excessive GWG was associated with girls
being in the infantile onset group in our study. Excessive
GWG should be avoided; however, it should not be over-
emphasized in Japan. Among 1,799 mothers whose data
were obtained in the present study, the percentages of
inadequate, adequate, and excessive GWG were 66.9%,
24.5%, and 6.9%, respectively. The recommendation
for adequate GWG was updated by the Japan Society
of Obstetrics and Gynecology for Japanese women in
2021.%° The need for adequate GWG should be empha-
sized in healthcare workers. The effect of excessive GWG
should be further investigated.

Maternal age was an independent predictor for girls
being in the continual increase group in the present
study. Previous studies,"? including systematic re-
views,?** showed no association of childhood obesity
with maternal age. One exception was a study by Haga
etal.®in Japan, which showed that maternal age was as-
sociated with girls being in the “progressive overweight”
group by univariate analysis, although it was not sig-
nificant by multivariate analysis. An increase in the av-
erage age of getting married has become a concern in
Japan.® Therefore, the association between maternal
age and childhood obesity by sex should be analyzed
more extensively.

This study showed that having no siblings was an in-
dependent significant predictor for boys being in the con-
tinual increase group. Being an only child was reported
to be associated with obesity using the data of combined
sexes.** 3% Ochiai et al.* reported that being an only or
youngest child was associated with childhood overweight
and having a larger number of younger siblings was nega-
tively associated with overweight, using the data of 4,026
fourth-grade Japanese children. Mosli et al.*? showed
that children who did not experience the birth of any sib-
lings by the time they were in the first grade had 2.94
greater odds of obesity in the first grade compared with
children who experienced the birth of any siblings when
they were aged between 36 and 54 months, using data of
combined sexes. Liang40 reported that boys, but not girls,
as the only child were more likely to belong in the “rapid
rising up to school age and then become-overweight” tra-
jectory (OR, 2.04; 95% CI 1.45-2.86), which is similar to
the present study. These data suggest that public health
interventions to prevent childhood overweight need to
focus on children from these familial backgrounds.36

There are limitations to the present study. First, cur-
rent parental weight was obtained using questionnaires
and was not actually measured. However, maternal
weight immediately before pregnancy and that immedi-
ately before delivery were written in a maternity book.
Current data should be obtained using actual measure-
ments. Second, we could not find the reason for the fact
that the continual increase group in girls reached the
highest z-scores (Trajectory 6). Some reports showed
the gradually increase group reached the highest in
children'® and adolescents!' without describing sex dif-
ference. Further studies are needed to clarify the sex dif-
ference in the high-risk trajectory group. Third, we did
not discuss the low BMI groups, namely the Trajectory-1
and -2 groups, in the present study. Leanness is an im-
portant issue and should be further discussed with ap-
propriate viewpoints. Finally, the present study showed
that predictive factors for children being in the infantile
onset or continual increase group were different by sex.
However, we had no data to explain the reasons for this
sex difference. Further detailed studies about the rela-
tionship between children and parents regarding diet,
physical activity, and sedentary style are required in the
future.

In conclusion, among the six trajectory groups, two
trajectory groups (infantile onset and continual increase
groups) had significantly less favorable levels of many
CV risk profiles than the remaining groups. Paternal
overweight/obesity was an independent predictor for
boys being in the infantile onset group and for girls being
in the continual increase group. Additionally, maternal
pre-pregnancy overweight/obesity in boys and excessive
GWG in girls were independent predictors for being in
the infantile onset group. Having no sibling in boys and
an older maternal age were independent predictors for
being in the continual increase group. Interventions to
prevent childhood obesity should include strategies that
focus on fathers and mothers and focus on children with
certain types of familial background.
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ABSTRACT

Adult T-cell leukemia/lymphoma (ATL) is a peripheral T-cell malignancy caused by human T-cell
leukemia virus type-l (HTLV-1). This study investigated whether the number of newly diagnosed
patients with ATL is decreasing in the background of a declining number of individuals infected
by HTLV-1 in Kagoshima, Japan, one of the most endemic areas of HTLV-1 in the world. We
retrospectively analyzed the number of newly diagnosed patients with ATL between January
2001 and December 2021 in three major hospitals. The number of newly diagnosed patients
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with B-cell non-Hodgkin lymphoma (B-NHL) in the same period was examined as an internal
control. One thousand eighteen and 2,029 patients with ATL and B-NHL were registered,
respectively. The age-adjusted incidence of ATL steadily increased between 2001 and 2012,
whereas that between 2013 and 2021 decreased. Despite the limitation of its retrospective
nature, this is the first report indicating a decrease in ATL patients in Japan.

Introduction

ATL is a peripheral T-cell malignancy caused by
human T-cell leukemia virus type-I (HTLV-1), which is
endemic in Japan, sub-Saharan Africa, South America,
the Caribbean area, and foci in the Middle East and
Australo-Melanesia [1-4]. ATL is classified into 4 clinical
subtypes: smoldering, chronic, lymphoma, and acute
[3,5]. There are currently between 5 and 20 million
HTLV-1 carriers worldwide, and 3-5% of HTLV-1-
infected individuals develop ATL in their lifetime [3,6].
Based on estimates of seropositivity in first-time blood
donors, the number of HTLV-1 carriers in Japan is
decreasing, i.e. 1.2 million in 1990, at least 1.08 million
in 2006-2007, and between 0.72 and 0.82 million in
2014 [7-9]. The infection route of HTLV-1 includes
breastfeeding and sexual transmission as well as
unscreened blood transfusions [8,10-13]. Individuals
infected by mother-to-child transmission via breast-
feeding were previously reported to be at the higher

risk of developing ATL as compared to other transmis-
sion routes such as blood transfusion and sexual inter-
course [14,15].

The age of newly diagnosed patients with ATL is
increasing, which has been attributed to the decrease
in HTLV-1 carriers in younger populations [3,16,17].
The findings of a nationwide study on 818 ATL
patients diagnosed between 1983 and 1987 showed
that mean ages at diagnosis for the acute, lymphoma,
chronic, and smoldering subtypes were 56.0, 59.2,
57.7, and 59.3years, respectively [5]. In a subsequent
nationwide study on 1594 patients with ATL between
2000 and 2009, median ages at diagnosis for the
acute, lymphoma, chronic, and smoldering subtypes
were 63, 66, 61, and 67 years [18]. A recent study on
996 ATL patients diagnosed in 2010-2011 revealed
that median ages at diagnosis for the acute, lymph-
oma, chronic, and smoldering subtypes were 68, 70,
65, and 68years, respectively [19]. Therefore, age of
the diagnosis of ATL has gradually increased.
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This study investigated whether the number of
newly diagnosed patients with ATL is declining in the
context of the marked decrease in the number of
HTLV-1 carriers in recent years.

Methods
Study design and data collection

Information on the number of HTLV-1-seropositive
individuals by age among first-time volunteer blood
donors in Kagoshima prefecture between 2008 and
2016 was provided by the Japanese Red Cross Blood
Center.

Data analysis

Age-adjusted incidence is a weighted average of age-
specific incidence in an observed population. The
weight for each age category is the proportion of
individuals in an age category in the standard popu-
lation. The 1985 model population of Japan is used
as the standard population. Age adjustments are
used to adjust for differences in age distribution
when comparing the incidence of each population.
By convention, incidence is expressed per 100,000
per year. The formula used for this calculation is
shown below [21].

[Observed IR in ith age category] x [Population of ith age category in SP]

Age — adjusted incidence = Z

i

[Total Population in SP]

The annual number of and clinical information on
newly diagnosed patients with ATL and the annual
number of newly diagnosed patients with B-cell non-
Hodgkin lymphoma (B-NHL) between January 2001
and December 2021 in three major hospitals in
Kagoshima City, Imamura General Hospital, the
Kagoshima Medical Center, and Kagoshima University
Hospital, were collected. Diagnostic criteria for ATL in
this study were histologically or cytologically proven
peripheral T-cell malignancy with seropositivity for the
anti-HTLV-1 antibody. B-NHL was also simultaneously
analyzed as an internal control [20].

We also collected information on the annual num-
ber of newly diagnosed patients with ATL, diffuse
large B-cell lymphoma (DLBCL), peripheral T-cell
lymphoma (PTCL), and angioimmunoblastic T-cell
lymphoma (AITL) in Japan from the registry of the
Japanese Society of Hematology between 2012 and
2019, which is available to the public at http://www.
jshem.or.jp/modules/member/index.php?content_id=7
(accessed 2021-09-12).

To evaluate the age-adjusted incidence of ATL and
B-NHL per 100,000 population in Kagoshima, informa-
tion on the general population of Kagoshima
Prefecture were obtained from the e-Stat, Portal Site
of Official Statistics of Japan (https://www.e-stat.go.jp
(accessed 2021-09-21).

This study was approved by the research Ethics
Committees of Kagoshima University Hospital (#180078)
and the other participating hospitals, and was con-
ducted in accordance with the Declaration of Helsinki.

IR and SP denote incidence rate and the standard
population, respectively.

Correlation analysis was performed by using scat-
terplot of age-adjusted incidence of ATL and vyear.
After that, we created regression line for 2001-2012
and 2013-2021, respectively, and compared the slopes
of the lines.

Results
HTLV-1 seropositivity

HTLV-1 seropositivity was lower in younger age
groups at any time points tested during this period,
and remarkably decreased between 2008 and 2016 in
all age groups (Figure 1(A)). HTLV-1 seropositivity in
individuals aged 50years and older markedly
decreased each year (Figure 1(B)). Since the popula-
tion aged 50years and older in Kagoshima Prefecture
remained stable at approximately 818,000 to 838,000
between 2008 and 2016 (data not shown), it will be
obvious that the decrease of actual number of HTLV-1
carriers aged 50years and older.

Incidence of ATL

In the period between January 2001 and December
2021, a total of 1,033 patients with newly diagnosed
ATL were registered in this study. Of those, fifteen
patients were excluded from the analysis due to dou-
ble registration. The date of birth and gender of
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Figure 1. (A) The rate of HTLV-1 seropositivity among first-time blood donors by age at the time of donation in Kagoshima
Prefecture between 2008 and 2016. (B) The ratio of HTLV-1 carriers aged 50 years and older among first-time blood donors in

Kagoshima Prefecture between 2008 and 2016.
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Table 1. Characteristics of ATL patients at diagnosis in the periods 2001-2012, 2013-2021 and

2001-2021.
2001-2012 2013-2021 2001-2021
Characteristics
Number of patients (n) 532 486 1018
Median age (n, range) 64.9 (21.2-88.6) 70.6 (39.4-95.2) 67.6 (21.2-95.2)
Sex
Male (%) 277 (52.1) 271 (55.8) 548 (53.8)
Female (%) 255 (47.9) 215 (44.2) 470 (46.2)
Subtype of ATL
Acute (%) 323 (60.7) 256 (52.7) 579 (56.9)
Lymphoma (%) 139 (26.1) 122 (25.1) 261 (25.6)
Chronic (%) 30 (5.7) 51 (10.5) 81 (8.0)
Smoldering (%) 40 (7.5) 57 (11.7) 97 (9.5)
ECOG performance status
0-1 (%) 344 (64.7) 334 (68.7) 678 (66.6)
2 (%) 104 (19.6) 66 (13.6) 170 (16.7)
3 (%) 46 (8.6) 42 (8.7) 88 (8.7)
4 (%) 13 (2.4) 23 (4.7) 36 (3.5)
Unknown (%) 25 (4.7) 21 (4.3) 46 (4.5)
Stage of disease
1 (%) 8 (1.5) 12 (2.5) 20 (2.0)
2 (%) 33 (6.2) 22 (4.5) 55 (5.4)
3 (%) 55 (10.3) 65 (13.4) 120 (11.8)
4 (%) 398 (74.8) 379 (78.0) 777 (76.3)
Unknown (%) 38 (7.2) 8 (1.6) 46 (4.5)

patients registered from the three sites were tallied,
and patients with the same date of birth and gender
were contacted at each facility to confirm if they were
the same person. If they were the same person, the
registration of one of the patients was excluded.
Finally, 1.018 patients, including 579 (56.9%), 261
(25.6%), 81 (8.0%), and 97 (9.5%) with the acute,
lymphoma, chronic, and smoldering subtypes, respect-
ively, were analyzed. Median age was 67.6 years (21.2-
95.2), and the numbers of males and females were
548 (53.8%) and 470 (46.2%) (Table 1). The number of
newly diagnosed patients with B-NHL in the same
period was 2,029 following the exclusion of 14 dupli-
cates. Age-adjusted incidence and an approximate
curve of the age-adjusted incidence of ATL and B-NHL
per 100,000 population in Kagoshima between 2001
and 2021 are shown in Figure 2(A). In contrast to the
steady increase in the age-adjusted incidence of B-
NHL, a decrease was noted in ATL from 2013. This
result suggests that the incidence of ATL in
Kagoshima Prefecture was decreasing since 2013. The
regression line of age-adjusted incidence of ATL for
2001-2012 was shown (Figure 2(B)). The slope of the
quadratic function of the regression line was 11.009.
The correlation coefficient was 0.962 that showed this
regression line had a strong positive correlation.
Similarly, a regression line of age-adjusted incidence
of ATL was created for 2013-2021 (Figure 2(C)). The
correlation coefficient was —0.776, indicating a strong
negative correlation. The slope of the regression line
was negative at —9.4519. These results indicate that
age-adjusted incidence of ATL patients enrolled

increased during the period 2001-2012, while that
age-adjusted incidence of ATL decreased during the
period 2013-2021. In addition, the age of newly diag-
nosed patients with ATL shifted from elderly between
the period of 2001 and 2021 (Figure 3). The median
ages of patients newly diagnosed with ATL were
63.7(21.2-86.4), 67.0 (26.7-92.0), and 71.1 (39.4-95.2)
years for 2001-2007, 2008-2014, and 2015-2021,
respectively.

In order to confirm the decreasing trend in the inci-
dence of ATL even throughout Japan, we additionally
analyzed the ratio of the number of patients with ATL
divided by those with DLBCL or PTCL-NOS and AITL
by using data from the nationwide registry by the
Japanese Society of Hematology (Figure 4(A,B)). The
results showed that the ratio of the number of
patients with ATL divided by those with DLBCL or
PTCL-NOS and AITL was also decreasing.

Discussion

Kagoshima Prefecture located in southwestern Japan,
is one of the most highly endemic areas of HTLV-1 in
the world. This study is the first longitudinal epidemio-
logical study on HTLV-1 carriers and patients with ATL
in Kagoshima.

We initially indicated the number of HTLV-1 carriers
older than 50years, an age at which ATL is most likely
to occur, as demonstrated not only herein, but also in
previous studies [18,22], and found a marked decrease
between 2008 and 2016 based on information
obtained from the database of first-time blood donors
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Figure 2. (A) The age-adjusted incidence of ATL and B-NHL per 100,000 population in Kagoshima Prefecture between 2001 and

2021. Blue and red lines indicate the incidence of ATL and B-NHL, respectively. (B) Scatter plots of age-adjusted incidence of ATL
and year from 2001 to 2012 were created and regression line was generated. (C) Scatter plots of age-adjusted incidence of ATL
and year from 2013 to 2021 were created and regression line was generated.

in Kagoshima Prefecture. A decline was observed in
newly diagnosed ATL patients in Kagoshima
Prefecture after 2013. In contrast to the decrease in
the number of patients with ATL from 2013 to 2021,
the number of those with B-NHL was constantly
increasing. There are two possible reasons for this
increment in the number of patients with B-NHL. The
number of registered patients has become more

accurate in recent years due to the nature of a retro-
spective survey, in other words, the number of over-
looked and unregistered cases will be higher in
former years. This is applicable not only to the annual
number of patients with B-NHL but also those with
ATL. The second reason is that the actual increase of
patients with B-NHL which has been reported in
Japan [23]. To establish whether the decrease in the
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(A) The ratio of the number of patients with ATL to those with DLBCL between 2012 and 2019 in Japan in the nation-

wide registry of the Japanese Society of Hematology. (B) The ratio of ATL/(PTCL + AITL) according to the number of ATL patients
and that of PTCL and AITL patients between 2012 and 2019 in Japan in the nationwide registry of the Japanese Society of

Hematology.

number of newly diagnosed ATL patients in
Kagoshima was occurring nationwide, we examined
changes in the number of ATL patients enrolled to
the registry of the Japanese Society of Hematology
(JSH). In contrast to our retrospective study, the JSH
one is registered from hospitals caring hematological

diseases throughout Japan by gathering data annu-
ally. The results showed a recent decline in the ratio
of ATL/DLBCL. Similarly, the ratio of ATL/(PTCL + AITL)
was also decreasing. Therefore, the number of
patients with ATL can be in decline not only in
Kagoshima, but also nationwide.



The rates of HTLV-1 seropositivity among pregnant
women in  Kagoshima Prefecture were 5.3%
(702/13,296) and 1.3% (112/8,717) in 1992 and 2012,
respectively [24,25], indicating a marked decrease
within these two decades. In Kagoshima Prefecture,
the Kagoshima ATL Control Committee has recom-
mended testing for anti-HTLV-1 antibodies in pregnant
women and abstaining from breastfeeding or breast-
feeding for a shorter duration by those with a positive
test result since 1997 [26]. However, the decrease in
the prevalence of HTLV-1 carriers among pregnant
women in Kagoshima in 2012 is not directly related to
the interventions preventing mother-to-child transmis-
sion because the majority of women had been born
before the initiation of these interventions. Similarly,
even before the commencement of local interventions
to prevent the mother-to-child transmission of HTLV-1,
a decline in the number of HTLV-1 carriers in the
younger population had been reported [12,27]. The
most likely reason for these phenomena is a shorter
duration of breastfeeding along with lifestyle changes,
including the introduction of bottle-feeding. In Japan,
majority of HTLV-1 carriers are considered to be
infected by mother-to-child transmission of HTLV-1
through breast milk, and prevention of mother-to-
child transmission of HTLV-1 is thought to be the
most effective means of reducing the number of
HTLV-1 carriers. Prevention of mother-to-child trans-
mission of HTLV-1 is expected to reduce the number
of future ATL patients. Moreover, a nationwide preven-
tion program for the mother-to-child transmission of
HTLV-1 initiated in 2011 will further decrease the num-
ber of HTLV-1 carriers in the future. However, there is
a concern that avoidance of breastfeeding to prevent
mother-to-child transmission may cause loss of passive
immunity from the mother, which may be detrimental
to the infant. Particularly in developing nations, where
impaired access to clean drinking water, socio-eco-
nomic and healthcare resources are limited [28].

The epidemiology of HTLV-1 has been vigorously
investigated in most developed and some developing
nations in the mid-1980s. However, no expanded sur-
vey for HTLV-1 has been conducted in other develop-
ing nations [29]. Accurate estimates of some
developing nations with large populations suggest
that the current number of HTLV-1 carriers might be
much higher [4]. In developing nations, HTLV-1 trans-
mission can be caused by blood transfusion.
Therefore, in order to prevent HTLV-1 infection,
improving HTLV-1 detection techniques and proper
screening of donated blood in developing countries
are very important [30,31].
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It is reported that age-standardized incidence rate
of ATL showed an increasing trend in the HTLV-1 non-
endemic areas but was stable in the HTLV-1-endemic
areas. It has been speculated that the increasing trend
in the areas could be a result of the diffusion of HTLV-
1 carriers that has moved to non-endemic areas from
endemic areas [32,33]. This study was conducted at
only three facilities in endemic area, not data from
throughout Japan. It is uncertain that the similar
degree of reduction in the incidence of ATL is seen in
other areas in Japan.

This is the first study to elucidate the decline in the
number of newly diagnosed patients with ATL in
Kagoshima along with the decrease in the number of
HTLV-1 carriers. The present study includes the limita-
tion of a retrospective analysis, and it cannot be
denied that the recent decline in the number of newly
diagnosed patients with ATL is overestimated due to
the social reason, e.g. very elderly patients might be
cared in local hospitals in the background of changing
distribution by age as shown in Figure 3. We have
therefore established a prospective and exhaustive
registry of newly diagnosed patients with ATL in
Kagoshima since 2021. The Japanese government has
implemented nationwide measures to prevent
mother-to-child transmission through breast milk since
2011. If Japanese measures to prevent the mother-to-
child transmission of HTLV-1 succeed, it will be fol-
lowed by a decrease in the number of ATL patients,
and, ultimately, we hope the chance to eradicate this
disease in the future.
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Abstract

Respiratory epithelial adenomatoid hamartoma (REAH) is a benign lesion of
the nasal cavity and paranasal sinuses. Here, we report the clinico-
pathological characteristics of REAH identified in 2065 cases with nasal/
paranasal polypoid lesions treated with endoscopic sinus surgery (ESS) at
our hospital from 2008 to 2021. Cases including the olfactory area were
reviewed and 50 patients of REAH were identified pathologically (50/2065,
2.4%). The average age was 58.9 years old and the male/female ratio was
45/5. Grossly, REAH showed a whitish surface and elastic firm consistency.
The histopathological characteristics included proliferation of small to
medium-sized glands composed of ciliated respiratory epithelium containing
goblet cells; thickening of the basement membrane compared to that
for inverted papilloma (9.6 +2.4 vs. 1.3+ 1.6 ym, p <0.001); and no intra-
epithelial neutrophilic infiltration. Among the REAH cases, 81% were
associated with sinonasal inflammatory polyps. Many olfactory cleft polyps
were REAH (38/98, 39%). The rate of REAH found in ESS in the last 7 years
was higher than that in the first 7 years (3.17% vs. 1.62%, p =0.032). Our
results in Japanese patients are similar to those found in other countries,
including male predominance. REAH is relatively common and that 39% of
polyps taken from olfactory clefts are REAH.

KEYWORDS

basement membrane, differential diagnosis, epidemiology, hamartoma, nasal cavity, paranasal
sinus, pathology, sinonasal polyps

been described since 2005,%* but it is still not well
recognized in surgical pathology practice. In Japan,

Hamartoma of the nasal/paranasal cavities is rare.
Baillie and Batsakis first described glandular (seromu-
cinous) hamartoma of the nasopharynx in 1974.
Respiratory epithelial adenomatoid hamartoma (REAH)
is another benign hamartomatous lesion of the nasal/
paranasal cavities that was first reported by Wenig
in 1995.2 In the World Health Organization (WHO)
Classification of Head and Neck Tumours, REAH has

except for 10 cases of REAH in eosinophilic chronic
rhinosinusitis reported by Akiyama et al.,® only a few
case reports have been published.®’

In this study, we examined the significant pathological
findings for REAH by comparing basement membrane
thickness and intra-epithelial neutrophilic infiltration among
REAH, inverted Schneiderian papilloma and inflammatory
polyp. REAH is known to occur in the olfactory cleft, but

Abbreviations: ESS, endoscopic sinus surgery; REAH, respiratory epithelial adenomatoid hamartoma; REAHi, isolated respiratory epithelial adenomatoid
hamartoma; REAHnNp, respiratory epithelial adenomatoid hamartoma associated with sinonasal inflammatory polyps; WHO, World Health Organization.
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other locations are also known.? At our hospital, we have
encountered many cases of REAH, and in this study we
examined the true incidence and location by reviewing all
pathological specimens suggestive of hamartoma or
those taken from the olfactory area (olfactory cleft,
ethmoid sinus, sphenoid sinus, sphenoethmoidal recess,
and nasal septum).

MATERIALS AND METHODS

All cases that underwent endoscopic sinus surgery
(ESS) for nasal/paranasal polyps and polypoid
lesions of chronic sinusitis in the Department of
Otorhinolaryngology, National Hospital Organization
Kagoshima Medical Center, Kagoshima, Japan from
2008 to 2021 were reviewed. Pathological examination
was performed based on the exact location of the
polyps, for example left olfactory cleft, right middle
meatus or right sphenoethmoidal recess. The following
criteria were applied for pathological diagnosis of
definite REAH: (i) polypoid lesions with a smooth
surface; (ii) proliferation of small to medium-sized
glands in direct continuity with the surface epithelium;
(iii) glands composed of ciliated respiratory epithelium
containing goblet cells; and (iv) thickening of the
basement membrane. Lesions that resembled REAH,
but did not meet some of these criteria, were classified
as a focal hamartomatous lesion or doubtful case.

Using the text-based surgical pathology database
of the Department of Pathology of the hospital, cases
that matched more than one of the following criteria
were selected: (i) a pathological diagnosis of REAH
already made; (ii) cases including the word “hamarto-
ma;” and (iii) cases including the terms “olfactory
cleft,” “ethmoid sinus,” “sphenoid sinus,” “sphenoeth-
moidal recess,” or “nasal septum.” Hematoxylin—eosin
(H&E)-stained sections of the matched cases were
reviewed by two pathologists (MG, MN) independently
using the following criteria: 0, no hamartomatous
lesion; 1, focal hamartomatous lesion or doubtful
case; 2, definite REAH; 3, hamartoma other than
REAH; 4, Schneiderian papilloma. When the evalua-
tion differed between the pathologists, a final decision
was made by consensus.

Respiratory epithelial hamartoma was divided into
isolated cases and cases associated with sinonasal
inflammatory polyps, which were subdivided into
polyps with and without eosinophilic infiltration, based
on eosinophil counts of =70 and <70/high power field,
respectively.® Clinical records of the patients with
REAH were surveyed for clinical diagnosis of eosino-
philic sinusitis and chronic sinusitis.

To identify the histopathological characteristics of
REAH, inverted Schneiderian papillomas, and sinona-
sal inflammatory polyps, microscopic pictures of all
definite REAH cases (n=52) and cases of inverted

” o« ” o«

Schneiderian papilloma (n=25) and inflammatory
polyps (n=25) were taken. Twenty-five cases of
Schneiderian papillomas were semi-consecutively
sampled from 2008 to 2018, and 25 cases of
inflammatory polyps were randomly sampled from
2011 to 2021. The thickness of the basement mem-
brane around the glands was measured using ImageJ
software. Three representative basement membranes
were measured and the average thickness was
calculated. Infiltration of neutrophils and eosinophils
in the lesional epithelium was also evaluated.

Statistics

Data were analyzed using the “R” computing environ-
ment (EZR).° A nonparametric test of group difference
was performed by Mann-Whitney U test. A p-value
<0.05 was considered to be statistically significant.

Ethical considerations

This study was approved by the Ethical Committee of
National Hospital Organization Kagoshima Medical
Center (Accession Number 2021-17).

RESULTS

Olfactory cleft REAH on nasal endoscopy appeared as
a whitish polypoid lesion with a smooth surface and an
elastic firm consistency. After formalin fixation, the
lesions retained their whitish and firm characteristics
(Figure 1). There was often an association between
definite REAH (Figure 2a—d) and a focal hamartoma-
tous lesion or doubtful case (Figure 2e,f), but 19 cases
had only the latter classification. These cases were
excluded from further analysis.
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FIGURE 1 Macroscopic characteristics of respiratory epithelial
hamartoma (REAH) and inflammatory polyp after formalin fixation.
(a) Inflammatory polyp of the nasal cavity showing a semitranslucent
soft appearance (arrow). (b, ¢c) REAH of bilateral olfactory clefts.
Entire specimens b and ¢ showed REAH histology with a typical
whitish opaque rubbery appearance (arrowhead).
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FIGURE 2 Histopathology of respiratory epithelial hamartoma (REAH) and related lesions. (a—d) Definite REAH showing proliferation of
glands in direct continuity with the surface epithelium. The glands are ciliated respiratory epithelium containing goblet cells, and the basement
membrane is thickened (a, b). Cilia are long and evenly distributed (c). The glands are often atrophic and surrounded by thick basement
membrane and dense fibrous tissue (d). (e, f) Focal hamartomatous lesion or doubtful cases resemble definite REAH, but lack some
characteristics of REAH. (g, h) Inverted Schneiderian papilloma lacks a thick basement membrane and shows intra-epithelial neutrophilic
infiltration. (i, j) Inflammatory polyp has a thick basement membrane. (a—j) Hematoxylin and eosin staining.

A total of 2065 nasal/paranasal polyps were treated
with ESS between April 2008 and September 2021
(Table 1). Pathological examination was performed based
on the exact location of the polyps. The average age in
these cases was 57.4 years (SD 17.1, median 60.0, range
5-93) and the male/female ratio was 1272/793 (1.60). A

total of 225 cases (225/2065, 10.9%) in the database with
criteria of (i) pathological diagnosis of REAH, (ii) cases
including the word “hamartoma,” and (iii) cases including
the terms “olfactory cleft,” “ethmoid sinus,” “sphenoid
sinus,” “sphenoethmoidal recess,” or “nasal septum” were
identified (Table 1). The average age in these cases was
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TABLE 1 Demographic data of REAH

ESS of nasal/paranasal

Item polypoid lesions
Number of cases 2065°
Gender
Male 1272
Female 793
Male/Female 1.60
Age
Range 5-93
Average 57.4
Standard deviation 171
Median 60.0

Lesion location®
Olfactory cleft
Ethmoid sinus
Sphenoid sinus
Sphenoethmoidal recess
Nasal septum
Other nasal cavity

Other paranasal sinuses

Number of patients 1667
Patients with multiple ESS 303
Number of multiple ESS 398

Multiple ESS rate 303/1667 (18.2%)

Histologically

reviewed cases® REAH cases REAH patients
225° 52P 50
170 47 45

55 5 5

3.09 9.40 9.00
13-89 32-84 32-84
57.7 58.5 58.9
15.0 13.3 13.0
59.0 57.5 57.5
98 38 37

20 1 1

35 1 1

60 4 4

13 7 7

33 8 7

5 1 1

212 50 50

10 7 7

13 7 7

10/212 (4.7%) 7/50 (14.0%) 7/50 (14.0%)

Abbreviations: ESS, endoscopic sinus surgery; REAH, respiratory epithelial adenomatoid hamartoma.

®Hamartoma of the entire area and lesions of the olfactory area were histologically reviewed.

PNumber indicates cases with pathology accession and includes multiple ESS for one patient.

°A case often has specimens from multiple sites. Therefore, the number of lesions is greater than the number of cases.

57.7 years (SD 15.0, median 59.0, range 13-89) and the
male/female ratio was 170/55 (3.09).

Histological specimens of these 225 cases were
reviewed. One to eight location-labeled pathological
specimens were submitted from each case. Nineteen
cases were defined as a focal hamartomatous lesion or
doubtful lesion, 52 as definite REAH, 12 as seromuci-
nous hamartoma, and 11 as Schneiderian papilloma.
Of the 52 pathologically identified cases of REAH
(52/225 (23.6%) of histologically reviewed cases;
52/2065 (2.6%) of all ESS cases), 27 (51.9%) were
unilateral and 25 (48.1%) were bilateral. Ten (19.2%)
were isolated cases (REAHi) and 42 (80.8%) were
cases associated with sinonasal inflammatory polyps
(REAHNp). REAHNnp was associated with eosinophilic
infiltration (28/42, 66.7%).

Among the 52 REAH cases, five showed widespread
glandular epithelial atrophy associated with marked

thickening of basement membranes (Figure 2d). These
five cases were all male and the average age was 53.4
years (range 32-72). Four of five cases were associated
with inflammatory polyp with distinct eosinophilic infiltra-
tion (eosinophil count =70/hpf). Three cases were
clinically diagnosed with eosinophilic sinusitis and two
with chronic sinusitis. Focal glandular epithelial atrophy
(10%—20% of the lesion) was noted in 23 cases, and
there was no glandular epithelial atrophy in 24 cases. Of
the 98 cases of olfactory cleft polyps among the 225
cases, REAH was found in 38 (38.8%), and of the 19
focal hamartomatous lesion or doubtful cases, 10 were
located in the olfactory cleft (52.6%). The male/female
ratio in REAH cases was significantly higher than that
in all ESS cases (47/5, 9.40 vs. 1272/793, 1.60,
p =0.000007).

The above data refer to cases based on pathologi-
cal diagnosis, but one patient may have multiple
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surgeries (that is, multiple diagnoses). To decrease the
bias due to multiple ESS, duplication was analyzed
using ID data. Among the 2065 ESS cases, 398
pathological diagnoses were from multiple ESS and
303 patients underwent ESS two or more times. The
overall rate of multiple ESS was 303/(2065—-398)
(18.2%). Among the 225 cases, 13 pathological
diagnoses were from multiple ESS and 10 patients
underwent ESS two or more times. Among the 52
REAH cases, seven patients underwent ESS twice,
and among these seven cases, two patients had two
REAH surgeries; thus, the final number of patients with
REAH was 50 (Table 1). The average age of 52 cases
was 58.5 year old (SD 13.3, median 57.5, range
32-84), and male/female ratio was 47/5 (9.40).
Olfactory cleft was the most frequent site (38/52,
73.1%), followed by other nasal cavity (8/52), nasal
septum (7/52), and sphenoethmoidal recess (4/52).
Sixty lesional locations were observed in 52 cases.
Among eight cases with multiple locations, three
cases showed a REAH lesion straddling multiple
regions (lesions within olfactory area such as a
combination of olfactory cleft and sphenoethmoidal

Pathologywvi; gy—>*

recess), and five cases showed REAH lesions most
probably developing from multiple sites (e.g., olfactory
area and other nasal cavity). The average age of 50
patients was 58.9 years (SD 13.0, median 57.5, range
32-84) and the male/female ratio was 45/5 (9.00). The
rate of multiple surgeries in REAH patients (7/50) was
significantly lower than that for all ESS patients (303/
1667) (Fisher's exact probability test, p =0.034). Of the
50 patients with REAH, 14 were clinically diagnosed
with eosinophilic sinusitis, 37 with chronic sinusitis, and
three with both eosinophilic and chronic sinusitis, while
two had no sinusitis.

The number and rate of pathological diagnoses of
REAH were calculated each year and for the first and
last 7 years in the 14-year study period (Table 2). Initial
and definite diagnoses were examined. As the initial
diagnosis included focal hamartomatous lesions or
doubtful cases, the number of definite REAH cases
was smaller than that for initial diagnosis. The yearly
rate of REAH ranged from 0.0% to 5.1%. The rate in
the last 7 years (2015-2021) was significantly higher
than that in the first 7 years (2008-2014) (38/1200
(8.17%) versus 14/865 (1.62%), Fisher's exact

TABLE 2 Pathological diagnosis of REAH by year and related factors
Initial Rate (%) of Comparison of Olfactory cleft Polyps or sinusitis
Total ESS diagnosis Definite definite early and late specimen with eosinophilic
Year procedures of REAH REAH REAH periods sampled infiltration®
2008% 48 1 0 0.0 2008-2014 0 0
Definite REAH
2009 118 1 0 0.0 14/865 2
2010 109 1 0 0.0 (1.62%)" 1 4
2011 147 5 4 2.7 3 1
2012 153 3 2 1.3 0 0
2013 139 4 3 2.2 3 0
2014 151 2 5 3.3 11 10
(Subtotal) (865) 17) (14) (1.62) (18) 17)
2015 183 2 1 0.5 2015-2021 6 9
Definite REAH
2016 204 12 8 3.9 38/1200 13 26
2017 163 9 7 4.3 (3-17%)" 8 31
2018 204 12 5 25 15 25
2019 179 4 5 2.8 9 29
2020 156 5 8 5.1 10 38
2021° 111 4 4 3.6 8 24
(Subtotal) (1200) (48) (38) (3.17) (69) (182)
Total 2065 65 52 25 87 199

Abbreviations: ESS, endoscopic sinus surgery; REAH, respiratory epithelial adenomatoid hamartoma.

2April-December.

bJanuary-September.

°Eosinophil count in pathology report started in 2015.
*p=0.032.
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probability test, p=0.032). The number of olfactory
cleft specimens in the last 7 years was significantly
higher than that in the first 7 years (69/1200 [5.75%] vs.
18/865 [2.08%], p < 0.001; Table 2). Eosinophil count in
pathology reports started in 2015, and pathological
diagnosis of inflammatory polyps or chronic sinusitis
associated with eosinophilic infiltration in the last
7 years was significantly higher than that in the first
7 vyears (182/1200 [15.2%] vs. 17/865 [2.0%)],
p <0.001; Table 2).

Histopathological findings were compared among
cases with REAH, inverted Schneiderian papilloma and
inflammatory polyp (Figures 2 and 3: Table 3). REAH
cases (n=52) showed no neutrophilic infiltration in the
lesional epithelium, and mild intra-epithelial eosinophi-
lic infiltration in 20/52 cases. The basement membrane

Thickness of basement membrane

18.0 P<0.001
0.
16.0 r._m‘
14.0 P<0.001
12.0 n=
£ 10.0 >
= 810

6.0 VA
4.0 ZJ .

2.0 g
0.0

O Inverted papilloma @ Inflammatory polyp B REAH

FIGURE 3 Thickness of the basement membrane in inverted
Schneiderian papilloma, inflammatory polyp and respiratory epithelial
hamartoma (REAH). Most inverted Schneiderian papillomas showed
no thickening, but inflammatory polyp and REAH showed marked
thickening of the basement membrane.

around the glands was thickened (n=52,
9.56 +2.38 pym, range 2.78-14.99 ym), and was slightly
thicker than that of inflammatory polyp (n=25,
6.92+3.28 ym, range 0.0-15.9um, p=0.001) and
significantly thicker than that of inverted papilloma
(n=25, 1.31 £1.64 pm, range 0.0-5.1 pm, p <0.001).
Thickness of the basement membrane did not show
annual changes such as increased thickness in recent
cases. Inverted Schneiderian papilloma (Figure 2g,h)
showed inversions of the surface epithelium composed
of squamous and/or respiratory epithelium. Infiltration
of neutrophils into the epithelium was observed in all
cases (25/25), and was prominent in squamous
epithelium. Mild intra-epithelial eosinophilic infiltration
was found in 4/25 cases. The basement membrane
was not thickened in most cases. Inflammatory polyp
(Figure 2i,j) showed a small number of inverted
respiratory epithelium in the edematous stroma. Neu-
trophilic infiltration was not observed in the epithelium,
and slight eosinophilic infiltration was noted in 5/25
cases. The basement membrane was thickened.

DISCUSSION

This study of 52 cases (50 patients) is among the
largest scale studies of REAH. Safi et al.’® summarized
a total of 441 REAH cases from 1995 to 2017,
excluding single case reports, and among the studies
included, only those of Vira etal.'’ and Lee et al.’® had
more than 50 REAH cases.

Pathological diagnosis of typical REAH is not
difficult if the following criteria are applied:* (i) polypoid
lesions with a smooth surface and elastic firm
consistency; (ii) proliferation of small to medium-sized
glands in direct continuity with the surface epithelium;
(iii) glands composed of ciliated respiratory epithelium
often containing goblet cells; and (iv) thickening of the

TABLE 3 Histopathological characteristics of REAH and other lesions

REAH
52 (52)7

Item

Number of measured cases
Age (mean + SD) 58.5+13.3 (58.5+ 13.3)%
Age range 32-84 (32-84)7

Male/Female 47/5 (47/5)2

Basement membrane thickness (um)

Mean + SD 9.56 +2.38

Range 2.78-14.99
Intra-epithelial neutrophils 0/52
Intra-epithelial eosinophils 20/52

Abbreviation: REAH, respiratory epithelial adenomatoid hamartoma.
@Data of total cases are indicated in parentheses.

Inverted Schneiderian papilloma
25 (43)2

Inflammatory polyp
25 (577)2

63.7 £ 10.8 (66.0 + 11.4) 58.9+15.4 (55.0 + 15.5)2
46-90 (43-90)2 15-89 (9-92)°

16/9 (30/13)2 20/5 (424/153)°

1.31+1.64 6.92+3.28
0-5.09 0-15.92
23/25 0/25

4/25 5/25
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basement membrane. However, in the current study,
there were many atypical cases that lacked goblet cells
or thickening of the basement membrane. In addition, if
the lesions were too small, they could not be identified
as REAH. These focal or doubtful cases were finally
excluded, but more than half of the excluded cases
(10/19) were located in olfactory clefts, and thus,
these atypical cases may also imply the presence of
true REAH.

Inverted Schneiderian papilloma most frequently
occurs in the nasal cavity and the maxillary sinus,
showing a nontranslucent mulberry-like gross appear-
ance. Histologically, multiple inversions of the surface
epithelium composed of squamous and/or respiratory
epithelium with infiltration of neutrophils into the
epithelium are typical features of this lesion.'® The
thickness of the basement membrane has not been
mentioned in the literature. Our findings clearly showed
that the basement membrane is not thickened in most
cases of inverted papilloma.

In the first report of REAH, Wenig described
locations in the posterior nasal septum, other nasal
cavities, ethmoid sinus, and frontal sinus.? In subse-
quent studies, it became clear that the olfactory cleft is
the most common site of origin,’ and a radiological
study of REAH showed widening of olfactory clefts on
computed tomography.'® The olfactory cleft was the
most frequent site of REAH (37/50, 74%) in the current
study, but there was also occurrence in other nasal
cavities (7/50) and in the nasal septum (7/50) and
sphenoethmoidal recess (4/50). If the olfactory cleft,
nasal septum and sphenoethmoidal recess are collect-
ively viewed as the “olfactory area,” then the olfactory
area is the predominant site of REAH.

In addition to REAH, hamartomatous lesions such
as seromucinous hamartoma' and chondro-osseous
hamartoma have been reported.'®'” Seromucinous
hamartomas, but not chondro-osseous hamartoma,
were found in this study. Kossai et al.’® introduced
“olfactory epithelial hamartoma” as a new subtype of
sinonasal hamartoma, which may have been included
in REAH. In the definitions of respiratory and olfactory
mucosa suggested by Kern,'® olfactory mucosa has no
goblet cells, a thin basement membrane, irregular cilia,
cellular lamina propria and numerous large nerve
bundles. Kossai et al.'® found that some of the apical
cells had small globular intraluminal protrusions at the
luminal pole, probably representing an olfactory vesi-
cle, which is also mentioned by Escada®® based on an
autopsy study of olfactory mucosa distribution. In the
current study, we searched for olfactory epithelial
components in hamartomatous lesions, but all hamar-
tomas had numerous goblet cells, thickening of the
basement membrane and evenly distributed cilia, and
olfactory vesicles were not observed.

We found that the annual rate of REAH among all
ESS cases increased from 1.62% to 3.25% from the
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early to late 7-year periods of the current study, and we
initially hypothesized that improved recognition of
REAH by pathologists may be the main cause of this
increase. However, as all the histopathological speci-
mens of the olfactory area were microscopically
reviewed in this study, the increase of pathological
diagnosis of REAH seems not to be due to recognition
of this lesion by pathologists, but to a true increase of
the incidence of REAH.

Reasons for the increase of REAH were consid-
ered. We realized there was a modification of ESS
procedure in our hospital. Until 2013, a microdebrider,
which cuts and removes the tissue during ESS,?' was
initially used to open the obstructed areas including
olfactory clefts, and histopathological specimens
were sampled later. Since 2014, if olfactory cleft
lesions were clinically suspected, histopathological
specimens were sampled before the use of a micro-
debrider. Since then, the number of olfactory cleft
specimens has increased (2008-2014, 18 cases;
2015-2021, 69 cases). This seems to be the major
factor of increased incidence of REAH. Lorentz et al.™
suggested that an increasing number of cases of REAH
are being identified, mainly due to improved clinical
recognition. Our present study supports their idea.

Eosinophilic chronic rhinosinusitis is a subgroup of
chronic rhinosinusitis with nasal polyps. In Japan and
East Asia, the incidence of eosinophilic chronic rhinosi-
nusitis is increasing, but the reason is unknown.?
Dysosmia and olfactory cleft polyps are characteristics
of eosinophilic chronic rhinosinusitis,?? which implies the
link between REAH and eosinophilic chronic rhinosinu-
sitis. In our study, pathological diagnosis of inflammatory
polyps or chronic sinusitis associated with eosinophilic
infiltration increased in recent years (2008-2014, 17
cases; 2015-2021, 182 cases), but these data may
simply reflect the fact that eosinophil count in pathology
reports has started since 2015 as a diagnostic criterion
of eosinophilic chronic rhinosinusitis in Japan.® Further
studies are needed to clarify the true relationship
between REAH and eosinophilic chronic rhinosinusitis.

Respiratory epithelial hamartoma is known to occur
in association with sinonasal inflammatory polyps.*'®
In a systemic review of 441 patients with REAH by Safi
et al.,"° the rate of isolated REAH (REAHi) was 34.9%
and that of REAH with concurrent nasal polyposis
(REAHnNp) was 50.1%. In the current study, 84% of
REAH cases were REAHnp, and 67% of REAHnp
cases showed distinct eosinophilic infiltration (eosino-
phil count =70/hpf). These data suggest that REAH is
strongly linked to sinonasal inflammatory polyp with
eosinophilic infiltration. The presence of numerous
tissue eosinophils (=70/hpf) is associated with recur-
rence of chronic rhinosinusitis.2 The current study also
indicated clinical diagnosis of eosinophilic sinusitis in
14/50 patients and chronic sinusitis in 37/50 patients.
Thus, under-recognition of REAH in surgical pathology
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may be due to the concurrent presence of typical
sinonasal inflammatory polyps in specimens, which
show similar thickening of the basement membrane to
that found in REAH in this study.

Safi et al. found a recurrence rate of REAH of
4.1% in a follow-up period ranging from 4 months to
5 years." In the current study, repeated surgery in our
hospital was analyzed. Among the 50 REAH patients,
recurrence of REAH was was observed in two patients
(4.0%). This recurrent rate was similar to that of Safi
etal.’®

It is generally believed that hamartomas are benign
lesions without malignant change, but there are some
exceptions, such as carcinomas arising in the dermal
nevus sebaceus of Jadassohn.?® Ozolek and Hunt**
showed that REAH has an intermediate fractional
allelic loss of 31% compared with sinonasal adenocar-
cinoma (64%) and chronic sinusitis (2%), which
suggests that REAH may have a neoplastic nature.
Also, REAH and low-grade tubulopapillary adenocarci-
noma share a similar immunohistochemical pattern of
positive for CK7/MUC1 and SOX10.2° A case of
adenocarcinoma arising from seromucinous hamarto-
ma was recently reported®® and low-grade adenocarci-
noma has also been associated with REAH.?” In the
current study, no malignant transformation was identi-
fied, but follow up of REAH is recommended.

Our clinicopathological data in Japanese patients
were almost identical to those in overseas studies,
including age, location, bilaterality, and association with
inflammatory polyp. Male predominance was found in
the first report of REAH by Wenig,? but many subse-
quent studies found no gender difference, as shown in
Tables 2 and 3 of Safi et al.'® However, our study clearly
showed male predominance (male/female = 45/5).

The incidence of REAH found in this study shows
that it is a relatively common disease in Japan. A
whitish rubbery firm appearance of gross specimens,
thick basement membrane and the absence of intra-
epithelial neutrophilic infiliration are highly suggestive
for a diagnosis of REAH. Recognition of this lesion and
a clinical and pathological diagnosis are important for
appropriate care of patients.
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LETTER TO THE EDITOR

THE JOURNAL OF
@ DERMATOLOGY

BRAF N581S and NRAS Q61R-mutated malignant melanoma
and sensitivity to BRAF/MEK inhibitors

Dear Editor,

A 65-year-old man was referred to our hospital for a 20-mm melano-
cytic lesion on the chest that developed approximately 1year ago.
Wide resection and sentinel lymph node biopsy revealed atypical
melanin-containing large cells infiltrating the deep dermis with lym-
phatic invasion, a tumor thickness of 4.6mm, and metastatic cells
in all lymph nodes from both axillae (Figure 1a,b). Thus, the patient
was diagnosed with malignant melanoma (stage IlID, pT4bN3cMO).
Bilateral axillary lymph node metastases were observed after ad-
juvant therapy with pembrolizumab for 10 months. Thereafter,
the patient underwent bilateral axillary lymph node dissection and
postoperative radiation therapy and received systemically admin-
istrated pembrolizumab plus local interferon-beta injection in ac-
cordance with safety tests.! However, the subcutaneous metastases
extended, and the patient was administered a combination of ipili-

mumab and nivolumab twice. Subsequently, the patient developed

immune-related pneumonitis; thus, the treatment was discontinued.
Cancer multigene panel testing was performed for the cutaneous
metastatic lesion. The Tumor Mutation Burden was 5.04 Muts/Mbp,
microsatellite instability was stable, and BRAF p.N581S and NRAS
p.Q61R were actionable genetic abnormalities. Hence, BRAF/MEK
inhibitors (dabrafenib plus trametinib) were prescribed off-label after
discussions with the patient, specialist geneticists, and oncologists.
After 2 months of treatment, the subcutaneous metastasis in the
axilla shrunk, and the resectable frontal chest tumor was removed
under general anesthesia. Stable disease was determined according
to RECIST v1.1 (Figure 1c-f).

This is the first case of BRAF N581S mutation-positive melanoma
with favorable results using BRAF/MEK inhibitors. Previously, one pa-
tient with BRAF N581S mutation-positive non-small cell lung cancer
was reported to achieve 33-month partial response with BRAF/MEK

inhibitors combination therapy? BRAF mutations have >200 alleles

FIGURE 1 (a)Clinical features at initial examination. A dark brown nodule of approximately 20 mm in size, with an undefined border,

and ulceration was visible on the chest. (b) Pathology. Atypical melanin-containing large cells infiltrating the deep dermis with lymphatic
invasion. The tumor thickness was 4.6 mm and all lymph nodes from both axillae had metastatic cells. The magnification of figure is 200x.

(c, d) computed tomography images obtained immediately before administration of the BRAF/MEK inhibitors. Enlarged metastases in the
right axilla, which was adherent to the axillary artery, and in the femoral muscle were detected. (e, f) computed tomography images obtained
2 months after BRAF/MEK inhibitors administration. The axillary lymph nodes and femoral muscle metastases were smaller.

J Dermatol. 2022;00:1-2.

wileyonlinelibrary.com/journal/jde

© 2022 Japanese Dermatological Association. | 1

85U017 SUOWILIOD BAIIRID) 8|qeo!dde ay) Aq pausenob ae sspie YO ‘88N J0 Sejni 1oy AriqiT8UlIUQ AB|IA UO (SUORIPUOD-PUE-SWBHW0D A8 | IMAteIq Ul UO//:SANY) SUOIIPUOD pue WIS | 8U188S *[2202/2T/yT] uo Ariqi]auljuo A8|IM ‘Ueder sUeiyooD Ad Z6G9T 8ET8-OVET/TTTT OT/I0p/L00 A8 | Areiq1jpuljuo//sdny wouy papeojumod ‘0 ‘8ET8IVET


www.wileyonlinelibrary.com/journal/jde
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1346-8138.16592&domain=pdf&date_stamp=2022-10-11

THE JOURNAL OF

LETTER TO THE EDITOR

&l

and are classified into three classes according to their mode of ac-
tion: BRAF V600 mutations are classified as class 1, RAS-independent

DERMATOLOGY

mutations are classified as class 2, and mutations enhancing binding
to RAS and CRAF kinases and promoting Ras-dependent signaling
are classified as class 3, including BRAF N581S mutation.> A next-
generation sequencing study of 446 melanoma cases reported BRAF
mutations in 42% of cases; 77% were class 1, 7.4% were class 2, and
12% were class 3. Melanomas with class 3 mutations were often de-
tected in the head, neck, or upper back and were chronic in elderly pa-
tients. Chronic sunlight exposure is an assumed a contributing factor.
Since BRAF inhibitors preferentially inhibit activated BRAF monomers
(V600 mutants), they are unlikely to suppress ERK signaling in class 3
mutant-driven tumors. MEK inhibitors are believed to amplify ERK sig-
naling in the tumor and inhibit tumor cell growth.* Furthermore, class
3 BRAF mutations in melanomas are often associated with RAS muta-
tions.* Moreover, the MEK inhibitor binimetinib prolongs the progres-
sion free survival of malignant melanomas with NRAS and BRAF class 3
mutations with even greater efficiency than dacarbazine.® Supported
by the positive results obtained in our case, patients with malignant
melanomas harboring class 3 BRAF mutations may benefit from the
combination of BRAF/MEK inhibitors. Moreover, cancer multigene
panel testing can be valuable for exploring alternative treatments for
advanced melanoma following standard treatment failure.
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3D-rendered computed tomography imaging support the diagnosis
and strategic decision-making: a rare case of acute pulmonary
thromboembolism presenting with thrombus straddling a patent
foramen ovale

Chika Matsushita () *, Mahoto Inatsu, and Hideki Tanaka

Department of Emergency, National Hospital Organisation Kagoshima Medical Center: Kokuritsu Byoin Kiko Kagoshima Iryo Center, 8-1, Shiroyama-cho, Kagoshima-shi, Kagoshima
B92-0853, Japan
*Corresponding author. Tel: +81 992231151, Email: sen.1826.hana@gmail.com

A 63-year-old man with hypertrophic cardiomyopathy was transferred to our hospital
for investigation of swollen left lower limb and gradual development of dyspnoea in the
last few days. Venous echography showed blood clots in the left femoral vein.
Transthoracic echocardiography (TTE) showed dilated right heart cavities, pulmonary
hypertension estimated at 50 mmHg and snake-shaped thrombus with flipping move-
ment across atrioventricular valves with cardiac cycle in each individual left (Panel A,
Supplementary material online, Video S1) and right atrium (Panel B, Supplementary
material online, Video 52). As the reason for poor TTE-acoustic window, the spatial re-
lationship and continuity of the both atrial thrombi were not clearly depicted. A spiral
computed tomography (CT) scan showed bilateral intra-atrial filling defect (Panel C) as
well as intramural filling defect in pulmonary arteries (Panel D). Prompt 3D-rendered
imaging reconstruction revealed a long thrombus caught in transit across a patent for-
amen ovale (PFO; Panel E, Supplementary material online, Video S3). Urgent decision
for open-chest surgery was made to prevent additional adverse effect to both pulmon-
ary and systemic circulation. Surgical removal of clots in both atria and pulmonary ar-
teries with direct suturing of a PFO was completed uneventfully (Panel F). This is the
first report of informative assessment of a thrombus straddling a PFO by use of
3D-rendered CT imaging.

The data underlying this article are available in the article and in its Supplementary
material online.

Supplementary material is available at European Heart Journal online.
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