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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

Multiple myeloma (MM) is the third most common hema-
tological malignancy worldwide and accounts for ∼1% 
of all malignant tumors and 10–15% of hematopoietic 

neoplasms in Japan [1, 2]. It is often marked by frequent 
relapses until the patients become refractory [3]. The 
standard therapy for relapsed/refractory MM (RRMM) 
includes immunomodulatory drugs (IMiDs), monoclonal 
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 

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 (Cmax), the area under 
the plasma concentration–time curve (AUC), and time to 
maximum concentration (tmax). 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 phase1 (cohort 1: 
n = 5; cohort 2: n = 5; 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

CD cluster of differentiation, ECOG PS Eastern Cooperative Oncology Group Performance Status, IMiD 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
a ISS staging is derived based on serum β2-microglobulin and albumin
b  ≥ 1 PI, ≥ 1 IMiD, and 1 anti-CD38 mAb.c ≥ 2 PIs, ≥ 2 IMiDs, and 1 anti-CD38 mAb
1 Cutoff 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
2 A plasma cell neoplasm of soft tissue without bone marrow involvement or other systemic characteristics of MM

Characteristic Phase 1 Phase 2

Cohort 1 0.72 mg/kg 
QW (n = 5)

Cohort 2 1.5 mg/kg 
QW (n = 5)

Cohort 3 3 mg/kg 
QW (n = 4)

Total (n = 14) RP2D 1.5 mg/
kg QW (n = 26)

Age, median, years 52.0 74.0 74.5 73.5 67.5
 ≥ 75 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, n1 (%)
 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 stagea, n (%)
 I 2 (40.0) 3 (60.0) 3 (75.0) 8 (57.1) 16 (61.5)
 II 2 (40.0) 1 (20.0) 1 (25.0) 4 (28.6) 7 (26.9)
 III 1 (20.0) 1 (20.0) 0 2 (14.3) 3 (11.5)

Time since diagnosis, median 
(range), years

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)

Extramedullary
Plasmacytomas2, 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-classb 5 (100.0) 5 (100.0) 4 (100.0) 14 (100.0) 26 (100.0)
 Penta-drugc 3 (60.0) 4 (80.0) 3 (75.0) 10 (71.4) 15 (57.7)

Refractory status, n (%)
 Triple-classb 4 (80.0) 2 (40.0) 3 (75.0) 9 (64.3) 17 (65.4)
 Penta-drugc 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)
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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 

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 
TEAEs were reported in 13 (50.0%) patients (Supplementary 

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

AE adverse event, ASTCT​ American Society for Transplantation and Cellular Therapy, RP2D recommended phase-2 dose, TEAE treatment-
emergent AE, QW once weekly
a AEs were reported in ≥ 10% of the patients
b Clinical data cutoff date for phase 1 is September 2023
c Clinical data cutoff date for phase 2 is April 2024
d Cytokine release syndrome was graded per ASTCT criteria

Event, n (%) Phase 1b Phase 2c

Cohort 1 0.72 mg/kg QW 
(n = 5) 

Cohort 2 1.5 mg/kg QW 
(n = 5)

Cohort 3 3 mg/kg QW 
(n = 4)

RP2D 1.5 mg/kg QW 
(n = 26)

Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade Grade ≥ 3 Any grade 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
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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 TEAEs; 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 

were not reached with a median follow-up for 14.32 months 
(Supplementary Fig. 3). The overall MRD negativity rate 
(10–5) was 38.5% (95% CI 20.2–59.4) (Supplementary 
Table 3). In 12 patients with evaluable MRD sample, the 
MRD negativity rate (10–5) 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 Cmax 
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 (Ctrough) 
values of teclistamab were comparable with the concentra-
tions from cohort 2 (RP2D cohort) of phase 1. The mean 
(Ctrough) was maintained at or above the maximum value of 
90% maximal effective concentration (EC90) identified in an 
ex vivo cytotoxicity assay. 

Pharmacodynamics

A rapid decrease in sBCMA was observed in most respond-
ers within the first month of treatment in phase 1, and a 
greater reduction in sBCMA occurred in patients with 
deeper responses treated with RP2D of teclistamab. In phase 
2, a rapid decrease in sBCMA was observed in most of the 

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



228	 T. Ishida et al.

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.

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 TEAEs 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. BCMA-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 TEAEs 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.

Table 3   Summary of efficacy results (phase 2; all treated analysis set)

CI 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
a 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)

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 

(sCR + CR + VGPR + PR)a
20 (76.9) 56.4–91.0

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 (10−5) 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)



229A Phase 1/2 study of teclistamab, a humanized BCMA × CD3 bispecific Ab in Japanese patients with…

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].

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



230	 T. Ishida et al.

From the PK results it was observed that teclistamab 
serum Ctrough 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 EC90. No patients in phase 
1, and 1 patient in phase 2 were anti-teclistamab antibody 
positive. In the current study a rapid decrease in sBCMA 
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 sBCMA 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-JAPAN02 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

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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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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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, 
HMS01 [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, IDH1/2, 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

HMS02 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 HMS01 and the genetic 
testing guidelines of the Japanese Society of Hematology 
(Fig. 1).

Genetic abnormalities frequently identified in the interim 
analysis of HMS01 (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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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 HMS02 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 

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, 
IDH2, 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 RUNX1 (18%), BCOR (8%), SRSF2 (8%), ASXL1 

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
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(7%), ZRSR2 (7%), 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 ASXL1 (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, EZH2 and KRAS, and EZH2 
and ASXL1 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.

Fig. 2   a Consort diagram of the case registration flowchart. b Onco-print of all Non-benign alterations. c Circos plot of 20 genetic alterations 
detected in more than 5% of all tests
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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 

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.

Table 1   Patient characteristics

Age 65.0 [53.0–74.0]
Sex (Male/Female/Unknown) 89 (61.4%)/55 (37.9%)/1 (0.7%)
Diagnosis
AML with myelodysplasia-related changes 43 (29.7%)
AML with maturation 17 (11.7%)
AML without maturation 13 (9.0%)
Therapy-related myeloid neoplasms 11 (7.6%)
Acute monoblastic/monocytic leukemia 10 (6.9%)
AML with mutated NPM1 10 (6.9%)
AML with t(8;21)(q22;q22.1); RUNX1-RUNX1T1 9 (6.2%)
Acute promyelocytic leukemia with PML-RARA​ 7 (4.8%)
AML with minimal differentiation 4 (2.8%)
Acute myelomonocytic leukemia 3 (2.1%)
AML with t(9;11)(p21.3;q23.3); MLLT3-KMT2A 3 (2.1%)
AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 3 (2.1%)
AML with inv(3)(q21.3q26.2)or t(3;3)(q21.3;q26.2); GATA2, MECOM(EVI1) 3 (2.1%)
Provisional entity: AML with mutated RUNX1 2 (1.4%)
Acute megakaryoblastic leukemia 2 (1.4%)
Unknown 2 (1.4%)
Pure erythroid leukemia 2 (1.4%)
Acute promyelocytic leukemia with variant RARA translocation 1 (0.7%)
SCT performed Done 51 (35.2%)/Not Done 94 (64.8%)
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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 

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 

Fig. 3   OS and impact on risk of death in the analysis cohort of AML 
patients. a Survival curve for all patients. b Survival analysis with 
and without SCT. c Survival analysis by age. d OS and HR of death 

according to each mutation. Mutations with a frequency of ≥ 5% were 
analyzed. Multivariable Cox proportional hazards regression model 
was used to estimate the effect of various predictor variables

Fig. 4   Survey of participating 
sites regarding clinical utility. 
The analysis was useful in 62% 
of cases for assessing the risk 
of recurrence, determining 
indications for SCT, selecting 
therapeutic agents, confirming 
or changing the diagnosis, and 
recruiting patients for trials
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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 NPM1 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 

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 

Fig. 5   Serial sequencing 
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 
were considered not useful by 
the survey conducted at each 
participating site. b Upper case 
shows the clone replaced by 
a different clone. Lower case 
shows the pathogenic mutations 
remaining after remission was 
achieved
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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 NPM1 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, 
ASXL1), 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, RUNX1, 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 HMS02 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.
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Abstract
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.

Categories: Infectious Disease, Trauma, Orthopedics
Keywords: osteomyelitis, percutaneous pinning, pyogenic arthritis, radiolunate fusion, scapholunate dissociation

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 1a-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, 3b), 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-5c).
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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 × 109/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, 9c).

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, 10b).

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 × 109/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 11a-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 12a); 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, 12c).

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 13a, 13b).
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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/μL indicates a high
likelihood of septic arthritis, with counts ≥100,000 cells/μL 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/μL were confirmed as septic arthritis, whereas 77% of cases with counts >100,000 cells/μL 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 × 109 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-L1 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 

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), IMpower132 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 

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 (IMpower150 regimen, paclitaxel 
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Table I. 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.



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 
(CI)=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 (IMpower150), 
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). 

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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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                   0.472 
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, IIIA-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.



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 

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 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).
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Figure 2. Continued



and this study represents treatment outcomes in patients that 
reflect clinical practice. This study, considering distant 
metastatic organs, showed that ‘absence of liver metastasis’, 

‘absence of adrenal metastasis’, ‘combined atezolizumab 
plus chemotherapy as first-line therapy’, and ‘good PS’ 
might be related to prognosis. However, it is noteworthy that 
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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 (IMpower130) (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 (IMpower130) (F), 19.0 months for the pemetrexed regimen (G), and 13.0 months for the etoposide regimen (H).

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



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 

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 

Numata et al: Atezolizumab Plus Chemotherapy in NSCLC Practice

111

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: IIIA-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                                 2.917                                 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                                                      0.917                                                                                                                                

 
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 

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 ROS1, 
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. 
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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                                        0.918            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: IIIA-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.

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

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

INTRODUCTION

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.1 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.1–3 In addition,
10%–15% of those who have acute pouchitis develop
chronic pouchitis,4 requiring long-term antibiotic ther-

This is an open access article under the terms of the Creative Commons Attribution License,which permits use,distribution and reproduction in any medium,provided
the original work is properly cited.
© 2024 The Authors. DEN Open published by John Wiley & Sons Australia, Ltd on behalf of Japan Gastroenterological Endoscopy Society.

apies and biologics.5 Therefore, a certain number of
patients suffer from pouch failure which requires divert-
ing ileostomy or pouch excision due to stenosis or fistula
formation.6 Since the incidence of pouchitis in UC has
been increasing in recent years,7 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.8 However, existing
instruments8–11 to diagnose and monitor pouchitis have
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not been fully validated.12 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.13,14 In
addition, a distribution pattern of endoscopic inflam-
mation (i.e., endoscopic phenotype) is considered an
important factor contributing to pouch outcomes.13,15

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.4,16,17 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.18

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.15 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.8 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.11 Abdomi-
nal cramps, increased frequency of bowel movements,
urgency, and pelvic discomfort are the most commonly
reported symptoms of pouchitis.11 However, since these
symptoms are not specific to pouchitis, the follow-
ing differential diagnosis should be considered21: 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,22 cuffitis,23 irrita-
ble pouch syndrome,24 and small intestinal bacterial
overgrowth.23,25

Pouchitis is classically categorized into acute or
chronic pouchitis.26 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.27

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.29 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.29 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.29

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.1

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.8,11

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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F IGURE 1 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.

about 1–2 cm, therefore it can be observed while pulling
the endoscopy.30

According to the consensus guideline from the Inter-
national Ileal Pouch Consortium, annual surveillance
pouchoscopy is recommended for patients preoper-
atively diagnosed with colitis-associated dysplasia or
cancer.31 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).31 For patients without these risk

factors, surveillance pouchoscopy (every 3 years) is
suggested.31 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,
endoscopically evident lesions should be collected as
well.31

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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F IGURE 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 ≤4.32 However, a systematic review
indicated that PDAI may lack an acceptable level of
interobserver reliability for some component items.12 A
survey using modified RAND Appropriateness Method-
ology to assess the appropriateness of items in five
endoscopic scoring systems8,33–36 showed that only
endoscopic items of ulceration and ulcerated surface
of the pouch body were found to have substantial
reliability.37

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.13 Similar to the Simple Endoscopic
Score for Crohn’s Disease, the EPS employed seg-
mental scoring.14 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 PDAI.13 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.8,11

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.15,31 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.15 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.38 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.39

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.38 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.40,41 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.42 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.19,20

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 classification43

was significantly related to the development of diffuse

inflammation of the pouch body, whereas extensive
colitis was a negative predictor of the focal inflamma-
tion of the pouch body.15 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.41 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.44 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. 45

While small intestinal GCs are negative for HID, colonic
GCs in the human intestine are positive for HID.46,47

There have been reports of ileal mucosal adaptations
toward the colonic epithelium,particularly in UC patients
suffering from pouchitis.3,48–50 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,3

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.)46 with hydrogen sulfide production, which induces
epithelial apoptosis as well as mucosal depletion.3,51

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.15 Although other studies vali-
dated that diffuse pouchitis was significantly associated
with poor pouch outcomes,38,40 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,40 further investigations are warranted
to analyze muti-omics as well as multi-biome and
their trans-kingdom interactions52 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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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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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

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
D 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-
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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.
For patients with unexplained cardiac arrest
complicated with arrhythmia, cardiac MMS is
given as the differential background disease.
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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-19.1-3 However, the
areas diagnosed as scarring seen on MRI are of a
certain size, and MRI could not clearly detect even
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investigation of cardiac MMS by pathologic
diagnosis in patients with cardiac arrest.

PATIENT 1

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
Micro Scarring Throughout Myocardium

t atrium; LV ¼ left ventricle; PV ¼ pulmonary vein; PVC ¼ premat
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
ure ventricular contraction; RA ¼ right atrium; RV ¼ right ventricle.



FIGURE 1 Multiple Micro-Scars in the Left Ventricle

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

approximately similar intervals. Scale bar, 1 mm.

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 � � þ
CTR, % 59 59 51

LVEF, % 65 58 65

PAF/PAC þ þ þ
PVC/VT � þ þ
BNP, pg/dL 116 127 NA

Cre, mg/dl 0.77 2.47 0.63

Platelet, �103/mL 237 157 200

Cause of death Not
determined

Not
determined

Lymphoma

Malignancy None HCC Lymphoma

BNP ¼ brain natriuretic peptide; Cre ¼ creatinine; CTR ¼ cardiothoracic ratio;
HCC ¼ hepatocellular carcinoma; LVEF ¼ left ventricular ejection fraction;
NA ¼ not available; PAC ¼ premature atrial contraction; PAF ¼ paroxysmal atrial
fibrillation; PVC ¼ premature ventricular contraction, VT ¼ ventricular tachycardia.
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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



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 mm.
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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
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



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.
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cases (Figure 2). For the MMS, to identify and un-
derstand the characteristics of the disease state, the
circular scars in the left ventricular myocardium
delineated by elastica-Goldner staining were
FIGURE 4 Micro-Scars in the Entire Myocardium

Representative images of myocardium with elastica-Goldner staining in p

(RA), the right ventricle (RV), the junction of pulmonary vein and left a
manually traced one by one, and their maximum and
minimum diameters were determined (Figure 3).
From these values, the area of each scar was calcu-
lated. The distance from the center of the scar to the
atient 2. Micro-scars (yellow arrows) are seen in the high right atrium

trium (LA), and the left ventricle (LV). Scale bar, 1 mm.



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 mm. (B) aCD42b staining of

myocardium; aCD42b was not stained. Scale bar, 100 mm.

TABLE 2 Regional Densities of Scar in Myocardial Tissue

Observed Region
Scar Density,

n/mm2a
Scar Count
Rangeb

Anterior Outerc 1.12 7-15

Innerc 1.24 3-25

Lateral Outer 0.84 3-10

Inner 1.24 0-21

Posterior Outer 0.76 2-13

Inner 1.90 11-30

Septal 1.96 10-24

Right ventricle 0.50 1-5

aCalculated as count of the scar of interest (n) in myocardial area observed (mm2).
bMinimum and maximum counts of the scar in a microscopic field (7 mm2/field)
among no fewer than 4 fields. cOuter: epicardial half of myocardium; inner:
endocardial half of myocardium.
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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.
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 mm, the average of their area was
143,810 mm2, and the average of their distance was
383 mm. 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.4,5 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 mm in past studies,6,7 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,8 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
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,9 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.

1, 2 1 1 1, 2 1, 3
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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 μg/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 ×10⁶/μL. Coagulation
studies demonstrated a markedly elevated D-dimer level of 55.5 μg/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 1).　
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Laboratory parameter Patient’s value Reference range

Complete Blood Count   

Hemoglobin (g/dL) 19.0 13.7–16.8

Red blood cell count (×106/μL) 5.96 4.35–5.55

Hematocrit (%) 58.6 40.7–50.1

Platelet count (×103/μL) 198 158–348

Coagulation Studies   

Prothrombin time–international normalized ratio (INR) 1.04 0.8–1.1

Activated partial thromboplastin time (sec) 33.5 24–39

D-dimer (μg/mL) 55.5 <0.5

Serum Chemistries   

Creatinine (mg/dL) 1.30 0.65–1.07

Aspartate aminotransferase (U/L) 97 13–30

Alanine aminotransferase (U/L) 82 10–42

Lactate dehydrogenase (U/L) 378 124–222

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

pH 7.293 7.35–7.45

Partial pressure of carbon dioxide (mmHg) 38.7 35–45

Partial pressure of oxygen (mmHg) 403.1 80–100

Bicarbonate (mmol/L) 21.3 20–26

Base excess (mmol/L) -11.1 -3.0–3.0

Lactate (mmol/L) 5.4 0.5–2.0

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 ×10⁶/μL), suggesting
hemoconcentration. A markedly elevated D–dimer level (55.5 μg/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 1A). The affected areas exhibited decreased
apparent diffusion coefficient (ADC) values (Figure 1B) and high signals on fluid-attenuated inversion
recovery (FLAIR) imaging (Figure 1C). 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 1D). 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 1E). 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 2A).
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 5.96×106/μL, a hemoglobin level of 19.0 g/dL, and a D-dimer of 55.5 μg/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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Ⅰ．はじめに
　急性下腿コンパートメント症候群（ACS）に対
する筋膜切開は，前外側と後内側の 2皮切あるい
は外側の 1皮切から 4区画を開放する方法が一般
的とされているが，二期的閉創に長期を要し，早
期閉創には植皮を要する症例が多いと報告されて
いる1）.
　本研究では，下肢外傷を伴う ACSに対する多
数小切開を用いた筋膜切開法（Multiple INter-
rupted Incision：MINI法）の有用性について検討
することを目的とした．

Ⅱ．対象と方法
　2020年 10月～2023年 12月までに下肢外傷を伴
うACSに対して当院で筋膜切開を行った 14例，
男性が 11例，女性が 3例で，受傷時年齢は 11～
85歳で，平均 42.6歳であった（表 1）.
　 1．手術手技：一時的創外固定術あるいは一期
的内固定とともに筋膜切開を行った．Conven-
tionalな方法（以下，C法）は 10例で，前外側と後
内側の 2皮切または外側の 1皮切から 4区画すべ
てを開放した．MINI法は 4例で，前外側と後内
側に間隔を開けて小皮切を多数おき，隣り合う小
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急性下腿コンパートメント症候群に対する多数小切開を用いた
筋膜切開の有用性についての検討

 水戸医療センター整形外科 森田純一郎　　平林　　匠　　小林　賢司
  大山　和生　　江藤　文彦　　小川　　健

　要　旨　【背景】急性下腿コンパートメント症候群（以下，ACS）に対する筋膜切開では，前外側
と後内側の 2皮切または外側の 1皮切から 4区画を開放する方法（Conventional：C法）が一般的だ
が，二期的閉創までに長期を要したり，二期的閉創が困難なことが多い．【目的】下肢外傷を伴う
ACSに対する多数小切開を用いた方法（Multiple INterrupted Incision：MINI法）の有用性について
検討すること．【研究デザイン】ケースシリーズ．【設定】1施設での後ろ向き研究．【対象】2020年
10月～2023年 12月までに，下肢骨折を伴う ACSに対して当院で筋膜切開を行った 14例（男性 11
例，女性 3例，平均 42.6歳）．【曝露】一時的創外固定術あるいは一期的内固定とともに筋膜切開を
行った．C法（10例）では，前外側と後内側の 2皮切または外側の 1皮切から 4区画すべてを開放し
た．Shoelace technique，陰圧閉鎖療法（以下，NPWT）を行い，腫脹改善後に二期的閉創を試みた．
二期的閉創困難例は，湿潤療法で上皮化させた．MINI法（4例）では，前外側と後内側に間隔を開け
て小皮切を多数おき，隣り合う小皮切から筋膜を直視して切開した．一期的閉創をするか，NPWT
を施して二期的閉創をした．【主要アウトカム】筋膜切開から閉創あるいは上皮化までの期間（日），
感染の有無，ACSによる後遺障害の有無．【結果】筋膜切開から閉創あるいは上皮化までの期間は，
C法 43.1（5～125）日，MINI法 3.5（0～7）日であった．感染は C法 2例，MINI法 0例であった．
ACSによる後遺障害を呈した症例はなかった．【結論】MINI法での筋膜切開術は，従来法と比べて
合併症を増やすことなく，早期に二期的閉創ができ，感染リスクを低下させられる可能性がある．
［骨折―日本整形外傷学会雑誌―　47（2）354‒358，2025］

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（コンパートメント症候群），Multiple interrupted incision（多数小切開），Fasciotomy

（筋膜切開）
投稿日　2024年 8月 6日　受理日　2025年 1月 7日　利益相反：なし
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皮切から筋膜を直視して切開した．
　 2．筋膜切開術後創部管理：筋膜切開後，陰圧
閉鎖療法（以下，NPWT）や shoelace techniqueを
併用し，腫脹改善後に段階的に閉創を試みた．二
期的閉創困難例では植皮を提示し，植皮拒否例で
は保険適用上限の 4週まで NPWTを継続し，以
後湿潤療法を行い上皮化させた．
　検討項目は筋膜切開から閉創あるいは上皮化ま
での期間（日），感染の有無，ACSによる後遺障害
の有無とした．
　すべての統計解析には EZR2）を使用した．EZR
はRおよびRコマンダーの機能を拡張した統計ソ
フトウェアである．なお統計処理はMann‒Whit-
ney U検定を使用した．
Ⅲ．結　果
　筋膜切開から閉創あるいは上皮化までの期間
は，C法で平均 43.1（5～125）日，MINI法で平均
3.5（0～7）日であり，2群間に有意差を認めた（p＝
0.014）．C法のうち，二次縫合できた 6例では平
均 14.8（5～32）日であった一方，植皮を提案する
も同意が得られず NPWTのあとに上皮化を待機
した 4例では平均 85.5（52～125）日であった．
　感染は，C法で 2例に認め，縫合糸膿瘍 1例，

表層 surgical site infection（以下，SSI）1例であっ
た．MINI法では感染を認めず，2群間に有意差を
認めなかった（p＝0.50）.
　ACSによる後遺障害は C法，MINI法いずれも
認めなかった．
Ⅳ．症例供覧
　症例 X：17歳，男性．身長 174 cm，体重 116 
kg．バイク乗車中，乗用車と衝突する交通事故で
受傷し，当院へ救急搬送された．左脛骨腓骨骨幹
部骨折（AO42B3b，AO4F2Ab，図 1；CT），脾損
傷，右膝開放骨折と診断した．受傷当日，左脛骨
腓骨骨幹部骨折に対して，一期的髄内釘固定を
行った（図 2）．髄内釘での内固定後に下腿コン
パートメント内圧を測定し（表 2），ACSと診断し
た．前外側，外側，後内側に多数小皮切をおき，
MINI法で筋膜切開を行った（図 3）．筋膜切開後，
下腿コンパートメント内圧を再測定し（表 2），除
圧は十分と判断した．一次閉創はせずに，NPWT
で待機的な閉創を計画した．同日，脾損傷に対し
て経カテーテル動脈塞栓術（TAE），右膝開放骨
折に対して洗浄・デブリドマンも行った．
　術後 3日に二次閉創した．創部は問題なく癒合
し，術後 17日に抜糸した．術後 7.5か月時点で骨

急性下腿コンパートメント症候群に対する多数小切開を用いた筋膜切開の有用性についての検討　　355

表　1．症例一覧

症例 年齢 性別 外傷 筋膜
切開 閉創方法 閉創まで

の日数 感染

1 32 M 42 C 上皮化 　80 縫合糸膿瘍

2 45 M 41 C 縫合 　20 なし

3 43 M ※1 C 縫合 　32 なし

4 60 M 44 C 上皮化 　85 なし

5 11 F 42 MINI 縫合 　　4 なし

6 49 M 32 C 上皮化 125 なし

7 43 M 32 C 縫合 　12 なし

8 85 F 44 C 縫合 　　8 なし

9 40 M 42 C 縫合 　　5 表層 SSI

10 23 M 44 C 上皮化 　52 なし

11 51 F 42 MINI 縫合 　　0 なし

12 56 M 42 C 縫合 　12 なし

13 17 M 42 MINI 縫合 　　3 なし

14 42 M 33，41 MINI 縫合 　　7 なし

外傷はAO分類に準じた骨折部位を記載
※1膝関節開放脱臼，複合靱帯損傷
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癒合は得られており（図 4），創部は問題なく治癒
している（図 5）．
Ⅴ．考　察
　筋膜切開創の閉創が 1日遅れるごとに感染リス
クが 7％高まると報告されており3），二期的閉創ま
での期間を短縮させることが重要である4）．
Zenkeらは，二期的閉創までの期間が平均 16.2日
で，植皮を 12.5％で要したと報告している5）．一
方，神田らは，二期的閉創までの期間が平均 11.1
日で，植皮を 75％で要したと報告している6）．こ
のことから，二期的閉創までの期間を短縮させる
ためには，植皮を要する割合が増加するといえる．
　多数小皮切から筋膜切開を行った小児 ACSの
ケースシリーズでは，合併症を増やさず，平均
12.7分の手技で，効果的に除圧が得られたと報告
されている7）．多数小皮切から筋膜切開を行った

体外式膜型人工肺（ECMO）後 ACSのケースシ
リーズでは，出血量減少に有用，残した皮膚のエ
ンベロープが筋の露出や感染を防ぐのに有用，二
期的閉創が容易で植皮や皮弁を要さないと報告さ
れている8）．
　本ケースシリーズにおいて，C法では上皮化に
よる二期的閉創に長期間を要し，感染を生じた症

356　　骨折―日整外傷会誌―　第 47巻　No.　2　2025

表　2．コンパートメント内圧（mmHg）
区画

　 前方 外側 深後方 浅後方

髄内釘直後 83 56 51 43

筋膜切開後 13 28 19 測定せず

図　3．筋膜切開時の創部外観写真
MINI法による筋膜切開を行った．

ａ：外側
ｂ：内側

a
b

図　2．術後の X線写真
髄内釘による内固定を行った．

ａ．下腿正面像 ｂ．下腿側面像
図　1 ．18歳，男性．術前の CT
画像（Raysum画像処理）

ａ．下腿正面像 ｂ．下腿側面像
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例が散見された．一方，MINI法では平均 3.5日
と短期間での縫合による二期的閉創が可能であ
り，植皮を要さず，感染も生じなかった．
　二期的閉創と植皮のどちらが優れているかに関
してコンセンサスは得られていないが 4），二期的
閉創は植皮と比べて外観がよく採皮部の犠牲がな
い点がメリットであり9），植皮せずに二期的閉創
が得られるに越したことはないだろう．
　本ケースシリーズにおいて，C法・MINI法い
ずれにおいても ACSに伴う合併症はみられな
かったが，limitationとして先行研究も含めて，受
傷時から全区画において 100 mmHgを超えるよ
うな高圧症例が含まれていないため，合併症の発
生が過小評価となっている可能性がある．また，
提示症例では受傷時や髄内釘挿入前に内圧測定を
行っておらず，区画内圧を過大評価している可能
性がある．
Ⅵ．結　論
　MINI法での筋膜切開術は，従来法と比べて合
併症を増やすことなく，簡便かつ早期に二期的閉
創ができ，感染リスクを低下させられる可能性が
ある．
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図　5．術後 7.5か月時の創部外観写真
創部は問題なく治癒している．

ａ：外側
ｂ：内側

a
b

図　4．術後 7.5か月時の X線写真
骨癒合が得られている．

ａ．下腿正面像 ｂ．下腿側面像
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手指化膿性腱鞘炎の治療成績 
―持続局所抗菌薬還流療法（iSAP）有効性の検討― 
栗原美里＊，小川 健＊＊ 

Treatment Results for Purulent Tenosynovitis of the Fingers: 
Effectiveness of the Intra-Soft Tissue Antibiotics Perfusion (iSAP) 
Misato Kurihara＊，Takeshi Ogawa＊＊

本研究は，手指化膿性腱鞘炎の治療成績を集積調査し，持続局所抗菌薬還流療法（iSAP）の有効性と問題
点を検討することを目的とする．手指化膿性腱鞘炎 13 例のうち，9 例に従来の滑膜切除術，4 例に iSAP 
を併用し治療結果を検討した．全体の平均年齢は 63.7 歳，男性 8 例，女性 5 例で，Loudon 分類の 1 期 1 
例，2 期 7 例，3 期 3 例，4 期 2 例であった．Flynn 機能評価は優 3 例，良 9 例，不可 1 例で，再発は
従来群で 1 例に認め，両群で術後可動域，入院期間に有意差はなかった．iSAP 群 1 例に薬剤性腎障害を認
めた．治療成績は従来群，iSAP 群ともに良好であった．特に iSAP 群では，予後不良とされる Loudon 分
類 3，4 期でも良好な機能予後が得られ，再発はなかった．局所陰圧閉鎖療法（NPWT）装置装着による機
能予後の低下や入院期間延長の傾向は無かった．iSAP の併用により，機能を損なわずに感染制御の確実性
を高められる可能性があると考えられた．

【緒 言】 
手指化膿性疾患は，適切な治療を行わなければ重

篤な機能障害をきたす疾患であり，早期の十分な腱
滑膜切除，適切な可動域訓練が必要である 1)2)3)．特
に Loudon 分類 3，4 期の重症例は感染の鎮静化に
時間を要するため，腱の癒着が生じやすく，治療成
績不良とされている 2)3)．近年，化膿性関節炎や骨髄
炎の治療として持続局所抗菌薬灌流療法（intra-soft 
tissue antibiotics perfusion，以下 iSAP）が開発され，
日本国内でも広まってきている．手指化膿性疾患に
対しても iSAP を併用した報告が散見され 4)5)6)，そ
の効果が期待される．著者らは徹底的な洗浄と腱滑
膜切除に加え，可能な限り iSAP を併用することで，
治療成績の向上を図っている．今回，手指化膿性腱
鞘炎に対する手術症例の治療成績を集積調査し，局
所療法併用の有効性と問題点を検討する． 

【対象と方法】 
対象は 2021 年 4 月～2023 年 6 月に国立病院機

構水戸医療センターで手指化膿性腱鞘炎に対する
手術加療を行った 13 例である．9 例に腱滑膜切除
術を行い（以下，従来群），4 例に腱滑膜切除術に加
えて術後抗菌薬投与として iSAP を併用した（以下，
iSAP 群）．検討項目は，臨床所見（年齢，性別，罹
患指，臨床病期），細菌培養検査，治療（iSAP 使用
有無，入院期間，合併症），治療予後（機能予後，再
発の有無）とした．臨床病期は Loudon 分類に基づ
き，機能予後はFlynn 機能評価とpercent total active 
motion（以下，％TAM）を用いて評価した．入院期
間と％TAM については従来群と iSAP 群に分け，
Wilcoxon rank sun test で比較した．統計解析は
EZR を使用し，有意水準は 5％未満を有意差ありと
した．なお，iSAP 併用有無の症例選択については，
まだ当院で一定の基準を設けておらず，主に術前の
臨床所見や還流装置装着の継続可否を総合的に判
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図 1 Loudon 分類－Flynn 機能評価

断して症例を選択した． 

【結 果】 
平均年齢は 63.7（22～86）歳，男性 8 例，女性 5 

例であった．罹患指は母指 1 例，示指 2 例，中指 5 
例，環指 1 例，小指 2 例，複数指 2 例（示指と中
指，環指と小指）であった．Loudon 分類は 1 期 1 
例，2 期 7 例，3 期 3 例，4 期 2 例であった．全
例術中検体を細菌検査に提出し，起因菌が同定され
たのは 4 例で，Methicillin-Susceptible Staphylococcus 
Aureus が 2 例，Methicillin-Susceptible Staphylococcus 
Aureus と Methicillin-Susceptible Staphylococcus 
Epidermidis の混合感染が 1 例，Kocuria rhizophila 
が 1 例であった．6 例で前医からの紹介時点で抗菌
薬投与が開始されており，そのうち起因菌が同定さ
れたのは 1 例のみであった．治療として，従来群 9 
例に腱滑膜切除術を行い，iSAP 群 4 例には腱滑膜
切除術後に iSAP を併用した．入院期間は従来群で
平均 13.4（5～31）日，iSAP 群で平均 19.3（16～22）
日，p 値は 0.11 で両群間に有意差を認めなかった．
合併症としては，従来群で肝機能障害が 1 例，IP 関
節炎を発症し腱剥離術を要した症例が 1 例あった．
iSAP 群では，薬剤漏出と薬剤性腎障害を 1 例ずつ
に認めた．Flynn 機能評価は good 4 例，fair 8 例，
poor 1 例であった．従来群と iSAP 群における症例
毎の Loudon 分類と Flynn 機能評価の対応を示す

（図 1）．iSAP 群で機能評価が poor となった 1 例
は，化膿性腱鞘炎罹患以前からの所見であるブシャ
ール結節のため，PIP 関節が 0°で拘縮した症例で

あった．術後可動域について％TAM を算出した結
果，従来群は平均 73.0（61.5～88.4）％，iSAP 群は
平均 81.7（78.8～84.6）％であり，p 値 0.33 で有意
差を認めなかった．％TAM は診療録に記載された
可動域を元に算出しており，「屈曲可能」など角度が
明記されていない症例については除外した．術後再
発は従来群で 1 例に認めた．症例一覧を提示する

（表 1）． 

【症例提示】 
症例 12：68 歳，女性． 
主訴：右中指腫脹，疼痛． 
既往歴：関節リウマチ． 
現病歴：2 週間前から右中指に腫脹疼痛が出現し，

近医内科を受診した．関節リウマチ急性増悪の診断
で加療されたが，局所所見の改善に乏しく，当院を
紹介され受診した．中指化膿性腱鞘炎の診断で手術
加療の方針とした． 

身体所見・検査所見：Kanavel4 徴候はすべて陽性
であり，血液検査は WBC が 7,700/μl（Neut:72.5％），
CRP が 2.60mg/dl であった．MRI で屈筋腱全周性
の腱鞘肥厚と浮腫性変化を認めた． 

手術所見：腱滑膜切除術を施行した．皮膚切開は
DIP 関節から手根部まで ZigZag 切開とした（図 2）．
A1，A3 腱鞘を切除して開放し，可及的に感染組織
を除去した後に徹底的に洗浄した．浅指屈筋腱の変
性断裂所見があり，Loudon 分類は 4 期と診断した

（図 3）．遠位手首皮線高位の小皮切から 6Fr アトム
チューブを手掌・指尖部に向かって挿入し，残した
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表 1 症例一覧 

症例 年齢 性別 罹患指 Loudon iSAP 入院期間（日） Flynn 術後観察期間（月） ％TAM（％） 再発 

1 53 男 小指 2 なし 10 fair 12 69.2  

2 22 男 示・中 2 なし 12 good 1 -  

3 53 男 中指 2 なし 14 fair 6 71.1  

4 84 女 母指 1 なし 31 good 4 - 有 

5 54 男 中指 3 なし 7 fair 4 73.0  

6 73 男 中指 2 なし 7 fair 12 67.3  

7 74 男 環指 2 なし 19 fair 4 80.7  

8 44 女 示指 2 なし 5 fair 12 61.5  

9 74 女 中指 2 なし 16 good 9 88.4  

10 86 男 環・小 4 あり 45 fair 1.5 -  

11 65 男 小指 3 あり 22 fair 2 84.6  

12 68 女 中指 4 あり 20 good 2 78.8  

13 78 女 示指 3 あり 16 poor 12 -  

 

 

図 2 DIP 関節から手根部にかけて ZigZag 切開 

 

図 4 術後に RENASYS🄬🄬を装着し，80mmHg の陰圧管理と
する． 

 

図3 A1，A3 腱鞘を切開．FDS の変性断裂所見．Loudon 
分類 4 期の診断． 

腱鞘下を可及的に通して留置した．排液促進のため，
ペンローズドレーンも創部両端に留置固定し閉創
した．創部に RENASYS🄬🄬を装着し，80mmHg の陰
圧下にゲンタマイシン 60mg/day を 7 日間局所投
与した（図 4）．本症例では細菌培養で菌が同定され
なかったため，経験的にセファゾリンの経静脈的投
与を併用した．術後 1 週間で局所の腫脹発赤は軽減
し，血液検査上も順調に感染が鎮静化した．後療法
として，iSAP 装着中はフィルム保護により可動域
が軽度制限される状態となるため，それ以上の外固
定を設けず，術翌日から自動・他動運動を可能な範
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図 5 術後 1 年時点の患部写真

囲で行った．iSAP 終了後は他動運動を中心に可動
域訓練を強化した．Flynn 機能評価は術後 2 か月時
点で fair（可動域：MP 関節 10-75°，PIP 関節 10-
75°，DIP 関節 15-45°，TPD 2cm），術後 6 か月時
点で good（可動域：MP 関節 0-85°，PIP 関節 10-
90°，DIP 関節 15-55°，TPD 0cm）であった．術後
1 年時点まで再発はなく経過しており，Flynn 機能
評価も good である（図 5）． 

【考 察】 
巧緻性が求められる上肢・手部領域の感染症は，

解剖が複雑で切除できる組織に限りがある点や，感
染が深部まで到達しやすい点において治療に難渋
しやすい．抗菌薬の新たな drug delivery である局
所抗菌薬持続還流は，抗菌薬移行性の乏しい腱や骨
まで有効濃度を分布させやすく，近年，アミノグリ
コシド系抗菌薬を局所投与する iSAP の有効性が注
目されている 6)．局所還流は，腎機能障害を有する
高齢者や腎不全患者で十分量の抗菌薬経静脈的投
与ができない場合に，局所で有効濃度の抗菌薬を分
布させることができるという利点がある．また，臨
床上，受診が遅れて感染が遷延し，バイオフィルム
が形成された症例や，細菌培養検査に先行して近医
で抗菌薬が投与され，起因菌が同定できない症例で
は，抗菌薬の選択や投与期間に苦慮する場合がある．
iSAP で用いるゲンタマイシンは，濃度依存性かつ
MBEC（minimum biofilm eradication concentrations）
の濃度が低いという特徴があるため，培養検査上の

菌種や薬剤耐性にかかわらず，バイオフィルム破壊
に至るまでの抗菌薬局所投与が可能であり 8)9)10)，上
記のようなケースに非常に有用であると考えられ
る．化膿性腱鞘炎の合併症の可動域制限は 10～25％
に生じるとされており，治療が長期間に及ぶと，組
織浮腫や瘢痕化により容易に機能障害をきたす．治
療成績の向上のためには早期から積極的な可動域
訓練を行い，機能障害を最小限にする必要がある
2)3)5）．つまり，なるべく短期間で確実に感染を制御
し，かつ局所療法がリハビリテーションの妨げにな
らないということが重要である． 

本研究での全体成績は，ブシャール結節症例を除
き，Flynn 機能評価が全例 good ～fair で，術後再
発は 1 例のみであり，従来群，iSAP 群ともに良好
な成績であった．特に iSAP 群では，症例数自体は
少ないが，一般的に予後不良とされる Loudon 分類
3，4 期の症例でも良好な機能評価が得られた．入院
期間と術後可動域で両群に有意差はなく，iSAP の
併用は入院期間の延長や機能予後低下の原因とは
ならなかった．実際に RENASYS🄬🄬を装着していても，
術翌日から緩徐に手指自動運動を開始することが
可能となっており，現状は局所療法が早期リハビリ
テーションの妨げにはならない印象がある．本研究
において，iSAP 群 1 例で薬剤性腎障害の合併症を
認めた．理論上は局所還流のため，腎機能障害を生
じないが，排液や陰圧が不十分である場合，血管内
に薬液が流入して腎機能障害や聴力障害といった
重篤な合併症を起こしうるため注意を要する．対策
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として，陰圧管理の工夫と定期的な血中濃度測定が
重要である．陰圧管理では，指間のリーク予防にサ
ージカルグローブを用いる報告例があり 5），また当
院ではアトムチューブに加えてペンローズドレー
ン 1～2 本を留置することで薬液と浸出液の排液を
促している．抗菌薬投与量については，ゲンタマイ
シンの局所投与での平均血中濃度が 120mg/日で
0.81μg/ml，240mg/日では著明に血中濃度が上がる
症例があり，組織障害も懸念されると報告されてい
る 8）．120mg/日程度の推奨範囲内で薬剤を投与（当
院では生理食塩水 50ml＋ゲンタマイシン 60mg，
2ml/h を基本とする）し，かつ定期的な血中濃度を
測定し 2.0μg/ml 以下を維持する必要がある．また，
抗菌薬投与期間については，局所療法併用の場合，
経静脈投与と並行して 1 週間程度の投与期間で終
了する報告が散見される．本研究での抗菌薬投与期
間は従来群で 62.6（7～180）日，iSAP 群で 25.7（2
～49）日であった．症例によってばらつきが大きく，
抗菌薬をいつ終了するかという明確な基準がない
のが現状である．当院での治療期間は局所所見や血
液検査によって決定しているが，特に細菌が同定で
きない場合は，内服も含め抗菌薬による治療期間が
長くなる傾向にある．こういった症例に対しても，
抗菌薬の局所灌流を併用することで感染制御の確
実性を高めることができるのではないかと考えて
いる． 

【まとめ】 
1．手指化膿性腱鞘炎に対して近年注目される局

所療法併用療法について当院の治療成績を検討し
た結果，従来群，iSAP 群ともに治療成績は良好で
あった． 

2．iSAP を併用した場合でも，術翌日から可動域
訓練を実施し，従来群と比較して術後可動域の低下
をきたすことはなかった． 

3．iSAP の併用は，感染制御の確実性を高め，特
に患者の腎機能によらず，局所で有効濃度に至る抗
菌薬投与を可能とする利点があり，化膿性腱鞘炎の
治療成績向上に有用であると考えられた． 

【利益相反の開示】 

本研究発表に関連し，開示すべき COI 関係にあ
る企業等はありません． 
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上腕骨外側上顆炎に対し，Nirschl法，関節鏡視下滑膜切除と2回の手術で寛解に至らず，3回目に

除神経術を行い寛解が得られた症例を経験したため報告する．重労働に従事している44歳男性で，

身体所見とMRIから術式を選択した．最初から除神経を行うべきか否かその判断は難しく，本例の

ように順を追って治療した上での最終手段として，念頭に置いてもよい術式であることが示唆された．
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【緒 言】

上腕骨外側上顆炎に対する手術は多岐にわたるが，

いずれの術式も良好な術後成績が報告されている．

しかし，わずかではあるが再手術を要する成績不良例

も報告されている．今回，Nirschl法 1），関節鏡視下滑

膜切除と2回の手術で寛解に至らず，3回目に除神経

術を行い寛解が得られた症例を経験したので報告す

る．

【症 例】

重労働に従事している44歳男性で，主訴は右肘外

側部痛である．現病歴は，6か月前に発症し，前医で

ケナコルト注射を3回行われ，痛みの再発を繰り返す

ため当院紹介受診となった．現症は，右肘可動域は伸

展5度から屈曲140度，外側上顆の圧痛が強く，関節

裂隙の圧痛はなかった．Thomsentest，中指伸展テス

ト共に陽性であった．単純X線は特記すべき所見は

なかった（図1a）．MRIは，前腕伸筋群に信号変化を

認め，Ikeda'sscore2）は，commonextensortendonは3b，
lateralcollateralligamentは3aであった（図1b,c）．以

上より，この上腕骨外側上顆炎の病態を関節内病変と

いうよりは，overuseとケナコルトの多数回注射に起

因する腱の変性そして腱付着部炎が首座と考えた．

手術はNirschl法を行った（図2a）が，その際，肘関

節内も観察し，少量の関節滑膜が存在したため可及的

に切除し十分に関節内洗浄も行った（図2b）．術後は

3週間のシーネ固定とした．術後2か月で本人の意思

に反して仕事復帰せざるを得ず，できる範囲で復職し

たこともあり，術後6か月経過しても右肘痛の訴えは

続いた．術前とは質の違う痛みだという訴えであり，

＊2024年5月3日受付，2024年7月11日受理

a

図1．

a.単純X線正面像．

b.MRIプロトン強調像．総伸筋群と外側側副靱帯の肥厚と信号変化を認める．

c.T2強調像．総伸筋群と外側側副靱帯の肥厚と高信号変化を認める．

b c
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診察上も圧痛は外側上顆ではなく関節裂隙に強かった．

MRIは，Ikeda'sscoreで，commonextensortendonは3b
から1へ，lateralcollateralligamentは3aから1へ改善

したが，術前にはなかった関節内滑膜がヒダ状に増生

していた（図3a,b）．関節内ステロイド注射を行うと，

一時的に除痛が得られ有効であったが再燃した．「右

肘痛のため，仕事ができず辞めてしまった」と右肘外側

痛に対しての訴えが多く心気的で，再手術を強く望ま

れた．橈骨神経管症候群を否定するため，神経伝導試

験を行ったが，橈骨神経の伝導障害はなく，左右差も

認めなかった．初回手術で滑膜の取り残しがあったの

か，術後の仕事の影響で滑膜ヒダが発生したのかは不

明だが，以上の診察所見やMRI所見から初回手術前と

は明らかに病態が変わったと考えられ，2回目の手術

は関節鏡視下に行う方針とした．Mullet分類3）TypeII
の滑膜ヒダが存在し，関節内滑膜も増生していたため，

シェーバーとアブレーションを利用し，後方から後外

側まで徹底的に切除した（図4）．切除滑膜の病理検査

では，腫瘍性病変など特徴的な所見は認めなかった．

術後は，安静目的にシーネ固定2週間とした．痛みは

落ち着いていたが，3か月程で再び右肘外側部痛を訴

えた．MRIでは，外側靭帯と伸筋群の信号変化は改善

し，関節内滑膜は消失しているものの，上腕骨小頭後

外側の骨萎縮を認めた（図5a-c）．身体所見として，肘

関節後外側不安定性はなく，内外反ストレステストも

陰性であった．Thomsentest，中指伸展テスト共に陽性

であったが，圧痛点は外側上顆の決まった一点に強く

訴えた．この訴えが術後1年経過しても変わらなかっ

た．上腕外側皮神経のキシロカインテストは陽性であ

り，プラセボテストは陰性であったことから，除神経

術の適応と考えた．3回目となる手術で，上腕外側皮

神経後枝を末梢に剥離すると，上腕骨外側上顆周囲の

瘢痕性組織の中に埋もれた外側上顆枝の終末が存在し

た．そして，その部位は術前のピンポイントの圧痛点

と一致していた（図6a）．後枝の神経幹内に5%フェ

ノール0.1mlを緩徐注入し 4）（図6b），さらに終末枝を

cleancutし筋層内へ埋没し，手術を終了した．その後，

痛みの訴えは減少し，疼痛VASは最終手術前6.9/10点
が術後2か月で3.0/10点，術後3年で1.0/10点と低下

した．患者立脚型機能評価（DASH）の機能症状スコ

アーでも最終手術前70.2が術後3か月で35.42，術後2
年で2.27と改善した．

図4．2回目の手術

後方鏡視にて，Mullet分類TypeIIの滑膜

ヒダ切除．後方から後外側まで，滑膜を

可及的に切除．

a

図2．

a.1回目手術．変性したECRB腱と周囲組織．

b.病巣切除後

b

a

図3．

a,b:ECRB起始部は炎症が低下し，ほぼ正常に回復．

関節内に滑膜ヒダが存在．

b
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【考 察】

上腕骨外側上顆炎に対する再手術を検討し，その原

因を考察した報告が散見される．後方滑膜ヒダの取り

残し,橈骨頭軟骨損傷，切除部の瘢痕や肥厚によるイ

ンピンジ，滑膜の増生 5），外側側副靭帯損傷 6），うつ病，

心身症 7,8），3回以上のステロイド注射，若年，男性，

病的な肥満，喫煙，炎症性関節炎 9），というように様々

な要因が挙げられている．本症例の原因を考えると，

患者特性として，若年，男性，喫煙が挙げられ，技術

的な問題として術前の3回以上のステロイド注射，1回
目の手術における後方滑膜ヒダの取り残し，2回目の

手術における上腕骨小頭の骨軟骨損傷の惹起が挙げら

れる．また，うつ病とは診断されていないものの仕事

への意欲が低い印象を受け，疾病利得が絡む社会的背

景も要因の一つとして考慮される．上腕骨外側上顆炎

とは病態が多岐に渡るため 10），病変の主座を適確に診

断し，その診断に基づいた治療法を選択することが，

再手術の防止に直結する．その診断ツールとして，本

例においてはMRIが非常に有用であった 11）．神経伝導

試験，キシロカインテストと併せて，治療法選択の指

標になると考えられる．

一方で，除神経術については，手術適応をしっかり

と判断できれば良好な術後成績が得られるとされてい

る．Satakeらは，除神経術にて10例中9例（90%）で

疼痛が改善したと報告し，その適応は，上腕外側皮神

経のキシロカインテストが陽性で，プラセボテストが

陰性であることと述べている 12）．Roseらは，除神経術

を行った30例中24例（80%）で疼痛改善が得られた

が，橈骨神経管症候群は鑑別が必要で追加治療が必要

となると述べた 13）．本症例については，橈骨神経管症

候群を術前に鑑別し，キシロカインテストも陽性であ

り，手術の適応基準に合致したため，症状の寛解が得

られたと考えられる．しかし，最初から除神経を行う

べきであったのか否かについては，その判断は難しい．

a

図5．

a.MRI冠状断像プロトン強調．

b.MRI冠状断像STIR．
c.矢状断像T2強調．

外側靭帯と伸筋群の信号変化は改善し，関節内滑膜は消失しているものの，

上腕骨小頭後外側の骨萎縮を認めている．

b c

a

図6．

a.上腕外側皮神経（太矢印）から後枝（点線矢印）が分岐し，さらに外側上顆枝

（細矢印）が分岐していることが確認できた．術前のピンポイントの圧痛点は外

側上顆枝の遠位部と一致していた（矢頭）．

b.上腕外側皮神経後枝（点線矢印）の神経内に5%フェノールを注入し，化学的に

除神経を行った．矢印の部分が白く変色しているのが確認できる（点線矢印）．

b
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術前の総合的な評価により，本例のように順を追って

治療した上での最終手段として，念頭に置いてもよい

術式であることが示唆された．

本症例の病態の主座がどこに存在したのか，つまり

腱付着部炎，関節内病変，上腕外側皮神経病変のいず

れが原因であったのかを図7に後方視的にまとめた．

初回手術前は，圧痛点が外側上顆にあり関節裂隙には

ないこと，MRIにて伸筋群の信号変化が主であったこ

とより腱付着部炎が病態の主座と考えられた．2回目

手術前は，圧痛点が外側上顆にはなく関節裂隙に存在

していたこと，MRIにて伸筋群の信号変化はほぼなく

関節内滑膜ヒダを認めていたことから関節内病変が主

座であったと考えた．3回目手術前は，上腕骨小頭後

外側の骨萎縮，瘢痕組織による上腕外側皮神経終末枝

の障害が痛みの原因として挙げられる．上腕骨小頭後

外側の骨萎縮は最終的に残存したままであるが，除神

経により痛みとして認識されなくなっている可能性も

ある．以上より，治療者側の心得としては，直視下の

手術の際は上腕外側皮神経終末枝の存在も意識した手

術を，また関節鏡手術の際は骨軟骨に対して愛護的な

操作を心掛けるべきである．

図7．考えられる原因と病態の主座

【結 語】

上腕骨外側上顆炎に対する再手術例を経験した．

手術法選択においては，臨床所見，MRIを含めた画

像所見，ブロックテストなどを駆使し，総合的に判断

する必要がある．

除神経術は，その適応を順守すれば，治療手段とし

て念頭における方法である．

この論文は第36回日本肘関節学会 で発表した．
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編集後記 

 

2024年度（令和 6年度）の水戸医療センター研究業績集をお届けします．当

院の臨床研究部は 2008 年に設置されたので，17 年目の業績集となります．国

立病院機構（NHO；National Hospital Organization）の病院では，臨床研究部

の設置を本部に認めてもらうためには，一定レベルの臨床研究活動実績が必要

です．具体的には論文発表，学会発表，治験，NHO共同研究，製造販売後臨床

試験，製造販売後調査，競争的研究費などが研究業績となります．それぞれの研

究業績には決められたポイントが付与され，それらを合計した研究ポイントで

評価されます．水戸医療センターの 2024年度の研究ポイントは 492.2ポイント

（2023年度 635.9 ポイント，2022年度 692.4ポイント）であり，臨床研究セン

ターや臨床研究部（院内標榜含む）のある NHO130病院中，39位（2023年度

29位，2022年度 26位）でした． 

ポイントの内訳は 1 位，英文論文 209.8 ポイント（2023 年度 198.4 ポイン

ト），2 位，治験新規 130.0 ポイント（2023 年度 185.0 ポイント），3 位，学会

発表 84.0ポイント（2023年度 109.0 ポイント）でした．治験のポイントは NHO

全病院中 17位であり，当院の稼ぎ頭です．また，受託研究実績金額は令和 5年

度に続き，1億円を突破しました． 

発表関連の業績は英文論文 39編，和文論文 13編，国際学会発表 3件，国内

学会発表 78件でした．当院職員が筆頭著者の英文原著論文は 3編（羽鳥貴士医

師，沼田岳士医師，樋口遥水医師），英文症例報告 3編（小川健医師，小泉智三

医師，渡邊達也医師），英文論説 1編（吉田近思医師）でした．当院職員が筆頭

著者の和文原著論文は 2編（小川健医師，森田純一郎医師），和文症例報告 3編

（大山和生医師，高橋佳子医師，小川健医師），和文総説 1編（小川健医師），著

書 1編（堤育代医師）でした．呼吸器内科，整形外科，救急科，血液内科，循環

器内科，泌尿器科の医師たちです． 

令和 6 年度は看護研究推進のため，看護研究用の研究計画書ガイダンスを作

成しました．これからも職員の研究活動が円滑に進むよう，臨床研究部の活動を

継続します． 

 

臨床研究部長 福永 潔 
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