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Abstract

We characterized the safety and efficacy of the bispecific antibody teclistamab in Japanese patients with relapsed/refractory
multiple myeloma (RRMM). Patients were pretreated with a proteasome inhibitor (PI), immunomodulatory drug (IMiD), and
anti-CD38 monoclonal antibody (mAb). The primary endpoint was frequency and type of treatment-emergent adverse events
(TEAES) in phase 1, and overall response rate (ORR; > partial response [PR]) in phase 2. In phase 1, 14 patients received
once-weekly (QW) subcutaneous teclistamab (0.72 mg/kg [n=5]; 1.5 mg/kg [n=5]; 3 mg/kg [n=4]). No dose-limiting tox-
icities were observed. As of April 2024, 26 phase-2 patients received the recommended phase-2 dose (QW) (RP2D: 1.5 mg/
kg) of teclistamab. Biweekly (Q2W) dosing was allowed after maintaining response for > 6 months. At a median follow-up
of 14.32 months, ORR was 76.9% (> very good PR: 76.9%; > complete response: 65.4%). Median duration of response,
progression-free survival, and overall survival were not reached. Common TEAEs included CRS (grade < 2), neutropenia,
and infections. No patient had immune effector cell-associated neurotoxicity syndrome (ICANS) and dose reductions.
Teclistamab demonstrated deep and durable responses in Japanese patients with RRMM, consistent with the global pivotal
MajesTEC-1 study, supporting the potential for a new standard of care for Japanese RRMM patients.
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Introduction neoplasms in Japan [1, 2]. It is often marked by frequent

relapses until the patients become refractory [3]. The
Multiple myeloma (MM) is the third most common hema-  standard therapy for relapsed/refractory MM (RRMM)
tological malignancy worldwide and accounts for ~1%  includes immunomodulatory drugs (IMiDs), monoclonal
of all malignant tumors and 10-15% of hematopoietic  antibodies (mAbs), proteasome inhibitors (PIs), cytotoxic
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drug combinations, and high-dose therapy with autologous
stem cell transplant, all of which have demonstrated sig-
nificant survival benefits versus standard-of-care (SOC)
therapies [4]. Despite these advances, most patients even-
tually relapse or become refractory due to factors like
drug-resistant clones, antigen escape, suboptimal T-cell
function, or adverse drug reactions. These factors, not
fully elucidated, render patients progressively resistant to
standard RRMM treatments [5, 6]. The prospective and
non-interventional LocoMMotion study reported poor out-
comes and rapid disease progression with SOC therapies
for RRMM, including corticosteroids, IMiDs, alkylating
drugs, and anti-CD38 mAbs [7]. The overall response rate
(ORR; 29.8%) was low, and the median progression-free
survival (PFS; 4.6 months) and median overall survival
(OS; 12.4 months) were short for these patients. These
findings overall highlight a need for therapies with inno-
vative modes of action that can overcome resistance and
improve depth and durability of response, with an accept-
able tolerability profile in heavily pretreated patients with
RRMM. Therapies that target the B-cell maturation anti-
gen (BCMA) have been approved for patients with RRMM
who have received > 3 prior therapies including IMiDs,
PIs, and anti-CD38 antibodies. These therapies have dou-
bled the ORR compared with previous SOC [8, 9], with
patients achieving deep and durable responses with a man-
ageable safety profile. These have also demonstrated nota-
ble minimal residual disease (MRD) negativity rates and
antimyeloma activity, advancing the treatment landscape
for MM [10].

Teclistamab, is a Humanized immunoglobulin (Ig) G-4
proline, alanine, alanine (IgG-4 PAA) bispecific antibody,
that targets the cluster of differentiation (CD)3 receptor
complex on T lymphocytes and BCMA on B lympho-
cytes, resulting in T-cell activation and subsequent lysis
of BCMA positive cells [11]. It is the first approved off-
the-shelf T-cell redirecting bispecific antibody by the US
Food and Drug Administration (FDA) and European medi-
cines agency (EMA) in 2022 [11] for adults with triple-
class-exposed RRMM, who have received > 3 prior lines
of therapy, based on results from MajesTEC-1 results
[12, 13]. MajesTEC-1 is a pivotal phase 1/2 study where
subcutaneous (SC) administration of teclistamab (1.5 mg/
kg) in a heavily pretreated global MajesTEC-1 popula-
tion resulted in an ORR of 63% at a median follow-up of
14.1 months [12]. This ORR remained consistent at 63%
in the 30.4 month long-term follow-up [14]. Teclistamab
is being investigated as a monotherapy for RRMM patients
with 1-3 prior lines of therapy and in combination with
standard or novel therapies for newly diagnosed MM and
RRMM [15-17]. Herein, we report the findings from the
phase-1/2 study of SC teclistamab in heavily pretreated
Japanese patients with triple-class-exposed RRMM,

characterizing the safety and efficacy of the recommended
phase-2 dose (RP2D) in this population.

Methods
Study design and treatment

This is an ongoing open-label, single-arm, phase-1/2 study
(NCT04696809) conducted at 15 sites in Japan. The study
has 2 parts: (1) phase 1: the dose-escalation study, to assess
the safety and tolerability of the RP2D of teclistamab iden-
tified in the first-in-human global MajesTEC-1 study [12,
18]; (2) phase 2: to evaluate the efficacy and safety of the
RP2D in Japanese patients with RRMM. All patients pro-
vided written informed consent before study entry. Study
was approved by relevant institutional review boards and
independent ethics committees and conducted per ICH-GCP
guidelines, and the Declaration of Helsinki.

Phase 1 had a screening phase and a treatment phase (SC
teclistamab was administered once-weekly [QW] on Days
1, 8, and 15 of a 21-day cycle). The interval between step-
up dose(s) (SUD) and the first treatment dose was 2—4 days.
Teclistamab was assessed in three dose-escalating cohorts
(cohort 1: 0.72 mg/kg QW [SUD: 0.06 and 0.24 mg/kg];
cohort 2: 1.5 mg/kg QW [SUD: 0.06 and 0.3 mg/kg]; cohort
3: 3 mg/kg QW [SUD: 0.06, 0.3, and 1.5 mg/kg]; cohort 4
[not enrolled]: 6 mg/kg QW [SUD: 0.06, 0.3, and 1.5 mg/
kg]). Phase 2 had a screening phase, a treatment phase, and
a long-term follow-up phase until the end of the study. The
RP2D was determined based on MajesTEC-1 study [18] and
results of dose-limiting toxicity (DLT) evaluation for cohorts
1 and 2 in phase 1 of this study. During the treatment phase,
patients received the SUD schedule of teclistamab at 0.06
or 0.3 mg/kg for 2-4 days followed by the treatment dose
of 1.5 mg/kg on Days 1, 8, 15, and 22 of a 28-day cycle. In
both phases, the dose interval could be changed from QW
to Q2W in patients with a partial response (PR) or better
for > 6-months (Supplementary Fig. 1).

Patients

Eligible Japanese patients (aged >20 years) had documented
diagnosis of MM per International Myeloma Working Group
(IMWG) diagnostic criteria; Eastern Cooperative Oncol-
ogy Group performance status of 0 or 1; serum M-protein
level > 1.0 g/dL for phase 1 and > 0.5 g/dL for phase 2 or
urine M-protein level > 200 mg/24 h or light chain MM; and
received a PI, an IMiD, and an anti-CD38 monoclonal anti-
body as prior lines of therapy. In phase 2, patients who had
received > 3 prior lines of therapy; had documented disease
progression during or within 12-months of the most recent
anti-myeloma therapy; and had undergone > 1 complete
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treatment cycle for each prior line of therapy (unless pro-
gressive disease was the best response) were enrolled. Key
exclusion criteria included prior treatment with any BCMA-
targeted therapy, unresolved toxicities from previous anti-
cancer treatments, an allogeneic (within 6-months), or an
autologous stem cell transplant (within 12-weeks).

Endpoints and assessments

The primary safety endpoint of phase 1 was frequency and
type of treatment-emergent adverse events (TEAEs) includ-
ing the incidence of DLTs and the secondary endpoints were
ORR (defined as a PR or better according to the IMWG
response criteria), pharmacokinetic (PK) parameters, phar-
macodynamic (PD) markers, and anti-teclistamab antibod-
ies. The primary efficacy endpoint of phase 2 was ORR
and the secondary endpoints included duration of response
(DOR), rate of > very good partial response (VGPR), com-
plete response (CR), stringent complete response (sCR),
time to response (TTR), PFS, OS, MRD negativity rate,
frequency and severity of TEAEs, PK parameters, and anti-
teclistamab antibodies.

TEAEs coded by the MedDRA, Version 26.0, includ-
ing DLTs, were graded per National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 5.0,
except for cytokine release syndrome (CRS) and immune
effector cell-associated neurotoxicity syndrome (ICANS)
which were evaluated according to the American Society of
Transplantation and Cellular Therapy (ASTCT) guidelines
[19]. Response in phase 1, was assessed by the investiga-
tors using 2016 IMWG response criteria, and in phase 2,
it was based on computer algorithm assessment based on
2016 IMWG response criteria. MRD testing was done by
next-generation sequencing (Adaptive Laboratory). Blood
samples and bone marrow aspirate were collected for PK,
PD, and immunogenicity analyses at prespecified intervals
(refer to Supplemental). Serum samples were analyzed for
teclistamab concentrations, cytokine profiles, and anti-teclis-
tamab antibodies using validated assays.

Statistical analysis

In phase 1 (sample size: >3 patients in each cohort), the
DLT assessment (Supplementary Table 1) was performed
applying the Bayesian Optimal Interval design with
dose-escalation/de-escalation. In phase 2, a sample size
of 24 was determined to provide ~85% power to declare
an ORR >20% at one-sided significance level of 0.025,
assuming an ORR of >50%. Safety and efficacy analyses
were performed in all treated analysis sets (patients who
had > 1 dose of study agent) and the data were descrip-
tively summarized. The ORR and its 2-sided 95% exact
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confidence interval (CI) were calculated. Kaplan—Meier
method was used to estimate DOR, PFS, and OS.

PK data were summarized descriptively for the PK
analysis set (patients who had > 1 dose of the study agent
and had > 1 evaluable concentration measurement of the
study agent). Serum PK parameters were assessed using
non-compartmental analysis. PK parameters included
maximum plasma concentration (C,,,), the area under
the plasma concentration—time curve (AUC), and time to
maximum concentration (t,,,,). Soluble BCMA (sBCMA)
was assessed in the PK analysis set, and immunogenicity
was assessed in immunogenicity analysis set (patients who
received > 1 dose and had > 1 post-dose immunogenicity
sample).

Results
Patients

Between February 2021 and September 2023 (clinical cut-
off), 14 patients received teclistamab in phasel (cohort 1:
n=35; cohort 2: n=35; cohort 3: n=4). The median patient
age was 73.5 years, and the median weight was 49.7 kg;
the majority were female (78.6%); 57.1% had high-risk
cytogenetics; 14.3% had International Staging System
(ISS) stage III disease; 64.3% of patients had Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus 0; and 21.4% had > 1 extramedullary plasmacytomas
(EMP) (Table 1). Seven (50%) patients discontinued the
study as of the clinical cutoff due to progressive disease (4
[28.6%]) or physician’s decision (3 [21.4%]).

From August 2022 to April 2024, 26 patients received
the RP2D of teclistamab in phase 2, median patient age
was 67.5 years, and weight was 58.0 kg; 46.2% were
female; 19.2% had high-risk cytogenetics; 11.5% had ISS
stage III disease, 61.5% patients had ECOG performance
status 0, and 15.4% had >1 EMP (Table 1). Ten (38.5%)
patients discontinued the study, due to progressive disease
(3 [11.5%]), death, treatment rejection, physician’s deci-
sion (2 [7.7%], each), and adverse events (AE; 1 [3.8%]).

Treatment exposure

In phase 1, the median follow-up was 2.53, 16.30, and
12.76 months and the median treatment duration was 1.61,
15.70, and 12.75 months in cohorts 1, 2, and 3, respec-
tively. In phase 2, the median follow-up was 14.32 months,
the median treatment duration was 12.9 months, and the
median relative dose intensity was 91.7%.
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Table 1 Demographics and baseline characteristics

Characteristic Phase 1 Phase 2
Cohort 1 0.72 mg/kg Cohort 2 1.5 mg/kg  Cohort 3 3 mg/kg Total (n=14) RP2D 1.5 mg/
QW (n=5) QW (n=5) QW (n=4) kg QW (n=26)
Age, median, years 52.0 74.0 74.5 73.5 67.5
>175 years 1(20) 2 (40) 2 (50) 5@35.7) 5(19.2)
Female, n (%) 3 (60.0) 4 (80.0) 4 (100.0) 11 (78.6) 12 (46.2)

Weight, median (range), kg 58.9 (47.0-70.0) 48.7 (39.1-55.9) 43.8 (37.3-58.0) 49.7 (37.3-70.0) 58.0 (37.5-86.4)
ECOG PS, n (%)

0 3 (60.0) 3 (60.0) 3(75.0) 9 (64.3) 16 (61.5)
1 2 (40.0) 2 (40.0) 1(25.0) 5@35.7) 10 (38.5)
Cytogenetic risk, n! (%)
High-risk 0 5 (100.0) 3(75.0) 8 (57.1) 5(19.2)
t(4;14) 0 4 (80.0) 1(25.0) 5(35.7) 0
del(17p) 0 2 (40.0) 2 (50.0) 4 (28.6) 4(15.4)
t(14;16) 0 0 0 0 1(3.8)
ISS stage?, n (%)
I 2 (40.0) 3 (60.0) 3(75.0) 8 (57.1) 16 (61.5)
I 2 (40.0) 1 (20.0) 1(25.0) 4 (28.6) 7 (26.9)
11 1(20.0) 1 (20.0) 0 2 (14.3) 3(11.5)
Time since diagnosis, median ~ 5.85 (1.6-6.4) 4.19 (2.8-7.7) 3.94 (2.9-6.2) 4.65 (1.6-7.7) 6.36 (0.9-12.1)
(range), years
Extramedullary
Plasmacytomas?, n (%)
0 4 (80.0) 5 (100.0) 2(50.0) 11 (78.6) 22 (84.6)
>1 1 (20.0) 0 2(50.0) 3(21.4) 4 (15.4)
Number of prior LOT, n (%)
2 1 (20.0) 1 (20.0) 0 2(14.3) 0
3 0 0 2 (50.0) 2(14.3) 8(30.8)
4 1 (20.0) 0 1(25.0) 2(14.3) 5(19.2)
5 0 1 (20.0) 1(25.0) 2(14.3) 3(11.5)
>5 3 (60.0) 3 (60.0) 0 6 (42.9) 10 (38.5)
Median (range) 6.0 (2-9) 6.0 (2-15) 3.5 (3-5) 5.0 (2-15) 4.5 (3-12)
Prior exposure status, n (%)
Triple-class® 5(100.0) 5 (100.0) 4 (100.0) 14 (100.0) 26 (100.0)
Penta-drug® 3 (60.0) 4 (80.0) 3(75.0) 10 (71.4) 15 (57.7)
Refractory status, n (%)
Triple-class® 4(80.0) 2 (40.0) 3(75.0) 9 (64.3) 17 (65.4)
Penta-drug® 2 (40.0) 1(20.0) 2 (50.0) 5(@35.7) 6 (23.1)
Refractory to last LOT 5(100.0) 4 (80.0) 4 (100.0) 13 (92.9) 25 (96.2)

CD cluster of differentiation, ECOG PS Eastern Cooperative Oncology Group Performance Status, /MiD immunomodulatory drug, ISS Interna-
tional Staging System, LOT line of therapy, mAb monoclonal antibody, PI proteasome inhibitor, RP2D recommended phase-2 dose, QW once
weekly

“ISS staging is derived based on serum (2-microglobulin and albumin
®> 1 PL,>1 IMiD, and 1 anti-CD38 mAb.¢>2 PIs,>2 IMiDs, and 1 anti-CD38 mAb

ICutoff value of cytogenetic risk: del 17P (p53) =14% or greater of abnormal cells detection; T(4;14)=11% or greater of abnormal cells detec-
tion; T(14;16)=12% or greater of abnormal cells detection

2A plasma cell neoplasm of soft tissue without bone marrow involvement or other systemic characteristics of MM

@ Springer



226

T. Ishida et al.

Table 2 Treatment-emergent adverse events summary® (all-treated analysis set)

Event, n (%) Phase 1°

Phase 2°¢

Cohort 1 0.72 mg/kg QW Cohort 2 1.5 mg/kg QW

Cohort 3 3 mg/kg QW RP2D 1.5 mg/kg QW

(n=5) (n=5) (n=4) (n=26)
Any grade  Grade>3  Anygrade  Grade>3 Any grade  Grade>3  Anygrade  Grade>3
Any TEAE 4 (80.0) 4(80.0) 5 (100.0) 5 (100.0) 4 (100.0) 4(100.0) 26 (100.0) 23 (88.5)
Hematologic
Neutropenia 2 (40.0) 2 (40.0) 4(80.0) 4 (80.0) 4 (100.0) 4(100.0) 19 (73.1) 19 (73.1)
Lymphopenia 2 (40.0) 2 (40.0) 2 (40.0) 2 (40.0) 1(25.0) 0 8 (30.8) 8 (30.8)
Anemia 1 (20.0) 1 (20.0) 2 (40.0) 1 (20.0) 2 (50.0) 1(25.0) 7 (26.9) 6 (23.1)
Iron deficiency anemia 0 0 0 0 0 0 3(11.5) 0
Non-hematologic
Pyrexia 4 (80.0) 0 3 (60.0) 0 0 0 10 (38.5) 1(3.8)
Hyperglycemia 2 (40.0) 2 (40.0) 1 (20.0) 0 2 (50.0) 0 0 0
Nausea 2 (40.0) 0 0 0 1(25.0) 0 4(15.4) 0
Headache 2 (40.0) 0 0 0 0 0 3(11.5) 0
Hypogammaglobulinemia 1(20.0) 0 2 (40.0) 0 0 0 15 (57.7) 1(3.8)
Malaise 1(20.0) 0 1 (20.0) 0 0 0 0 0
Constipation 1(20.0) 0 1 (20.0) 0 0 0 0 0
Diarrhea 1 (20.0) 0 0 0 1(25.0) 1(25.0) 3(11.5) 0
Vomiting 1 (20.0) 0 0 0 1(25.0) 0 4(15.4) 0
Nasopharyngitis 1 (20.0) 0 1 (20.0) 0 0 0 8 (30.8) 0
Stomatitis 0 0 1 (20.0) 0 1(25.0) 0 0 0
Hypokalemia 1 (20.0) 0 0 0 1(25.0) 0 0 0
Insomnia 1 (20.0) 0 2 (40.0) 0 1(25.0) 0 2(7.7) 0
Tinea pedis 0 0 2 (40.0) 0 0 0 0 0
Injection-site erythema 0 0 1(20.0) 0 1(25.0) 0 8 (30.8) 0
Injection-site pruritus 0 0 0 0 0 0 3(11.5) 0
Cytomegalovirus infection 0 0 0 0 0 0 3(11.5) 0
Peripheral edema 0 0 0 0 0 0 3(11.5) 0
Dental caries 0 0 0 0 0 0 3(11.5) 0
Rash 0 0 0 0 0 0 3(11.5) 0
Hyponatremia 0 0 0 0 0 0 3(11.5) 3(11.5)
Cytokine release syndromed 2 (40.0) 0 3 (60.0) 0 3(75.0) 0 21 (80.8) 0
Neurotoxicities 2 (40.0) 0 1(20.0) 0 0 0 2(7.7) 0

AE adverse event, ASTCT American Society for Transplantation and Cellular Therapy, RP2D recommended phase-2 dose, TEAE treatment-

emergent AE, QW once weekly

#AEs were reported in > 10% of the patients

bClinical data cutoff date for phase 1 is September 2023
Clinical data cutoff date for phase 2 is April 2024

dCytokine release syndrome was graded per ASTCT criteria

Safety

In phase 1, no DLTs occurred across all 3 cohorts. Of the
14 patients in phase 1, 13 (92.9%) patients experienced > 1
TEAE; serious TEAEs were reported in 6 (42.9%) patients
(Table 2; Supplementary Table 2). No dose reductions or
treatment discontinuations due to TEAEs were reported.
Infections occurred in 9 (64.3%; any grade) patients; of these
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2 (14.3%) patients had a grade 3/4 infections due to COVID-
19 pneumonia and sepsis (1[7.1 each]). All CRS events were
of grade 1 and neurotoxic events were of grade 1/2 and
resolved at clinical cutoff date (Supplementary Tables 3 &
4). There was no reported grade 5 TEAEs or ICANS.

In phase 2, all (26 [100.0%]) patients reported > 1 TEAEs,
and 23 (88.5%) patients had grade >3 TEAEs; serious
TEAESs were reported in 13 (50.0%) patients (Supplementary
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Table 2). TEAEs leading to dose delay or dose interruption
were observed in 23 (88.5%) patients. No patient had dose
reduction due to TEAEs and only one patient had treatment
discontinuation due to grade 3 TEAE of hyponatremia (not
related to teclistamab) (Supplementary Table 2). Hemato-
logic events were the most frequently (= 10%; any grade or
grade > 3) reported TEAEs which included neutropenia (19
[73.1%; any grade]), lymphopenia (8 [30.8%; any grade]),
and anemia (7 [26.9%; any grade]) (Table 2). Hypogam-
maglobulinemia occurred in 22 (84.6%) patients as iden-
tified through adverse event reports, laboratory analyses
(IgG level, < 500 mg per deciliter), and 21 (80.8%) patients
received > 1 immunoglobulin replacement therapy for proph-
ylaxis use at any time during the study. Infections occurred
in 20 (76.9%; any grade) patients (Supplementary Table 5)
and the most common were nasopharyngitis (8 [30.8%]) and
cytomegalovirus infection (3 [11.5%]). Grade 3/4 infections
were observed in 5 (19.2%) patients. CRS occurred in 21
(80.8%) patients (any grade), where all events were grade 1
(69.2%) and grade 2 (11.5%). All CRS events resolved with-
out treatment discontinuation or dose reduction (Supplemen-
tary Table 3). Pyrexia was the most frequent CRS symptom
observed in 20 (76.9%) patients. Most CRS events occurred
after SUD 1, SUD 2 (9 [34.6%], each SUD) and first treat-
ment dose (4[15.4%]). Median (range) time to CRS onset
was 2 (1.0-5.0) days, median duration was 3 (1.0-24.0)
days, and 21 (80.8%) patients received supportive measures
to treat CRS including tocilizumab and acetaminophen (17
[65.4%] each), intravenous fluids and steroids (3 [11.5%]
each). Neurotoxic events occurred in 2 (7.7%) patients
(grade 1 headache and somnolence, 1 [3.8%] patient each).
No patient experienced ICANS. One (3.8%) patient reported
a TEAE of COVID-19. Two (7.6%) patients experienced
grade 5 TEAESs; one patient with a large intestine perforation
due to colon cancer, and the other with multi-organ dysfunc-
tion syndrome (neither was considered treatment-related per
investigator).

Efficacy

In phase 1, 9 out of 14 (64.3%) patients achieved a response
(Supplementary Fig. 2); cohort 1: 2 (20.0%) patients (SCR
observed in 2 patients), cohort 2: 4 (80.0%) patients (sCR
in 2 patients: CR and VGPR in 1 patient each), cohort 3: 3
(75.0%) patients (sCR in 2 patients; VGPR in 1 patient).

In phase 2, ORR (>PR) was 76.9% (20/26 patients; 95%
CI 56.4-91.0); 20 (76.9%; [95% CI 56.4-91.0]) patients
achieved > VGPR and 17 (65.4%; [95% CI 44.3-82.8])
patients achieved > CR (Fig. 1, Table 3). Of the 26 patients,
18 patients met criteria for Q2W switch and 13 switched
from QW to Q2W dose (Fig. 2). At 12 months 89.7% of
responders were event-free, with OS rate of 76%, and PFS
rate of 75.2%. Median DOR, median PFS, and median OS

90
ORR: 76.9%
80 °
[ = — —
3
a 70
o
£ 60
=
2 50
2 >CR
S 40 | (65.4%) | 2VGPR
4= (76.9%)
o
o 30
(@)
S
S 20
4
(O] -
> 10 m
0 =,

n=26
mVGPR mCR msCR

Fig.1 Overall response rate (phase 2). CR complete response, ORR
overall response rate, PR partial response, sCR stringent complete
response, VGPR very good partial response

were not reached with a median follow-up for 14.32 months
(Supplementary Fig. 3). The overall MRD negativity rate
(107°) was 38.5% (95% CI 20.2-59.4) (Supplementary
Table 3). In 12 patients with evaluable MRD sample, the
MRD negativity rate (107) was 83.3% (95% CI 51.6-97.9).

Pharmacokinetics

Fourteen patients in phase 1 and 26 patients in phase-2 were
included in the PK analysis set. In phase 1, the mean C,,
and AUC at Cycle 1 Day 1 and Cycle 3 Day 1 had increased
proportionally per dose level (Supplementary Table 6).
In phase 2, the mean serum trough concentration (Ci,p)
values of teclistamab were comparable with the concentra-
tions from cohort 2 (RP2D cohort) of phase 1. The mean
(Cirougn) Was maintained at or above the maximum value of
90% maximal effective concentration (EC,) identified in an
ex Vvivo cytotoxicity assay.

Pharmacodynamics

A rapid decrease in S BCMA was observed in most respond-
ers within the first month of treatment in phase 1, and a
greater reduction in sSBCMA occurred in patients with
deeper responses treated with RP2D of teclistamab. In phase
2, a rapid decrease in sSBCMA was observed in most of the
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Table 3 Summary of efficacy results (phase 2; all treated analysis set)

Parameters Phase 2
n (%) 95% CI
sCR 16 (61.5) 40.6-79.8
CR 1(3.8) 0.1-19.6
VGPR 3(11.5) 2.4-30.2
PR 0 (NE, NE)
SD 3(11.5) 2.4-30.2
Progressive disease 1(3.8) 0.1-19.6
NE 2(7.7) 0.9-25.1
Overall response 20 (76.9) 56.4-91.0
(sCR+CR+ VGPR +PR)*

VGPR or better (SCR+CR + VGPR) 20 (76.9) 56.4-91.0
CR or better (SCR+CR) 17 (65.4) 44.3-82.8
MRD negativity rate (107>) 10 (38.5) 20.2-59.4

Time to response, median (range), months

Time to first response (> PR) 1.22 (0.2-4.1)
Time to best response 5.88 (2.9-13.6)
Time to > VGPR 2.12 (1.2-6.7)
Time to > CR 4.86 (1.2-13.6)

ClI confidence interval, CR complete response, MRD minimum resid-
ual response, NE not evaluable, ORR overall response rate, PR partial
response, sCR stringent CR, SD stable disease, VGPR very good par-
tial response

Responses were assessed by computerized algorithm

?ORR significantly exceeded the null hypothesis rate of <20% based
on a one-sided exact binominal test with a significance level of 0.025
(p<.0001)

responders (>PR) by Cycle 2 Day 1 (14/20 [70%] patients)
and continued till Cycle 4 Day 1 (17/20 [85.0%] patients).

Immunogenicity

In phase 1, no patients were identified as positive for anti-
bodies to teclistamab. In phase 2, 1 out of 25 anti-drug
antibody-evaluable patients was identified as positive for
anti-teclistamab antibodies at Cycle 3 Day 1 with low titer;
but was identified as negative at the subsequent visit, Cycle
4 Day 1.

Discussion

This is the first dedicated phase-1/2 study of teclistamab,
a BCMA-targeted bispecific antibody in Japanese patients
with RRMM and with an extensive history of prior treat-
ment. Teclistamab demonstrated clinically meaningful
responses that were durable and deepened over time, with a
manageable safety profile in heavily pretreated patients with
triple-class-exposed RRMM.

@ Springer

The majority of patients in the current study who switched
to a Q2W dose schedule (post a PR or better for > 6-months)
maintained their response at the clinical cutoff date. The
flexibility of the Q2W schedule could potentially reduce
the burden of administration on both patients and health-
care providers. The safety of teclistamab was assessed at
3 dose levels, at QW dose, during phase 1 (0.72 mg/kg,
1.5 mg/kg, and 3 mg/kg). The safety profile was consistent
across cohorts, with no dose-dependent trend and no DLTs
observed during dose-escalation for all three doses, includ-
ing the RP2D in Japanese patients. The overall safety profile
was consistent with observations in the global MajesTEC-1
population and aligned with the mode of action concern-
ing T-cell activation and targeting of B-cells [20, 21]. Most
common and expected TEAEs when T-cells are activated
against myeloma cells regardless of causality include CRS,
neurotoxic events, low blood counts, and infections that were
reported in this study [22]. The CRS and neurotoxic TEAEs
currently reported were of low grade (grade <2), resolved
by the clinical cutoff date and none led to dose reduction or
treatment discontinuation. No ICANS were reported during
this study. The most common hematologic TEAESs observed
in this study were neutropenia, lymphopenia, and anemia;
this was comparable with the global MajesTEC-1 study
[12, 20, 21]. To mitigate the risk of severe CRS, a SUD
schedule was employed in all cohorts during phases 1 and
2 [23], successfully reducing the incidence and severity of
CRS in this study. As a result, CRS events occurred early in
the treatment course, with most events limited to the SUDs
and first treatment doses. These events reduced with subse-
quent doses and resolved by the cutoff date. BCM A-targeted
T-cell redirecting therapies have also been associated with
an increased susceptibility to infectious complications due
to their mechanism of action [24]. In this study although
the incidence of infections of any grade (76.9%) were high,
the rate of grade >3 infections were low (19.2%). Fur-
thermore, grade >3 neutropenia events were high (73.1%)
but were well managed using supportive care and neither
infection or neutropenia led to any discontinuation or dose
reductions. Thus, appropriate screening, prophylaxis, and
management of infections, hypogammaglobulinemia, and
neutropenia are recommended when treating patients with
anti-BCMA bispecific antibodies [25]. One patient discon-
tinued the study treatment due to grade 3 hyponatremia
TEAE (1[3.8%]). Two grade 5 TEAESs leading to death were
reported and neither of these TEAEs were considered related
to the study treatment. Taken together teclistamab demon-
strated a manageable safety profile in Japanese patients
with no new safety concerns reported. The safety findings
were consistent with the pivotal global MajesTEC-1 study
assessing teclistamab monotherapy, despite variations in the
demographics.
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Phase 1

0.72 mg/kg QW (SUD:
0.06 and 0.24 mg/kg)

1.5 mg/kg QW (SUD:
0.06 and 0.3 mg/kg)

3 mg/kg QW (SUD: 0.06,

0.3, and 1.5 mg/kg)

101

11213141516 17 18 19 20 21 22 23 24 25 26 27 28 2

Months
Phase 2
&
L ->
-
1.5 mg/kg QW (SUD: ) d
0.06 or 0.3 mg/kg) c2
o I >
I e
—— — >
*
*
o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Months
Response: M sCR CR M VGPR PR PD

End of Treatment Status @ D/C-PD 4 D/C -AE 4 D/C - Other
— Still being followed % Death

Schedule change: O Biweekly ©O Monthly

Fig.2 Treatment response in the patients (phases 1 and 2). AE adverse event, CR complete response, D/C, discontinued, PD progressive disease,

PR partial response, sCR stringent response, SUD step-up dose(s), VGPR very good partial response

At RP2D in phase 2, responses occurred in 76.9%
patients, comparable with the global MajesTEC-1 study
with a majority achieving deep responses and having a
VGPR (76.9%) or sCR (61.5%). In the current study, all
responses deepened over time, from an initial response of

PR to the best response of VGPR, CR, and sCR. Overall,
teclistamab resulted in deep and durable responses in Japa-
nese patients with triple-class-exposed RRMM and the
responses were comparable with the global MajesTEC-1
pivotal study [12].
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From the PK results it was observed that teclistamab
serum C,,o, Values were comparable with the observed
concentrations from the RP2D cohort in phase 1. The serum
concentration of teclistamab at RP2D was sustained over the
predetermined target level based on an experimentally deter-
mined maximum value range of EC,,. No patients in phase
1, and 1 patient in phase 2 were anti-teclistamab antibody
positive. In the current study a rapid decrease in sSBCMA
was observed in most responders within the first month of
treatment in the patients treated with RP2D in phase-1 and
a similar trend was observed in phase 2. A rapid decrease
in sSBCMA levels in responders is an important indicator of
treatment efficacy and improved clinical outcomes includ-
ing longer progression-free survival in patients with RRMM
[26]. Taken together the PK, PD, and immunogenicity
results were in line with the study assessing teclistamab in
the global MajesTEC-1 non-Japanese population [12]. Limi-
tations include the open-label and single-arm study design
with a lack of a comparison arm and the survival data are
not mature in this ongoing study.

In conclusion, SC teclistamab at the QW RP2D of
1.5 mg/kg (with 50% patients switching to Q2W dose,
post>6-months of PR or better), established in the pivotal
MajesTEC-1 global study, demonstrated manageable safety
in triple-class-exposed Japanese patients with RRMM.
Teclistamab resulted in deep and durable responses in heav-
ily pretreated patients with RRMM. Overall teclistamab
demonstrated favorable results as monotherapy in Japanese
patients with heavily pretreated RRMM, supporting the
potential for a new SOC for patients with RRMM in Japan.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12185-024-03884-z.
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Abstract

HM-SCREEN-Japan is a multicenter collaborative project in Japan to evaluate the clinical utility of a cancer genome panel
in the treatment of acute myeloid leukemia (AML). The HM-SCREEN-JAPANO2 study used the Amoy Myeloid Panel® with
the HANDLE system, which enables efficient and rapid sequencing, as the genomic testing kit. The Amoy Myeloid Panel®
targets 53 genes with established clinical significance or high prevalence. The study analyzed bone marrow fluid or periph-
eral blood. Multiple time points for submission were allowed to evaluate clonal changes over time. A total of 179 tests/145
patients with one or more pathogenic mutations (23 patients submitted specimens at multiple time points) were included in
the analysis. A variety of patterns were detected, including acquisition of new resistance-associated genetic mutations and
pathogenic mutations remaining after clinical remission. The median time required for sequencing and annotation was 8
days. TP53 and NRAS mutations were associated with increased risk of death (hazard ratio=3.98 and 5.50, respectively).
In a survey of physicians at the participating centers, 63% reported that the genomic panel was clinically useful, particularly

for assessing clinical risk and evaluating indications for hematopoietic stem cell transplantation.

Keywords Acute myeloid leukemia - Next-generation sequencing - Genomic testing

Hironori Arai, Naoko Hosono, and SungGi Chi contributed equally
to this study.

The use of this panel was expected to shorten the TAT and enable
sequential analysis of leukemia clonal changes to assess the risk of
relapse, evaluate the need for stem cell transplantation (SCT), and
consider treatment options for clinical practice, including molecular-
targeted therapies.
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Introduction

Acute myeloid leukemia is primarily caused by clonal prolif-
eration of hematopoietic cells due to somatic mutations and
fusion genes. Although morphologic evaluation is impor-
tant for accurate diagnosis, risk assessment, and making
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treatment decisions, genomic analysis has become increas-
ingly important [1]. Many genetic mutations involved in the
pathogenesis of AML have been identified. Data from The
Cancer Genome Atlas indicate that AML is caused by a very
small number of genetic mutations compared to other can-
cers [2]. In the Beat AML Basket Trial, personalized therapy
for these genetic mutations based on cancer genome profil-
ing (CGP) led to improved prognosis of newly diagnosed
AML patients, thereby further highlighting the importance
of treatment strategies using genetic approaches [3].

The HM-Screen-Japan (HMS) is a multicenter CGP
observational study conducted in Japan to evaluate the
clinical benefit of treatment for AML. The previous study,
HMSO01 [4], analyzed 406 DNA coding regions, 31 introns,
and 265 RNA abnormalities using paraffin-embedded bone
marrow specimens from 177 patients with newly diagnosed
unfit or relapsed/refractory AML. In that study, 38% (n=68)
of all patients harbored mutations in genes useful for treat-
ment selection, such as FLT3, IDHI/2, and DNMT3A. A
variety of mutations were detected, suggesting that some
could contribute to patient diagnosis and prognosis. How-
ever, the number of clinically significant mutations in AML
was limited, and the turnaround time (TAT) for analysis was
as long as 13 days. The use of bone marrow-embedded spec-
imens also made it difficult to promptly incorporate genetic
results into treatment planning. Other studies have found
that during the course of treatment, the initially recognised
clones could become resistant or new clones could emerge
[5, 6].

Based on these observations, the present study, HMS02,
employed a "compact” panel of carefully selected genes with
high clinical utility. The use of this panel was expected to
shorten the TAT and enable sequential analysis of leukemia
clonal changes to assess the risk of relapse, evaluate the need
for stem cell transplantation (SCT), and consider treatment
options for clinical practice, including molecular-targeted
therapies.

Materials and methods
Patient cohort

HMSO02 was a multicenter CGP study utilizing next-gener-
ation sequencing (NGS) with the Amoy Myeloid Panel®. A
total of 23 institutions in Japan participated in this study,
of which the National Cancer Center Hospital East served
as the authorized representative. Patient inclusion crite-
ria were as follows: adults > 18 years of age with a patho-
logic or cytogenetic diagnosis of AML (whether primary
or relapsed). The available specimens included fresh bone
marrow fluid or peripheral blood containing at least 10%
blasts. Submission of specimens from multiple time points,

including initial onset, relapse, or treatment failure, was
allowed. After submission, annotated genomic reports were
returned to the participants. The reports were returned and
used by the participants to make a genetic diagnosis of
AML, to determine a course of treatment, and to predict
prognosis. Patient samples submitted at multiple time points
were tracked for clonal changes to modify treatment strate-
gies and predict prognosis. Clinical information such as age,
sex, treatment choice, response, SCT status, and survival
were collected. The protocol was approved by the institu-
tional review board at each center and carried out in accord-
ance with the Declaration of Helsinki. All patients provided
written informed consent.

Cancer genome profiling assay

The Amoy Myeloid Panel® is a practical CGP developed by
AmoyDx based on the findings of HMSO01 and the genetic
testing guidelines of the Japanese Society of Hematology
(Fig. 1).

Genetic abnormalities frequently identified in the interim
analysis of HMSO01 (4 or more out of 89 cases) were consid-
ered for testing in this study. However, those with no muta-
tion hotspots and extremely wide sequencing sites (MLL2,
SETD2, RAD51) were excluded for usability reasons. Those
with strong clinical significance (e.g., PML-RARA, BCR-
ABL1, MLL chimeras) were included regardless of their
frequency. Finaly, 53 genes (47 single-nucleotide mutations/
insertions/deletions and 11 fusions) were selected and clas-
sified from A through D for the level of evidence of clinical
benefit.

Peripheral blood and bone marrow fluid samples were
genetically tested, and clonal changes were followed during
the treatment period. The Halo-Shape Annealing and Defer-
Ligation Enrichment (HANDLE) System was employed to
perform DNA imputation, complete hybridization, exten-
sion-ligation, digestion, PCR, and cleanup in less than 5 h
(Supplement 1). The TAT from specimen collection to
reporting was designed to be <5 days.

The minimum average depth required for reporting was
500X. Limit of detection sensitivity were 3% for Single
Nucleotide Variants/Insertions/Deletions (SNV/Indel) and
600 copies for fusion gene. Specimens were collected from
each participating facility by SRL, Inc. and analyzed. The
reports were curated at the National Cancer Center Hospital
East and then reported to the responsible physicians.

Statistical analysis
Clinical information was compiled as descriptive sta-
tistics. Overall survival (OS), defined as the time from

the date of enrollment in this study, was determined by
the Kaplan—Meier method. Prognostic effects of basic
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Gene Alteration Type Target Region Diagnosis Treatment Progn{szlss: Gene Alteration Type Target Region Diagnosis Treatment Prognosis
ABLI SNV, Fusion Exon 4-10 A MAX SNV Exon3

ASXLI SNV, InDel Exon 2-4,6-8,10-12 A MLLTI0 Fusion A A
BCOR SNV, InDel Exon 2-15 A 4 MPL SNV Exon 3,4,10,12
BRAF SNV Exon 1-4,6,8,11,12,15,17,18 4 D MyC SNV Exon2
CALR SNV, InDel Exon 1-9 MYDS8 SNV Exon 2-5
CBFB Fusion / A A NFI SNV, InDel Exon 2-58 A
CBL SNV Exon 3-5,7-9,11,14,16 D 4 NPMI SNV Exon7,10,11 A A A
CEBPA SNV, InDel Exon 1 A A NRAS SNV Exon 1-4 A D 4
CREBBP Fusion / A NUP98 Fusion A 4
CSF3R SNV Exon 10,14-18 PDGFRA SNV Exon 12,14,18
CTCF SNV Exon 7 PHF6 SNV, InDel Exon 1-10 A 4
DIS3 SNV Exon 10 PML Fusion D
DNMT34 SNV, InDel Exon 3-11,13-23 A B 4 PTPNI1 SNV Exon 2-4,7,8,12,13 D
ETV6 | SNV, InDel, Fusion Exon 1-8 A A RBI SNV, InDel Exon 1-27
EZH2 SNV, InDel Exon 2-20 A 4 RITI SNV Exon §
FBXW7 SNV Exon 9,10 RUNXI | SNV, InDel, Fusion Exon 1-6,8 A A
FLT3 SNV, InDel Exon 5,8-24 A A A SET Fusion
GATAl SNV Exon2 SETBPI SNV Exon 4
GATA2 SNV Exon 2-6 A A SF3B1 SNV Exon 13-21 A D
IDHI SNV Exon3,4,7 D SRSF2 SNV Exon 1,2 A 4
IDH2 SNV Exon3,4,6,7 D STAG? SNV, InDel Exon 1-12,14-35 A
IKZF1 SNV, InDel Exon 1-8 TET2? SNV, InDel Exon 1-11 A
JAK2 SNV, Fusion Exon 12-16 A TP53 SNV, InDel Exon 1,2,5,7,8,10,11 4 A
JAK3 SNV Exon 11,13,15,16,19 U24F1 SNV Exon2,5,6 A
KIT SNV Exon 1,2,8,15,17,18 A 4 A wrT1 SNV Exon 2-9 4
KMT24 | SNV, InDel, Fusion Exon 2,4-36 A D A ZRSR2 SNV, InDel Exon 1-11 A
KRAS SNV Exon 2-5 A D

Fig. 1 List of genes tested in the Amoy Myeloid Panel®. 53 genes were examined based on the findings of HMS01 and the genetic testing guide-
lines of the Japanese Society of Hematology. Their level of evidence was classified A through D

characteristics (e.g., age, sex, SCT status) and genomic alter-
ation status were statistically calculated using Cox regres-
sion models, and the results are summarized as hazard ratio
(HR) for death.

Results

Baseline patient characteristics and amoy myeloid
panel results

Between April and October 2022, a total of 168 AML
patients were enrolled in the HMSO02 study at 23 clinical
sites and followed up until October 2023. A total of 201
tests were performed, and 190 tests were performed in 154
patients who met the eligibility criteria. Ultimately, 179 tests
performed on 145 patients who had pathogenic mutations
were analyzed; 23 patients were tested multiple times for a
total of 57 tests. Specimen types included bone marrow fluid
(83.8%) and peripheral blood (16.2%) (Fig. 2a).

When 17 specimens were collected from participating
sites, they were sequenced together (Supplement 2). The
median TAT was 25 days (25th-75th percentile, 18-30 days).
The median times required for sample accumulation, wet
analysis, and annotation were 11 days (4-11 days), 5 days
(3-7 days), and 4 days (2-5 days), respectively. Although the
number of days required for sequencing as a whole showed
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a decreasing trend, sample accumulation in particular took
longer than expected, and the TAT could not be significantly
reduced. However, the average time for wet analysis and
annotation alone was 8 days, indicating that this method was
useful in clinical practice.

Patient characteristics are summarized in Table 1. The
median age was 65.0 (range, 53.0-74.0) years, and 89 of 145
(61.4%) participants were male. Fifty-one patients (35.2%)
underwent SCT, and 94 patients (64.8%) did not. The most
common phenotypes were AML with myelodysplasia-
related changes in 43 patients (29.7%), AML with matura-
tion in 17 patients (11.7%), AML without maturation in 13
patients (9.0%), and therapy-related myeloid neoplasms in
11 patients (7.6%). Ninety-four patients (52.5%) were exam-
ined at diagnosis, 30 (16.8%) at relapse, and 55 (30.7%)
during treatment, including before and after SCT.

Mutation and rearrangement analysis

Of the 145 cases Clinvar determined had non-benign gene
alterations, 21%, 3%, and 7% harbored mutations in FLT3,
IDH?2, and IDH1, respectively, genes for which targeted ther-
apy is available (Fig. 2b). Notably, mutations in NRAS (9%)
and PTPN11 (8%) may exhibit pre-treatment or acquired
changes that lead to primary or secondary resistance [7, 8].
Mutations were also detected in the myelodysplasia-related
genes RUNXI (18%), BCOR (8%), SRSF2 (8%), ASXLI
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Fig.2 a Consort diagram of the case registration flowchart. b Onco-print of all Non-benign alterations. ¢ Circos plot of 20 genetic alterations

detected in more than 5% of all tests

(7%), ZRSR2 (1%), EZH2 (6%), STAG2 (6%), SF3B1 (3%),
and U2AF1 (3%), which are classified as adverse risk groups
in ELN2022 [9-13]. Mutations in KMT2A (13%) [14] and
TP53 (13%) [9], which rarely overlap with other AML muta-
tions and are thought to be strong drivers of AML, were
also common. Mutations in TET2 (51%), DNMT3A (12%),
and ASXLI (7%) were also detected, but as these mutations
are common in clonal hematopoiesis (CH), their presence
should be interpreted with caution.

A circos plot of 20 genetic alterations that accounted for
more than 5% of all cases is shown in Fig. 2c. Coexistent
mutations in NRAS and KRAS, EZH?2 and KRAS, and EZH?2
and ASXLI were common and exhibited relatively strong
relationships.

Patient survival and impact of genetic alteration

A multivariate analysis was conducted, adjusting
for age, gender, and SCT status. Figure 3a—c shows
OS for all patients, OS with and without SCT, and
OS by age. The log-rank test was used for survival

time analysis. The median follow-up was 8.4 months
(range, 6.4—12.6 months), and the estimated median
OS was 25.6 months (95% confidence interval [CI],
15.9-54.7 months) for all 145 eligible patients. The esti-
mated median OS of the SCT group was 53.3 months (95%
CI, 17.6-NR months), whereas that of the no SCT group
was 17.3 months (95% CI, 11.6-35.0 months). The SCT
group exhibited significantly better prognosis than the
no SCT group. The respective estimated median OS for
patients < 40 years of age, 40-59 years of age, 60-79 years
of age, and > 80 years of age were, not reached,
53.3 months (95% CI, 13.7-NR months), 18.9 months
(95% CI, 11.6-54.7 months), and 17.3 months (95% CI,
2.5-NR months).

Multivariate analysis of the effect of the respective gene
mutations on survival showed that patients with TP53 and
NRAS mutations had significantly lower OS, with HRs
for death of 3.98 (95% CI, 1.66-9.57) and 5.50 (95% CI,
1.94-15.5), respectively (Fig. 3d). As previously reported,
TP53 mutations are considered adverse risk factors [15], but
the prognostic impact of NRAS mutations is unclear.
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Table 1 Patient characteristics

Age

Sex (Male/Female/Unknown)

Diagnosis

AML with myelodysplasia-related changes

AML with maturation

AML without maturation

Therapy-related myeloid neoplasms

Acute monoblastic/monocytic leukemia

AML with mutated NPM1

AML with t(8;21)(q22;q22.1); RUNX1-RUNXI1T1
Acute promyelocytic leukemia with PML-RARA
AML with minimal differentiation

Acute myelomonocytic leukemia

AML with t(9;11)(p21.3;q23.3); MLLT3-KMT2A
AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11

AML with inv(3)(q21.3q26.2)or t(3;3)(q21.3;q26.2); GATA2, MECOM(EVI1)

Provisional entity: AML with mutated RUNX1

Acute megakaryoblastic leukemia

Unknown

Pure erythroid leukemia

Acute promyelocytic leukemia with variant RARA translocation
SCT performed

65.0 [53.0-74.0]
89 (61.4%)/55 (37.9%)/1 (0.7%)

43 (29.7%)
17 (11.7%)
13 (9.0%)
11 (7.6%)
10 (6.9%)
10 (6.9%)
9 (6.2%)

7 (4.8%)

4 (2.8%)
3(2.1%)
3(2.1%)
3(2.1%)
3(2.1%)

2 (1.4%)

2 (1.4%)

2 (1.4%)

2 (1.4%)

1 (0.7%)
Done 51 (35.2%)/Not Done 94 (64.8%)

Survey of participating sites regarding clinical
utility

Participating sites that were surveyed regarding clini-
cal utility indicated that the analysis was useful in 62%
of cases (96 of 154 allocated patients). The physician in
charge responded on the web using the Economic Develop-
ment Committee. The analysis was used to assess the risk of
recurrence, determine indications for SCT, select therapeu-
tic agents, including molecular-targeted agents, confirm or
change the diagnosis, and recruit patients for clinical trials
or investigator-initiated trials. The results were particularly
useful for assessing the risk of recurrence (43%) and deter-
mining the indications for SCT (25%) (Fig. 4). For example,
early SCT was actively considered in AML with pathogenic
mutations such as TP53, which was considered poor progno-
sis in 2022 ELN risk classification by genetics at initial diag-
nosis. In addition, in unfit patients with IDH1/2 mutations,
azacitidine or low dose cytarabine plus venetoclax therapies
were expected to prolong prognosis (IDH1/2 inhibitors are
not approved in Japan at present).

Evaluation of serial sequencing
Of the 23 patients who underwent serial sequencing, 6 exhib-

ited loss of pathogenic mutations, residual pathogenic muta-
tions were continuously detected in 10 cases, and 1 patient

@ Springer

exhibited the emergence of a different clone during treatment
(Fig. 5a).

In some cases, the predominant clone at initial onset was
replaced by other clones (Fig. 5b). For example, in a patient
diagnosed with AML with FLT3-ITD, serial sequencing
revealed that the FLT3-ITD mutant clone was replaced by
another clone. Therefore, we considered changing treatment
from the FLT3 inhibitor to other therapies. If a patient contin-
ues to acquire new clones as treatment progresses, SCT may
be a good option to consider aggressively. In other cases, the
pathogenic mutations remained after remission was achieved,
suggesting that normal leukocytes originally carried the muta-
tions. This indicated that it should be noted that not all patholo-
genic clones detected were involved in the development of
leukemia.

These results suggest that serial sequencing can provide
clinically useful information. However, due to the limited
number of patients in the sequential sample and the short fol-
low-up period, no definitive conclusions have been reached.
Longer follow-up in larger cohorts is needed to fully assess the
value of serial sequencing and its impact on clinical outcomes.
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Discussion

AML is not a single disease but rather a number of dis-
eases, each exhibiting diverse genetic characteristics [9,
16, 17]. Nevertheless, the initial treatment of AML has
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remained essentially unchanged over the past 40 years.
That is, patients typically receive either multidiscipli-
nary induction therapy or hypomethylating agents, sub-
cutaneous cytarabine, supportive care, or palliative care.
However, advances have been made recently in genomic
diagnosis technology and techniques to assess measurable
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Fig.5 Serial sequencing a 20
analysis of 23 cases. a Loss of
mutations was detected in 6
cases, residual mutations were
detected in 10 cases, and 1
case exhibited the emergence
of a different clone. 6 cases
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residual disease (MRD), and various novel therapeutic
agents have been introduced, such as inhibitors of FLT3,
IDH1, IDH2, and BCL2. Current studies are also evalu-
ating menin inhibitors for patients with KMT2A rear-
rangements and NPM 1 mutations [18]. Other agents (e.g.,
epigenetically targeted therapies) and immuno-therapy
approaches, including bi-specific T-cell-engaging antibod-
ies, checkpoint inhibitors, and chimeric antigen receptor
T cells or natural killer cells, have shown promise in the
setting of MRD, in the frontline, or early salvage combina-
tion approaches [18-20]. These advances have prompted
this update, which includes a revised ELN genetic risk
classification, revised response criteria, and treatment
recommendations.

Genomic data can be obtained using approaches such as
single-gene testing, targeted sequencing panels, or compre-
hensive whole-genome or whole-exome sequencing analy-
ses. Targeted sequencing panels have been the predominant
approach used in recent years and are the most cost-effective
testing method.

Genomic analysis is essential to the management of
AML and can provide information important for accurate
diagnosis, risk assessment, treatment decisions, clone
monitoring, and assessment of progression and treat-
ment resistance. Traditionally, initial treatment is initi-
ated within a few days of diagnosis to reduce the risk of
death due to disease progression, but this approach does
not consider the mutation profile. However, one retro-
spective analysis showed that a delay in treatment of up
to 8 days does not affect overall survival, a finding that
supports the development of therapies that accommo-
date genomic stratification in the first-line treatment of
AML [21]. Furthermore, the Beat AML study showed a
lower early mortality rate and superior overall survival in
patients who underwent CGP within 7 days and chose the
assigned treatment based on the molecular profiling treat-
ment algorithm [3]. Another study reported that complete
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response rates and OS were significantly lower in younger
patients when treatment initiation was delayed for more
than 5 days; thus, data regarding genomic abnormalities
related to diagnostic classification should be reported
within 5 days if possible [22, 23].

Driver mutations associated with AML tend to occur in a
core group of 20-50 genes, which facilitates detection using
small gene panels [1]. More than 40 AML-related genes
are listed in the “Tests and procedures at diagnosis for a
patient with AML” section of the ELN2022 recommendation
[15]. More than 20 genes that are listed in the risk classifi-
cation by genetics at initial diagnosis should also be tested
for mutations in consideration of allogeneic SCT in patients
who have received standard intensive chemotherapy [15].
Based on these findings, the present study targeted 53 genes
and tried to shorten the TAT to less than 5 days. Due to the
limited number of participating centers, sample accumula-
tion took longer than anticipated and did not achieve the
target TAT. Although the TAT was within 7 days in the Beat
AML study, wet analysis and annotation required 8 days in
the present study, suggesting that clinical implementation
would be feasible with future improvements.

The Amoy Myeloid Panel® was useful especially for risk
assessment, indications for transplantation, drug choice,
and diagnosis monitoring clonal changes. The impact on
prognosis can be predicted depending on the type of gene
mutation. Early SCT was actively considered in AML with
pathogenic mutations which was considered poor prognosis
in 2022 ELN risk classification by genetics at initial diag-
nosis. In this study, TP53 and NRAS were predominantly
associated with poor prognosis. However, it should be noted
that this result only focused on genes and does not consider
the patient background.

Regarding treatment choice, this panel was mainly helpful
in selecting FLT3 inhibitors. For unfit patients with IDH1/2
mutations, although IDH1/2 inhibitors are not currently
approved in Japan, it was expected that the prognosis could
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be extended by treatment with azacitidine or low dose cyta-
rabine plus venetoclax.

With regard to monitoring of the leukemia clone, vari-
ous clone changes were observed, which was very inter-
esting. The characteristics of these cases and how to use
the monitoring results are discussed below. In cases where
the clone disappeared as remission was achieved, AML
was considered to be sensitive to drug treatment. In cases
where resistance progressed as new clones were acquired
one after another, conventional chemotherapy was ineffec-
tive and hematopoietic stem cell transplantation should have
been considered. In cases where FLT3-ITD clones disap-
peared due to FLT3 inhibitors, but other clones increased
instead, sensitivity to FLT3 inhibitors was no longer present
and alternative treatments should have been considered. In
some cases, the patient's white blood cells still contained
pathogenic mutations that were present before remission.
As these pathogenic mutations were not directly involved
in the development of leukemia, they were not useful for
determining the efficacy of treatment. However, as it was
not possible to rule out the possibility that they were CH or
germline mutations, long-term monitoring should have been
considered. In this way, monitoring of the leukemia clone
was used not only for diagnosis, but also to understand the
dynamics of the leukemia and to consider treatment options.

MRD is evaluated in AML to (1) provide more detailed
quantitative confirmation of remission status, (2) assess
the risk of relapse after remission, (3) detect early relapse,
and (4) serve as an alternative endpoint to accelerate drug
testing and approval [24]. In addition to baseline genetic
characteristics, response to initial therapy and assessment of
early MRD are important for individual risk classification
[25]. Induction therapy and post-transplant MRD monitor-
ing reportedly have a favorable prognostic impact [26, 27].

NGS data can be used to quantify the variant allele fre-
quency of tumors and have been used to predict both recur-
rence risk [27] and survival outcome [28]. NGS can also
provide useful information regarding new mutations that
were not present at the time of AML diagnosis. For exam-
ple, driver mutations such as NPMI and CBF fusions are
usually present in the initial clone and retained at relapse. In
contrast, mutations in signal transduction genes (e.g., FLT3-
ITD, NRAS/KRAS) are often subclonal, and their presence
may change over time and during treatment [5]. Sequential
mutation analyses and monitoring for changes in these sub-
clones are important for obtaining an accurate assessment of
disease activity. It should be noted that residual epigenetic
mutations, including those in DTA (i.e., DNMT3A, TET2,
ASXLI), are indicative of preleukemic clones and should
not be considered MRD.

In most cases, AML is sporadic, but some cases may
involve germline mutations that can be inherited by a
patient’s offspring. NGS detects not only somatic-acquired

mutations but also germline mutations associated with inher-
ited hematologic tumor predisposition. Germline predisposi-
tion testing should be considered for mutations detected in
sequencing panels that may indicate pathogenic germline
mutations (e.g., CEBPA, DDX41, GATA2, RUNXI, TP53
mutations), especially in patients with a variant allele fre-
quency > 50% and with persistent mutations in remission
[29, 30].

We asked attending physicians at the participating sites
how the Amoy Myeloid Panel® had helped them. Physi-
cians reported that they often use sequencing data obtained
at various points during treatment to assess risk, determine
treatment strategy and indications for SCT, and review the
diagnosis. As the true impact of these data on clinical deci-
sion-making is unknown, prospective clinical trials based
on genomic information could lead to better assessment of
patient outcomes.

In the HMSO2 study, target genes were carefully selected,
and NGS was rapidly and easily performed using bone mar-
row fluid or peripheral blood samples. The goal was to
facilitate the selection of molecular-targeted drugs in clini-
cal practice, identify leukemic clonal changes, and recruit
patients for appropriate clinical trials. This large, multicenter
study in Japan demonstrated the feasibility of rapid molecu-
lar therapeutic intervention in patients with AML. As new
therapeutic approaches become available, the importance
of choosing the optimal treatment from multiple treatment
options will increase from both the clinician and patient
perspectives.

Limitations of the present study include the following.
First, the mutations could not be definitively designated as
somatic because a tumor-only panel was used, and no ger-
mline or normal reference sequences were available. Second,
we could not distinguish between somatic mutations and
CH. The predictive value of residual DTA mutations after
treatment is incompletely understood [26, 27, 31], and elu-
cidating the differences between residual leukemic clones
and elevated CH [32] will require further study. Further-
more, the limited number of patients with sequential sample
and the short follow-up duration preclude definitive conclu-
sions. A larger cohort with longer follow-up is needed to
fully assess the value of repeated testing and its impact on
clinical outcomes.

Due to the continuous decrease in the cost of sequencing
analysis, it is expected that the widespread use of not only
targeted gene panel testing, but also a wide range of genomic
testing methods such as whole exome sequencing and whole
genome sequencing will progress sooner or later. It is hoped
that CGP will become a routine part of AML clinical prac-
tice, and that it will lead to improved outcomes not only in
the short-term treatment, but also in the curative treatment.
However, one issue is whether CGP will be provided at an
affordable price for the healthcare system.
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In Japan, CGP for solid tumours is covered by insurance
only once for advanced cancer for which there is no standard
treatment or for which the standard treatment is expected to
be completed. However, CGP for AML is useful for diagno-
sis, prognosis prediction and treatment selection. Therefore,
AML patients should undergo CGP before treatment begins,
and should also be able to undergo testing during treatment
if necessary. At present, CGP for AML is not covered by
health insurance in Japan, but when CGP is introduced in
the future, it should be possible to perform it multiple times.
As this study shows, if the Amoy Myeloid Panel® is imple-
mented in clinical practice, it will be possible to provide test
results in a short period of time and track clonal changes
during treatment, so treatment strategies can be considered
early and flexibly.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12185-024-03895-w.
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Infections associated with percutaneous pinning of the fingers occur in a certain percentage of cases;
however, osteomyelitis rarely leads to more severe suppurative arthritis of the hand. A 26-year-old woman
presented with scapholunate dissociation and underwent percutaneous pinning. Although some signs of
infection were found around the pin site at five weeks, the pins were removed seven weeks postoperatively.
At 10 weeks, she experienced severe wrist pain, with radiography, computed tomography, and magnetic
resonance imaging confirming distractive changes in the lunate, radius, and pyogenic arthritis.
Consequently, the infection was controlled; however, it led to radiolunate fusion. A case of percutaneous
pinning followed by lunate osteomyelitis or pyogenic wrist arthritis leading to radial lunate fusion has not
been reported previously. The pin should be removed immediately if it becomes infected.
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Introduction

Scapholunate (SL) dissociations are found in 5% of wrist sprains [1], and SL ligament injuries are observed in
54.5% of fractures in the distal end of the radius [2]. Geissler described the arthroscopic classification
(grades I-IV) and the management of carpal instability [3]. Patients with acute Geissler grade II or grade III
injuries are most ideally suited for arthroscopically assisted reduction and pinning [3]. Garcia-Elias classified
six stages of SL dissociation and recommended pinning as a treatment for stage I or II injuries [4]. However,
infections associated with percutaneous pinning of the wrists are uncommon [5-7]; moreover, severe
complications such as osteomyelitis progressing to septic arthritis of the wrist are exceedingly rare [8]. Botte
et al. documented an 11% incidence of infection following percutaneous pinning, with 4% involving the
carpal bones and osteomyelitis occurring in two out of 177 cases [9]. Septic arthritis of the wrist, although
infrequent, constitutes a critical clinical condition, primarily involving the radiocarpal joint but potentially
extending to the midcarpal and distal radioulnar joints. In advanced or neglected cases, the infection may
spread into the carpal tunnel or adjacent deep soft tissues [10]. Moreover, Skeete et al. reported that septic
arthritis in patients presenting with an acute, non-traumatic, swollen wrist in emergency settings had a
prevalence of 5% in their cohort [11]. Their findings also highlighted that laboratory indices, including
leukocyte count, erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP), lacked sufficient
specificity and sensitivity to definitively confirm or exclude septic arthritis of the wrist. We present a case of
suppurative osteomyelitis and carpal arthritis following percutaneous pinning for scapholunate dissociation
and further explore potential prophylactic strategies.

Case Presentation

A 26-year-old female dietitian sustained a compressive injury to her right hand, caught between a catering
truck and a wall. Clinical examination revealed marked tenderness in the SL region, and radiographic
imaging in the ulnar flexion position showed an increased SL interval (Figures /a-1c).
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FIGURE 1: Initial X-ray at hospital admission.

a: Anteroposterior (AP) view. b: AP view with ulnar deviation showing widening of the scaphoid-lunate interval
(arrow). c: Lateral view, showing a radio-scaphoid angle of 40°.

The patient was diagnosed with SL dissociation, classified as Garcia-Elias stage 2, and subsequently
underwent surgery [4]. Under general anesthesia, arthroscopic evaluation of SL instability was performed
using the Geissler classification [3], revealing grade 3 instability at the SL joint and grade 1 instability at the
lunotriquetral joint (Figures 2a, 2b).

FIGURE 2: Arthroscopic findings.

a: Scapholunate interval, classified as Geissler grade 3. b: Luno-triquetral interval classified as Geissler grade 1.

Stabilization of the SL joint was achieved using two 1.5-mm Kirschner wires (K-wires) (Figures 3a, 5b), which
were placed percutaneously and scheduled for removal after eight weeks.
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FIGURE 3: Postoperative X-ray following the initial surgery.

a: Anteroposterior view. b: Lateral view.

Despite the patient reporting persistent postoperative pain, immobilization with a splint was continued. At
five weeks postoperatively, the wrists were a little swollen overall; however, there was no redness or heat.
Additionally, clear yellow exudate was observed at the K-wire entry site. The patient did not exhibit signs of
systemic infection, and no worsening of symptoms occurred after showering, administration of nonsteroidal
anti-inflammatory drugs (NSAIDs), or oral antibiotic therapy. The K-wire was removed at seven weeks
postoperatively (Figure 4a).

FIGURE 4: X-ray following Kirschner wire (K-wire) removal.

a: Anteroposterior (AP) view immediately after K-wire removal. b: AP view three weeks post-K-wire removal. The
irregularities of the proximal lunate articular surface can be seen (arrow).

Three weeks post-removal, the patient experienced an exacerbation of swelling and increased warmth
around the wrist (Figures 5a-5¢).
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FIGURE 5: Clinical appearance three weeks after Kirschner wire
removal.

a: Dorsal view. b: Radial view. c: Volar view.

Radiographic evaluation revealed irregularities of the proximal lunate articular surface (Figure 4b).

Laboratory investigations showed a white blood cell (WBC) count of 8.5 x 10%/L and a CRP level of 2.43
mg/dL. Computed tomography (CT) imaging showed osseous destruction of the lunate and irregularity of the
radial lunate fossa (Figures 6a, 6b), whereas magnetic resonance imaging (MRI) revealed bone marrow edema
in the lunate and inflammatory changes extending to the palmar aspect of the wrist joint and surrounding
flexor tendons (Figures 7a-7c).

FIGURE 6: Computed tomography three weeks after Kirschner wire
removal.

a: Coronal view. b: Sagittal view.

The lunate destruction and irregularity of the radial lunate fossa can be seen (arrow).
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FIGURE 7: Magnetic resonance imaging three weeks after Kirschner
wire removal.

a: Coronal view. b: Axial view at the carpal tunnel level. c: Axial view at the distal radioulnar joint level.

The inflammatory changes extending to the palmar aspect of the wrist joint and surrounding flexor tendons can be
seen (arrow).

Consequently, a diagnosis of lunate osteomyelitis with progression to pyogenic wrist arthritis was made,
necessitating urgent surgical intervention. The patient underwent synovectomy of the inflamed synovial
tissue around the flexor tendons via a palmar approach to the wrist joint. Extensive debridement and lavage
of the wrist joint were performed (Figure 8a). Additionally, a portion of the infected and compromised
palmar joint capsule of the distal radioulnar joint (DRUJ) was excised (Figure 8b), and external fixation was
applied for wrist stabilization (Figure 9a). The palmar capsule of the DRUJ was left partially defective,
resulting in dorsal dislocation of the ulnar head (Figures 9b, 9¢).

Flexor tepdons and
mediannerve *

radial

side

FIGURE 8: Findings from the second surgical procedure.

a: Volar approach. b: Partial resection of the volar capsule.
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FIGURE 9: Post-second surgery imaging.

a: X-ray anteroposterior view. b: X-ray lateral view. c: Computed tomography axial view.

Methicillin-sensitive Staphylococcus aureus (MSSA) was detected in the debridement tissues. Therefore, the
patient received intravenous cefazolin (CEZ) 4 g/day, targeting MSSA. After three weeks, a second
debridement and DRUJ stabilization were performed. The infection resolved, and DRUJ stability was
reestablished by suturing the distal radioulnar ligament and joint capsule to the ulnar border of the radius
(Figures 10a, 10Db).

B

proximal

FIGURE 10: Findings from the third surgical procedure.

a: Volar approach with minimal infectious tissue observed. b: Suturing of the volar capsule and distal radioulnar
ligament.

Asterisk (*) is the distal radioulnar joint.

Post-treatment laboratory results showed a WBC count of 4.6 x 10%/L and a CRP level of 0.11 mg/dL. Two K-
wires were temporarily placed between the radius and ulna and removed after five weeks, followed by
external fixation for two months. The patient received intravenous CEZ for six weeks, followed by oral
cefaclor for one year. Six months postoperatively, there was no recurrence of infection, and DRUJ stability
was maintained (Figures /1a-11c).
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FIGURE 11: Imaging six months post-injury.

a: X-ray anteroposterior view. b: X-ray lateral view. c: Computed tomography axial view.

However, the patient continued to experience pain and exhibited a significantly restricted range of motion
(ROM): 20° dorsiflexion, 10° palmar flexion, 10° external rotation, and 45° internal rotation. Two years
post-injury, MRI showed normalization of the marrow signal in the lunate and radius (Figure /2a); however,
progressive cartilage degradation of the lunate and radial lunate fossa was noted, with CT imaging
indicating a tendency toward lunate-radius fusion (Figures 12b, 12¢).

FIGURE 12: Imaging two years post-injury.

a: Magnetic resonance imaging coronal view. b: Computed tomography (CT) coronal view. c: CT sagittal view.

Three years post-injury, complete fusion of the radius and lunate was observed (Figures 15a, 13D).
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FIGURE 13: X-ray three years post-injury.

a: Anteroposterior view. b. Lateral view.

At five years, there was no recurrence of infection, and the patient resumed her professional duties as a
dietitian, with a grip strength of 20 kg (77% of normal). Nevertheless, her ROM remained limited to 40°
dorsiflexion, 20° palmar flexion, 90° external rotation, and 60° internal rotation of the right wrist (Figures
14a-14d).

FIGURE 14: Wrist range of motion five years post-injury.

a: Dorsiflexion. b: Volar flexion. c: Supination. d: Pronation.

Her Mayo wrist score was 70 points, and her Disability of the Arm, Shoulder, and Hand (DASH) score was
6.25, with noted improvement in her subjective symptoms.

Discussion

Botte et al. reported an 11% (45/422 pins) infection rate following percutaneous pinning for wrist fractures,
with infection rates of 3% in middle phalanx cases, 2% in proximal phalanx cases, 1% in metacarpal cases,
and 4% in carpal cases [9]. The mean duration for pin removal was 10 weeks (range = 1-21 weeks), with
complications occurring in 22% of cases where pins were retained for more than 6.5 weeks. Osteomyelitis
developed in two cases: one following a basal bone fracture with crush injury and another after periosteal
dislocation of the lunate. In the latter case, an MSSA infection was identified 12 weeks postoperatively.
Despite surgical debridement and six weeks of intravenous oxacillin, spontaneous fusion of the central
carpal bones was observed two years later. These findings underscore the heightened susceptibility of the
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carpus to infection following percutaneous pinning in hand trauma, particularly with prolonged pin
retention. In this study, although the K-wire was removed at seven weeks, the presence of exudate at five
weeks suggests that the delay in removal likely contributed to the subsequent severe infection. Whether or
not to bury the pin remains controversial; in this case, the pin could not be buried because of the location of
the branches of the radial artery and nerve. Birman et al. recommend that in cases of postoperative infection
or late presentation with purulent discharge, needle aspiration combined with empiric parenteral antibiotics
should be initiated, and surgical intervention should be considered if there is no substantial improvement
within 12 hours of aspiration [10]. Although serum biomarkers are routinely utilized in diagnosing septic
arthritis, they lack definitive diagnostic value. For instance, a systematic review demonstrated that
abnormalities in serum WBC, ESR, and CRP levels do not significantly alter the pretest probability of septic
arthritis [12]. According to the study, a synovial fluid WBC count of >50,000 cells/uL indicates a high
likelihood of septic arthritis, with counts >100,000 cells/uL further increasing this probability [12]. In
another study of 202 patients with suspected septic arthritis, only 47% of cases with synovial WBC counts
>50,000 cells/uL were confirmed as septic arthritis, whereas 77% of cases with counts >100,000 cells/pL had
positive bacterial cultures. However, even the most reliable tests, such as synovial fluid Gram stain and
culture, may not immediately confirm acute septic arthritis, as cultures often become positive only after
several days [13]. Hunter et al. concluded that most cases of septic arthritis (62%) were successfully managed
with a single surgical debridement [14]. Factors associated with a higher risk of requiring additional
debridement include a history of inflammatory arthropathy, involvement of a large joint, a synovial fluid

nucleated cell count >85.0 x 10° cells/L, S. aureus infection, or diabetes.

In an 11-year study of 40 cases of pyogenic arthritis of the hand, Yap et al. reported that three cases
necessitated forearm amputation [15]. They emphasized the critical importance of prompt identification of
the causative organism and the initiation of appropriate antimicrobial therapy, coupled with surgical
intervention. They also recommended escalation to vancomycin in cases of methicillin-resistant S. aureus
infection or failure to respond within 48 hours. Dadras et al. reported 22 cases of pyogenic wrist arthritis
[16], 11 of which were associated with SL ligament repair or arthroscopic surgery. Seven of these cases
improved with intra-articular lavage alone, whereas 15 required external fixation. Four patients underwent
articular cartilage debridement, and 10 required carpectomy. Postoperative outcomes included an average
DASH score of 34 points, an average ROM ratio of 49% compared to healthy controls, and an average grip
strength ratio of 70%, highlighting the challenges in treating this condition. Our case shares several
similarities with the Dadras report, including the presence of an MSSA infection following arthroscopic
surgery for SL ligament injury and a treatment regimen involving intra-articular lavage and external
fixation. At the final evaluation, the patient exhibited a ROM ratio of 40% and a grip strength ratio of 77%.
Fortunately, despite these limitations, the patient reported minimal subjective complaints, with a DASH
score of 6.25, and required only partial immobilization. Quadlbauer et al. reported a case of spontaneous
radioscapholunate (RSL) fusion post-wrist infection caused by a dog bite [17]. In their case, RSL joint
destruction also began two months after injury, and RSL was spontaneously fused after seven years. Our
case is similar to theirs, and while it may appear to be an extreme idea, spontaneous radiocarpal fusion
could be a natural progression after severe pyogenic arthritis of the wrist. As they stated, the clinical
outcome of partial radial carpal fusion was relatively positive, suggesting that our treatment strategy was
appropriate.

Conclusions

This case highlights the importance of early intervention in suspected infections following percutaneous
pinning. Prompt removal of the pin is crucial in preventing the progression of infection. If the infection
advances to osteomyelitis or septic arthritis, comprehensive surgical debridement and the administration of
targeted antimicrobial therapy are imperative for effective management.
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Abstract. Background/Aim: Atezolizumab, one of the anti-PD-
L1 antibodies, targets PD-LI expressed on cancer cells and
antigen-presenting cells. This immune checkpoint inhibitor is
now commonly used in combination with chemotherapy. The
objectives of this study were to confirm the treatment outcomes
of combined atezolizumab plus chemotherapy, and to identify
prognostic factors, with a particular focus on the impact of the
site of metastasis in real-world clinical practice. Patients and
Methods: A retrospective review of clinical information on non-
small cell lung cancer patients who received combined
atezolizumab plus chemotherapy from May 2018 to August
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2024 at our 11 hospitals was conducted. Results: The 141
patients evaluated had a median progression-free survival of 8.0
months and a median overall survival of 19.0 months.
Multivariate analyses showed that ‘absence of liver metastases’,
‘absence of adrenal metastases’, ‘first-line combined
atezolizumab plus chemotherapy’, and ‘good performance
status’ were associated with progression-free survival and
overall survival. Immune-related adverse events were observed
in 27.7% of patients, with grade 3 or higher in 9.9% of patients,
and grade 5 in 2.1% of patients. Conclusion: Efficacy and
immune-related adverse events associated with the combination
of atezolizumab and chemotherapy in non-small cell lung
cancer patients were comparable to previous clinical trials. To
ensure that appropriate patients receive the most effective
treatment, it is important to identify detailed prognostic factors,
including clinical information, such as the affected metastatic
organs. Continued research and further accumulation of
knowledge in this area are eagerly anticipated.

Immune checkpoint inhibitors (ICIs) have revolutionized the
treatment of advanced non-small cell lung cancer (NSCLC).
Among ICIs, anti-programmed death-1 (PD-1) and anti-
programmed death ligand-1 (PD-L1) antibody drugs have
been introduced into clinical practice. These drugs exert their
anti-tumor effects by blocking the binding between PD-1 and
PD-L1, which acts as a brake on the activity of T cells. By
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inhibiting this pathway, the drugs reactivate T cells that have
been suppressed by PD-L1, enhancing their ability to attack
cancer cells. One of the anti-PD-L1 monoclonal antibodies,
atezolizumab, binds to PD-L1 expressed on cancer cells and
antigen-presenting cells, thereby inhibiting its interaction with
PD-1 (1, 2). Like other ICIs, with favorable clinical trial
results, atezolizumab has been used in clinical practice as a
single agent. Thereafter, clinical trials in advanced NSCLC
have demonstrated the efficacy of atezolizumab in combination
with several cytotoxic antineoplastic agents (3-6). As a result,
several treatment regimens — the IMpower150 regimen with
paclitaxel combination (3), IMpower130 regimen with nab-
paclitaxel combination (4), IMpowerl32 regimen with
pemetrexed combination (5), and IMpower133 regimen with
etoposide (6) — are now available in clinical practice.
However, there have been no studies to date evaluating the
treatment outcomes of combined atezolizumab plus
chemotherapy in real-world clinical practice involving more
than 100 patients, and the treatment outcomes obtained in
clinical trials have not been sufficiently verified. In the
treatment of advanced NSCLC, control of brain metastases is
important for maintaining quality of life and has become a key
area of focus (7). Besides brain metastasis, metastasis to the
liver and adrenal glands are of note in relation to prognosis
(8, 9). From this perspective, it is necessary to consider the
organs of metastasis when analyzing factors related to
prognosis in the treatment of NSCLC with ICIs. However,
studies addressing this aspect have not been conducted.

In light of this, we conducted this retrospective study with
the aim of clarifying the following two points: to evaluate
the treatment outcomes of atezolizumab combined with
chemotherapy in real-world clinical practice, and to identify
prognostic factors with a particular focus on the site of
metastasis. We believe that our results will provide useful
information for optimizing future treatments involving this
combination therapy.

Patients and Methods

Patients. This survey included all patients who received atezolizumab
combined with chemotherapy at 11 medical institutions participating
in the ATTENTION IBARAKI study group between May 2018 and
August 2024. Medical records of eligible patients were reviewed in
detail. However, patients who tested positive for driver genes and
received a tyrosine kinase inhibitor targeting those genes as first-line
treatment were excluded from the study. Pathological diagnosis was
according to the World Health Organization classification (10).
Imaging was performed at the time of diagnosis, and the clinical stage
was determined according to the TNM classification (11). In addition
to patient background information, such as age, sex, Eastern
Cooperative Oncology Group performance status (PS), histology, and
stage, we investigated the presence or absence of brain, liver, and
adrenal metastases, and examined their relationship to prognosis.
Tumor response was evaluated as complete response (CR), partial
response (PR), stable disease, progressive disease, or not evaluable
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Table 1. Patient characteristics.

Number of patients 141

Sex, Female: Male 31:110
Performance status, 0-1:<2 116:25
Age, >70 years:70 years or older 70:71
Age, median (range), years 70 (38-87)
Pathology, adenocarcinoma:others 91:50
PD-L1, positive:negative 62:79
Stage, IIIA-C:IVA-B 17:124
Brain metastasis, absent:present 111:30
Liver metastasis, absent:present 121:20
Adrenal gland metastasis, absent:present 125:16

PD-L1: Programmed death ligand 1.

according to Response Evaluation Criteria in Solid Tumors (12). For
each patient, progression-free survival (PFS) and overall survival
(OS) from the start of atezolizumab plus chemotherapy were
examined. Immune-related adverse events (irAEs) were evaluated
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 5.0), and adverse events were
evaluated and graded accordingly (13).

Statistical analysis. The chi-squared test was applied to test for
differences in proportions. The Kruskal-Wallis test was used to
compare values among four unpaired groups, such as when
comparing patient age. Univariate analysis of survival probability
was performed using the log-rank test and Kaplan—-Meier method.
Multivariate analysis was performed with the Cox proportional
hazards model using significant factors identified in the univariate
analysis. Logistic regression analysis was also performed to analyze
long-term survival, although this study focused on three-year OS.
In this study, a p-value less than 0.05 was considered to indicate a
significant difference.

Informed consent and approval of Institutional Review Board.
Comprehensive consent regarding lung cancer treatment was obtained
from each patient. The ethical committees of the University of
Tsukuba Mito Medical Center Mito Kyodo Hospital (NO-22-42-
CHEMO) and participating institutions approved this study.

Results

Characteristics of patients. During the study period, 141
patients received he combination of atezolizumab and
chemotherapy, and information on these patients was
collected. Patient characteristics are shown in Table I. The
median age of the cohort was 70 years (range=38-87 years).
One hundred and ten (78.0%) were male patients. Ninety-
one patients (64.5%) had adenocarcinoma. One hundred and
sixteen patients (82.3%) had PS 0-1. Three patients (2.1%)
tested positive for a driver gene mutation, all of whom had
an epidermal growth factor receptor exon 20 insertion.

The treatment regimens administered and the number of
patients treated were as follows: atezolizumab + bevacizumab +
paclitaxel + carboplatin (IMpowerl50 regimen, paclitaxel
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Table II. Patient characteristics by atezolizumab treatment regimen.

Treatment regimen of Atezolizumab

PTX-containing Nab-PTX-containing PEM-containing VP-containing p-Value
IMpower150 IMpower130 IMpower132 IMpower133

Number of patients 80 22 14 25

Sex, Female: Male 17:63 3:19 5:9 6:19 0472
Performance status, 0-1:<2 70: 10 17:5 12:2 17:8 0.140
Age, >70 years:70 years or older 43:37 8:14 8:6 11:14 0.436
Age, median (range), years 69 (48-81) 72 (38-98) 71 (45-79) 70 (47-84) 0.617
Pathology, adenocarcinoma:others 67:13 13:9 11:3 0:25 0.001
PD-L1, positive:negative 46:34 9:13 6:8 1:24 0.001
Stage, I[ITA-C:IVA-B 6:74 4:18 3:11 4:21 0.276
Brain metastasis, absent:present 60:20 18:4 12:2 21:4 0.657
Liver metastasis, absent:present 74:6 20:2 13:1 14:11 0.001
Adrenal gland metastasis, absent:present 72:8 18:4 14:0 21:4 0.321

PD-L1: Programmed death ligand 1; PTX: paclitaxel; PEM: pemetrexed; VP: etoposide.

regimen) for 80 patients (56.7%); carboplatin + nab-paclitaxel +
atezolizumab (IMpower130 regimen, nab-paclitaxel regimen) for
22 patients (15.6%); and platinum + pemetrexed + atezolizumab
(IMpower132 regimen, pemetrexed regimen) for 14 patients
(9.9%). In addition, 25 patients (17.7%) were treated with
carboplatin + etoposide + atezolizumab (IMpower133 regimen,
etoposide regimen) for large-cell neuroendocrine carcinoma. The
characteristics of the patients receiving each particular regimen
are shown in Table II.

In the 141 patients treated with atezolizumab plus
chemotherapy, the response rate (CR + PR) was 56.0% (CR,
n=3; PR, n=76). Forty-four patients (31.2%) were observed
to have stable disease, with a disease control rate of 87.2%.

Survival analysis. During the study period, 79 of the 141
patients died. At data cutoff (August 31, 2024), the median
patient follow-up time from initiation of combined
atezolizumab plus chemotherapy to the date of death or data
cutoff was 12.0 months (range=1.0-64.0 months). In the 141
patients, median PFS was 8.0 months [95% confidence interval
(CD=5.8-10.2 months; Figure 1A] and median OS was 19.0
months (95%CI=11.1-26.9 months; Figure 1B). The median
PFS (Figure 2A-D) and OS (Figure 2E-H) for each regimen
were as follows: for the paclitaxel regimen (IMpowerl50),
median PFS was 7.0 months (95%CI=5.3-8.7 months) and
median OS was 17.0 months (95%CI=4.1-30.0 months). For
the nab-paclitaxel regimen (IMpower130), median PFS and OS
were regarded as “not reached”. For the pemetrexed regimen
(IMpower132), the median PFS was 8.0 months (95%CI=4 4-
11.6 months) and median OS was 19.0 months (95%CI=7.6-
20.4 months). For the etoposide regimen (IMpower133), the
median PFS was 7.0 months (95%CI=0.5-13.5 months) and
median OS was 13.0 months (95%CI=6.0-20.0 months).
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The treatment sequences of each regimen, including
combined atezolizumab plus chemotherapy, therapies other
than combined atezolizumab plus chemotherapy, and
palliative care only, are shown in Figure 3. Seventeen of 141
patients (12.1%) had a period of palliative care alone without
anticancer treatment lasting more than six months, with a
median duration of nine months (range=6-51 months).

Factors that contribute to survival. With the aim to identify
favorable factors influencing PFS and OS, univariate analysis
was carried out with the following variables: sex, PS, age,
PD-L1 expression, stage, pathology, brain metastasis, liver
metastasis, adrenal gland metastasis, irAEs, atezolizumab-
containing treatment line, and regimen of atezolizumab. For
PFS, ‘absence of liver metastasis’, ‘absence of adrenal gland
metastasis’, and ‘first-line combined atezolizumab plus
chemotherapy’ were significantly associated with improved
outcomes (Table III). ‘No liver metastasis’ and ‘no adrenal
gland metastasis’ were significantly associated with OS
(Table IV). Logistic regression analysis of three-year OS
revealed that PS 0 was a favorable prognostic factor (Table
V). In both analytic methods, neither the ‘development of
grade 2-4 irAE’ not the ‘absence or presence of brain
metastases’ was associated with OS.

Toxicity. IrAEs are shown in Table VI. Thirty-nine of the 141
patients (27.7%) had irAEs of any grade, and 14 (9.9%) had
irAEs of grade 3 or higher. Thirty-two patients developed
one irAE, six patients developed two irAEs, and one patient
developed three irAEs. The majority of irAEs were
manageable and reversible, but grade 5 irAEs occurred in
three patients (2.1%), including two (1.4%) with grade 5
pulmonary irAEs. All three patients were male and aged
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Figure 1. In the 141 patients who were treated with atezolizumab plus chemotherapy, the median progression-free survival was 8.0 months [95%
confidence interval (CI)=5.8-10.2 months] (A) and median overall survival was 19.0 months (95%CI=11.1-26.9 months) (B).

between 69 and 79 years. The irAEs occurred 1-3 months
after initiating combined atezolizumab plus chemotherapy.
Both grade 5 pulmonary irAEs occurred in patients treated
with the paclitaxel regimen, and grade 5 sepsis developed in
a patient treated with the nab-paclitaxel regimen.

Discussion

Anti-PD-L1 antibodies, including atezolizumab, and anti-
PD-1 antibodies have different binding sites, and this
difference affects efficacy and safety (14). Clinical
evaluations have shown that anti-PD-L1 antibodies have a
lower incidence of irAEs and pneumonitis (15-17). At
present, combined ICI plus chemotherapy or the combination
of two ICIs has become the mainstream treatment for
patients with driver gene-negative NSCLC. Among these
treatments, there is insufficient information on the usefulness
and irAEs of combined atezolizumab plus chemotherapy in
clinical practice. Therefore, we conducted the present study
to address this gap. In the 141 patients treated with the
combination of atezolizumab and chemotherapy, the median
PFS and OS was 8.0 months and 19.0 months, respectively.
The respective median PFS and OS of the four regimens
used were 7.0-8.0 months and 13.0-19.0 months.

In clinical trials of combined ICI plus chemotherapy, the
median age was 63-64 years, and PS was almost limited to
0-1 (3-6). In patients with a favorable background suitable
for clinical trials, the median PFS and OS were 7.0-8.3
months and 17.5-19.0 months, respectively (3-6, 18-21). In
recent clinical trials examining combinations of two ICIs
plus chemotherapy, median PFS and OS were 5.5-7.2 months
and 13.3-17.1 months, respectively (20, 21). In various

108

clinical trials, respective PFS and OS with atezolizumab in
combination with chemotherapy were as follows: 8.3 and
19.0 months (3), 7.0 and 18.6 months (4), 7.6 and 17.5
months (5), and 5.2 and 12.3 months (6) for the paclitaxel,
nab-paclitaxel, pemetrexed, and etoposide regimens,
respectively. In contrast, in real-world clinical practice, PFS
and OS for anti-PD-1 antibodies plus chemotherapy were
6.4-9.4 months and 15.9-21.8 months, respectively (8, 22,
23). To the best of our knowledge, there has been only one
report by Ikeuchi et al. on the results of combined
atezolizumab plus chemotherapy in clinical practice (24). In
their report, the median age of 30 patients studied was 69
years, including 3.3% with PS 2, and 23.3% carried a
mutation in the epidermal growth factor receptor gene (24).
Their patients were treated with the paclitaxel regimen, and
the median PFS was 8.3 months; however, OS was regarded
as “not reached” (24). ICI-induced pneumonitis occurred in
one patient (3.3%). In our 141 patients, the median age was
70 years, and included 17.4% with a PS of 2, and 2.8% were
driver gene-positive. Despite the differences in patient
background, the PFS and OS were similar to those of
previous clinical trials, and we considered that the results of
these trials were confirmed.

Although clinical trials have reported the proportion of
patients with metastases, only a limited number of trials have
specified the number of patients with brain, liver, or adrenal
metastases (5, 25), which can influence patient outcomes.
Meanwhile, in clinical practice, the frequency of these brain,
liver, and adrenal metastases is reported to be around 10.4%-
22.7%, 8.6%-15.0%, and 5.0%-13.0%, respectively (7-9).
The proportion of these organ metastases in patients in this
study was similar to those reported in previous studies (7-9),
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Figure 2. Progression-free survival (PFS) and overall survival (OS) for each treatment regimen. The median PFS of the paclitaxel regimen
(IMpower150) was 7.0 months (A), ‘not reached’ for the nab-paclitaxel regimen (IMpowerl30) (B), 8.0 months for the pemetrexed regimen (C),
and 7.0 months for the etoposide regimen, (D). The median OS of the paclitaxel regimen (IMpower150) was 17.0 months (E), ‘not reached’ for the
nab-paclitaxel regimen (IMpowerl130) (F), 19.0 months for the pemetrexed regimen (G), and 13.0 months for the etoposide regimen (H).

Combined atezolizumab plus chemotherapy
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Figure 3. The specific treatment sequences for the 141 patients with non-small cell lung cancer who were treated with combined atezolizumab plus
chemotherapy.

and this study represents treatment outcomes in patients that  ‘absence of adrenal metastasis’, ‘combined atezolizumab
reflect clinical practice. This study, considering distant plus chemotherapy as first-line therapy’, and ‘good PS’
metastatic organs, showed that ‘absence of liver metastasis’,  might be related to prognosis. However, it is noteworthy that
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Table III. Uni- and multivariate analyses of favorable factors in progression-free survival.

Analysis

Univariate Multivariate
Factor p-Value p-Value Hazard ratio 95%CI
Sex: Female 0.561
PS: 0 0.033 0.116 1.641 0.885-3.043
Age: less than 70 years 0.291
PD-L1: positive 0.319
Pathology: Adenocarcinoma 0.234
Stage: IITA-C 0.390
Brain metastasis: none 0.527
Liver metastasis: none 0.001 0.001 3,287 1.794-6.022
Adrenal gland metastasis: none 0.001 0.001 3,187 1.678-6.051
irAEs: grade 2-4 0.955
Atezolizumab-containing therapy: first line 0.018 0.003 2,814 1.420-5.574
Regimen: PTX-regimen 0.2720

CI: Confidence interval; PS: performance status; PD-L1: programmed death-ligand 1; irAE: immune-related adverse events; PTX: paclitaxel.

Table IV. Uni- and multivariate analyses of favorable factors in overall survival.

Analysis
Univariate Multivariate

Factor p-Value p-Value Hazard ratio 95%CI
Sex: Female 0.385

PS: 0 0.027 0.132 1.684 0.855-3.319
Age: less than 70 years 0.168

PD-L1: positive 0.354

Stage: IIIA-C 0.218

Pathology: Adenocarcinoma 0.846

Brain metastasis: none 0.891

Liver metastasis: none 0.001 0.001 2917 1.578-5.392
Adrenal gland metastasis: none 0.001 0.001 3.204 1.641-6.255
irAEs: grade 2-4 0.989

Atezolizumab-containing therapy: first line 0.747

Regimen: PTX-regimen 0917

CI: Confidence interval; PS: performance status; PD-L1: programmed death-ligand 1; irAE: immune-related adverse events; PTX: paclitaxel.

the presence or absence of brain metastasis did not have a
significant effect on prognosis. Further accumulation of
prognostic analyses that take into account information on
metastasis is anticipated.

Regarding irAEs, additional caution is required when ICIs
are used in combination with chemotherapy. In clinical trials
and real-world studies of combination therapies with anti-PD-
1 antibodies, grade 3 or higher irAEs and grade 5 irAEs were
observed in 18.3% to 74.8% of patients and grade 5 irAEs
were observed in 1.2% to 6.7% of patients. Pulmonary irAEs
were found in 0.7%-10.1% of patients (8, 18-23). In three
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clinical trials on atezolizumab plus chemotherapy, 24.0% to
54.6% of patients had irAEs of grade =3, and grade 5 irAEs
developed in 2.0% to 6.1% of patients. Pulmonary irAEs were
seen in 0.5%-6.2% of patients (3-6). Ikeuchi et al. reported
pulmonary irAEs in 3.3% of patients treated with
atezolizumab plus chemotherapy in clinical practice (24).
There have been no reports of irAEs of any grade or grade =3
in real-world clinical practice (24). In the present study, irAEs
of grade 3 or higher were observed in 9.9% of the patients and
grade 5 in 2.1% of the patients. Grade 5 pulmonary irAEs
were identified in 1.4% of the patients. These results were
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Table V. Logistic regression analysis in patients with overall survival
=3 years or <3 years.

Factor p-Value Hazard ratio  95%CI

Sex: Female 0918 0.94 0.26-3.37
PS: 0 0.041 3.05 1.05-8.88
Age: less than 70 years 0.957 1.03 0.38-2.78
PD-L1: positive 0.392 1.57 0.56-4.44
Stage: IITA-C 0.581 1.52 0.35-6.62
Brain metastasis: none 0.798 1.19 0.32-4.42
Liver metastasis: none 0.272 3.38 0.39-29.71
Adrenal gland metastasis: none 0.998 1.00 0.18-5.62
Pathology: Adenocarcinoma 0.557 0.70 0.22-2.28
irAEs: grade 2-4 0.698 1.62 0.51-5.16
Treatment line: first 0.809 0.81 0.14-4.53
Regimen: PTX-regimen 0.664 1.69 0.48-5.97

CI: Confidence interval; PS: performance status; PD-L1: programmed
death-ligand 1; irAE: immune-related adverse events; PTX: paclitaxel.

similar to those of previous clinical trials and real-world
investigations (8, 18-23). In our study, irAEs of all grades
were observed in 25.4% of patients. Although the incidence
of irAEs appeared to be low, the possibility of under-
evaluation in retrospective studies could not be ruled out.
This study on the use of combined atezolizumab plus
chemotherapy in clinical practice is a significant investigation,
involving over 100 patients. However, this study has limitations
that should be mentioned. It was a retrospective study
and included patients with a wide range of background
characteristics. It is important to compare the OS and PFS
between patients who received combined atezolizumab plus

Table VI. Immune-related adverse events (irAEs).

chemotherapy and those who received chemotherapy alone as
controls. However, selection bias due to background factors
(presence or absence of pulmonary fibrosis, difference in PS,
etc.) when selecting treatment might be a major obstacle in
comparing OS and PFS. Although this selection bias makes it
difficult to perform such comparisons in clinical practice, it is
important to know the results of such comparisons. With regard
to driver genes, new driver gene evaluations, such as ROS/,
BRAF, and KRAS, became available in clinical practice during
the study period, but these genes could not be evaluated equally
in all patients. It has also been suggested that TTF-1, LKB1, and
KEAP1 may provide important information regarding the
therapeutic effects of ICIs in the future (26). Analysis including
information on these new driver genes is a future task.

In our routine practice, PFS and OS with combined
atezolizumab plus chemotherapy were found to be comparable
to the results reported in published trials. With regard to the
frequency and severity of irAEs, our results were consistent
with those previously reported in trials and clinical practices
involving ICI plus chemotherapy, suggesting that long-term
administration may be feasible for certain patients. It is
necessary to pay close attention to irAEs and assemble and
utilize actual clinical results to maximize the efficacy of
combination therapy, including those containing atezolizumab.
Elucidation of factors contributing to long-term responses, with
a focus on information regarding metastatic organs, would have
a beneficial impact on clinical practice.

Conflicts of Interest
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Number of irAE Number of patients irAE Number of Grade
who had irAE patients

1 2 3 4 5
Not developed 102 Pulmonary 14 3 6 2 1 2
Developed 39 (27.7%) Skin 5 1 0 4 0 0
Thyroid 6 2 4 0 0 0
Adrenal gland 3 0 3 0 0 0
Number of irAE Pituitary gland 1 0 1 0 0 0
One 32 Diabetes 4 0 4 0 0 0
Two 6 Neurotoxicity 2 1 0 0 1 0
Three 1 SIADH 1 0 0 1 0 0
Total 47 Hepatobiliary 4 3 0 1 0 0
Gastrointestinal 4 1 2 1 0 0
Musculoskeletal 2 1 1 0 0 0
Sepsis 1 0 0 0 0 1
Total 47 12 21 9 2 3

SIADH: Syndrome of inappropriate secretion of antidiuretic hormone.
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Abstract

Patients with ulcerative colitis sometimes need a total colectomy with ileal
pouch-anal anastomosis due to medically refractory disease or colitis-
associated neoplasia. Up to 50% of patients with ulcerative colitis postopera-
tively develop pouchitis and the rate of chronic inflammatory pouch conditions
requiring pouch excision or diverting ileostomy is reported to be 10%. In
order to diagnose and monitor pouchitis, pouchoscopy is essential to assess
endoscopic inflammatory findings of the J pouch and to survey neoplasia
development, particularly in the remnant distal rectum. However, endoscopic
protocols for the evaluation of the pouch may not be standardized worldwide
and the reliability of existing disease activity indices for pouchitis has been
questioned due to the lack of validation. Recently, reliable endoscopic scor-
ing systems based on an observation of the anatomical location of the J
pouch were reported and a significant association between the distribution
pattern of endoscopic inflammation (i.e., endoscopic phenotype) and pouch
outcomes was also uncovered. In this review, we discuss how to survey the J
pouch using pouchoscopy, endoscopic indices for pouchitis disease activity,
endoscopic phenotypes and classification, and the pathological mechanisms
of pouchitis phenotype in patients with ulcerative colitis.

KEYWORDS
endoscopy, goblet cells, phenotype, pouchitis, ulcerative colitis

apies and biologics.” Therefore, a certain number of
patients suffer from pouch failure which requires divert-

Patients diagnosed with ulcerative colitis (UC) require
total colectomy with ileal pouch-anal anastomosis in
approximately 10% of cases due to medically refractory
disease or colorectal neoplasia, with the ileal pouch-
anal anastomosis assuming the role of the rectum
after surgery.! However, up to 50% of patients develop
acute pouchitis, and microbial alteration along with his-
tologic colonic metaplasia of the ileal mucosa may be
involved in the pathological mechanisms.'=3 In addition,
10%—15% of those who have acute pouchitis develop
chronic pouchitis,* requiring long-term antibiotic ther-

ing ileostomy or pouch excision due to stenosis or fistula
formation® Since the incidence of pouchitis in UC has
been increasing in recent years,’ there is a pressing
need to understand appropriate strategies for pouch
monitoring in the hopes of improving postoperative
quality of life (QOL).

Pouchoscopy is useful to confirm endoscopic inflam-
mation of the J pouch. The Pouchitis Disease Activity
Index (PDAI) is the traditional assessment utilized
in the management of pouchitis® However, existing
instruments®"" to diagnose and monitor pouchitis have
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not been fully validated.'? A recent prospective study
reported a novel reliable endoscopic scoring system for
pouchitis, the Endoscopic Pouch Score (EPS), which
was based on the segment approach utilized in the
Simple Endoscopic Score for Crohn’s Disease.'®"* In
addition, a distribution pattern of endoscopic inflam-
mation (i.e., endoscopic phenotype) is considered an
important factor contributing to pouch outcomes.'®1°
For instance, about 10% of patients with UC can develop
Crohn’s-like disease of the pouch (e.g., a pouch pheno-
type with fistulas, stricture, or pre-pouch ileitis) and this is
the high-risk phenotype for pouch failure.* 1617 A distinct
pouch phenotype, defined by chronic pouchitis with pre-
pouch ileitis, is more common in patients with UC and
primary sclerosing cholangitis. This pouch phenotype
is less responsive to standard antimicrobial therapy.'®
A retrospective study conducted at the University of
Chicago identified that endoscopic findings of pouchi-
tis can be categorized into seven main phenotypes (i.e.,
the Chicago Classification of Pouchitis) and the “diffuse
inflammation of the pouch body” phenotype significantly
associated with the risk of pouch excision.'® These stud-
ies suggest that standardized endoscopic examinations
according to an observation of each anatomical location
of the J pouch may allow for the stratifying of patients
based on the risk of pouch loss and can guide appropri-
ate monitoring to improve pouch outcomes in patients
with UC.19:20

This review discusses endoscopic monitoring of the J
pouch, indices for pouchitis disease activity, endoscopic
phenotypes and their classification, and the pathological
mechanisms of pouchitis in UC.

Definition of pouchitis

Pouchitis is diagnosed based on an assessment of
clinical symptoms, and endoscopic and histologic find-
ings together. Sandborn et al. described the PDAI,
as a composite score including clinical symptoms as
well as endoscopic and histological scores® A subse-
quent study proposed that the modified PDAI (mPDAI),
which excludes histological scores from PDAI, can
provide a diagnostic accuracy that was comparable
to PDAI for patients with acute pouchitis.!” Abdomi-
nal cramps, increased frequency of bowel movements,
urgency, and pelvic discomfort are the most commonly
reported symptoms of pouchitis."” However, since these
symptoms are not specific to pouchitis, the follow-
ing differential diagnosis should be considered”': anal
sphincter or pelvic floor dysfunction, decreased pouch
compliance or emptying, pouch-outlet obstruction, infec-
tions including cytomegalovirus and Clostridioides dif-
ficile, pouch or anastomotic stricture,?? cuffitis,2® irrita-
ble pouch syndrome?* and small intestinal bacterial
overgrowth 2325

Pouchitis is classically categorized into acute or
chronic pouchitis2® Acute pouchitis is defined as hav-

ing symptoms lasting less than 4 weeks and responding
to 2-week courses of antibiotics. Chronic pouchitis is
defined as having symptoms persisting more than 4
weeks despite standard antibiotics and requiring persis-
tent use of antibiotics or anti-inflammatory therapies?’
Based on the response to antibiotics, chronic pou-
chitis can be classified into antibiotic-dependent and
antibiotic-refractory pouchitis.26-28

The AGA Guideline on the Management of Pou-
chitis and Inflammatory Pouch Disorders has recently
been published and offers practical definitions of pou-
chitis and other inflammatory pouch conditions?® This
guideline includes (1) intermittent pouchitis, (2) chronic
antibiotic-dependent pouchitis, (3) chronic antibiotic-
refractory pouchitis, and (4) Crohn’s-like disease of the
pouch.2? Intermittent pouchitis is defined as isolated and
infrequent episodes of classic symptoms of pouchitis
which disappear with or without treatment, followed by
prolonged periods of normal pouch function. Chronic
antibiotic-dependent pouchitis is defined as recurring
episodes of pouchitis which respond to antibiotics, but
relapse soon after ceasing them. To control symptoms,
this type of pouchitis frequently requires continuous
or recurrent antibiotics or other advanced therapies.
Chronic antibiotic-refractory pouchitis is defined as
relapsing-remitting or continuous pouchitis symptoms
that inadequately respond to typical antibiotics, often
requiring other advanced therapies. While the diagnos-
tic criteria of Crohn’s-like disease of the pouch vary
among literature, the definition of Crohn’s-like disease
of the pouch in this guideline includes the presence of
a perianal or another fistula that developed at least 12
months after the final stage of ileal pouch-anal anas-
tomosis surgery, the presence of prepouch ileitis, and
stricture of the pouch body or prepouch ileum.?°

How to perform pouchoscopy for the J
pouch in UC

To evaluate the EPS and endoscopic pouch phenotype
based on the Chicago Classification, endoscopists need
to identify each anatomical location of the J pouch.’
Using pouchoscopy, the endoscopists record and report
inflammatory findings at different anatomic areas of
the J pouch: the afferent limb (i.e., the proximal pre-
pouch ileum), inlet (i.e., the distal pre-pouch ileum),
proximal and distal pouch, tip of the J, anastomosis,
rectal cuff, anal canal, and perianal area (Videos S1
and S2 and Figures 1 and 2). Based on the PDAI,
endoscopic inflammatory findings include ulceration,
erosions/friability, erythema/edema, mucous exudates,
loss of vascular pattern, stenosis, and granularity®'!
Since patients with stapled anastomosis have the rectal
cuff (a remnant part of the distal rectum), an observa-
tion of the rectal cuff is essential to assess the disease
activity of remnant UC (i.e., cuffitis) and to rule our neo-
plastic lesions. The length of the rectal cuff is usually
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FIGURE 1

about 1-2 cm, therefore it can be observed while pulling
the endoscopy=°

According to the consensus guideline from the Inter-
national lleal Pouch Consortium, annual surveillance
pouchoscopy is recommended for patients preoper-
atively diagnosed with colitis-associated dysplasia or
cancer3! The underlying risk profile of patients deter-
mines the frequency of surveillance pouchoscopy.
Regardless of preoperative diagnosis of colorectal neo-
plasia, surveillance pouchoscopy (every 1-3 years)
is recommended for patients with other possible risk
factors (i.e., primary sclerosing cholangitis, chronic pou-
chitis, Crohn’s-like disease of the pouch, long-duration
of UC, and family history of colorectal cancer in a
first-degree relative).>! For patients without these risk
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Hand-sewn
anastomosis

Retroflection view of
the distal pouch bo
N
This patient had undergone total proctocolectomy with ileal pouch-anal anastomosis. Since hand-sewn anastomosis was
performed, the rectal cuff was removed. Video S1 shows his examination. As only glycerin enema is used as a preparation, the mucosal surface
should be cleaned using a water jet devised to obtain good visualization. It is better to choose an upper gastrointestinal endoscope or a thin
lower gastrointestinal endoscope which facilitates retroflection in the distal pouch body. His pouchoscopy showed no inflammation at any

anatomical location of the pouch. The endoscopic phenotype was normal according to the Chicago classification. The Endoscopic Pouch Score
was 0. Endoscopic images of the anatomical location of the J pouch are extracted from Video S1.

factors, surveillance pouchoscopy (every 3 years) is
suggested.2! During the surveillance pouchoscopy, at
least three biopsies are taken from the anal transition
zone or cuff, along with biopsies from the afferent limb
and pouch body (Video S2 and Figure 2). In addition,
end%?copically evident lesions should be collected as
well.

EPS and phenotype classification of
pouchitis in UC

The most standard tool to diagnose and monitor pou-
chitis is PDAI or mPDAI as described above. Indeed,
a recent double-blind randomized trial assessing the
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Stapled
anastomosis

Observe the rectal cuff while pulling
k the scope, then perform biopsy.

Retroflex the scope to view the distal
pouch body and cuff as needed.

FIGURE 2

How to observe the J pouch in a patient with ulcerative colitis using pouchoscopy. This patient had undergone total

proctocolectomy with ileal pouch-anal anastomosis due to colorectal cancer. Since the stapled anastomosis was performed, the rectal cuff was
still in place. Her pouchoscopy showed no inflammation at any anatomical location of the pouch. Biopsies were performed at the afferent limb,
distal pouch body, and rectal cuff. The endoscopic phenotype was normal according to the Chicago classification. The Endoscopic Pouch Score
was 0. Endoscopic images of the anatomical location of the J pouch are extracted from Video S2.

efficacy and safety of vedolizumab for chronic pouch-
itis applied mPDAI-defined remission, a reduction of >2
points from the baseline in the mPDAI total score, and
an mPDAI score of <432 However, a systematic review
indicated that PDAI may lack an acceptable level of
interobserver reliability for some component items.'? A
survey using modified RAND Appropriateness Method-
ology to assess the appropriateness of items in five
endoscopic scoring systems®33-3¢ showed that only
endoscopic items of ulceration and ulcerated surface
of the pouch body were found to have substantial
reliability3”

A Prospective Registry for the Study of Outcomes
and Predictors of Pouchitis and Pouch-Related Dis-
orders (the PROP-RD Study) created the EPS which
assessed inflammation not only inside but also outside
the pouch body."® Similar to the Simple Endoscopic
Score for Crohn’s Disease, the EPS employed seg-
mental scoring.'* In this study, four experts reviewed

70 pouchoscopy videos in duplicate, in random order,
and without clinical information, and the inter-rater reli-
ability of the EPS was calculated. The investigators
found that the EPS demonstrated higher reproducibil-
ity among raters in both the overall scoring and many
component items compared with the PDAL'® Given
that many patients with inflammatory conditions of
the pouch can experience complications beyond the
pouch body including strictures, cuffitis, and fistulae,
the EPS attempted to account for these complications
using modifier scoring as well. The EPS is a promising
candidate for an objective and reliable measurement of
pouchitis disease activity, including changes in disease
activity over time.

On the other hand, PDAI and mPDAI only evaluate
inflammatory findings of the pouch body alone and
do not have items regarding endoscopic phenotype?:!"
Endoscopic inflammatory status of the pouch has been
categorized based on the location and distribution
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pattern: normal, afferent limb, inlet, focal inflammation
of the pouch body, diffuse inflammation, cuffitis, and
pouch with fistulas noted after 6 months from ileostomy
closure.’>3" This classification, so-called the Chicago
Classification of Pouchitis,was proposed by a recent ret-
rospective study conducted at the University of Chicago
that evaluated endoscopic findings at each anatomical
location of the J pouch in patients with inflammatory
bowel disease.'”® This study revealed that each phe-
notype had different pouch outcomes, with the “diffuse
inflammation of the pouch body” phenotype significantly
associated with the risk of pouch excision® Their
recent study also showed that endoscopic pouch phe-
notype and the risk of pouch loss can change over
time. Subsequent development of diffuse inflammation,
pouch-related fistulas, and afferent limb or inlet stenoses
significantly worsen the pouch outcomes, whereas
pouch normalization was associated with favorable
outcomes.>®

Several subsequent studies conducted in Asian coun-
tries demonstrated that diffuse pouchitis based on the
Chicago Classification exerted more serious impairment
on the improvement of long-term QOL.2® A retrospec-
tive study assessing our Japanese patients with UC
unraveled that the order of endoscopic phenotypic
frequencies was the same as for patients preopera-
tively diagnosed with UC in the original study of the
Chicago Classification***" We also discovered that
diffuse inflammation of the pouch body and pouch
fistula were significantly correlated with the risks of
diverting ileostomy as well as chronic pouchitis. Addi-
tionally, a recent study conducted in China revealed that
patients with a combined phenotype of diffuse inflam-
mation of the pouch body, inlet involvement, and cuffitis
(i.e, the Diffuse-Inlet-Cuffitis phenotype) had poorer
pouch function and QOL than those with other pouch
phenotypes*? All these findings imply that the Chicago
Classification can be a universal one in defining endo-
scopic phenotypes and predicting pouch outcomes in
UC.

All these studies highlight that the standardized and
reliable endoscopic evaluation using pouchoscopy is
important to stratify patients at higher risk of devel-
oping chronic pouchitis and pouch loss, and may
provide an appropriate therapeutic approach to improve
pouch-related QOL in patients with UC."%-20

Contributing factors and pathological
mechanisms of endoscopic phenotypes

While it is still largely unclear what risk factors or
pathological mechanisms are involved in the devel-
opment of pouchitis with poor outcomes, the original
investigation of the Chicago Classification revealed that
extensive colitis defined as the Montreal classification*?
was significantly related to the development of diffuse

S WILEY-L>”

inflammation of the pouch body, whereas extensive
colitis was a negative predictor of the focal inflamma-
tion of the pouch body.'® This finding implicates that
the preoperative disease extent of UC may determine
endoscopic phenotypes. Further pathological analysis
of colectomy specimens showed that patients with deep
inflammation of the resected colon (e.g., deep fissur-
ing ulceration, deep ulceration, knife-like ulceration, and
extensive ulceration with submucosal fibrosis) were at
significantly increased risk of pouch fistula formation
>6 months after ileotomy takedown. In addition, terminal
ileal involvement, defined as any microscopic inflamma-
tion observed in the terminal ileum, was significantly
associated with afferent limb involvement*" This sug-
gests that pathological findings of the resected colon
can predict the subsequent endoscopic phenotypes of
the J pouch and implicate similar pathogenetic mech-
anisms between the preoperative colonic inflammatory
state and postoperative inflammatory pouch conditions.

Pouchitis in UC has also been reported to be linked
to colonic metaplasia of intestinal goblet cells (GCs).
Intestinal GCs secrete mucin and maintain a mucus
gel layer that protects the surface epithelium** Intesti-
nal GCs have functionally different subpopulations. For
example, acidic mucin-producing GCs are visible when
intestinal tissues are stained with alcian blue. A distinct
subpopulation of GCs produces sulfomucin, also known
as colon-type mucin, which is a form of acidic mucin that
can be detected by high-iron diamine (HID) staining. *°
While small intestinal GCs are negative for HID, colonic
GCs in the human intestine are positive for HID#6:47
There have been reports of ileal mucosal adaptations
toward the colonic epithelium, particularly in UC patients
suffering from pouchitis>4¢°0 A comparative study
evaluating differences between familial adenomatous
polyposis and UC pouches revealed that sulfomucin
expression was higher in mucous gel from the UC
pouches. Additionally, this study demonstrated a cor-
relation between higher expression of sulfomucin and
increased colonization of sulfate-reducing bacteria,?
implying that colonic metaplasia of GCs may alter
the microbial profiles in the pouch and can induce
inflammation.

In our study described above, we further examined
colonic phenotypic changes in the ileal mucosa on
pouch biopsy using HID staining according to the endo-
scopic phenotype of the Chicago Classification. As a
result, the overall median percentage of sulfomucin-
producing colonic GCs on histological examination of
82 pouch biopsy specimens from 23 patients was 9.9%.
The median rates of colonic GCs were 25.9% in diffuse
inflammation without fistula, 10.3% in pouch fistula (+
diffuse inflammation), and 6.0% in the other endoscopic
phenotypes. Comparing biopsies from the other endo-
scopic phenotypes, the rate of colonic GCs was higher
in biopsies from patients with diffuse inflammation or
pouch fistula, suggesting that the proportion of colonic
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GCs is greater in pouch biopsies obtained from UC
patients with poor endoscopic phenotypes. Our result
suggests that colonic GC metaplasia may lead colo-
nization of sulfate-reducing bacteria (e.g., Desulfovibrio
spp.)*® with hydrogen sulfide production, which induces
epithelial apoptosis as well as mucosal depletion.®°"
This mechanism may contribute to the diffuse inflamma-
tory changes in the pouch body which lead to chronic
pouch inflammation and deterioration of pouch-related
QOLs. We believe that HID staining of biopsy speci-
mens may enable early detection and antibiotic therapy
for endoscopic pouch phenotypes with poor outcomes
in patients with UC.

SUMMARY AND FUTURE DIRECTIONS

In this review, we introduced how to observe the J pouch
and its timing for patients with UC and discussed current
topics regarding endoscopic pouch assessment.

Regarding future clinical research relevance, while
many instruments to evaluate endoscopic pouch find-
ings have been previously reported, few scoring systems
are well validated. To establish reliable and objec-
tive endoscopic measures for the J pouch, multicenter
prospective validation studies are needed. As for endo-
scopic phenotypes, diffuse pouchitis is defined as two or
more endoscopic inflammatory findings in all anatom-
ical locations of the pouch body (e.g., the tip of J,
proximal, and distal pouch body) according to the
Chicago Classification.’® Although other studies vali-
dated that diffuse pouchitis was significantly associated
with poor pouch outcomes,>34% a simpler definition of
this phenotype should be considered in actual clinical
settings.

In terms of basic research relevance, given bacterial
alteration corresponding to colonic intestinal metapla-
sia is implicated in the pathogenesis of endoscopic
diffuse pouchitis,*° further investigations are warranted
to analyze muti-omics as well as multi-biome and
their trans-kingdom interactions®? based on the endo-
scopic phenotypes. Organoid research is also helpful
in knowing how gene expression patterns change in
colonic GCs which emerge in the ileal mucosa of the
pouch.

Further investigations focusing on the reliable mea-
sure for endoscopic assessment of pouchitis and its
pathological mechanism are helpful to improve patients’
QOL and pouch outcomes in patients with UC.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

VIDEO S1 How to observe the J pouch in a patient with
ulcerative colitis using pouchoscopy. This J pouch had a
hand-sewn anastomosis.

VIDEO S2 How to observe the J pouch in a patient with
ulcerative colitis using pouchoscopy. This J pouch had a
stapled anastomosis.
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uring clinicopathology conferences at our
hospital from August 2023 to April 2024,
multiple micro-scars (MMS) were observed
in the myocardium by hematoxylin and eosin stain
followed by elastica-Goldner stain (Figure 1) in 3 path-

TAKE-HOME MESSAGES

e An autopsy study showed that cardiac MMS
were detected in patients who died of un-
explained cardiac arrest and who had ar-
rhythmias before death.

e For patients with unexplained cardiac arrest
complicated with arrhythmia, cardiac MMS is
given as the differential background disease.
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BACKGROUND Unexplained cardiac arrest is often attributed to a patient's underlying disease. However, it is well
known that an autopsy can reveal pathologies that were not noticed before death.

CASE SUMMARY Multiple micro-scars (MMS) found in the myocardium of 3 patients who died of unexplained cardiac
arrest were presented at our clinicopathology conference. Upon review of the clinical record, patients with MMS before
death had arrhythmia (ie, atrial fibrillation and nonsustained ventricular tachycardia, including new onset). Interestingly,
MMS were found in the left ventricle, the junction of the pulmonary vein and left atrium, and the right ventricle and right
atrium. All 3 patients had histories of COVID-19 booster vaccination, and 1 of the 3 patients had a history of COVID-19.

DISCUSSION For patients with unexplained cardiac arrest complicated with arrhythmia, cardiac MMS is given as
the differential background disease. (JACC Case Rep. 2025;30:103083) © 2025 The Authors. Published by Elsevier on
behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

ologic specimens from patients with cardiac arrest. At
our clinicopathology conferences spanning about 30
years, MMS in the myocardium, other than in cases
of myocardial infarction, had never been observed.
Moreover, there had been no reports of MMS in the
myocardium by pathology as far as we were able to
find. Reports of myocardial scars other than those
resulting from myocardial infarction are cardiac scars
detected by magnetic resonance imaging (MRI) in pa-
tients associated with COVID-19.'2 However, the
areas diagnosed as scarring seen on MRI are of a
certain size, and MRI could not clearly detect even
microscopic scarring (ie, diagnosis using imaging
technology is inferior to pathologic diagnosis for
we describe a detailed

micro-scars). Therefore,
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ABBREVIATIONS
AND ACRONYMS

MMS = multiple microscar(s)
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investigation of cardiac MMS by pathologic
diagnosis in patients with cardiac arrest.

PATIENT 1

MRI = magnetic resonance

imaging

The patient was a 75-year-old woman who
had been attending our hospital for bronchiectasis.
She had been transported by ambulance to the
emergency department because of cardiopulmonary
arrest. Cardiopulmonary resuscitation was immedi-
ately initiated, and return of spontaneous circulation
was restored after 3 cycles of pulse checks. Twelve-
lead electrocardiography showed no signs of
ischemic heart disease but revealed premature ven-
tricular contraction and nonsustained ventricular
tachycardia. Her cardiac enzymes were within the
normal limits on blood testing. Her left ventricular
ejection fraction was maintained. After admission,
the patient underwent bronchoscopy with blood
pressure support with catecholamines. On bronchos-
copy, a blood clot was aspirated from the left lower
lobe, but no active bleeding was noted. Despite

JACC: CASE REPORTS, VOL. 30, NO. 5, 2025
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treatment with oxygen and intravenous catechol-
amines, the patient subsequently developed multi-
organ failure, and she went into cardiac arrest and
died. The patient was in cardiopulmonary arrest
when she arrived at the hospital, the cause of which
was not clear, and although she subsequently devel-
oped multiple organ failure, the appearance of new
ventricular arrhythmias, the cause of the cardiac ar-
rest, and other aspects of her condition were unclear.
Therefore, we explained the situation to the family
and obtained their consent to perform an autopsy.

PATIENT 2

The patient was a 91-year-old woman who had been
hospitalized for heart failure 2 years earlier and was
rehospitalized because of worsening heart failure.
She had been prescribed cardioprotective drugs since
her last discharge. No apparent cause for the heart
failure could be identified during the first admission.
Upon second admission, the patient presented with
new-onset atrial fibrillation. The left ventricular

VISUAL SUMMARY Multiple Micro Scarring Throughout Myocardium

Cardiac Multiple Micro-Scars
with Arrhythmia
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FIGURE 1 Multiple Micro-Scars in the Left Ventricle

approximately similar intervals. Scale bar, T mm.

Representative pathologic image of the left ventricular myocardium with hematoxylin and eosin (A) and elastica-Goldner (B) staining in a
patient with unexplained cardiac arrest. Round, slightly blurred scars (blue arrows in A) and stained light blue (yellow arrows in B) are seen at

ejection fraction was maintained, and heart rate was
controlled at about 60 beats/min. Despite treatment
with oxygen, intravenous diuretic agents, and cate-
cholamines, the patient did not respond well, and her
urine output decreased. After consulting with her
family, a policy of palliative care was chosen. There-
after, on the 12th day after admission, her blood
pressure dropped, and she went into cardiac arrest
and died. We explained that the patient was elderly,
but the background disease of heart failure was un-
known, and that by donating the body, we could
contribute to the advancement of medical science if
we could find even a partial cause of these diseases,
and the family gave their consent for an autopsy.

PATIENT 3

The patient was a 73-year-old man who had
been receiving 3 courses of chemotherapy using
cyclophosphamide, doxorubicin, vincristine, and

TABLE 1 Patient Characteristics

Patien 1 Patient 2 Patient 3
Sex Female Female Male
Age, y 75 91 73
Heart weight, g 255 500 330
COVID-19 vaccinations 5 5 6
History of COVID-19 - - +
CTR, % 59 59 51
LVEF, % 65 58 65
PAF/PAC + + +
PVC/VT - + +
BNP, pg/dL 116 127 NA
Cre, mg/dl 0.77 247 0.63
Platelet, x10%/uL 237 157 200
Cause of death Not Not Lymphoma

determined determined

Malignancy None HCC Lymphoma

BNP = brain natriuretic peptide; Cre = creatinine; CTR = cardiothoracic ratio;
HCC = hepatocellular carcinoma; LVEF = left ventricular ejection fraction;
NA = not available; PAC = premature atrial contraction; PAF = paroxysmal atrial
fibrillation; PVC = premature ventricular contraction, VT = ventricular tachycardia.
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FIGURE 2 Elastica-Goldner Staining and Direct Fast Scarlet Staining in Micro-Scars

(A) Micro-scars of the left ventricular myocardium by elastica-Goldner staining (arrows).
(B) No amyloid deposition was observed in the microscar area by direct fast scarlet
staining. Scale bar, 500 pum.

prednisone for T-cell lymphoma with subcutaneous
nodules at our hospital. His nodules disappeared, and
the patient was discharged from the hospital. After
1 year and 3 months, subcutaneous nodules
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reappeared, and he was admitted to the hospital for a
fourth course of chemotherapy. Gemcitabine, dexa-
methasone, and cisplatin therapy was started, but
1 week later, the patient developed a fever in the
38 °C range and was diagnosed with COVID-19. His
general condition worsened because of COVID-19
with a lymphoma flare-up, and arrhythmias were
recorded on electrocardiographic monitoring, so the
family agreed to palliative care. His general condition
deteriorated further, and he went into cardiac arrest.
The patient’s family requested that an autopsy be
performed if it would be more useful for the devel-
opment of medicine and medical education than
investigating the cause of death, as the patient had
died of cancer.

We obtained written informed consent from all 3
patients or their families to perform the autopsies.
This work was conducted in accordance with the
Declaration of Helsinki.

Characteristics of the 3 patients are shown in
Table 1. All patients had booster COVID-19 vaccination
histories, having received up to 6 COVID-19 vaccina-
tions. The diagnosis of COVID-19 infection was made
by testing the patient’s saliva or nasopharyngeal swab
upon admission using both the Takara SARS-CoV-2
direct polymerase chain reaction detection kit
(Takara Bio) and SARS-CoV-Ag (Roch Diagnostics
Japan).

In pathologic analyses for the 3 patients, the organs
searched for pathology were the heart, lung, liver,
kidney, and muscle, using standard methods.
Regarding the heart, both the right and left ventricles,
the high right atrium, and the junction of the pul-
monary vein and left atrium and epicardial coronary
artery were examined. On autopsy, macroscopic
findings revealed no major abnormalities in the
myocardium. There were no significant stenoses or
occlusive lesions in the epicardial coronary arteries in
the respective hearts. However, microscopic findings
unexpectedly revealed MMS in the myocardium by
hematoxylin and eosin stain and by elastica-Goldner
stain (Figure 1). Imaging by elastica-Goldner staining
showed mottled, evenly distributed, slightly edema-
tous, pale blue scarring of the same aspect
throughout the myocardium of both ventricles, and
these scars were observed to be similarly spaced.
Direct fast scarlet staining was performed to differ-
entiate cardiac amyloidosis due to the presence of
microscarring in the myocardium and no amyloid
deposition was observed in the micro-scars in all 3
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FIGURE 3 Diagram of the Scars

Diagram of the scar shown in Figure 1B. Circular scars were traced, their minimum (A) and maximum (B) diameters were measured, and
average diameter of the scar was calculated as 2R. A representation of the center-to-center distance (D) between adjacent scars is also
shown.

cases (Figure 2). For the MMS, to identify and un- manually traced one by one, and their maximum and
derstand the characteristics of the disease state, the minimum diameters were determined (Figure 3).
circular scars in the left ventricular myocardium From these values, the area of each scar was calcu-
delineated by elastica-Goldner staining were lated. The distance from the center of the scar to the

FIGURE 4 Micro-Scars in the Entire Myocardium

Representative images of myocardium with elastica-Goldner staining in patient 2. Micro-scars (yellow arrows) are seen in the high right atrium
(RA), the right ventricle (RV), the junction of pulmonary vein and left atrium (LA), and the left ventricle (LV). Scale bar, T mm.
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FIGURE 5 Magnified Image of Capillary in Microscar in Myocardium

(A) Magnified image of Figure 1B. Thrombi, including stagnant crushed erythrocytes
(yellow arrows), are seen in the capillaries. Scale bar, 100 um. (B) «CD42b staining of
myocardium; «CD42b was not stained. Scale bar, 100 pm.

adjacent scars was measured, and the average was
calculated. To represent the distribution of scars, we
measured and compared the number of scars on the
anterior, lateral, and posterior walls in left ventricle
and septal and right ventricle wall of the heart, as
well as on the endocardial and epicardial sides of the
myocardium. To observe hemolysis in the micro-
vessel, the capillary system was examined in each
organ.

MMS were observed in both the right and left
ventricles, the high right atrium, and the junction of
the pulmonary vein and left atrium. Representative
pathologic images in patient 2 are shown in Figure 4.

TABLE 2 Regional Densities of Scar in Myocardial Tissue

Scar Density, Scar Count

Observed Region n/mm? Range®
Anterior Outer® 1.12 7-15
Inner® 1.24 3-25

Lateral Outer 0.84 3-10
Inner 1.24 0-21
Posterior Outer 0.76 2-13
Inner 1.90 1-30

Septal 1.96 10-24
Right ventricle 0.50 1-5

®Calculated as count of the scar of interest (n) in myocardial area observed (mm?).
®Minimum and maximum counts of the scar in a microscopic field (7 mm?/field)
among no fewer than 4 fields. “Outer: epicardial half of myocardium; inner:
endocardial half of myocardium.

A high-power field image of the heart shows frag-
mented erythrocytes in capillary vessels (Figure 5).
aCD42b was not stained with all myocardia. For other
organs, including the lung and kidney, no MMS were
observed in all patients. Regarding micro-scars in the
left ventricle, 64 scars were traced, and their average
diameter was 211 pm, the average of their area was
143,810 pm?, and the average of their distance was
383 um. Nevertheless, when the distribution of the
scar within the myocardium was measured in the
anterior, lateral, and posterior walls of the left
ventricle, septum, and right ventricle, there was a
tendency for MMS to be more common on the endo-
cardial side of the circulatory terminals (Table 2).

DISCUSSION

This is likely the first report of patients with cardiac
MMS who died of cardiac arrest. Of note, the left
ventricular ejection fraction in all 3 patients was not
reduced despite their having MMS in the entire
myocardium. Two patients did not have histories of
COVID-19, and 1 had COVID-19. Regarding COVID-19
vaccination history, all 3 patients had histories of
booster vaccinations up to the last admission. An as-
sociation between arrhythmia and COVID-19 vacci-
nation has been reported recently.*> A global survey
showed that any type of COVID-19 vaccine appears to
instigate cardiac arrhythmias, and COVID-19 vaccines
may lead to cardiac conduction abnormalities. These
mechanisms are speculated to arise from molecular
mimicry or spike protein production, an escalated
inflammatory response, and the eventual scar and
fibrosis. Interestingly, in the present pathologic case
study, microscarring was also observed at the junc-
tion of the left atrium with the pulmonary artery and
high right atrium, which is also a common site of
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catheter ablation for atrial fibrillation. In the future,
we hope to see research that will make it possible to
diagnose the pathophysiology of cardiac MMS
through cardiac imaging and/or blood tests prior to
death.

Why were MMS seen only in the myocardium? The
distance and size of the adjacent scars within the
myocardium suggest that the scars formed following
inflammation at the level of the microvascular bed of
the capillaries. The distance from the terminal arte-
riole to the beginning of the venule has been reported
to be about 300 to 500 um in past studies,®” like the
distance between the scars in the present cases. The
facts that these scars are caused by inflammation due
to thromboembolism only at the level of capillary bed
and that each scar has the same aspect suggest that
the inflammation occurred all at once and at the same
time. aCD42b was not stained in the hearts, indicating
no platelet activation state (ie, that is not an acute
phase). Although the course of cardiac MMS has not
been reported, it represents a poor prognosis unless
appropriate treatment is given. As shown in the
magnified image of the heart, erythrocyte fragmen-
tation was seen in the microvasculature, indicating
thrombotic microangiopathy. This unexpected
finding of microthrombosis only in the myocardium,
not in the kidneys, suggests that these cases are not
compatible with a diagnosis of thrombotic thrombo-
cytopenic purpura or atypical hemolytic uremia syn-
drome,® yet it is a thrombotic microangiopathy,
pathologically. The cause of the cardiac MMS has not
been clarified. The fact that these rare cardiac MMS
continue to be found at autopsy within a short period
of time, approximately 6 months, compels us to
consider the involvement of current trends in
the background. Thrombotic microangiopathy in
myocardium was likely to be shown in these cardiac

Koizumi and Ono
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MMS cases as a preceding condition, but we have not
been able to demonstrate a relationship to COVID-19.
Thrombosis after COVID-19 vaccination has been
reported,’ and our patients received booster vacci-
nations against COVID-19. Although it is possible that
MMS are induced by the vaccine, the direct relation-
ship between the vaccination and these MMS with
capillary-level thrombi could not be proved in the
present study. Further study should investigate its
involvement.

CONCLUSIONS

Cardiac MMS should be considered one of the differ-
ential findings of cardiac arrest. Further study is
needed to identify and understand the characteristics
of this disease state.
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Abstract

Anaphylaxis is a severe, potentially life-threatening allergic reaction that primarily affects the respiratory
and cardiovascular systems. While neurological complications are rare, cerebral infarction may occur due to
anaphylaxis-induced hypoperfusion, endothelial dysfunction, and a hypercoagulable state. The mechanisms
underlying this association remain poorly understood, and reports of anaphylaxis-related stroke are scarce.

A 75-year-old man with a history of diabetes mellitus and hypertension developed respiratory distress and
loss of consciousness shortly after a bee sting. He was diagnosed with anaphylactic shock and treated with
adrenaline, glucagon, and aggressive fluid therapy. Despite hemodynamic stabilization, he developed
persistent left-dominant quadriplegia. Magnetic resonance imaging (MRI) revealed acute ischemic stroke
confined to the cortical branches of the middle cerebral artery (MCA) bilaterally, with restricted diffusion on
diffusion-weighted imaging (DWI) and decreased apparent diffusion coefficient (ADC) values. Magnetic
resonance angiography demonstrated a signal void in the right MCA and stenosis of the left MCA. Perfusion-
weighted imaging using time-to-maximum maps indicated prolonged transit time in the infarcted regions,
which closely corresponded to the DWI lesions, suggesting that most of the hypoperfused tissue had already
progressed to irreversible infarction. Given the extensive infarction and high risk of hemorrhagic
transformation, single antiplatelet therapy was selected for secondary stroke prevention. While his
neurological symptoms partially improved, he remained functionally dependent at discharge.

Cerebral infarction is a rare but serious complication of anaphylaxis, especially in patients with underlying
cerebrovascular risk factors. Early recognition of neurological deficits, prompt neuroimaging, and
comprehensive hemodynamic stabilization are crucial in preventing irreversible brain ischemia. The
underlying pathophysiology is thought to involve multiple mechanisms, including systemic hypotension,
mast cell degranulation-induced endothelial dysfunction, transient or persistent cerebral vasoconstriction,
and a hypercoagulable state triggered by inflammatory mediators. Considering the etiology of anaphylaxis-
associated ischemic stroke is critical for guiding appropriate management strategies. This case highlights
the importance of a multidisciplinary approach in managing anaphylaxis-related stroke. Further studies are
warranted to clarify the pathophysiological mechanisms and develop tailored therapeutic strategies for this
rare but severe condition.

Categories: Neurology, Emergency Medicine, Allergy/Immunology
Keywords: acute cerebral infarction, anaphylaxis, anti-platelet agents, bee-sting, kounis syndrome, perfusion
weighted imaging(pwi), thrombolytic therapy

Introduction

Anaphylaxis is a severe and potentially life-threatening systemic allergic reaction that can rapidly affect
multiple organ systems, notably the respiratory, cardiovascular, and gastrointestinal systems [1,2]. Common
triggers include food, drugs, insect stings, and other allergens, which initiate a cascade of inflammatory
mediator release [3]. These mediators provoke dramatic physiological changes, such as vasodilation,
increased vascular permeability, and airway obstruction [2,3]. Prompt administration of adrenaline is the
cornerstone of anaphylaxis management, effectively reversing hypotension and mitigating life-threatening
symptoms [1]. Despite appropriate treatment, severe anaphylaxis may follow a complicated clinical course
characterized by prolonged circulatory instability and multi-organ involvement [4]. Although cardiovascular
and respiratory complications are well-documented, neurological complications following anaphylaxis are
exceedingly rare and remain poorly understood [5]. Several mechanisms have been proposed to explain
anaphylaxis-associated cerebral infarction, including hypoperfusion due to anaphylactic shock, vasospasm
triggered by mast cell degranulation, dehydration, and a hypercoagulable state induced by systemic
inflammation [3,6,7]. However, the exact pathophysiological pathways remain unclear. Here, we report a
rare case of cerebral infarction following an anaphylactic reaction, underscoring the importance of early
recognition, timely neuroimaging, and prompt neurological evaluation in patients with persistent or atypical
symptoms after anaphylaxis.
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Case Presentation

A 75-year-old man with a past medical history of diabetes and hypertension was stung by a bee while at
work. Within minutes of the sting, he developed respiratory distress and lost consciousness, prompting an
emergency transport to the hospital. Upon arrival, his vital signs were as follows: Glasgow Coma Scale score,
E1V1M4; unmeasurable blood pressure, non-palpable radial pulse, and a palpable femoral pulse. Physical
examination revealed diffuse erythema and urticarial lesions, primarily on the trunk. His pupils were
bilaterally 4 mm and reactive to light, with no obvious conjugate deviation. Intramuscular adrenaline (0.5
mg per dose) was administered every five minutes (a total of six doses, 3 mg in total), along with intravenous
glucagon 1 mg every five minutes (a total of 4 mg). Intravenous fluids were rapidly administered, and a
continuous intravenous infusion of adrenaline (1 pg/kg/min) was initiated. Following the start of the
adrenaline infusion, blood pressure stabilized, and erythema improved. However, his level of consciousness
remained depressed (E2V1M4), and he developed left-dominant quadriplegia affecting both the upper and
lower extremities. Manual Muscle Testing (MMT) scores were as follows: right upper limb, 2/5; left upper
limb, 1/5; right lower limb, 2/5; left lower limb, 1/5. His National Institutes of Health Stroke Scale score was
29. His electrocardiogram showed normal sinus rhythm. Laboratory tests indicated hemoconcentration, with
a hematocrit of 58.6%, hemoglobin of 19.0 g/dL, and a red blood cell count of 5.96 x108/uL. Coagulation
studies demonstrated a markedly elevated D-dimer level of 55.5 ug/mL. Arterial blood gas analysis,
performed under a reservoir oxygen mask at 10 L/min, revealed lactic acidosis (pH 7.293, base excess -11.1
mmol/L, and lactate 5.4 mmol/L) (Table I).
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Laboratory parameter
Complete Blood Count
Hemoglobin (g/dL)

Red blood cell count (x108/uL)
Hematocrit (%)

Platelet count (><103/pL)

Coagulation Studies

Prothrombin time—international normalized ratio (INR)

Activated partial thromboplastin time (sec)

D-dimer (pg/mL)

Serum Chemistries

Creatinine (mg/dL)

Aspartate aminotransferase (U/L)
Alanine aminotransferase (U/L)

Lactate dehydrogenase (U/L)

Arterial Blood Gas Analysis (under reservoir oxygen mask at 10 L/min)

pH

Partial pressure of carbon dioxide (mmHg)

Partial pressure of oxygen (mmHg)
Bicarbonate (mmol/L)

Base excess (mmol/L)

Patient’s value

Reference range

19.0 13.7-16.8
5.96 4.35-5.55
58.6 40.7-50.1
198 158-348
1.04 0.8-1.1
33.5 24-39
5515 <0.5

1.30 0.65-1.07
97 13-30

82 1042
378 124-222
7.293 7.35-7.45
38.7 3545
403.1 80-100
213 20-26
-11.1 -3.0-3.0
54 0.5-2.0

Lactate (mmol/L)

TABLE 1: Laboratory findings on admission

The table summarizes the patient’s initial laboratory results, including complete blood count, coagulation studies, serum chemistries, and arterial blood
gas analysis. Laboratory abnormalities included elevated hematocrit (58.6%), hemoglobin (19.0 g/dL), and red blood cell count (5.96 x10¢/uL), suggesting
hemoconcentration. A markedly elevated D—dimer level (55.5 pg/mL) was observed. Arterial blood gas analysis under a reservoir oxygen mask at 10
L/min revealed lactic acidosis (pH 7.293, base excess -11.1 mmol/L, and lactate 5.4 mmol/L).

Initial magnetic resonance imaging (MRI), performed approximately five hours after anaphylaxis onset due
to the need for initial stabilization and logistical constraints, revealed extensive acute-phase ischemic
changes confined to the gray matter in the upper and middle trunk regions of the right middle cerebral
artery (MCA) cortical branch territory and in the left MCA cortical branch territory, specifically the lower
trunk region, on diffusion-weighted imaging (DWI) (Figure /A). The affected areas exhibited decreased
apparent diffusion coefficient (ADC) values (Figure /B) and high signals on fluid-attenuated inversion
recovery (FLAIR) imaging (Figure /C). Additionally, there was evidence of cytotoxic and vasogenic edema
confined to the gray matter, with subcortical low-intensity signals (Figure 1C). No intra-arterial signals were
detected on FLAIR imaging, suggesting the absence of embolic occlusion (Figure /D). Time-of-flight (TOF)
imaging revealed a signal void at the proximal M1 segment of the right MCA and stenosis of the left MCA at
the M2 segment (inferior trunk) (Figure /F). Additionally, perfusion-weighted imaging (PWI) using time-to-
maximum (Tmax) maps revealed prolonged transit time in the infarcted regions, which closely corresponded
to the DWI lesions, suggesting that most of the hypoperfused tissue had already progressed to irreversible
infarction (Figure 1F). These neuroimaging findings confirmed acute ischemic stroke and supported a
pathophysiology related to anaphylaxis-induced vascular dysfunction rather than embolic sources.
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FIGURE 1: Initial magnetic resonance imaging findings on hospital
admission

A: diffusion-weighted imaging (DWI) shows acute-phase ischemic changes confined to the gray matter in the
upper and middle trunk regions of the right middle cerebral artery (MCA) cortical branch territory and in the lower
trunk region of the left MCA cortical branch; B: corresponding apparent diffusion coefficient (ADC) map
demonstrates reduced ADC values consistent with infarcted area on DWI; C: fluid-attenuated inversion recovery
(FLAIR) imaging reveals increased signal intensity in the infarcted regions seen on DWI, indicating vasogenic
edema and evolving infarct; D: FLAIR imaging shows no intra-arterial signals in the bilateral MCAs; E: time-of-
flight (TOF) magnetic resonance angiography (MRA) demonstrates a signal void at the proximal M1 segment of
the right MCA (arrow) and luminal narrowing of the left MCA (arrowhead); F: perfusion-weighted imaging (PWI)
using time-to-max (Tmax) maps shows perfusion deficits corresponding to the infarcted cortical regions seen on
DWI, indicating impaired cerebral perfusion. Red, yellow, and green areas represent regions with prolonged
transit time (>6s).

On hospital day 2, a computed tomography (CT) scan confirmed the absence of cerebral hemorrhage, and
enteral administration of aspirin 100 mg was initiated as part of secondary stroke prevention. Given the
extensive infarction and coagulation abnormalities, the risk of hemorrhagic transformation was considered

high, leading to the decision to use single antiplatelet therapy rather than dual antiplatelet therapy (DAPT).

A follow-up MRI revealed no significant enlargement in the extent of the acute-phase cortical infarction,
indicating no progression of the infarction into the subcortical or deep white matter on DWI (Figure 24).
However, there was evidence of worsening cytotoxic and vasogenic edema in the cortical infarction regions
on FLAIR imaging (Figure 2B). TOF revealed unchanged right MCA occlusion and persistent left MCA

stenosis (Figure 2C). PWI using Tmax maps showed no significant changes in perfusion deficits (Figure 2D).
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FIGURE 2: Follow-up MRI findings on hospital day 2

A: diffusion-weighted imaging (DWI) shows no significant enlargement of the infarcted area, suggesting no
progression into the subcortical or deep white matter; B: fluid-attenuated inversion recovery (FLAIR) imaging
reveals worsening cytotoxic and vasogenic edema in the cortical infarction regions; C: time-of-flight (TOF)
magnetic resonance angiography (MRA) demonstrates persistent right middle cerebral artery (MCA) occlusion
(arrow) and continued stenosis of the left MCA (arrowhead), without evidence of recanalization; D: perfusion-
weighted imaging (PWI) using time-to-max (Tmax) maps shows no significant change in perfusion deficits
compared to the initial MRI, indicating persistent cerebral hypoperfusion.

Transthoracic echocardiography and carotid ultrasonography revealed no significant abnormalities,
including the absence of valvular disease, intracardiac thrombus, or carotid artery stenosis. Lower limb
venous ultrasonography showed no evidence of deep vein thrombosis. Continuous cardiac monitoring
showed no arrhythmias, including atrial fibrillation. His level of consciousness gradually improved, but
cognitive impairment and left-dominant quadriplegia persisted. On hospital day 21, a follow-up MRI
revealed no new infarcted area (Figure 3A-3C) and unchanged right MCA occlusion and left MCA stenosis
(Figure 3D).

FIGURE 3: Follow-up MRI findings on hospital day 21

A: diffusion-weighted imaging (DWI) reveals no new hyperintense lesions, confirming the absence of new
ischemic events and indicating stable infarct evolution; B: apparent diffusion coefficient (ADC) map shows no
newly decreased ADC values, while previously restricted areas demonstrate ADC elevation, indicating subacute
infarct evolution; C: fluid-attenuated inversion recovery (FLAIR) imaging demonstrates persistent vasogenic
edema in the cortical infarction areas, without new signal abnormalities; D: time-of-flight (TOF) magnetic
resonance angiography (MRA) shows persistent right middle cerebral artery (MCA) occlusion (arrow) and
persistent left MCA stenosis (arrowhead), with no improvement of vascular patency.
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On hospital day 90, he was transferred to a long-term care hospital with a modified Rankin Scale score of 4.
At the time of transfer, MMT scores showed improvement: right upper limb, 5/5; left upper limb, 3/5; right
lower limb, 5/5; left lower limb, 2/5, indicating partial recovery of motor function.

Discussion

Cerebral infarction following anaphylaxis is a rare but clinically significant complication that presents
diagnostic and therapeutic challenges due to its complex pathophysiology and the lack of established
treatment guidelines [6]. The underlying mechanisms of anaphylaxis-associated cerebral infarction are
multifactorial and may involve systemic hypotension and cerebral hypoperfusion, direct vascular
dysfunction resembling Kounis syndrome, and a hypercoagulable state triggered by inflammatory and
hemodynamic alterations. Understanding these mechanisms is essential for timely recognition and
appropriate management.

Kounis syndrome is a hypersensitivity-induced vascular disorder that is traditionally recognized as an acute
coronary syndrome caused by an allergic reaction [8]. However, the same pathophysiological mechanisms
that underlie Kounis syndrome in the coronary arteries, such as mast cell degranulation, endothelial
dysfunction, arterial vasospasm, and plaque destabilization, may also affect the cerebral vasculature,
leading to ischemic stroke [4]. Kounis syndrome is classified into three types based on arterial status: Type I
occurs in patients with normal arteries and is characterized by arterial spasm due to the acute release of
inflammatory mediators; Type II affects patients with pre-existing atheromatous disease, in which the
allergic reaction may precipitate plaque rupture; and Type III is observed in patients with arterial stent
thrombosis [5]. In our case, MRI findings were consistent with ischemic changes localized to the cortical
branches of the MCA, with infarcts restricted to the gray matter without extension into the subcortical or
deep white matter. This distribution differs from the scattered, multifocal infarcts typically seen in
cardiogenic embolic strokes, which frequently involve both cortical and subcortical regions [9]. Follow-up
MRA performed three weeks later revealed persistent MCA occlusion and stenosis, suggesting the presence
of pre-existing chronic vascular pathology rather than transient vasospasm. These findings indicate that our
case most closely aligns with Type II Kounis syndrome, which is characterized by allergic inflammation
leading to endothelial dysfunction, platelet activation, and plaque instability. In this scenario, the allergic
reaction likely exacerbated pre-existing atheromatous disease, resulting in a critical reduction in cerebral
perfusion and subsequent infarction. Thus, these findings highlight the importance of early hemodynamic
stabilization in anaphylactic shock, as prolonged hypotension and systemic inflammatory responses can
exacerbate ischemic injury, particularly in patients with pre-existing cerebrovascular disease.

Anaphylaxis also disrupts coagulation pathways, creating a hypercoagulable state that predisposes patients
to thrombotic events. In our patient, laboratory findings demonstrated an elevated hematocrit of 58.6%, a
red blood cell count of 5.96x106/uL, a hemoglobin level of 19.0 g/dL, and a D-dimer of 55.5 yg/mL. These
hematologic abnormalities suggest hemoconcentration, which is likely a consequence of fluid extravasation
due to increased vascular permeability caused by mast cell degranulation. During anaphylaxis, mast cell-
derived mediators, such as histamine and platelet-activating factor, induce endothelial dysfunction and
capillary leakage, leading to a shift of intravascular fluid into the interstitial space [2,3]. This results in a
relative increase in hematocrit and blood viscosity, further compromising cerebral perfusion and
exacerbating the risk of thrombosis [1,3,6]. In addition, pre-existing vascular risk factors, such as diabetes
and hypertension, likely amplified this patient’s susceptibility to ischemic complications. These underlying
conditions may have acted synergistically with anaphylaxis-induced hypoperfusion, hemoconcentration,
and coagulation abnormalities, ultimately leading to cerebral infarction.

The management of cerebral infarction following anaphylaxis requires a comprehensive approach that
addresses both the allergic reaction and the ischemic event. In our case, after neuroimaging confirmed the
absence of hemorrhagic transformation, antiplatelet therapy with aspirin was initiated as part of secondary
stroke prevention. The decision to use single antiplatelet therapy rather than DAPT was based on the
extensive infarction and the high risk of hemorrhagic transformation associated with coagulopathy in
anaphylaxis [10]. In cases of severe ischemia, the potential role of reperfusion therapy, such as tissue
plasminogen activator or endovascular therapy, must be carefully considered [11]. While reperfusion therapy
is the standard of care for acute ischemic stroke, its application in anaphylaxis-associated cerebral
infarction is complicated by systemic hypotension, coagulopathy, and potential vascular fragility resulting
from the allergic reaction [12]. In our case, reperfusion therapy was not selected because neuroimaging
findings suggested the absence of salvageable ischemic tissue. DWI-FLAIR mismatch was not observed,
indicating that the infarcted regions had already progressed beyond the hyperacute phase [13]. Additionally,
Tmax maps showed prolonged transit time in the infarcted regions, but these areas closely corresponded to
the DWI lesions, suggesting that there was no significant perfusion-diffusion mismatch indicative of
salvageable penumbra [14]. Together, these findings confirmed that the affected brain tissue was already
irreversibly damaged, making reperfusion therapy unlikely to provide clinical benefit [13,14]. Despite
aggressive supportive care and rehabilitation, the patient remained functionally dependent at discharge,
with a modified Rankin Scale score of 4. Given the rarity of this condition, long-term outcomes remain
unclear, and further studies are needed to investigate optimal rehabilitation strategies and secondary
prevention measures.
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Overall, this case highlights the critical importance of a multidisciplinary approach, including emergency
physicians, neurologists, and radiologists, in managing anaphylaxis-related complications. Timely
neuroimaging and comprehensive evaluation are essential to distinguish between vasospasm, embolic
events, and other causes of cerebral infarction, ultimately guiding tailored and effective treatment
strategies.

Conclusions

Cerebral infarction following anaphylaxis, though rare, represents a potentially devastating complication,
particularly in patients with pre-existing vascular risk factors. Our case illustrates that anaphylaxis-induced
hypoperfusion, endothelial dysfunction, and hypercoagulability can act synergistically to precipitate
ischemic stroke. Distinguishing anaphylaxis-associated stroke from other ischemic stroke etiologies is
critical for guiding appropriate management strategies. Early recognition of neurological deficits, prompt
neuroimaging, and rapid hemodynamic stabilization are therefore essential to prevent irreversible ischemic
damage. These findings highlight the necessity of a coordinated, multidisciplinary approach for optimal
management of anaphylaxis-related cerebral infarction. Further research is needed to better understand the
pathophysiology and long-term outcomes, as well as to develop tailored therapeutic approaches for this rare
but serious condition.
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BIEA 12493 —1f= Eifs
ABPRIBARCELMR oS RBIEARLH,? HETEHH?
3O DA, QI 1 s
CED CEED 2 ED

M giEE, SEE, TAHRORE

1. oabiESE

bR s (3, H2ED CECELE) HIF58EMAICOWT,
WORASAE L & OISHREFRE, R LASNICTTEI LT, TOREMA
DREBRICOVTIRREIL TS HETY. o, DA CEE, 45, R
W&, ARERY), QBT (@, #hEMFR, HeTH, #d/@4, ddth
), @8F (R, AR, FERE) O3 2ORATHELTW (I LHFE
BliawYEY. )

BIAIE, BPHERITOABCOVWTEALTHETY. HorikiT, BEDNE
HIZTHRIOERHN BB LIZELET. ELTIhHBRPEOEDRELD
b, BPETHNEEREBOLONETRBLTWed(cl, Df@ESeT
ToO—FHLECHYET. PUEBBAT EDMOEREKRNT S0, £
FT1ANADFERCOVTORERETEREL, HICRPHLEErSYZFTH
EBIDY, @A ISELMEXREE 0157 B THGER, O Am, @
B:9~108, LVWIRFICEPLTVLRILEZREE LonEd. @2V
3, E5(12EFVIEHPURNDADZLOL, @DIcHnTlE, ATOED
TE EoipiIcE v oh, GILOWTIE, EDBFORIER ISV OLE
ESICHNEYT. COKR OTELAEDENN | 2ETHY, @TA
WILONE I RDLREATORENZW &, T H 20 BICRICRIE
ENSZE2TWBI EDhINIE, MR TH9 A 20 BRIEOBEICE
BRPELSLOTRAEVY, EVIERRNFITOHAET. ZORSUCED
&, @2 0EFTOS 545 BIFRINED, I3, RRtY I —~ORIEH
&, 0157 OBEFREA EN SRR, BRABROBEHNTLNII LIS
Y ET.

FBEEEREBIAYLISHITLTWS D, Thh A, B, FTEnd i

B
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ZELTV20h 5 Bkah0nicdIZld, EENLDH —~<1 S v AHLE
NARTY. BAFOREHOBE", FELORMELBECHMT 5208
& (TIFLBE)Y, BHLERE’, SARFEOLBELARL Y, &
ECHBORRENS TS LT, BREFORACBEE, FHEDH
RIEOBTLS EF 0B BB (ThRTLET.

2. DiES

CBEFRRE LI LT, HPEE (BREFH L (2 FHET) L
%ﬂﬁ(ﬁﬁ@g)m@u@ﬁﬁaaﬁeunautuﬁﬁaﬁﬁent
biﬂt,m%nmx%;@%%%#ﬁatuiamﬁaﬁw,mﬁimu
REMRES 2 DA MBS TF. DIFELIC (244 ARTIEF A Y HIEMAS
nrmiTﬁ,%c%bmmuTm$5t?ﬁ4yT¢.

VAR MRR : 52 KBS TRIBMAR AT, (BN 5 DT
BOD) EREETTLBBER (FROBRET, L < GFHET)
PHRBIZLY, MBI s ERERET2RENREBNE I N EHD
FRTT. Ik~ MR TR, BB L BB THROBBEDIET

CFURIE (Y RY) pETEET.
fmﬁﬂﬁ%(7—1:»#0-»)m%:T?uﬁﬁnE%Ltﬁﬂﬁﬁ

RTT. CORBIcTyF LIt (Fl, MBI, HAEREE) Bt

:3, ﬁﬁ':%%bfbtt\i@%iﬂﬁﬁt LT, BELCLEHDIEY, &

SELIVCRBERE 6 SR8 1E0 AR LD ERIEL £ Y. RABEEH

%tb?békm,ﬁﬁmﬁﬁgb%tz,UZ?&(%HUZﬁ)m

SHTEICA. BBERAHOMBENGEE DEEE LTy THE

HELEY.

3 WA H3%0%, PELLVBRBEROSH 5B HVBCHT, %
ﬂ?ﬂwﬁ?ﬁﬁmﬁﬁtﬁﬂﬁ6#%&5%%??.:m?—?ﬁ—%
ROFT—=F L) ETDT, BBER L HRFLE LIS THEET S LIS
BNET. COf, BERTEAR, ARELROLOEICHY ET.

O RGP  BATAC, EPE, ek ¢ OREEIE TR

RIS E L, RL2RET, BREE &R L OMEIGEVHY S BN
FRHT BHETY.
SHSRBEEHRTY. MBEHRATHILLE, BIFERE LIEBICE,

v

A A EEIR O ANEE, HEERELKALNBENETY. HIE
BLAEFEORSMEEHE~EI AT, CNONERAN ML L TR FIER
AR shnY . Ef, BRETHIEDOEUHERMERY, T
5 DIE N RER L HETH 1) TH L, §ONIFRIC/ AT ADDH
U, che B2 EEsRREAEVET. Jofcd, TnH0Nq
PRAREEETELETHEL, HOBRGEVERETEETIRNLE
ERYES. TROAATAORBIOVTORBEEIT-C N7 A
EZTOE (p.74) #FIR SN

3. BT AR, 2ATFTRTFT1 2 Ea=

SBET, HAERLER (RRETLLCEPHET) LORIEER
%ﬁﬁ&ame¢u#th§nke,%m%ﬂnﬁta%“&%%ﬁi
055 LARILETRIERY EEA. Shonisi, FHENRRICER
DI FROBEIZ N BONEEH, B 5 OHNAATROENTT. &
LIEFYRAL~ILDFOAAREIES v 4 LMELRERR (RCT) L%V E
. B LI CAREC TS T0S S At ¥ EHLIAAR L ENABTD
vT.mﬁ%ﬁyﬁbnﬁwéct?ﬁ%@%%?%éﬁw¢é<L,@%
RIDERY 22 [cRS(5ENH S DD EHBHRTT. MARELE~TE
SRS PMTELIC LY, BHTHSTHEMIH(, hsh2REMEIBL
ERENFEDTHEIFNERY FRA. Z LT, AAFELHREVT TN
Am%ﬁm;oTu,#ﬁnk(éhmﬁw%ﬁ%nbt%m%%ﬁﬁﬁﬁ
[2#Y, TORT VRO —PEMELEICRY ET

PP WEE (HA) ERR (ERYRYCBE - FHMREL) ARL
THARYHPEHPIRENT H, TN EhORX CHEFIORIRGECHRS
& MEEMNDLHOTY FALGENRE DD, HERLTERE (D
fHY LTV RDI, ORI TEHRIESAEL, &
LCEHBUELELSTULWERE, RXICLE>TRRIET
RTEL->TEET. Tk, EROWMREREHLD
T, ARV EREHROBICAL CBRBENHHDON
EHRBEENRLEICLLY ET. B2 DRXOATEBL
LTWL AL, XL Ea—oREyHYET. 2o
[FEEDRSTEEOE A £ &, IENICER LS

v
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ROMICAREENSH 20N E S EHETLHETT. CNSDHRICE
FNDRAXLDEBUSPRBUOLEROGEH (3, EZOERANCERICE -
TiIThhatonickY£Ed. Shicyl, YAFRFsvoLEa—IL B
BEOHZHEEEM L TEEOICRET 2/ ERIR, HHH, B%LE
T. BIFLICVRXOER (HMA) P79 bhah EERBICEHEL, £D
F—9R=ANSEDL I HRFEHETHERLIcOD, FGBROTERE
EDEIBFETHEL LD ETRTERLEST. XFTFYZART
(&, BIRLIRXDTFT— 9258 L THRIFL, ERLEROBOBRERE
HELIHRE HSF v hE) TRLET. XFT7FHUYATE, X
BEMBMETDHDICRCTRYHIEREND Z EHIFEALETTH, RIL
RCT TEHERBORBUSHREA > shXhEE (L, BIR/AA T DA
LY ET. T, HEDOTF—4<—2h56 ( E5 CGAXERFEL, FHO
CBRLAD2YTE, 26T L2 HT 1 THRERD RCT AHRES L
@ (BRR/SA 7R) viHhlE, EnTEfcmxr W SBETL TERNE
REBENBOT®, 25 Ll PRICEEB LA SMRIFT 2LENDH
VETF.

U7 =)L R 5F—4% % B2 RO

PIEFE L TOMBHARI A % (FIT 200 PILT—ILEF—5 T
TOERTEET K, pau, ERRISIL—TREEY, BLOR
B PRASOWRERET 314 17— X—RHDHNTEY, X0
T YRR LIBSRRABATONTWET. EDL S B THESH
EHFTOATB0h, REORIEICHTHEL L.

1. 1 A2 TIL®D COVID-19 9 4 F ot BISIETHZ

FFEHEIOF S L 2mYE (COVID-19) DFMT 2 F > DEMME
[CBF % [New England Journal of Medicine) (NEJM) OZA3T% 3T %
[l s

Dagan 5 (&, 1 A5 TILICH 142 7 74— COVID-19 (2% F 2
mRNA D0 F > DERERORUL TOMRERIET 5120, 125 TILE

K OREERERIEHAS Clalit Health Services (CHS) 5 —# %247 L £ L 1=.

l.\:ﬂ

HSDF—9X—2A4 A5 TILDOADO
)53% (2= B 410 A AE D=L T W
Y.

ZOMREESEEDIR— AR EVD
FRFHA v TiIThhTwWEYd. 72FY
EMRBHICA L, HEET 23k o F o iEiER

NRBH*TEDRLITNES(THENT
RYFUT) EVIFEEFFERALTWE
9. 2020412 8208 H» 52021 E2 A1
BETOHERIC7 9 FUEFER I AD
BADS 1 AERY, 29 FVEEBLIZC EDEVADEDINDS, TOA
LR, MR, 08— (—@aAFPA, TITA BEHIRIY T
), BEE BESEMOA Y ILT YYD FVERE, HROA

100, FEBERINTN 1 LS LS (BATLEET. RIFETY
F LIABEN WD S IS S SR h S Bt s hET. 77 bALE PCR
EBEOHUIOF V4 LRESE GEROBECHNDST), ERIED
awmqacmw049nwﬁbtxﬁ-iﬁ&-%tfj.ﬁp&S?w
YL ALERENESWT, 79F v OhiEE Kaplan-Meier 2% A
WT, 100%x(1-U2H) TRLELL.

Y F VI ENIARIE, 79 F VISR, JFEER L (2596618 A
Tl MEEER14~088, $&0208EEHR7BUEEBLI
BEZNZNCEVT, HRIOF 5/ LARRICHT HEEADILR
16% (95%{SHEM (CI) 40~51%) # & 0°92% (95%CI 88~95%), fE
11 COVID-19 (233 9 A 214 (£ 57 % (95%CI 50~63%) & & U 94%
(95%CI 87~98%), ABZICH L TI574% (95%Cl 56~86%) & & U 87%
(95%CI 55~100%), ERALIZH L TIE%heh62% (95%Cl 39~80%)
B;U%%(%%O?&AW%)TLt.awm49u;5%t%%mﬁﬁ
A, PEES% 14~20 B BT 72% (95%Cl 19~100%) TLIe. &
ESE, CORXICLY, 425 TIL0L@E% BNT16202 mRNA 77 F
Y OEBIEMH, COVID-19 BEDIEEWERICED TH 21 LIERITT
£ 5 o

i

STAERH O S //hg \
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2. BADEBERBTT—5%7MALIc AED ¥Rt
TIFIERBHEROWR

B K @ National Database (NDB) # UL\ 7<BAR DI & L T, R L <
NEJM [LiB#i s nic, —RTRO GBI RBELES (AED) FIMMEH L
CELERGEBSEOMEL A FIE S 2h— MIRORALE HFTHE
Lot

HADBHI, AED DL@EMAERY, LEMHIC L 5 OFLEROES
EOLALBBELTLWBNE S DERXBZ LT, COBEDEFIE,
BFPNERIRFTRETOLEEIS L+

COWRTIE, BHEEBFORIN LT 3 2ERHRT— 7 <—2
(All Japan Utstein Registry) %ML T\, oL P2 b UL, B
BYIARAEAL & e Utstein Mt i > T, BABRDT~T D OIE RS
WEBEOTF—shRBchTsyY, EM10 AL EDF— D EFE SN
Tbi?.ﬁ%m,m%$1ﬁ18#62mﬁﬁuﬁ31E$T®@K.ﬁ
EOMLEDOFELL LY, PILREHEL—RHR (—WHR/SA RS
YY) FREHBERY —ER (EMS) BE(C & - TIHES N, TOH
ERMBICHBR S NI BETT. AED k3o 3 v o AT AN, [OE
M@%UJ&%%L&LK.i%ﬂﬁggmﬁ%@%i&1#ﬁﬁﬁ?@ﬁ
ﬁ&%&#%ﬁ%%ﬁﬁﬁﬁ?,&Ht%&imﬁﬁm,&mmmpmmn
mance Category DRAITH N Ffclk 2 Th s & LEHLE LI BIRF
(BR81%, BRIEHOBRO@ME L 1 pAgoEFE LE L. £, B
ﬁ@#%#%ﬁﬁ?&#tk%%miﬁ.—%$RN4RGV§—WAH)
Emu;uiﬁbtt%ienaﬁ%ﬁ%ﬁiiétm,1¢:tuuT%
kOHFE LI
—RRMRINA Y Y — 1S a8 % B (4 1o D T 1 B % (—AE
BRAARY Y T 0588 2125800 (2 R A IR TR L 1B
DINE ~—MBR/ A 29 25— 16 sy e 2 (4 (1042209 (< REPAIE
BTEEL-BEDRS)

ToYREENDRRBOBED 0, 2ZRMIFT, ORI, OFH
(0~17 5%, 18~747%, T5HLIL), O—BHR/ 4 24 v 4 —DiEE (R
ik, Zofth), @UBHEEPOESLSDEROEE (kL, HY), O
BRANA 25 2 T —hBle LI ORMBRE R0 (4L, lEEand., it

EIITED S2HRmsroBoN300—FREYTLTI—LEF—%

kA, @EINTH S BEICERT D ETOMERB, @UMELEIRI -1
F, OTHEBIZDWTABEITVELR:. £E56(1L, —8BTRASI1RY Y
T SBRBIIE R T AL R D HTZAILDWVWT, ZOTHBETAWE
MBM A 27 (propensity score) ] 1L AR Y F VI ETRYFEE, 72
FALOBERIICEED RN EFERLTVWET.

—EHRNA R Y =W OEEEC & D 0EIEERE 43762 AD 5
B, 4499 A (103%) H'—HBHRNAA RAF VS —I2L2BiBEESITEL
fo. —MWRAA RSV F—(LL2B@HE2 I BBOESE, 2005 F
MD11%H 5 2013 F (212 16.5% (P<0.001) [ZHEHOL TULWE Lic. RIFicis
REMERTIIBRICERFLTVWLEREENRSE, —BMEANM RS Y
Y-l & BRRIBTE DTS5 AR A -1 BS LY PRBIIEV I LA
by £ L1 (385% vs 18.2%, SEBMITICEL 2WEEROA v XL
1.98, 95%Cl 1.84-2.13). F7z, —MRA A 29 V¥ — L LHFBBER
FrAEZI D> ADT Yy F o 5% Licikicka-BEA v T
1.99 (95%CI 1.80~2.19) THY, ©l3Y —BHRNAARI VT —IZL D
W& BH(EI NRIEDS15E L Y L BBLBL I LA OSNE
Lic. REFAISESOERRTEG LIBEDS b, —MHRIAT YT~
&3 AED fEMIC & Y 4B L 1o LR & 0 3 BEHIL, 2005 F 0 6 ADS
2013 4E (1% 201 AISHEM0L % L7z (P<0.001). EEHE, BAREBEWT—
WBHRAA R VS —I2& 5 AED DAL, = hhRICERID
{5 I DR SEIRIR D RIF A BRI EBBEL TW 3 R TITT
WET.
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| UPLD—L FF— S HRRORR & TaetE

DPZNLD =L FF— 9 2 ESTHRERR TIE, Wb 2BRHER & (£EE~
MIBSEWEEORAHEDT — 5 OFF A EBMICTE2 2 LN HSET
T. &, FRCRBENLZUDOBEOHI L BIFHSR L T 2EEMRAE L (1
R, RERICGEVERERIHRICT LA TEET. ZO—HT,
TIOMALICHEEEZ ) 2B FE2EDL S AT 2D REE -
TEET. 855A, BIINKRENSWVIEE, Gt BB TE 5380
FORBSBYET. £, RILRY LiFfewyFr o e ns BElE, B
HREBD HBREREVGECLABWL S LA TEEHA. ZTDTH
T, EVI TSI h I R A T S AT E D E LS
ROEBYET. L, BATEF—9R—2 2@ L - W RBEFOF—
IHBENTUVLRHNE, WCOBLWHHFEA2BRLTE, HOEREE
BOCLUETERRA. (1828, RECHBEafc WEDEBIFHRIC
TE2OD] EVIRIRAS 7 IOMED, 7o hhLEIROMEL H Y &
ER

BIZIE, REEDRIXERL MFROQF 94 L2745 F  EEOLEDE
HREAND) EVIHRTF—4LRET. ¢ L -DF—<T, Lt
ThF—FPOPCT—9 &ML LS £ Licigaizescladn? £
T, BRHRCOVTEZTHEY. 5010 s 7o 4B LI AR
ADTLEIN? DIFVEMBENI AL 100%1EEL1=DTL & 5
h? Eio, BRELLOSFERTEL, EREEaiEch-Ba(E,
FT—PIEENDITLELIN? RIL, PYOMNHLAEEDL S ICRET DM
BATHELED). RORITRIIF v OBYUERT TS FHLESD
JELTUVELEDY, TPCRIZEBEDEE | FCOVID-19 12 & 2ERDH 2
BEIEEDEIICBALSEVOTLLI N ? TARPEREE, FEH
COVID-19 [LBIEL TWAENEI D EThh B TL L5 h? Hl, MHE
L WEBEFOHEREESENTVETLES » ?

BaRER L EONTARR, HARIBCE-Tth e F—oIntELBIET 2
HEORIEE IR— MR E TR, BNIHRATELHY, HREDZ
REIELIZWT T AL, BETIRBAF L Y, IRcsELT— 5%
HoOoNLHETRTHRELIEIATTF—2REEZITWES. LHL, T—%
R—2RTIE, RETZIHEIHOILORE-TLE->TVESH, %

DEFID e THREIThE TNIER Y FRA. T—FIX—EFA LI
ROBEE, ZOF—HR—ADHES5NBIERICE L HRABEHY £
F2LBHH20TYE. 212, HREDHOREEZ LD HYET
BERFZODF—4R—ADHRICHBENTVEY. BEEHBEDEIE
MABRBEDOL S c—MABICA—T v EhoTLREDLHNIL, FEBE
DEEIFBREH DEL LD, RO A v /—E LTHRT 5 &L TH
BTEston EiisTT.

BEHRE VS EN—FILABLL S CBbAbETTH, BIESEI
MRF—2hPENTNDI EFEML TV LEIFSEVTT.

LS X

D EABRERARA SREALE Y H—  https://www.niid.go.jp/niid/ja/from-idsc.html
(2024 47 A 25 BRA%) 5

2) MAE: FELOMELIMEINT 32@ME (TIF/LME)  https://www.env.g0.jp/
chemi/ceh/about/index.html (2024 47 B 25 BH%) .

3) BSEMAPIEERY LY 7 — NRBESH: NHFRLSEEE https://www.jichi.
ac.jp/dph/inprogress/kawasaki/(2024 4£ 7 B 25 8#%) on

4) _Dagan N, et al : BNT162b2 mRNA Covid-19 vaccine in a nationwide mass vaccination
setting. N EnglJ Med 2021 ; 384 : 1412-1423 )

5) Kitamura T, et al : Public-access defibrillation and out-of-hospital cardiac arrest in Japan.
N EnglJ Med 2016 ; 375 : 1649-1659

L/ BEH
A Ah A
CEAMSA (B), W OWE 1 OR) : RUsTERSE LLEE - BREERRETFA
BRETHS 3 MR, TSI, 2018 X
* Rothman KJ (), &EM:=, & () : 027 v OEF—HF
[REARFRHE, 2013
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| HE

BB RIER G SR (2024)
2023 AEFEaHE B O ARG & 8 B AR R

HABKRBE YR - HABHESR

Annual Progress Report from the Japanese Renal Transplant Registry:
Number of Renal Transplantations in 2023 and Follow-up Survey

Japanese Society for Clinical Renal Transplantation,

The Japan Society for Transplantation

[Summary]
A total of 2,001 kidney transplants including 1,753 from living donors, 29 from non-heart-beating donors and 219
from heart-beating donors were performed in 2023 in Japan. The data obtained from the Japanese Renal Transplant
Registry are shown and analyzed in this annual report. The characteristics of recipients and donors such as rela-

tionships, original diseases, duration of dialysis therapy, blood transfusion, status of viral antigens and antibodies,

pretransplant complications, causes of death of deceased donors, ischemic time and histocompatibilities are de-

scribed. In addition, immunosuppressants used initially and other treatments are analyzed. We also report the re-

sults of follow-up survey for recipients and living donors.

Keywords: Renal transplantation, Japan, 2024 annual report, The Japanese Renal Transplant Registry

. U

2023 SEICHPETER S M- B BHEOBKSFEE
FtORREWMET 5. AWETIEMAR, HBTAHD
M, LY b, FH—oFR AMESEeHE &
PREE, AHT OB & ALE, SeE iR R RGO
ERRIR % & 2023 FICER S N2 BERBEOEMKGE R
LT 5, I/, LYEZL YN, FH—oBHRAED
HEETRRZHE T 5. BEAKIEA ¥ —F v P E&H
ThY, AREF I TIESRT—7I1cH
TLLDTH b,

. FEGIE & Rl F 27

T1IC20M4EIN 203 FFTTOMIITORLT
BHOERBEEABOEREBL R L. AED
[BH] SERICBLOBBEERAH L7256
Holzized, 202447 H 18 BREATHEMEY =2
Hi S NRER S E FEET L7z, 2023 £ OSEF BT
2,001 B THA R A KT AT 1,753 6, BRE AT 248 H1

(IR 29 B, BMFE 219 B1) TH Do, 2022 F & X,
HEEEBREG 1590 (2022 FOLEAFTOBIE
FEMARIL 1594 ThHo7:), LEFELETEEI I AD
B, BETERER 4o MoEmilash, £fTi
209 BN L 72,

R2l37oy JEABD—-RTHS, HE- T
B RD S, HmTHE - bk G UM - b
A, PE - mE, Rt EEOMETH o7, LEFIE

F1 B 10 FOBBEERESH
g AKE R (ER) BB () AF

2014 1479 42 85 1,606
2015 1,503 63 104 1,670
2016 1471 61 116 1,648
2017 1,544 65 133 1,742
2018 1.683 35 127 1,865
2019  1.827 54 176 2,057
2020 1,569 17 124 1,710
2021 1,649 19 106 1,774
2022 1,594 28 170 1,792
2023 1,753 29 219 2,001
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TEE, MIETIREE bICHE®R - BERIRLE L,
FhFI27.6%, 28.8%% Hdiz.

Erom~gTay Zil #HEFEHOKEF R
3-1~F3-6 1T L7z EFABOGBIBEIMAIL 2022
FREFMELBEL-bDTH S, dbiFE, ®RL7oy
7wk b EItiEE T, HEEISH (+480), L
EIETEE 0 6, BFETEE L 4 BliciTbhi. B
e T, AEEEI AN LEIETEED O
B, BIETEE L 0PI L 7. SREIRLE L
ZEcopTthh, FHRBTHIETIEI8H (+7
#l) THotzo R - BERTO Y 7 TIIEFENR
692 # (+83#), LMEILTEEASH (-6, M

RTEME263H (+66l) Thotoe AHEKFIE H
FAR T 338 B (+34 ), AhZNET123 60 (+29
#l) THhotzo Bl - LT v 2 TIX, AEKFEN
258 ) (+8#1), MEIETFEEAT6 6 (+361), M
FETHETISH (+4F) ERI Nz, BEHMETE
AERELT199 6 (+18 F), BFE TEREAT32 6 (+7
#l) Thotz. ERTO Y 7 TIEKEI 2598 (+
3060, MEIETEED 76 (+26), BETERED
26 (+18) Eidhi. £EFIZARIFT 1326
(+38), REET61f (+11#), ZEHEFTIH
(+156)) THotz, hE - WET Ty 7 TiE, A&
AT 1546 (+6f), LEILTEES 26 (+2#),

£2 2023FENT0Ov 73 BREERESH

HAEF BEEF (OER) B (BE) &t
JeiE 95 (54%) 0 (0.0%) 4 (1.8%) 99 (49%)
Hik 100 (5.7%) 0 (0.0%) 14 (6.4%) 114 (5.7%)
BA - HE# 692 (39.5%) 8 (27.6%) 63 (28.8%) 763 (38.1%)
B - JbkE 258 (14.7%) 6 (20.7%) 38 (17.4%) 302 (15.1%)
bli 3 259 (14.8%) 7 (24.1%) 32 (14.6%) 298 (14.9%)
hE - ME 154 (8.8%) 2 (6.9%) 34 (15.5%) 190 (9.5%)
St - AR 195 (11.1%) - 6 (20.7%) 34 (15.5%) 235 (11.7%)
gt 1,753 (100.0%) 29 (100.0%) 219 (100.0%) 2,001 (100.0%)
£ 3-1 2023 FdvipE, Fik7Ov /BB EEREFNE (F1E & OHER)
H R BUE GLMEIE) B (BBE) &t
JeiE 95 (+4) 0 (+0) 4 (+0) 99 (+4)
Hdb 100 (+1) 0 (-2) 14 (+10) 114 (+9)
G 8 (—-4) 0 (+0) 8 (+7) 16 (+3)
5F 14 (-2) 0 (+0) 2 (+2) 16 (+0)
IR 39 (+6) 0 (-1 3(+0D) 42 (+6)
B 20 (+2) 0 (-1 0 (-1 20 (+0)
1157 10 (-3) 0 (+0) 0 (+0) 10 (-3)
wmE 9 (+2) 0 (+0) 1 (+1) 10 (+3)

32 2023 £fIW - BEE Oy VBBHEEREANE BIEEDOLE)

A B GvEl) B (%) &t

PO - FiEak 692 (+83) 8 (-6) 63 (+6) 763 (+83)
IR 13 (+1) 0 (-3 1 (=3) 14 (-5)
A 35 (+1) 0(=2) 2 (+1) 37 (+0)
HE 31 (+3) 0 (+0) 0 (-2) 31 (+1)
HE 43 (-9) 2 (-1) 5 (=3) 50 (-13)
T 67 (+10) 1 (+1) 4 (+2) 72 (+13)
B 338 (+34) 3 (=3) 31 (+5) 372 ((+36)
&N 123 (+29) 2 (+2) 10 (+2) 135 (+33)
#ris 26 (+8) 0 (+0) 9 (+3) 35 (+11)
MBS 4 (+2) 0 (+0) 0 (+0) 4 (+2)
E% 12 (+4) 0 (+0) 1 1) 13 (+5)
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#£3-3 2023FFEE - ALEJT Oy VBERBERREFE RIEL OHE)

AR R GOMEl)  BRE (BNFE) i
Wi - JbkE 258 (+8) 6 (+3) 38 (+4) 302 (+15)
Bl 4 (+1) 2 (+0) 2 (+2) 8 (+3)
ol 8 (+1) 0 (+0) 0(-1) 8 (+0)
e 5(-3) 0 (+0) 1 (+0) 6 (-3)
Ik B 8 (-6) 0 (+0) 0 (+0) 8 (-6)
i) 21 (-1) 1 (+0) 1 (-6) 23 =7
ZH 199 (+18) 1 (+1) 32 (+7) 232 (+26)
=% 13 (-2) 2 (+2) 2 {(+2) 17 2

F3-4 2023 FEABTOy I BBHEEREFNE FIEEOHE)

A B COEIR) R (RIE) st

I 259 (+30) 7 (+2) 32 (+1) 208 (+33)
R 0 (+0) 0 (+0) 0 (+0) 0 (+0)

Jo% 41 (+15) 2 (+2) 3 (-3) 46 (+14)
KR 132 (+3) 3(-1) 12 (+4) 147 (+6)
i 61 (+11) 2 (+1) 15 (+2) 78 (+14)
Z=H 13 (-4) 0 (+0) 1 (-1) 14 (-5)
Fak L 12 (+5) 0 (+0) 1 (-1) 13 (+4)

%£3-5 2023 &FEGE--mEITOY 7 BBEERESNN GIEEOLR)

He R R (OMEIR) B (BZE) it
R - UE 154 (+6) 2 (+2) 34 (+20) 190 (+28)
BT 6 (+2) 0 (+0) 0 (+0) 6 (+2)
=753 3 (+1) 1 (+1) 0(-2) 4 (+0)
i 1Ly 21 (+2) 0 (+0) 13 (+9) 34 (+11)
KB 35 (-1) 1 (+1) 9 (+6) 45 (+6)
il 19 (-6) 0 (+0) 1 (+0) 20 (-6)
st = 10 (+1) 0 (+0) 2 (+2) 12 (+3)
I 12 (+1) 0 (+0) 2 (-1) 14 (+0)
FiR 33 (+4) 0 (+0) 6 (+5) 39 (+9)
TN 15 (+2) 0 (+0) 1 (+1) 16 (+3)

F3-6 2023FEAM - HEIT Oy I BBEERESSN FiE&EDHER)

N B GoElR) B (RIE) 1

JUH - iR 195 (+27) 6 (+2) 34 (+8) 235 (+37)
@ 86 (+9) 2 (-2) 26 (+9) 114 (+16)

R 0 (+0) 0 (+0) 0 (+0) 0 (+0)

Bl 14 (+4) 0 (+0) 2 (+0) 16 (+4)

REA 23 (+10) 0 (+0) 6 (+4) 29 (+14)

K 13 (+5) 0 (+0) 0 (+0) 13 (+5)

=y 18 (+0) I (+1) 0 (+0) 19 (+1)
EIRE 13 (-3) 0 (+0) 0 (+0) 13 (-3)
iR 28 (+2) 3 (+3) 0 (-53) 31 (+0)
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BIETRRE T34 M (+200) ESIhiz, LERT
ZAET 45 PP ER SN, FILE TIRMETIRE 13
Bl (+9f)) &L MPANERSNL, BERETII
3960 (+961) MITSNhTw/z. UM - 7oy 7
TidAEEE 1956 (+276), LEIETEEFIZ6 6
(+240), MIETEREFIZ 348 (+84), &fkT235
PlIEmI N,

HI. FEsRIAEBIEL

T4 CE R EBRERAEN ST RS
BAER L. LM 2022 F£RAKIC138 TH o
720 2023 FETIRRAEMED 1~4 Bl & T {NBBEORH
AT MR IX 36 MR T D 26.1% % ), T OIE
AL 2 HE 2D 36%Thoe FM20MLE
DOBREAT - 72 MEak i 2022 SEA0 6 7 Miad#mM L T 32
MEak TEED232% % O, FOEMEIL 1,166 F
(2D 583%) THhotzo —HAT, FEM10~19 6D
BH 21T o 7o MEaxid 35 sk THEF 5104, 5~9 oD
BT o 7o Miax b 35 it TEAF 253 I TH - 72,

MR OREMBEFRSICRLLZ, EELTERK
(W REBFE, AR PERLE ( 2 0T 131
BITH o720 RETHARTFHEAERL Y ¥ —4
HREZSRIFTH -7 30 FLL EDEBRERIT
ERIZUMAR (83 #1), MAFGH IS (56 #)), AR
K @o#), MEKX (4o#), #HEHRERs (376),
JCHO i (36 1), #H|wA (35#1), T ZALPE (33
#), BWEEKR 336)), HRE Gosl), KRAMK
(B0#) THotz.

IV. 2023 FRREEFIZRIFHROESER

2023 4 R R SZ ME M B ER A (RRAI B o
7—% ADRRIE, 2024 7 B 18 BR AT 1,762
THY, FBHERBEOH 722,001 FID 88.1% T
bHotee WFICEHHOHERFEREZRT., 2B, Fill
HITRENL8E (%) &, AModbo7-1762 %

BEELTHBLTEY, Z2To [FRAD] 334
BTy ALz 1762 BlOmTYHZEHBIZOW
TERANE oS L ERLTWS,

FE6RLIEZ Y POER (Fm HH. AE
BHRY, RNEHERES) Ths. BELIE Vb
O4EE, R, FRB R O R H AR A
29 MI—2DF—F I DERL TV S04 248
TOHEEERELRD, TN OHEE L web ATHE
D211 PICOEHERE 2o TWh. ARBOEHE
B 134932147 T & U, 50~59 &k 2435 )
(280%) & b & L, T\ T 40~49 & A7 345 B
(22.2%), 60~69 %280 # (18.1%), 30~39 K A*
21281 (13.7%) &HE, 70U EXT 1176 (7.5%)
Tholzo PUERBIZEVY — 7 22 30~69 BEIZA S
Nize TR O0~9ROBHIZ 2HTH 72, BEDFE
BHERIL 4612191 ETH o720 FIFERER 50~59 &
PRbE L 83F (33.5%) THo7zo 60~69 AT 55
B (222%), 40~49 A% 424 (16.9%), WIZ 10~
19&A 36 Bl (145%) L#evarz, HERHIZEKETTIX
BT 965 B (62.2%), ZMEAT 586 H1 (37.8%) TH
D, METHLERREAEOEAST, Bt 1454
(58.5%), ZtMEAT103 B (41.5%) THholo AHIZ
ARE, BELIHERASENREN 1407, 1926
EOHPEEREEDTVS, BREREIIOWTIX 1 FAT
AT T 1,481 B (95.5%), BRE T 1936 (91.5%)
LIFEAYEED TV, 2KEBHE D EKY 66 5
(43%), BBETI18H (85%) Zd7z, FAKICKBH
AT AEFNIERE T 35 B, MRS B EZ T
FEBIDEET 128720

R7IMBEROBEE, HLADI A v FHER
L7 DTHb. ABOBEAIZDWTIZEE—FHIH
HEHEET637H (41.1%), BET 18161 (85.8%) T
HY, FLESF-BHHSBEEETTI0H (20.0%)
BHolzo AEEBRITAEKE D 466 # (30.0%) (ZHE
TENRTWVz. EEED ABO A EESBHAES 466

£4 2023 FOBEHRIMEE

FHBHERX TR FZUFER TOBRM
1~4 36 (26.1%) 72 (3.6%)
5~9%1 35 (25.4% 253 (12.6%)
10~19 41 35 (254%) 510 (25.5%)

20 FILL L 32 (232%) 1,166 (58.3%)

&t 138 (100.0%)

2,001 (100.0%)
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x5 2023 FOREEHBHEHEEEESR
. wE  mE R BE  BE -
HRARELL a6 S0 ey TR EHE Ty mw)
St (5) deiwA (FRESD 24 0 3 27 sEEmIas 2 0 0 2
HIREL (1) 17 0 0 17 B 10 0 1 11
TEINER (5h) 6 0 0 6 BB ESE AL AR 0 1 0 1
mILALeR 32 0 1 33 (9 BHERLK RS8R 16 0 10 26
HBEER 16 0 0 16 LZHER () 16 0 3 19
HHE () TABHESHR ) 0 6 14 FOEA (BBEBHN 24 0 1 25
VAN i i 0 0 2 9 ICHO H 1 6 0 5 11
#E (3) AFEKR GB) 6 0 2 8 HARGaR T 118 1 8 127
1B 7 BiR 3 0 0 3 MyEe 13 0 0 13
B rthg 3 0 0 5 AETHER 2 0 2 4
BETR ' 3 0 3 6
23
wE rRieon B b s B R RRERES 10 0o 1
WE (1) KEA (@) 20 0 0 20 =2 B=2kl& 13 ! L5
wE () LBk @ 0 0 0 10 _ Lt ¥ -
R () BRRIEX (@) 70 T s *B Bt On P 1 5
WA 7] 0 0 2 x ‘
kA > R 8 0 0 8
Ak (3) [EEA (AL 31 0 2 33 B (0 XEx B o i 3 T
BWEELX (1) 1 0 0 1 o .
A = g g 3 KEATR GB) 28 1 1 30
eaho T KEEREHA (@) 11 1 1 13
HE (2) BRE#ES 1 0 0 1 gk () 5 0 0 5
B& 30 0 0 30 MEER (#) 11 0 0 11
BE (3) HEEARSERE 10 2 5 17 R atEs - BEESE 17 0 ] 20
BWBEFHEERL 26 0 0 26 MEEH 3 0 0 3
FRRRES 7 0 0 7 KEH IR EERE 20 0 2 2
Sk (1) AEK 0D 13 0 1 14 fEk » 2 0 0 2
TE () TEA OD 6 1 219 HRTIRGERL 1 0 0 1
EREFEAATRESE 25 0 2 7 R @) REREX (@) 12 1 3 16
FEREHATNES 8 0 0 8 MEK (i) 31 0 9 40
M T A % 10 0 0 10 A 12 1 3 16
T4 uBER 1 0 0 1 HEHPRTTRE 6 0 0 6
WEES 5 0 0 5 =R () ZREIEXR (#) 13 0 ] 14
. REERS 2 0 0 2 gkl (2) FOELBTER (&) 6 0 0 6
ER (19 ®RA () 6 0 3 9 H ARAE L 6 0 1 7
RpFEBA (L) 7 0 1 8 BE (1) BEK GB) 6 0 0 6
i;ﬁgi E*f; “g 5 ‘g ‘23 BR (1) RRA GB) 31 0 3
ﬁFE‘:EJ’( (% - BIMER) 9 0 0 9 Ll (2) Ak (i) 11 0 2 13
BRRIA (LR —gzah) 130 0 13 Pl At 0 0 1 2
WEEAATFEREL 23 1 5 2 R (3) ERA (9h) 20 1 5 26
HAKKHE 20 0 6 26 AN 14 0 4 18
WA 3 AR 20 0 0 20 SEf+E - FEP AL 1 0 0 1
ERESELAE=M 9 0 0 9 o (4) WOk B 14 0 1 15
WRLFERRIERE 1 0 0 1 FHESTHES 1 0 0 1
[ LIRES™ 25 1 3 29 I 3 0 0 3
BuNRREEME 2 0 5 7 BB 1 0 0 1
B Beslt = 8 0 1 9 8 (2 EBK (@) 4 0 1 5
RS 56 0 0 56 e 6 0 1 7
A A T I #I @ WK G 0 EE
S 7 0 0 7 i k4 : 2
ey & i 0 2 FE (3 BEA @) 12 0 1 16
AR () Ak 6D 20 0 1 2 i g e W 5 b
EEX (K) 6 1 2 9 = N
BET TARSES L » 6 29 i (1) AR 5 0 116
w7 ryrELR (B 18 0 0 18 ]l (5) BEL (W) 5 0 1 6
RO 16 0 1 17 FUMA (1) 61 0 22 83
MR TES 37 0 0 3 mERTE 11 2 2 15
miRHTR 4 0 0 4 PERE 0 0 1 1
Wa () WEk B 40 0 4 e ﬁ;;‘(?%) 9 0 0 9
RE  (3) MK (MEHL 8 0 1 9 2 2 4 L
BB+ ) 20 0o 2 RME A 5 0 L 6
Eres 2 0 0 2 HEA (1) REARTF 23 0 6 29
wE () ek G 2% 0 9 35 x4 () KAk ) 13 0 0 13
A1 (2) Bk @) 0 0 1 1 B (1) Rugs 18 1 0 19
B irchi 4 2 1 7 BER (1) BEEX (@) 13 0 0 13
Bl (2) &REX (#) 2 0 0 2 Wl (3) HEA Gb) 9 1 0 10
FRA G 6 0 0 6 15 37 1 1 0 2
B/E Q) BAA @) 30 1 4 KEEME 18 1 019
BHATT 2 0 0 2 23 (138) 1753 29 219 2,001
BE () BRA &) 8 0 0 8 ) P 2023 FICEBHRE L 2 ERR
WE (@) mREL () 9 0 0 9
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*®6 LYEXICFOEE

RS ik
(n=1,551) (n=211)
SF (n=248)"
SEH+SD (#) 493x147 46.1+19.1
e () 2 i I
R (%) 79 & 72 %
0~9 & 22 (1.4%) 15 (6.0%)
10~19 % 28 (1.8%) 36 (14.5%)
20~29 & 112 (7.2%) 2 (0.8%)
30~39 & 212 (13.7%) 9 (3.6%)
40~49 5% 345 (222%) 42 (16.9%)
50~59 & 435 (28.0%) 83 (33.5%)
60~69 & 280 (18.1%) 55 (22.2%)
70 R~ 117 (7.5%) 6 (24%)
el (n=248)*
B 965 (62.2%) 145 (58.5%)
i 586 (37.8%) 103 (41.5%)
NiE
HA&N 1,407 (90.7%) 192 (91.0%)
HA 1 (0.1%) 0 (0.0%)
2A 1 (0.1%) 0 (0.0%)
HAENDIAOTEEN 26 (1.7%) 0 (0.0%)
F o1l 2 (0.1%) 0 (0.0%)
*AD 114 (7.4%) 19 (9.0%)
BHE
108 1,481 (95.5%) 193 (91.5%)
pAE| 66 (43%) 18 (8.5%)
3 4 (0.3%) 9 (43%)
4 [a] 0 (0.0%) 0 (0.0%)
Bk MR L - (n=248) "
A 0 (0.0%) 47 (19.0%)
73 0 35 (14.1%)
[128:71 0 12 (4.8%)
i3 1,437 (92.6%) 201 (81.0%)
F AT 114 (7.4%) 0 (0.0%)

"HARBHBHEA Y b7 —205F—5 X E]

AR E LBRERICOWTOERTTIE, B2
Bl (0.4%), MHZHAT389 B (83.5%), MIEWAED
178 (3.6%), RIEZFO7) AMEMAIS8H (12.4%)
23 Twi,

HADI ATy FHEIEARTTCIRIII AT F
MM) DIEEFI IS %S (225%), H\ T 2MM
(157%). 5MM (15.7%), 4MM (11.1%), BETid
3MM (31.8 %), 2MM (15.6 %), 4MM (15.6 %) @
NEE 72 o Tz,

F8-1RLVIVEI Y PTHBENZHIA VA
OHR, HiEEZRLZLDOTH S, HEF, BEFED
12 CMV kDRI {, FhEh 1,068 6, 116
BITH o7z CMV HUEREHERIZAREE D 16.1% (243

#l), BED213% (45#) 2AH B N7z, HCV HLlk
Ko TIRAERET 216 (14%) PEETH o720
HBs JUERMHEM OB L iTshTsh, £EFTS
B (05%) HE kS N7z EB-VCAIG I3 EAKE D
1,177 #1 (77.9%) BEUBED 1226 (578%) 2%
UTHhot. XB2IZFF—THHEEIRALHE
KTH2, LYY P ERBE AEKETIICMV
AR D BBE TH - 72 HCV PLABE A
FT16f (1.1%) B&F3hiz, £8-3ITiECMV i
OV FFr—Dx v F o FE2R L. F
F— CMV kB2 S5 LT ¥ » b oMV HiikRett:
FEFIA BB TIZ 177 H (11.4%) D7z

ROIILIYT Y IOREKBERLA, £4F
R & b BIEREE IBUAIREE A RDEL L, &
BFTIT 380 % (24.5%), BRETiX66H (31.3%) 2F
FZY Lo RV THER S E A A4 KB T 313 5
(20.2%), BET3I7H (17.5%) EHEniz. Foffio
ERTESRUERT, TH/E BEXER2ED
W RESERE, T VR— MEFERE, EMmmAErS
A b7z,

LI Ex Y b OWHEIER (BFTHE) 2F10105
L7z. BHIEIOENT TR 0 963 B (62.1%) 1ZH
TENTWED (RAT101%), E0H b [1BHE
Bl 81181 (84.2%), BHER O &) OENH
1528 (15.8%) L%o>Twhb, [BHERNOL] OB
EOBNMEEIL, 3034 H (224%) LBRETH
D, sE Lk 334 (21.7 %), 2 B %% 27 #
(17.8 %), 1 | 2%25 %] (164 %), 4 [ »% 20 #
(132%) THotze —HT, [Fo/={ftbhwvn] X
EATBIAS 427 B (27.5%) THolzo BETIE 16561
(782%) ICENFESMITSI R TWT (RAN
12.8%), 164 WA [ EN], 1 Fl2° [BEER
Al Thot:s REWMPIOHMEZ19BH -7, EWN
BRICOWTEFHIIARE T 25238 4, BETI154
100 E, KELZENZDOLN TS, EEFTIE
SEXRMOEHTHIEOEAI 12T [EMHD] @
D R43%., F72 10 ERMDEND924 # (96.0%)
ZhHDLZ0ICHL, BETIZ 111 H (67.3%) 710
FUEOERBEEZH LTV, T7220 L O FEH
BEEHTHERMD 60 BlE 36.4% % DTV,

LY ELY FOBBHIGHELZR N ICE LD,
AEFICBWTIIEIED 967 B (62.3%), #FiAT
318 f (20.5%), MFRIMAEAT 313 B (202%), PRI
FAPHEDT 148 #1 (9.5%), —RYERIFIRBRARAEUHE
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F7 MIMEE - BEEEH

HARH [iidy ABO AEEBHIZOWT (AT =466 @)
(n=1,551) (n=211) 1gG Ffifl (F%)
ABO ML 085 B uA ik (A RBE n=252)
WA — B 637 (41.1%) 181 (85.8%) AR BHEH
AT —Eoh ) 310 (200%) 3 (1.4%) 0 fi5 0 (0.0%) 2 (0.8%)
AR 466 (30.0%) 0 (0.0%) | & 0 (00%) 12 (4.8%)
KA 138 (89%) 27 (128%) iﬁ " 836;9?} " 8??;’2;
Rh 3£ BE 8 f 28 (11.1%) 22 (8.7%)
. 1,397 (90.1%) 181 (85.8%) T 1 RN 1% RO
[=] = L 0
T—% 16 (1.0%) 3 (1.4%) e P 18 1715
FAT) 138 (89%) 27 (12.8%) o e ‘
64 f 33 (13.1%) 13 (5.2%)
HLA 3 A=y FH 128 1& 27 (10.7%) 2 (0.8%)
0 59 (3.8%) 6 (2.8%) 256 1% 20 (7.9%) 2 (0.8%)
1 71 (46%) 15 (7.1%) 512 1% 12 (4.8%) 0 (0.0%)
2 243 (15.7%) 33 (15.6%) 1,024 8L 11 (44%) 0 (0.0%)
3 349 (22.5%) 67 (31.8%) o 8 (32%) 4 (16%)
4 183 (11.8%) 33 (15.6%) RAF 0 (0.0%) 93 (36.9%)
5 243 (157%) 15 (7.1%) PP B T =240)
6 130 (8.4%) 4 (1.9%) i S
R 116 (75%) 9 (4.3%) - L
F AN 157 (10.1%) 29 (13.7%) 0 A e
: - : 1 1% 0 (0.0%) 13 (5.4%)
25 55 (229%) 54 (225%)
415 26 (108%) 15 (6.3%)
8 1t 36 (150%) 11 (4.6%)
16 1% 37 (154%) 15 (6.3%)
32 1% 21 (8.8%) 7 (2.9%)
64 15 14 (5.8%) 2 (0.8%)
128 f 12 (5.0%) 2 (0.8%)
256 % 11 (4.6%) 1 (0.4%)
512 4% 5 (2.1%) 0 (00%)
1024 B E 3 (13%) 1 (04
PN 13 (5.4%) 6 (2. 5%)
AT 0 (0.0%) 106 (44.2%)
kT (n=466)
Lk £ 2 (04%)
FEM 419 (89.9%)
5 37 (7.9%)
FAN 8 (1.7%)
ik &7 i 389 (83.5%)
FEM 34 (7.3%)
EA 35 (7.5%)
FAN 8 (1.7%)
R EHf 17 (3.6%)
FEH 403 (86.5%)
P 38 (8.2%)
FAN 8 (1.7%)
wEOT) Y £ 58 (12.4%)
FREH 362 (77.7%)
T 38 (8.2%)

RAN 8 (1.7%)
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#8681 LYEICFDOBEERE
+ * - Ehied A FAN
HAREY (n=1511) HBsHUR 8 (05%) 0 (0.0%) 1,386 (91.7%) 0 (0.0%) 0 (0.0%) 157 (104%)
HBs ik 176 (11.6%) 1 (0.1%) 1,162 (769%) 24 (1.6%) 31 (2.1%) 157 (10.4%)
HBc itk 83 (55%) 1 (0.1%) 1,235 (81.7%) 54 (3.6%) 21 (14%) 157 (10.4%)
HBe HLIR 2 (0.1%) 0 (0.0%) 279 (185%) 795 (52.6%) 316 (20.9%) 159 (10.5%)
HCV Hifk 21 (14%) 0 (0.0%) 1,370 (90.7%) 3 (0.2%) 0 (0.0%) 157 (104%)
HIV i 1 (01%) 1 (0.1%) 1,369 (90.6%) 4 (0.3%) 19 (1.3%) 157 (10.4%)
ATLA 3% 5 (03%) 0 (0.0%) 1,294 (85.6%) 50 (3.3%) 43 (2.8%) 159 (10.5%)
cMV HifE 1,068 (70.7%) 1 (0.1%) 243 (16.1%) 75 (5.0%) 7 (0.5%) 157 (104%)
HHV6 i 42 (2.8%) 0 (0.0%) 53 (3.5%) 648 (429%) 214 (14.2%) 594 (39.3%)
TPHA Hifk 10 (0.7%) 1 (0.1%) 1,228 (81.3%) 123 (8.1%) 30 (2.0%) 159 (10.5%)
EB-VCA-1gG 1,177 (779%) 6 (04%) 66 (44%) 128 (85%) 15 (1.0%) 159 (10.5%)
ik ¥ (n=211) HBsHE 0 (0.0%) 0 (0.0%) 182 (863%) 0 (0.0%) 1 (05%) 28 (13.3%)
HBs fiLfk 18 (85%) 1 (0.5%) 142 (67.3%) 16 (7.6%) 6 (28%) 28 (13.3%)
HBc fiifk 7 (33%) 0 (0.0%) 151 (71.6%) 17 (8.1%) 8 (3.8%) 28 (13.3%)
HBe #L% 0 (0.0%) 0 (0.0%) 31 (14.7%) 130 (61.6%) 22 (104%) 28 (13.3%)
HCV $itiE 2 (09%) 0 (0.0%) 180 (853%) 0 (0.0%) 1 (05%) 28 (13.3%)
HIV fiff 0 (0.0%) 0 (0.0%) 180 (85.3%) 0 (0.0%) 3 (1.4%) 28 (13.3%)
ATLA $ufk 1 (0.5%) 0 (0.0%) 171 (81.0% 6 (2.8%) 5 (24%) 28 (13.3%)
CMV Fifd 116 (55.0%) 0 (0.0%) 45 (213 6) 15 (7.1%) 7 (33%) 28 (13.3%)
HHV6 #iufk 3 (14%) 0 (0.0%) 9 (43%) 106 (50.2%) 26 (123%) 67 (31.8%)
TPHA itk 2 (09%) 0 (0.0%) 160 (75.8%) 18 (8.5%) 3 (14%) 28 (133%)
EB-VCA-IgG 122 (57.8%) 0 (0.0%) 28 (13.3%) 23 (109%) 10 (4.7%) 28 (13.3%)
%£8-2 FF—DRBREERE
+ * - ES i har) A~ FAH
HARE (r=1,511) HBs LB 2 (0.1%) 0 (0.0%) 1,391 (92.1%) 1 (0.1%) 1 (0.1%) 156 (10.3%)
HBs $if 143 (9.5%) 1 (0.1%) 1,144 (75.7%) 56 (3.7%) 51 (3.4%) 156 (10.3%)
HBc #iufk 104 (6.9%) 1 (0.1%) 1,171 (77.5%) 56 (3.7%) 63 (42%) 156 (10.3%)
HBe #LJ5 1 (0.1%) 0 (0.0%) 241 (159%) 814 (53.9%) 338 (22.4%) 157 (104%)
HCV $iffk 16 (1.1%) 1 (0.1%) 1,373 (909%) 4 (0.3%) 1 (0.1%) 156 (10.3%)
HIV Lk 0 (0.0%) 1 (0.1%) 1,369 (90.6%) 6 (0.4%) 19 (1.3%) 156 (10.3%)
ATLA fifk 6 (04%) 1 (0.1%) 1,290 (854%) 46 (3.0%) 50 (3.3%) 158 (10.5%)
MV Hifk 1,072 (70.9%) 3 (02%) 177 (11.7%) 89 (59%) 54 (3.6%) 156 (10.3%)
HHV6 itk 10 (0.7%) 0 (0.0%) 52 (34%) 652 (432%) 249 (16.5%) 588 (38.9%)
TPHA $iifk 6 (04%) 0 (0.0%) 1,226 (81.1%) 128 (8.5%) 33 (2.2%) 158 (10.5%)
EB-VCA-1gG 788 (52.2%) 3 (0.2%) 48 (3.2%) 374 (24.8%) 180 (11.9%) 158 (10.5%)
it ¥ (n=211) HBs#HR 1 (0.5%) 0 (0.0%) 163 (77.3%) 0 (0.0%) 18 (85%) 29 (13.7%)
HBs ik 6 (28%) 0 (0.0%) 61 (289%) 67 (31.8%) 46 (21.8%) 31 (14.7%)
HBc ik 10 (47%) 0 (0.0%) 117 (55.5%) 25 (11.8%) 30 (142%) 29 (13.7%)
HBe L& 1 (05%) 1 (0.5%) 11 (52%) 104 (493%) 64 (30.3%) 30 (14.2%)
HCV $itdk 0 (0.0%) 0 (0.0%) 167 (79.1%) 0 (0.0%) 15 (7.1%) 29 (13.7%)
HIV $if&k 0 (0.0%) 0 (0.0%) 167 (79.1%) 0 (0.0%) 15 (7.1%) 29 (13.7%)
ATLA $ifk 0 (0.0%) 0 (0.0%) 153 (725%) 6 (2.8%) 23 (109%) 29 (13.7%)
CMV ik 33 (15.6%) 0 (0.0%) 11 (52%) 86 (40.8%) 50 (23.7%) 31 (14.7%)
HHV6 fufk 1 (05%) 0 (0.0% 5 (24%) 90 (42.7%) 49 (232%) 66 (31.3%)
TPHA Hifk 1 (05%) 0 (0.0%) 99 (469%) 37 (17.5%) 44 (209%) 30 (142%)
EB-VCA-IgG 13 (6.2%) 0 (0.0%) 6 (2.8%) 87 (412%) 74 (351%) 31 (14.7%)
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83 CMVi#EOvTyF=-T

F+— CMV #iLfk
+ + - Ehie3 T EkAH &
HEHE (n=1,551)
LY ¥ Y b CMV Hifk + 880 ) 116 24 46 0 1.068
+ 1 0 0 0 0 0 1
- 177 1 55 7 3 0 243
FEhid 10 0 6 58 1 0 75
A8 3 0 0 0 4 0 7
F AT 1 0 0 0 0 156 157
E 1,072 3 177 89 54 156 1.551
B ® =211
L ¥x» b CMV Hifk + 17 0 ) 54 35 3 116
* 0 0 0 0 0 0 0
- 15 0 4 18 8 0 45
Ehe3 1 0 0 12 s 0 15
A 0 0 0 2 5 0 7
FAH 0 0 0 0 0 28 28
at 33 0 i 86 50 31 211
#9 LYEICFDORKESE
R [Ny R B
(n=1,551) (n=211) (n=1,551) (n=211)
VB MY PRIEAETE AE 1 5 0 2
Ehe 537 (346%) 43 (20.4%) ol 9 0
FIH 760 (49.0%) 108 (51.2%) BIETERE - HREAHRF 178 (115%) 25 (11.8%)
A8 95 (6.1%) 33 (15.6%) ER7ED ) RF 124 9
FAD 159 (103%) 27 (12.8%) 3270753 5 4
TFE— MERE 26 4
Fabry #§ 0
HERAEE 5 380 (245%) 66 (31.3%) Nail-patella fiE 8% 5F 0
IgA ¥E 208 25 FERER 70— EREBRH 9 5
Ay e AR 9 1 i 10 3
[aed g 4 1 & mE 156 (10.1%) 2 (0.9%)
PR 1 Rl T 9 0 FEALAE 124 1
HHR IR AR LA 40 2 EMEE 23 1
3 AR A T 52 3 0 T M 1 1 1 1 0
LS A 4 1 ot 8 0
Mt E R (SERIRER ) 3 0 W RERE 73 47%) 19 (9.0%)
TEAEOHR 40 15 EXRE 38 13
AR EAT 60 21 Wt EE 23 3
[ikEged e 19 (1.2%) 3 (1.4%) EELedrdni e 0 1
Rt 1 0 REFE B 1 0
HHIE 8 1 - RERESEE 1 0
Bo®EY 1 0 i 10 2
it 9 2 Z ot 44 (2.8%) 6 (2.8%)
eHHEEE 327 (21.1%) 39 (185%) 2HETe 3 0
B R AT IDDM 36 31 Zoi 41 6
8 R FHE-NIDDM 277 6 FH (BEFAE) 183 (11.8%) 21 (10.0%)
o0 R 3 0 FAH 159 (103%) 27 (12.8%)
TIiod FH 1 0
TR 2 2 HEEBFROERETR (n=380) (n=66)
Z o 8 0 2] 134 (353%) 29 (43.9%)
MmirE, miYRYHE (NoERbr ) 32 21%) 3 (1.4%) 70— 28 (7.4%) 4 (6.1%)
SLE 12 0 TEETEE R 7 (1.8%) 0 (0.0%)
HiAFRE LB 52 5 0 Zoth 5 (1.3%) 0 (0.0%)
Wegener's P93 i fiE 1 0 AEH 205 (53.9%) 32 (48.5%)
ERHETLE (TLAX-—HHL) 5 1 FAT 1 (0.3%) 1 (1.5%)

Y ERES R BRETROEA O X
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£10 LIYEIL FOWEISITEE

AR B
(n=1,551) (n=211)
B O BT
EMrd b 963 (62.1%) 165 (78.2%)
eEEN 811 (84.2%) 164 (99.4%)
FBHER O A 152 (15.8%) 1 (0.6%)
1 [a] 25 (16.4%) 1 (100.0%)
2 [ml 27 (17.8%) 0 (0.0%)
3[m 34 (22.4%) 0 (0.0%)
4 [a] 20 (13.2%) 0 (0.0%)
5 mELE 33 (21.7%) 0 (0.0%)
FAN 13 (8.6%) 0 (0.0%)
EM L 427 (27.5%) 19 (9.0%)
N 4 (0.3%) 0 (0.0%)
FAH 157 (10.1%) 27 (12.8%)
BEAT o FEEE (n=963) (n=165)
1M E AT 807 (83.8%) 134 (81.2%)
e E T 120 (12.5%) 24 (14.5%)
M EN & BREENT 30 (3.1%) 6 (3.6%)
Z0hh 6 (0.6%) 1 (0.6%)
EHTHAR ™! (n=963) (n=165)
T3y + B EE (4F) 25+38 15.4=10.0
/b 1H 1H
TN 434 4 38.8 4F
1 5 B i 150 (15.6%) 3 (1.8%)
1 A LLE 6 % B kit 150 (15.6%) 3 (1.8%)
6 LR 1 Fkis 144 (15.0%) 3 (1.8%)
1 FELLE 3 4FE KW 268 (27.8%) 18 (10.9%)
3AELLE 5 AF ki 100 (10.4%) 11 (6.7%)
SHELLE 10 R 112 (11.6%) 15 (9.1%)
10 4ELL E 15 4k 20 (2.1%) 25 (15.2%)
15 4RI E 20 4F kim 11 (1.1%) 26 (15.8%)
20 4L E 7 (0.7%) 60 (36.4%)
FAN 1 (0.1%) 1 (0.6%)

*! TR D EAT L T A H D A
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F11 LYEIY FOWETAEHE
HAEE (n=1,551) BE (n=211)
PER A
H 389 (25.1%) 42 (19.9%)
4 938 (60.5%) 138 (65.4%)
A< 67 (4.3%) 4 (1.9%)
F AT 157 (10.1%) 27 (12.8%)
MmEEEFAOFER FBREAOR) (n=389) (n=42)
B ' 316 (81.2% 40 (95.2%
4 67 (17.2%) 2 (4. 8%)
pN: 6 (1.5%) 0 (0.0%)
7 O iR (n=1,551) (n=211)

1,101 (71.0%)

134 (63.5%)

&R B 148 (9.5%) 20 (9.5%)
) 1ML 1= i 967 (62.3%) 100 (47.4%)
il 318 (20.5%) 46 (21.8%)
FHREERE - ENM7TInS F—¥ 2 5 (0.3%) 7 (3.3%)
— PR AR AR R TSR 147 (9.5%) 42 (19.9%)
AR R 11 (0.7%) 7 (3.3%)
a IO (33 16 (1.0%) 2 (0.9%)
ey Jg LA 313 (20.2%) 20 (9.5%)
X 4 (0.3%) 1 (0.5%)
Zofh 224 (14.4%) 20 (9.5%)
i3 213 (13.7%) 45 (21.3%)
A 80 (5.2%) 4 (1.9%)
AN 157 (10.1%) 28 (13.3%)

F12 LI EIX bOWRIEIREY & BIE

AR FRFE

(n=1,551) (n=211)

BHEROMERE (ZiE0H) (n=586) (n=86)
MR - A 318 (54.3%) 30 (34.9%)
TR AR 189 (32.3%) (453 %)
R A 2 AN 16 (2.7%) 7 (8.1%)
TR - RAS 63 (10.8%) 0 (11.6%)
EURIEER (RS ) 0 F) (n=318) (n=30)
1 19] 91 (28.6%) 9 (30.0%)
2 [A] 126 (39.6%) 12 (40.0%)
3 ML E 94 (29.6%) 5 (16.7%)
FAT 7 (22%) 4 (13.3%)
i =1,551) (n=211)
»HY 274 (17.7%) 57 (27.0%)
L 925 (59.6%) 94 (44.5%)
AN 195 (12.6%) 32 (152%)
RAT 157 (10.1%) 28 (13.3%)
WMAEAR (WIESH ) DH) (n=274) (n=57)
%3AM 208 (75.9%) 44 (77.2%)
FF—1ii 1 (0.4%) 1 (1.8%)
HCm 1 (04%) 0 (0.0%)
AN 64 (23.4%) 12 (21.1%)
FAT 0 (0.0%) I (1.8%)
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#£13 LI EIr rOWmBEREFSRE
Y ynREkruiw v+ + * - EheT AEH FAH
HAHH CDC # T cell-warm 3 (02%) 6 (04%) 1,235 (79.6%) 102 (6.6%) 47 (3.0%) 158 (10.2%)
(n=1,551) B cell-warm 23 (1.5%) 8 (0.5%) 1,213 (78.2%) 102 (6.6%) 47 (3.0%) 158 (10.2%)
B cell-cold 51 (3.3%) 7 (0.5%) 758 (48.9%) 428 (27.6%) 147 (9.5%) 160 (10.3%)
PBL22 PBL at 22T 0 (0.0%) 1 (0.1%) 37 (24%) 570 (36.8%) 183 (11.8%) 760 (49.0%)
7O0% A4 A PY—E  Teel 71 (46%) 3 (02%) 1,277 (823%) 38 (2.5%) 4 (0.3%) 158 (10.2%)
B-cell 151 (9.7%) 7 (0.5%) 1,189 (76.7%) 40 (2.6%) 6 (04%) 158 (10.2%)
mk CDC # T cell-warm 1 (05%) 0 (00%) 167 (79.1%) 9 (4.3%) 6 (2.8%) 28 (13.3%)
(n=211) B cell-warm 2 (09%) 0 (0.0%) 136 (64.5%) 33 (15.6%) 12 (5.7%) 28 (13.3%)
B cell-cold 0 (0.0%) 0 (0.0%) 43 (204%) 102 (483%) 38 (18.0%) 28 (13.3%)
PBL22 PBL at 22T 0 (0.0%) 0 (0.0%) 2 (0.9%) 102 (48.3%) 29 (13.7%) 78 (37.0%)
7% A4 A F)—F  Tecel 1 (05%) 0 (0.0%) 163 (77.3%) 13 (6.2%) 6 (2.8%) 28 (13.3%)
B-cell 2 (09%) 0 (0.0%) 141 (66.8%) 29 (13.7%) 11 (52%) 28 (13.3%)
flow PRA LN gt
(n=1,551) (n=211)
flow PRA @ 4T A 907 (58.5%) 57 (27.0%)
Fii3 336 (21.7%) 107 (50.7%)
N 150 (9.7%) 18 (8.5%)
FAN 158 (10.2%) 29 (13.7%)
(n=907) (n=57)
Class [ 0~20%*% 561 (61.9%) 22 (38.6%)
20~40%F# 25 (2.8%) 0 (0.0%)
40~60%*kH 10 (1.1%) 1 {1.8%)
60~80%* 9 (1.0%) 2 (3.5%)
80~100% 23 (2.5%) 0 (0.0%)
- RAH 279 (30.8%) 32 (56.1%)
Class IT 0~20%ki 583 (64.3%) 24 (42.1%)
20~40% %% 13 (1.4%) 0 (0.0%)
40~60%FKm 6 (0.7%) 0 (0.0%)
60~80%kiE 8 (0.9%) 0 (0.0%)
80~100% 11 (1.2%) 0 (0.0%)
F AT 286 (31.5%) 33 (57.9%)
F—ERAEE (DSA)F 144 (159%) 3 (5.3%)
E13 750 (82.7%) 50 (87.7%)
A 12 (1.3%) 4 (7.0%)
FAT 1 (0.1%) 0 (0.0%)

FEA 147 B (9.5%) LEFTSI N, BMETORMD
B AR LENEPRYENASLZ W L2 KBLT
», “TRUERBHFRBEEITEEOEHIT02H
(19.9%) A bz, WRHOEHITEMET T 389
Bl (25.1%), BRET426] (199%) THhH, ThE
ho 316 (81.2%), 40% (95.2%) (XM T
FERERPTON TV S, 2 BRERHERFREEED S
R L BRAAHOEN B L 20RO FERET
H LB OB TITHERFE & LBz H 70
ZEIZEBDDEEZOND,
FWTEI12ICKMICB T 2B OERAE, %

MEZRLZ. JISICIMAPTMABREORRE T L
W7z, flow PRA BEIIAKE 907 # (585%), BE
57 (27.0%) ICEBEhTW 2,

F 14 TE AN S N REIPHIZE O RN
THbH, £AF BELE D AKRORENGIES R X
nTBY, AF04F, AV =a—") SHEEIFE
ANEBLLEEZSMICAVLENRLTVWS, ALY
Za—Y YHERIIOWTRAEKETIIYZO) AR
H969% (5 H% 7B AR-ERA379%), ¥7 1
AR VHA3N%BDBEHEIZHOI, BETIRF 7O
VAAN2% (9B %707 4 A-ER H29.0%),
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F14 LI EIX FOBARRENHFERRKR

1EH] FEH A~BH A
SN AFoq K 1.379 (88.9%) 10 (0.6%) 0 (0.0%) 162 (10.4%)
(n=1551) Anvi=Z=a)y - L re¥sy— 1,382 (89.1%) 6 (0.4%) 1 (0.1%) 162 (10.4%)
7T AEY ¥ (CyA) 43 (3.1%)
o) A A (FK506) 815 (59.0%
s 1 AR (FK506)-ER 524 (37.9%)
mTOR FHEH] 241 (155%) 1,022 (65.9%) 125 (8.1%) 163 (10.5%)
S T 1 (0.4%)
AT A R 240 (99.6%)
HEARAEA [BEOBIR ] 1,343 (86.6%) 45 (2.9%) 1 (0.1%) 162 (10.4%)
g7z /—LVHBEZ72FV (MMF) 1,343 (86.6%)
IVYEY (MZR) 3 (0.2%)
THFET) ¥ (AZP) 0 (0.0%)
a7+ A773IF (CP) 0 (0.0%)
PRSI [HELER T k] 1,336 (86.1%) 52 (3.4%) 1 (0.1%) 162 (10.4%)
WCeD2SHifk NvyFiw7, YALZ ) 1,283 (82.7%)
FCD20HE (Vo F~=F, VyxHy) 516 (33.3%)
ATG 9 (0.6%)
Z Dt 67 (43%) 1206 (77.8%) 116 (7.5%) 162 (10.4%)
Bk B AFu4 K 180 (85.3%) 3 (1.4%) 0 (0.0%) 28 (13.3%)
(n=211) HNI=Za2Yy - fre¥ry— 183 (86.7%) 0 (0.0% 0 (0.0%) 28 (13.3%)

7T AR ¥ (CyA)
yruay AR (FK506)
01 LA (FK506)-ER
mTOR FHE#]
GRS Y
b 5o m 2§ B N o
R AR ER [BERIN T gE]
a7/ —NVEBETFNV (MMF)
IVY ¥y (MZR)
THFF 7 (AZP)
7O 7+A773IF (CP)
PRBA [HEGEIN T AE)
DS HLfk sy FI<wF, YALZ D)
HCep208ifE (Vv Fi =7, UVFFY)
ATG
Z 01t

0 (0.0%)

7 (3.8%)
123 (67.2%)
53 (29.0%)
13 (6.2%)

0 (0.0%
13 (100.0%)
180 (85.3%)
180 (85.3%)

1 (0.5%)

0 (0.0%)

0 (0.0%)
177 (83.9%)
175 (82.9%)

6 (2.8%)

1 (0.5%)

166 (78.7%) 4 (1.9%) 28 (13.3%)

2 (0.9%) 0 (0.0%) 29 (13.7%)

4 (1.9%) 0 (0.0%) 30 (142%)

175 (82.9%) 6 (2.8%) 30 (14.2%)

PIZURE) YAIZRICERA IR TV D, FAMAH
HHEL L TRARFOBRZ I a7z /- VBEET =
FUBHLENTWS (EAREFT 13436 (86.6%),
BT 180 #1 (853%))e ERIINTNFITT (¥
AL Z b)) EKET 12836 (827%), BE 175 #
(82.9%) DEFIZHWLN, FUVFITTEAE
HE s16 6 (333%), BB 6 (28%) WA
Tz,

F151F FFH—oBF (s, %, A THs,
TR, ARS8, B 4l0m L AARERRE
DFF—RGFVYELY ORI FEEFRD &
Bt LTwa, £EFTIZ50~59m% (30.0%) A°
E—2thkol, ROT60~69& (27.7%), 70~79
E(17.0%) OMLE o TW5S, BEEIZERADIERS

45.0% THL-DEEEGFH LIV 00,
50~59 & (123 %) »#& % T, 40~49 i& 7 10.4 %,
60~69 AT 6.6% DML 72 - Twiz, HHIZEMKET
kD 978 # (63.1 %) 126 LT H Mk 573
(36.9%) THYH, FERKICLIELY b LiZHD
BLHTHo7o AFEITHERAPEARE T 1,410 1,
BETISSHIEIZEAEZLED TV,

16 IIAEKRBICBIT S FFr—oWpiEHREs R L7
bDOTHb, LIYEZ Y P EDOBEFKRTIIR, 2022 %M
FRICIHEIMAZ (FEEH) 27685 Bl (442%) L, 484
Bl (31.2%) # EEloTwiz, KW THBHERAS 143
Bl (9.2%), EFA246) (15%) THhortz. BEE
2, BAT487 B (31.4%) THotzo ATIAKEF
F—OWAWBEEREEZ R T BIMED 371 ] (23.9%)
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#15 F+H—0EE F16 £AFABFF—OiartsEsh
HE R [y AR
(n=1,551) (n=211) (n=1,551)
S LY b OB
FH+EiRE (%) 588109  41.6+20.0 <) 484 (31.2%)
T () 23 & 1 SE - ik 143 (9.2%)
A (%) 86 % 72 B — Bt AR 1 (0.1%)
£F 24 (1.5%)
0~9 % 0 (0.0%) 18 (85%) A 11 (0.7%)
10~19 # 0 (0.0%) 15 (7.1%) AL - Bl 18 (1.2%)
20~29 i 9 (0.6%) 6 (2.8%) %% o1t 7 (0.5%)
30~39 & 63 (4.1%) 10 (4.7%) M (REE) 685 (44.2%)
40~49 & 216 (13.9%) 22 (10.4%) Fimig (Fofh) 18 (1.2%)
50~59 7% 465 (30.0%) 26 (12.3%) FAH 160 (10.3%)
60~67 & 228 (21.7%) 14 (6.6%) YA S L FE FH=SD (mmHg) 1245150
T ™ gt R e SEHRMIE FH9+SD (mmHg) 765+ 10.9
i 96 (62%) 95 (45.0%) Mz V7rF=>  FH=SD (mg/dL) 0.70=0.10
PR (n=248)" BEf A 487 (31.4%)
B 573 (36.9%) 136 (54.8%) " 822 (53.0%)
it 978 (63.1%) 106 (42.7%) AB 82 (5.3%)
(FEAFH) 0 (00%) 6 (24%) FAH 160 (10.3%)
PN
HAA 1410 (90.9%) 188 (89.1%)
EIA 1 (0.1%) 0 (0.0%)
2A 1 (0.1%) 0 (0.0%
HAEANUADOHEFEA 24 (1.5%) 2 (09%)
Z ot 1 (0.1%) 2 (0.9%)
kAN 114 (74%) 19 (9.0%)
"EABBEBHEE Y VY- 0F—F X h Bk
F17 £G3E N —OWRIRIERE
AR (n=1.551) FEEAEREE (BIIE n=371)
0 #l 19 (5.1%)
i o A8 FATI 17 245 (66.0%)
BT 371 (23.9%) 954 (61.5%) 64 (4.1%) 162 (10.4%) 2 #l 91 (24.5%)
TR 81 (52%) 1231 (79.4%) 77 (5.0%) 162 (10.4%) 3 14 (3.8%)
WIRMAE 260 (16.8%) 1,067 (68.8%) 62 (4.0%) 162 (10.4%) 4#ILLE 2 (0.5%)
BMEEE 26 (1.7%) 1311 (84.5%) 52 (34%) 162 (104%) MR TFH O (R n=81)

DR 26 (1.7%)
Fric s 19 (1.2%)

1,322 (852%) 41 (2.6%)
1,332 (85.9%) 38 (2.5%)
BN 60 (3.9%) 1,298 (83.7%) 31 (2.0%
g 2kiih 270 (174%) 1,077 (69.4%) 41 (2.6%)

162 (10.4%) A 57 (70.4%)
162 (10.4%) e 22 (27.2%)
162 (10.4%) A 2 (2.5%)
163 (10.5%) FAT] 0 (0.0%)

iZabh, Zo)b3n2fiiBRERAEEEZZITTY
720 BUERBROBEIMTH DA, KIHEIRVOIRE
FRIMAETH D, 260 H (16.8%) IZA SNz, FRHK
81 (5.2%) (ZEED B, 57 FIASMAEEE T 4 % fd
HLTwiz,

FBICEKREBHO N H—FHFHZRT. F
F—HHMIEED 1,207 ] (77.8%) Tdh oz W
22w Tid, RFROHEL 126] (08%) OAT
bV, TEBBEIEIEEE 684 B (441%) E®ETH

D, HFHBEES 2776 (179%) 22 hikw
2. Fr—oFMEHEZ 208 (13%) Oo#HE»
bolze FF—MBEAERBHEOFER L6942 HTH
D, 7HFXHED 650 # (41.9%) TH-o727% 28 HLL
FICRBICERD 56 (03%) Abhiz,

F19-1, F19-2IHBFFr+—0ER L RHEFD
WE BFLI ey boFRERE, MEFIEFF—
ERIEFF—BIZA-bDTH D, FEHEIZ, LELEF
F—Tid 2022 FRIBRIC IR MAE EE OMEIZBR ) A
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#£18 SHBBHEOFHEH

He AR AR
(n=1,551) (n=1,551)
F =) K —FHr& e
f 182 (11.7%) A 20 (1.3%)
i 1,207 (77.8%) i3 1,258 (81.1%)
FAN 162 (10.4%) B8 111 (7.2%)
FKAT 162 (10.4%)
F+—Flh %
FaA 12 (0.8%) K —# el B
e g 256 (16.5%) SEH=sp (H) 6.9+42
WMFHBIEESE (HALS) 277 (17.9%)
e IR e &% 684 (44.1%) 7 B 650 (41.9%)
T BEEES (HARS) 158 (10.2%) 7~14 B kit 691 (44.6%)
FAD 164 (10.6%) 14~21 O #i 26 (1.7%)
21~28 H kit 0 (0.0%)
28 BELE 5 (0.3%)
AN 179 (11.5%)

126 (41.4%) E&%ETHY, BEL3H (103%) T
Hote BRI FF—THRMEEE FMEIEER) 28
6781 (36.8%) L®ETHY, BEM 266 (14.3%),
RRERIMEDT 15 61 (8.2%), MDA MEDS 14 61 (7.7%)
Tholz,

o8k B R R o T BH MR R U, 0~4 43a% 14 1
(483%), 5~297 238 H (27.6%) MEShiz, P
Bz 65+81 5 ThHol,

REHEZIZ OV TITHEMSH I LFIETERBR T
22, BEIETBFBA T 149 B & KT E LDz 7
FHT L TEBR TR UW A 1981 (65.5%),
Euro-Collins’ #7253 ] (10.3%), BFE T EBM T UW
AT 138 B (75.8%), Euro-Collins' #i1Z 13 %1 (7.1%)
RS Twi,

R BH 00 PR R 1S R TR T 0~ 12 BRI AT 14 81
(483%), 12~24 BEI2S7 B0 (24.1%) THF¥H115=
57RETho/z0izn L, RMIETERBHTIZO~12
BERIAT 136 B (74.7%), 12~24 BERIAT 18 81 (9.9%)
THY, FHIZ8£31 BT LERIZH~EL X
A—ACFBREETETWL I EIRBEERS,

V. LYEIY POBHHATER

#20 F21ICLI¥LY FORMAAERET
To 202447 B 18 HFATANENT WA ZEMIC
DWTOR7T— 7 ODEFEITZITo72. AEANE
W, VVEXLY POAETFER (BF - BT - BEA
BE), BHEOLERE - BEBR ECHERE BEEERER
Thbr, HROFIFERWOEFEBIUVEEETD
%o 1[0 HEHAER DA ZEKH L L T Kaplan-Meier i

WX DHEEL, AR E R logrank BRERE R %
R 1a, E1b, E2a ER2b iR L7z S, 4H
F {2001 FLFEOREN LD EE L, LAL,
2010 A1 2000 AL & RAERBFEHICBWTIEA
BER AERELIIHETVIRRPETFTLTWSE, L
YLy b R FF— 0t P ERHEEEEOL V¥
IV rOBEMBL Lo TERE 2o T AU REMS
Hb, LVELY FOIERBLUREHFEKEEZFR 21 1
Yo DRE, RRUME, EMRELLT3 KFERIZZEDD
wdi LI By FOBEHOM LSRRI
AEAT, —H TERRBESEMEmICIS 2. -8
M EREA O R EE, 2010 FLEORER TEMEIERE K
JBA326% % HOH, KRANRLARHT25%E2RLT
WAHOT, THETH L.

VI. SFBKF—DEWHHAEER

2009 SEDOEREM LY, AEFFFH—0BEB &L
UBHRAEI BT o727 202447 H 18 HEE T
SR A FE22-1, F22-21TRT . 2009 FEA 5 2022
FEFTITONEREBHEESICOWT, #R4t%3
R, 14, 24, 34, 44, 54, 64, T4, 84,
94, 104, 11 FREHMTENEN web BERIZATFE
ThotEMENRIZ, TRhENERTETH -7
F—y OHEEHRRER Lz, AFKICmA THESR
WAL (BAER - BN, AHECRE (RER -
EROAE - BEOFE - MFE 7 LVTF=VE - M
E) i2owThnLliz
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F£19-1 BB (WEFILE) FF—0O%HE - BEHEBORE - BEL O EI S FOFHER

R (k) MVE (LER)
(n=29) (n=29)
LA PR
B MG 2 (69%) Bl A 22 (75.9%)
o445 2 (6.9%) TEMLEE L PLAF 0 (0.0%)
B 4 s (M IR <) 12 (41.4%) A 0 (0.0%)
Z8 3 (10.3%) FAS 7 (24.1%)
LN I R 2 (69%)
i i 0 (0.0%)
F Ol 1 (34%) {RATHE
AHH 0 (0.0%) Uw 19 (65.5%)
RATI 7 (24.1%) Euro-Collins’ 3 (10.3%)
Z ot 0 (0.0%)
DMERfIA 2L —3 a3 ¥ F AN 7 (24.1%)
" 13 (44.8%)
4 9 (31.0%)
A~BH 0 (0.0%) i P 1fm B [
FAN 7 (24.1%) SEH+SD (43) 65+8.1
0—~4 4 14 (48.3%)
FEARPIBE T 5~29 41 8 (27.6%)
" 21 (72.4%) 30 4Rk 0 (0.0%)
Fiic 0 (0.0%) FAS 7 (24.1%)
A 1 (3.4%)
F AN 7 (24.1%)
5 BHL1fn P
HETT GEARPRERA D O &) E¥ S (KRR 11.5%57
Uw 16 (55.2%) T 0~12 B A 14 (48.3%)
Euro-Collins’ 5 (17.2%) 12 B ~24 B 7 (24.1%)
F it 0 (0.0%) 24 FFLLE 1 (3.4%)
FRAD 8 (27.6%) FAD 7 (24.1%)
Ly =3
H 2 (6.9%) B
4 19 (65.5%) A 10 (34.5%)
ANHH 1 (3.4%) = 13 (44.8%)
FAT 7 (24.1%) *AN 6 (20.7%)

#£19-2 ®WH (B3E)

K7 — DR - REBORE - BREL P LI FOFHIES

R (B3E)
(n=182)

BRE (R%E)
(n=182)

FEA
BRI ME
o A8
M ERE (SMEIEBL<)
Y
Lol i i e
i i 185
F Dt
A
F AN

%5 B 1M B 1
I +SD ()
0~12 B R A
12 WS ~24 B ki
24 BER LA L
FAN

15 (8.2%)
14 (7.7%)
67 (36.8%)
26 (14.3%)
7 (3.8%)
2 (1.1%)
20 (11.0%)
5 (2.7%)
26 (14.3%)

8.8+3.1
136 (74.7%)
18 (9.9%)

0 (0.0%)
28 (15.4%)

PRAFJ7 ik

i)
A3
FAN

PRAT

Uw
Euro-Collins’
F it
FATI

. BRE

i
Vs
FAN

149 (81.9%)
1 (0.5%)
2 (1.1%)
30 (16.5%)

138 (75.8%)
13 (7.1%)
1 (0.5%)
30 (16.5%

75 (41.2%)
81 (44.5%)
26 (14.3%)
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F20 FRANERFE- - £FFE

year
---1983-2000 — 2001-2009 = - 2010-2022

a %%

Period

AT AE ) B 14 54 10 4E 15 4

(A (%))

AR 1983~2000 4 7,544 97.1 [02] 936 [0.3] 889 [04] 844 [04]
2001~2009 4 6,951 982 [02] 960 [02] 918 [04] 86.1 [05]
2010~2022 4 14,628 99.3 [0.1] 965 [0.2] 902 [0.5] —

B 1983~2000 4 2819 925 [0.5] 859 [0.7] 789 [08] 708 [0.09]
2001~2009 4E 1,340 96.0 [0.5] 893 [09] 809 [1.2] 692 [1.5]
2010~2022 4 1,762 97.8 [0.4] 926 [0.7] 832 [1.4] —

[HE=E (%)]

HARE 1983~2000 4F 5,604 93.0 [0.3] 819 [05] 69.0 [0.6] 592 [0.7]
2001~2009 4 6,387 975 [02] 932 [03] 836 [05] 706 [0.7]
2010~2022 4 13,947 98.7 [0.1] 93.0 [03] 81.2 [06] —

R 1983~2000 4 2,291 81.6 [0.8] 64.8 [1.0]1 519 [1.1] 424 [1.1]
2001~2009 4 1,207 926 [0.8] 832 [1.1] 700 [1.4] 543 [1.7]
2010~2022 4 1.676 95.8 [0.5] 879 [09] 742 [1.7] S

% [ ] WIdERERRT
10%ax
0.8 p=p.010 P=0:0002 0.8
Eae §05
(73] v
8 04 S 04
¥ E
0.2 0.2
0.0 0.0
0 1 2 3 4 5 & 7 8 9 10 01 2 3 4 5 6 7 8 9 10
Period - - - 1983-2000 *2::;]12009 = = 2010-2022 Period -- - 1983-2000 — 1:3;-20139 = = 2010-2022
a H4#% b WME
1 BEFECHNERFE
] 1.04
08 e e ]” 08
§ e P/:D.OO‘\I § L
(%] w
§ 04 & 04
(U] (U]
0.2 0.2
1
0.0 0.0
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9

year
== 1983-2000 — 2001-2009 = = 2010-2022

b BE

10 '

Period
|
|

K2 BHEEANESRE
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F21 B#ERHIILIEIY MRS LUERER
1983~2000 4 2001~2009 4 2010~2022 4¢

[Lvyexr h3EHE] (FEL 3,063 1) (FE1= 1,135 #1) (FEL 845 1)

LR 428 14.0% 157 13.8% 92 10.9%
TR HYAE 392 12.8% 197 17.4% 136 16.1%
A 334 10.9% 181 15.9% 134 15.9%
et 1105 ot 351 11.5% 78 6.9% 37 44%
HAbERR A 254 8.3% 55 48% 40 4.7%
I i S 155 51% 75 6.6% 61 72%
Z DMOTER R 62 2.0% 20 1.8% 23 2.7%
B 32 1.0% 11 1.0% 9 1.1%
il 27 0.9% 15 1.3% 7 0.8%
e - & 12558 42 1.4% 17 1.5% 7 0.8%
B R AR 29 0.9% 27 2.4% 14 1.7%
Z Do PR AR ER 20 0.7% 3 0.3% 2 02%
ZFoft 298 9.7% 128 11.3% 114 13.5%
8 605 19.8% 156 13.7% 147 17.4%
FAH 34 1.1% 15 1.3% 22 2.6%
[# il B B K] (&R 5,981 1) (BEAE 1,750 1) (BERE 936 #1)

LA EEER YN 3,649 61.0% 572 2 327% 243 26.0%
AR RS 358 6.0% 72 4.1% 61 6.5%
FHEBOBHIILELO 154 2.6% 89 5.1% 46 49%
Primary Nonfunction 135 2.3% 79 4.5% 37 4.0%
B UG | TR, BREE A e 111 1.9% 59 34% 32 3.4%
BEAZICL 5 REMHF O IE 64 1.1% 46 2.6% 29 3.1%
EFHEEIC X A REAHIF oIk 62 1.0% 20 1.1% 6 0.6%
E Sl 32 0.5% 10 0.6% 7 0.7%
ATy e 15 03% 14 0.8% 4 0.4%
Foft BT, BRHED) 567 9.5% 409 23.4% 237 25.3%
8 388 6.5% 140 8.0% 121 12.9%
FAT 446 7.5% 240 13.7% L3 12.1%

5 22-1

SHEBHENF-OERAETER (FF—0&R)

FHE 20092022 FEEEEFSHER 20421 FIZRE

BRH#%ITA BH#&1F BHK2IF BHEISF BHHK4FE BHESE BHH#RE BHERTE BHKIT BREIF BHEIVSF BH&ELS
(ADHEn=13697H A n=11709) (ADEn=8836) (ANEn=T453 AHFEn=6.131 ADEA=5050) (AAEn=4242: (AAFa=333T; (ANHEn=2578) (ADFn=2026' (ADFEn=1346) ANFHn=903

&7
EC

LS|

13219 965% 10.949 935% 7.822 885% 6411 860% 5.189 846% 4140 820% 3275 772% 2569 770% 1943 754% 1520 750% 993 738% 614 680%

5 00%

fiq: 1::]

EEFES

B EEE

LR

BHAE

ikl
a2

MHE - EmEEEE
ZTOROWMRIERE
TOROTHERETRE
B

i

k32!

mMeocoeo—Cc—Cc o —

FHEH
BHAKC X BREPIE
ok
FAN

473

117
223
133

35%

746

368
173
205

4 01% 9

Mo oOoDQO Q=== C —

64% 1.005

556
119
330

01% 9

ocCc —~0a ==~ Q =S W

114% 1,033
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9
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4

1

1

1

1

2

2
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1
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2
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81
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612
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04% 17 05% 12
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1 1
1 1
1 1
2 1
] 2
1 0
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2 1
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4 2
224% 751 225% 623
482 371
68 74
201 178

05% 10 05%

4

0

1

0

0

2

1

0

0

0

0

2
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F22-2 EGEBHEFNS-OEHAEER

(BHHES)

AL 2009~2022 FHFEE AFBWERN 20421 PRI

BHBEIPE BHELISE BHE2F BHEIE BHEKIE  BHERSE BHEkF BHETE SHESTE BHREIF BHRI0E BHRIF
(Ah%n=13697: (ADBn=11700) (ANFn=8836 (ANBn=7453) ADWn=61311 (AAHA=5050 (ADFn=4242 (AHHa=3337) (AHHn=2578) AHFn=2026! AHHn=13% (A =903)
HEMARR
Stk
ni 6438 47.0% S062 432% 3297 373% 2640 354% 2045 334% 1502 207% 1148 271% 850 255% 646 251% 509 251% 317 236% 193 214%
BilEEL 4707 344% 4559 380% 3581 405% 3023 406% 2517 411% 2069 410% 1608 379% 1251 375% 993 385% 748 369% 520 386% 340 377%
ED: 97 07% 60 05% 48 05% 55 07% 43 07% 47 09% 44 10% 34 10% 24 09% 20 10% 16 12% 15 1.7%
E:) 1920 140% 1425 122% 1162 132% 1088 146% 964 157% 922 183% 869 205% 763 229% 553 215% 422 208% 269 200% 189 209%
EAN 535 39% 603 SI1% 748 85% 647 87% 562 92% 510 101% 573 135% 439 132% 362 140% 327 161% 224 166% 166 18.4%
ELE
R 6494 474% 5146 439% 3381 383% 2681 360% 2100 343% 1540 305% 1190 281% 891 267% 683 265% 538 266% 341 253% 214 237%
L 4660 340% 4476 382% 3499 396% 2993 402% 2469 403% 2037 403% 1576 372% 1214 364% 965 374% 724 357% 504 374% 327 362%
Fa 81 06% 57 05% 44 05% 44 06% 39 06% 46 09% 32 08% 30 09% 13 05% 17 08% 9 07% 6 07%
A8 1927 141% 1428 122% 1165 132% 1091 146% 961 157% 918 182% 872 206% 763 229% 555 215% 420 207% 268 199% 190 210%
FAH 535 39% 602 S1% 747 85% 644 86% 562 92% 509 101% 572 135% 439 132% 362 140% 327 161% 224 166% 166 184%
GREOHE
REA
- 6099 445% 5453 466% 3631 411% 3043 408% 2525 412% 2134 423% 1786 421% 1438 431% 1172 455% 900 444% 616 458% 399 442%
= 524 38% 502 43% 329 37% 283 38% 228 37% 236 47% 197 46% 134 40% 120 47% 121 60% 8% 66% 32 35%
+ 126 09% 107 09% 88 10% 69 09% 72 12% 67 13% 50 12% 539 18% 59 23% 43 21% 27 20% 18 20%
++ 6 00% 20 02% 22 02% 10 01% 13 02% 12 02% 16 04% 18 05% 12 05% 18 09% 10 07% 6 07%
L 3 00% 1 00% 2 00% 1 00% 2 00% 0 00% 2 00% 4 01% 1 00% 2 01% 2 01% 2 02%
T8 061 7.0% 892 76% 640 72% 495 66% 445 73% 416 82% 426 100% 452 135% 408 158% 419 207% 370 275% 281 311%
*AH 5078 436% 4734 404% 4124 467% 3552 477% 2846 464% 2185 433% 1765 41.6% 1232 369% 806 313% 523 258% 232 172% 165 183%
BfohE
# 0 00% 0 00% I 00% 1 00% 1 00% 1 00% 1 00% 1 00% 0 00% 1 00% 0 00% 0 00%
= 11371 830% 9770 834% 6979 790% 5795 778% 4632 756% 3645 722% 2841 670% 2178 653% 1690 656% 1308 646% 861 640% 555 615%
E] 1790 131% 1333 114% 1104 125% 1008 135% 931 152% 892 177% 826 195% 722 216% 529 205% 388 192% 259 192% 180 199%
FAH 536 39% 606 S52% 752 85% 649 B7% 567 92% S12 101% 374 135% 436 131% 359 139% 329 162% 226 168% 168 186%
BOEOA % (8B n=20421)
# 3665 (180%) 1862 136% 1736 148% 1322 150% 1163 156% 1006 164% 839 166% 666 157% 577 173% 475 184% 388 192% 274 204% 191 212%
3 13708 (67.1%) 8979 656% 7501 641% 5339 604% 4369 586% 3427 559% 2616 518% 2014 475% 1459 437% 1126 437% 846 418% SI5 383% 317 351%
B 1.007 (49%) 2311 169% 1855 158% 1419 161% 1270 170% 1139 186% 1085 215% 987 233% 865 259% 618 240% 464 229% 332 247% 229 254%
FAD 2041 (10.0%) 545 40% 617 53% 756 86% 651 87% 559 91% S10 101% 575 136% 436 131% 359 139% 328 162% 225 167% 166 184%
niksrLTF= 4
(B5REE)
(mg/dL)
Fi5£SD 070015 107024 1.05£023 104025 102=025 1012023 100=024 1002030 099028 098023 099+037 099:026 098=025
ME (mmHg) (B8
Prése]
(AL 12432150 1217144 1224=144 1233=145 12372144 1242+150 1250=150 1256%150 1267+149 1270=147 1272148 1277151 1280=148
k5]
e 747+111 749=110 748=111 748110 748=110 749=113 7472109 752112 751=111 753=111 756108 751=109 755=109

Vil. BEBHEOBERESZRESOSHE

BfE, BABHYSEOAMES Yy F7—2 (JOT)
OIEFETHSBHEFBRRGHGRERSREDOD &
AADOBEBHEL VA M) —O—T{bBHRI AT AL
L T TRACER (TRAnsplant CEntral Registry) ¥ A T
LEBREDTH L. (20254 10 A HIAEFE)

TRACER Y A 7 AL I EWEBBEORFOT— ¥
R—ARTFLILTF—IBITL, SRIIZOBHE AT L
CBHIBRIADE LTWw A, FEAEEEBmIcEL
TIIJOTDEH L 2 ) AKBEBEOL VKLY b
EFF Il TRB{BLEEOEH L HMLEHEEG &
Bhhe SOVATAIZID, JOT £ JARTRED2HEA
HOVEEHRE L b AJIHJARTRE IZHE<AR
RFL Ry, MBIy, BREEROABORRIZZ
5. BEDIARTRED L F— ¥ BIiTE& 5. HIE

F— ¥ BT LT 5 JARTRE 13 20254 6 HEK
o TH#iSNDOT, F—FBITHEAL-ALR
L BHERIIEET - ¥ OREMAE LD
2, i, 740-—-E0204E 2 AFTICANES
BV L7z ARICEIRE 7 — 7 15Tl
ZOBFOLEHRY ToTWEIOTHDZBE L
Vi

% 72, BIE AMED TR MRSy B BT e F %1
BWT [BEBHT— 7 _X—20BEHOERF L BEK
RGO Y AT ARENTE] & LT, &iikD
F—rEkEbLALANLTWIIE, F—F M HaE
L THMBMICHROBEOME (HFE 4%
R) PHMTAZ LN TE2EHBN AT LA2HE
hTH5b,

K ZAF LI, BREBRNEEL VT ZERZER
FAMB B TE, WHO REERF— ¥ BHEICWLE
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ELWR 6 | MiEREEEE

RO6-1 MNEFBHESONEEERERRIGICN T 2 IVIG DERRIERE

BEIUTFERARY. EREERAETIESERY. BRASTLERY
QR ", @)1l &2 31 BAY

(8 - BaY] AEEEEEEERS (AMB) BT EEZRTETHEETH N, FHiaiEirEsT
ERTVEY, HRBEZESEAMROTERICED, VIGEZ ST AMREHEOHFBINGEE HfsL. PMDA
LiEEEERTER, AMRIEWT 3 IVIC DEIRERGT 5728, MNIUFBHEEBEO AMREBHE LTVIGE
FERHLEESENRE Uiz, SHESHROESHGSIEMIEeEML fz. [5E] 20014E4 §~202243
AOBMc, HREBBEHEOAMRICHL, IVIGOEHRES D LGN DEHEE 17 e NSRRI,
F— 2 OWER I ET -7, ER]EE0MEER 104 (58.8%), FHrbEid o (3~13) T
T DSAYBHE Tz, ¥ 7. chronic active AMRIZ 128 (70.6%) Tz, AMRIBEILHH&NE:
VIGD | EiR5E LIRS RORRERZ, ZhFh0.74 g/kgkE (0.10~2.06), 1.00 g/kg{4E (0.30~
3.71) T, 15HIANIVIGC LG F T8 L T AMRIGEETo T\, VIGHRS 67 BB L 125 B%OBE
SR TNTNI00% (17/17), 933% (14/15) Kok, VICHREBRICFEBRBI 7 16DSAO S 5,
12DSA (75.0%) HIngEgic{E F Lz, BIEHIZ4fle s oA, MidER Y OEERIERRRS
Nixholc. [FEE] BRSSP RO T HIcBET3HRERS S, NAEBHEEIC AMREFEL nis
EHL, VIGEFISHREBENEHTH SRR E N,

( )

RO6-2 MREENEERIGERIR LI BBEAF T 5 VIGOEWERUTREM

HRERAEHIBEER BRESHY, MEFTEREY 42 ERS S TUERY
OmIl 87, BR BAY. Il BA°

(BH#Y] BABMSZE TR, FURMEEHEMRE (AMR) OIREBIEL T, AMRIGHESEOEREHOE K
DN THRO#EATER, VIGKDWTLHEEREDTHED., SREBL U TEBEBOAMRIENTS
RS MIERREER L 2. DFE]ifdkE. BEBHFICL D AMR 2B i 16 B0 Lo BH 51
i, IVIGZFIIGR L LT 2g/kgRE (1g/kgBEX 2D ZRE L, £, PEILKLTRK4g/kg
FEETREL. VIGIRS56 A1 ABROESERIHMEL 72, EREBOZKEEMC, SEhRHEREeS
(BUF. YR o & b AMROBII O S Z 3G L. (BR] 25 Flic IVIGH RS < hiedt. 2flidHh
RYUFEBNTIEAMR ERETE N /o BRI 236 L i o 72, IVIC DR 51T 2.30g/
kB THolc, TEMEHEB CHHR560 ABDEEHT57% (22/2368) TH b, HELL-85%
OEEBE LA, BNREFEHEO—-2TH3IR561 ABOAHLAFAOETEL 69.6% (16/2341)
THott. £, ERMEFAMTE. 16FI36ROBERERY. 25 1 it HERORIRR S, [Ex]
AR D LRI S REERDH R LOD, VIGHEHER AMRIGHIC B 2B RMIC 25 T LA TE,
D, WVIGIEAEIISZ T VR X 5 LBEENERBEE WL EX 5, BB, BABZSA s
L e AR IS T B OB RE e T, HE., BERENTSH 2,
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020-5 4S&FEHEEOEREETRICHEE S Pan-immune-Inflammation value (PIV)
DERE

REAFHER BREN - BREAN", REATHR DML

O 3hE". ME B . #E =L & EAR". 8E 82" Bk &FT
R R, AE RS0, 28 B0 54 2"

(B8] 50BN, BT HREEE/ 1 < —A—T% 5 PanImmune-Inflammation value(PIV) & BB iEE OGN
U B e DR T B Z L TH 5. (] 2010465 6 2023 RO M TEABBM R e oo Edifii L
L. %7 08 OEERT—# L 3% 00 BLIICIARE 2 L B0 F 8 L OB EAEICORE Lit, PIVR (i
FRERSL X /MRS < BEEREL)/ V) V/EREXTEH L. ROCEHBRT A FA 7 PIV=ST BHFELES AT, {EPIVE LS
PIVIFD 2R o TR B Uiz, TE. PIVICHY SEROFRIERFHET 2/mt, BHEE7 HLAKIEREZEDTZ6
AREALTER L, [BR) BIaRE 8687, MPIVEE44EF (51.2%). BPIVEE42%5(488%) TH o7z, 28
W TRARERS (44.8 18 vs 50.05%. p=0.104). TIEHR (22.7% vs 28.6%. p=0.624), MRS (38.6% vs 47.6%,
p=0.514 &l aad o, HEALHIKHREZET SEMRIE 11H1(12.8%) ICRD. EPIVEEEE L TEPIVETE
BIZEPo T (2.3% vs 23.8%. p=0.003), BYAT ¢ v 7ERSINEENT, BPIVEEEZIOHLADERHEEEY D
EREDFL ICEERRL (5 v X134, p=0.016), BEEHER L&, MFRTESE THIEL SERENC BT
LEBDERTH - (hw XER 138, p=0.017), [{5k] BREEZTREHOPIVIE., BEEIRROEHEAETLE
HMOTHHCFRATH S,
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52024 5 A TOHEHEBEL LYY 107RICHBVT, 3D volumetry 2 W THEH ENCRWR, FH—&
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Transplantation from donors after cardiac death In Japan based on the current situation in

Europe
IWAMOTO Hitoshi "', ITO Taihei ™, KIMURA Makoto "', OKIHARA Masaaki "', AKASHI Isao
KONNO Osamu ", YUZAWA Kenji *

{Abstract] The number of donation after cardiac death (DCD) has fallen dramatically in
Japan. Meanwhile, some Western countries compensate for organ shortages by increasing the DCD.
The main factors for this are the legislation allowing the withdrawal of life-sustaining therapy for
end-stage patients and the induction of normothermic regional perfusion before retrieval. Unlike
brain death, there are no strict rules for DCD in Japan, such as the timing of heparin administration,
canulation, and handling of life support equipment for DCD. This European experience could

provide a strategy for increasing the number of DCDs in Japan.
key words : donor after circulatory death {DCD}, donor after brain death, controlled DCD,

uncontrolled DCD, Spain
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Donation after cardiac death |[ZFE T2 KT IEH#E |2
ESWLRAFTHEPEFRROE L ORERETIE
L IR ORI REE 2 BH T 5 20FH L Vwilk
& Td % Donation after circulatory death (DCD) 2
ZEHELODOH5. ZOFERNOWEOBITIZLD,
72l ZLROBERNEES S 256 TLEREN:
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uDCD {3, LMFIEIEFHIL 2 WK TEZ D IE
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EARR ORI TRERGEO 70 A HES
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305N, FHREOHE 15 7 DATEER S
v, BRAEEZI0G5U EThEL TIER SR W,
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BLTERbRVEWVHEERSH L, LEIERPL
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IHIEEEF - AT TR ) BERMEO TN S
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EDRP21TH) 0D =2 Lb—3 3 ¥3fTh
o, PEEHMEA 50 & L < 12 60mmHg LLF (2
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A EL /- DCD AN L 22, uDCD,
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EEEIEH—ED no-touch|HiM AR T 6L 5.
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Batd a2l [(HRETYA V] Fr—RA2 V=X, [3E] L EZToB LS. [RER] 2020 4F
10 H~2023 4 12 H £ Tz, TEEHEMED ACS 12kt L CYBeCilEtIB 4175 72 14 il (B 11
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[E3T— ARSI IME A2 MRS — 47(2) 354-358, 2025]
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k2 B TN 2 S BB &, BED &9 /D

Case series : Fasciotomy using multiple interrupted incision for acute compartment syndrome of the leg
Morita, J., Hirabayashi, T., Kobayashi, K., Oyama, K., Eto, F., Ogawa, T.: Department of Orthopaedic Surgery, National Hos-

pital Organization Mito Medical Center

Key words : Compartment syndrome (2 > 78—+ X > MEfEE#E), Multiple interrupted incision (%%UINIRH), Fasciotomy
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Treatment Results for Purulent Tenosynovitis of the Fingers:
Effectiveness of the Intra-Soft Tissue Antibiotics Perfusion (iSAP)

Misato Kurihara*, Takeshi Ogawa**
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A case of successful denervation after revision surgery for lateral epicondylitis of the humerus
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Evaluation of Intramedullary Perfusion of Lunate in Patients with
Postoperative Kienbock Disease Using Dynamic Gadolinium
Enhanced MRI

Takeshi Ogawa®*, Sho Iwabuchi**, Akira Ikumi***, Yuki Hara****¥, Yuichi Yoshii*****
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Gadolinium 3% dynamic MRI 12 & 5 3 IR4E 6P i 2l e FEA
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#i X #2X Y Lichtman 433 stage a OF— >~

-------
.......

[2]

BRRERA

BiAEiRa

5 10 15
Time {min.)
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The Diagnosis and Arthroplasty for Primary Osteoarthritis of the
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LT 5. /-, BEifAEz#HT, H M, FH
EDESII—RELG->THRELTWAr2HitY
H5ZEBHHEETHS.
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a. HifliX #%

A% & RIS AET, TRIEIC K - TIERHME,
REfFERESEYTHS (K1), HoL4nyz
TIAA Y, MEEAHEFHMEGL, AMEORBEF: %
AT AATRICHFER LS. MEEo/IME, B
BBV S AZEDBITHELLBET S, &by
KHEICHBODPHFICHEHOH, £-0EDOME
KRR LTWa0%, Fhed REE &BE TR
BT T2 o »ICiEE T 5. Broberg and
Morrey 733 713, SMERBIEREZ 2T 572912,
Hasting & Rettig 7330 913 — M OA 2339 5
HICHWeNAZ ENZ WL (K 2).

b BT s

B ERASHEL LT, 3D HERT A
Z & T, BEFHCFEMOBRIIMAIETEICIERICE
Htda. Mok, E7Ay5—arvy 7k
TRFHEETFRIIAL—Ya YT NI T E
v, MBSO ZsIaL—arlL, HET
H5IVNVTEREETHRE, Flirer—rar &L
THHALTWVS 9,
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R R ORBHIE, BB BT O A O ERHADRH,
BE NEOREOHELR EICHHTH 5. BB &
UBE N OERZENFHIC X 70 b 2 iadiig, &
HZEC RO REROBHUNDRAZEDZ
Wi T2 SEAARER R EER A E L TWa. HEkE
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B2 ATRAEREISEX &R a: EMR, b: MK, o REMEEEE. MEEEZ bR B

6 BRI IC » 35 L UF, Hastings and Rettig %338 class 1.

AWl ¥ 515813, T2 MiRER LB
5. WBEMEE LTIE, mRESRE IR T
KTHA05, BHPEE, BHEGBACINE, s
DOAERR 2R Lo WiBEE, BBEICIE UTHE
&%EBINd 50,
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ERETHIEN T, BINEREAPRETHD A
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HROENIE, MADEME (HROER[TH 5.
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FRO, RARNZFRICITE S HWE & 2 BH ICHH
SEBHZELEETH S, MAOEENSHEEL L
THAHIGEE, FhaREzBEREE5%2540. 7
D EIRITE > TORARODPERMEETDA >
P PDEIRRAEOD, Fi-BEFAEEON
E2UL00, REHFEROAHE, BEOFRKS
WBESFICLD, FMGEEERTS L, HEHET
MOERBICLD, HETRT TV —-F~r, Bk
BT & B ICBEETITOMEPHRPE I TS,
— MR OA ICH L THEEEHER KT 7 — R~ >
PHfTE Nz 213 flEHEI LIV AT T4 v Y
LY 2—TI3, KNBIEnTEkA’ 23%cE L, Mayo

Elbow Performance Score i ARICHE L
ENRESNTVS, FLT, HERAERIT 28%
KL, FOHTH—@tEo REMFERE 3 fl&
RLEDP o712, 2020 FFD 887 HlEnigE LizH
SR TFEER N 7 — ey 2B L-#ET
2, WEhy NEETEEONEEZ R L, BEILH
RIRSRER O FICED L o ERRT VS, 51
APHERLFAFTHY, MEFLLLRIITAAIE
DR NT 9,
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BRI IR BMEEE 2 kT ERESD D729,
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ZHWERKTH Y, RENIBRIELD 72 SfHE
BOET. (2) BB REZBEEFH D,
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M, EBEBEEAMOBRL RS S, b REMREZITOMBICR L, S8HE/RVE, HEHI-SREtk %
BINT 3.

B6IX, BHERPEETH KO — R
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WE LTS B, 1997 FIZ Tsujino 51%, —ikHE
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L7z 9, F®#%, Tsujino, Ochiai #%, friction
neuropathy 123t U THRRE O~ M THRE#
w2 ek T 5 RE MM IEmdr 2 2001 FICkE

L7- 20, LIRE, STASES & ORI — Rt

B OA 1THREAT 2 I EREREMEREICR U, FERE R
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TAHRAMOERZYERT SI12H720, PRIEIER
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LU S G EN TV S 22,

3. BOENTERKAT
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oA MEROWEZBIELLLLOT, BAH»
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Outerbridge-fAARE 20, #MMllA» 67 Fu—F95
R, AL S 7 Fa—F Ll &Rl o 0E
RITHHE, FPREENTVS D, WIhETD
L THWENICEROME 2 +2ICiEg T 2058
BH0, BHOHH T AAEXIZITRE->-TNS
» (M4) ®, BREICSEUCAETFO—F2HERNTA
Z T 5. Outerbridge-tARE L, OA DIRES R
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BICEME S EPREGE S S N AR H 505,
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&5 5 (K5). ZOURRIZ DWW TIE, Morrissey
575, YBROBERED 25mm FTTHIUIEHY A
ZI3EL, 28mm L ETHITV A7 AEE -2 &0
9 Cadaver EEOHEZ LTS 29, FH R,
B Ri» o6& ICEEN T T OB D ] HE
THY, NEREEREZEH LTV SREMTLES
5 BICREMEEZRET L LIcL>TH
JEATRET H A & W HFiE S DA%, SMIENH & bk
THRERPPRESAREVEVIRELHS. A
770 —F T, EERERERS DM 6 L T RIS
ICAEMITR A E VWS FENH S, BEINT T
DB EITH DIXEHETH D, BEITK > TIHM
FEOBMABNE L5, Hattori 5%, JRATBED R
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Medial Trans-Flexor approach O Z#iE LT
"5 30).
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65 BT, i THHA NFEMEZITITI »H
LTHER, WL bIcEDST, SH5IT/MED
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nfEE I3 (EE-15° , JEHl 125° THY, WIhiE
I TORAOEMEFZ /2. CT 12T, HEED
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M 28 L Dotk)

1[2] B #iral

Q

B 5 Outerbridge-faARiE, #%J7H & T8
2R LU THiA OLAEE ThIRE.

16 B i

B6 LEBA1 EEAR], FEA 1 DE#R, b2
O CT. BESERFT 7 — Fvrafrbhis, i
HEPHBEAMROBTBRIRIEIATTEVZS.
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B 7 1 EBEfi%k MRADZREORME X R BEEEZLABRBEEICRE Lk
Hastings and Rettig 7338 class L.

B8 2 MEMROBEMX 2. NEECHEAMGOFRIIFENLTWVD.

DAREREE R J-. NERERERERE & Of 5 Lo
DR OA, BAEREMZ{L BB ICIRE L7k
Hastings and Rettig 47 % class 1 &2 L (X 7),
BEHRTFER 2T A& L, ML, HART 7
O —F TIERE A2 1920, [A]IRe I i B SR 77
TINB S EINEHEOFBURL TV, BELTWL
TogE ] RRICBR L7z, 2 IBO T, R

B ARERAIR D U OUEE R 0 I EE U, IE-10°

JE i 130° TREMTORMA DML HEL L (K
8). itk 2 EOFHMTIX, MERICZS<DHOTHrRRE
HEERT AP, REMFEERII2< 2L, HEE
ETOZFEL MBS TS,

[ &8]
AR B, RO DL, SME, 2H
— VRGN R TE2LDDH D, FOREE

R L, BEOFRICH - -ipE T BRINT 2 &
WROOND, £z, FOBMICBLWTIZEEY ~
< F 75 & O RAETE B HTRE R & R B AR & o &R
BENTIEHTZ BT,

BEERTT 7Y — v, (S 8Ic BEm g
LT BRSO, LM/ NS BB IER»ITZ 5
TETH A, FOHWEBEIES TRV,
ER T T BEERA & IREOINE & 82287
Fra—FHTENE, BEICRIFEMEEHETS
557, MEH NFEMNOBED BHAOEE 25
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el 1. 2 TR BEEAE O nf SR o J5 A & 7
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a. ERE(E g
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b. BEETPNTEEA - WHe 5 YIBR
c. REMURE#HRiRHERRFE—IER
d. REPMAIE R RERRAE—I bR
e. B - MBI O & —UIER

i 2. ZRNBEERE N T A FHICOWTIE
Ladiig Eny.

a. HHSBH T 7)) — R 3, #cbfiliEc®
RIATABFHTH 5.

b. REFMHEERZE L TWAREMICHLT, B
H BRI 2 B IR L7z,

c. BITLAKRELEMEzE T HEM LT, M
i F i cxEZ = HigT.

d. WNEEESHNEO BRI, BERDRE
TRETHY, FIRICKETAHEDI LB ENHHT
Xz 6730,

e. MW{RPT R THEIT LBHESEBFEET R
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BRINSPDFHEITONETH 5.

REZA >S54 < HY Y Hand Now @ Q&A
L ZE 0,

(FEHERDFER]
AWFFERICEE L, BRI E COI BRI
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