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#£36.5m (33.8cm ~ 44.5cm), {&Af7 #£33.2cm
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IZFE1E T D o F DB BRI LR TR EED ST 3
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RERED67 % (4/661) 12380 5, DEHbEKIE,
Wk AE, EFEER, HEEELIRE, SEEERE
R, SEREHTH o k. ARG EE O & BFE 1
56% (5/9%1) 1IZiBd S, Z DWNFRIEH-—FHT
R, OEPRERE, DERRERE, RIREITE
MAEAE, (FRREE, HECch - 7z, R AWM
TUE, KRR IR AR 2 FEAE L 72 E B191C
PROCHE B F~T v EAMEDWINY 7+, 5
RVEHEE 2 & 0F L 725 61 1312 GIB2IEIS FE A~
TREAEOWHBNY 7 v, EFILI
22qll.2RI%m RO 1. FHAERTIE, REROD
FEIEREET % (4/661), KAL#E56% (5/94)
Thot, NEBEIZEALT7% (1/661), (K67
#E11% (1/9%1) <, Hifln/ MG - RAIRE
EHRHIEIETH > 7. TORCHIESEA 7 ) —
v 73 aeplEn T, B RA RIS 1, SR
EEMERCIBITH - 72, RHAADIHE X SMRET
IHERRIE DS 1, ERATBECIR AR TA A, S
= ZRE, EIE, WATENnZzngnlfd
DT, SRETALADRE I VT alig e v
NeXEYZRHRL Twk,

RIT, FHERERDE O SR & ARS8 T 5
AR Z DA PEIC D W TS L 72, AiRat okt
K13, VFHMRIERBROIEHI16 L 17, etk
W WD TREWI15% B\ 72 TAGEWT (S hr E6pl,
A7 RESHI) & L7 (Table 2), * 7V I BT
W AIEFID86% (12/1441), Efi#E100% (6/6
%), {EAZRE75% (6/861), ZKUEIE 1% 4hE ]
79% (11/1441), EHEEL00% (6/661), fEAZRE
63% (5/8f), WP KRIAILARER DA3% (6/14
#il), m=bi#E83% (5/661), MRAI#F13% (1/8%1),
BREZENE (X 2IEH D57 % (8/1441), EirkE
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Table 1. HHEREIRRBAEGI DI ERIBRKRFTR L BFER

A S R Y B BEART 5
; — HAERE HAEIRE 1R . R
20 HRE 5 %M& 9 RS R GfbE b R g (u() SO B R TR e g b vk
=110 cm g cm N
1 @i The 4 37MAH 475 2644 372 AREEALZT NA. A 36 ME - N BM - - - -
2 Th7 5 37E5H 490 2028 396 - NA. AfE 28 AR - WK B - - - -
Th7 5 383 420 3114 445 - NA. AAE 20 AR - W Bt - - - -
LE A, .
4 Th9 % 36:H3H 430 2504 355 Ai'ErFEfy, fiEM NA. AAfE 37 RE - Hp B - - - -
R
T S BNIPEITTO , .
5 T2 U 34N 423 24 B T MWL N4 AAE 3T W - W Rt -+ - -
B TH
6 LI % S7THGH 465 2850 358  WIMEERTREME NA. TE 30 R NN W B - - WRwm -
ET
7 kA L3 & 39H0H 455 2642 350 - NA. AR 29 WIEE hCG Mm BEE - - - -
e iy VPA,
8 L4 % 30M 10 510 2880 300 ' BHEDE NA. AE 20w - W ome - - R iz
PROC
9 L4 % STEBH 460 2190 332 RMMENASE cTBC-Tp  kAE 38 M - W KM NA NA - -
10 L4 4 3903H 473 3108 333 - NA. AAE 30 KR - W BBPE NA NA. - -
1 L4 & 3SEIA 475 3200 325 - NA. AAE 24 RE - W B+ - - -
12 L5 9 37#H3H 470 3028 358 A A5 R RG N.A. A 32 #EE - Hilg B - - - -
GJB2 o
13 L5 % S72H 520 3532 335 AVEKILME  c23sddCpLioh A 34 st - W B NA NA g7 NA
/c.109G>A;p.V3T1 e
14 L5 & 36HIN 440 2178 31 - NA. Af 34 R - W B - - B oo.ov
15 S1 & 37HIH 440 1780 300  LEHBEKIE 22q11.28% AfE 31 wE - HE Btk NA NA RTE -
. Dandy — Walker A P R
16 oM NA. Kk I 465 3350 475 sndrome. Wil NA. (i 8 e - o - - glEE -
17 NA. % 37H2H 35 2216 315 jmencephaly oy BE s g R wp me - - msrs U7

Th: Thoracic spine, L: Lumber spine, S: Sacrum Spine, IVF-ET: in vitro fertilization-embryo transfer, HCG: Human chorionic gonadotropin, TORCH:
Toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus, VPA: Valproic acid, CBZ: Carbamazepine, CLB: Clobazam, N.A.: Not Applicable, —: 7

Table 2. #4EREIMRIFRR & SHIEIR

HE RO, ARREREREEC X 5 & DHED T 6 & 1
THHIMRT FHMRT #FHIMRI SORE  mwteieomums FHILIRR R O IR
il g S RIL woun ke mer LBBL vee oo ammn o AW s o T e IREE KIS ey g
ol e : I % U fBysiE fE)) ADHD RIS KESE I [ \
2 ol M Wy Fot K . Gl s BIE E) BRI AR AL e B R TR
LomfE The  + ge) t // gy SR EEEE o+ - REEE - o+ -+ gny o+ 4
2 THT 4 gy T /YTy SROEET o+ - R+ - s o gy v -
3 Th7  + (057 gt /- (2+1> 37 NA.  NA NA. K - NA - - - - -
+ + . Wil +
1 ThO o+ gggs) t /7T g OROHERIT o+ - Ry -t T g T T
+ + RS _ _ _ + -~
5 Thi2  +  geen) T /T o 12EOCERT v o g o)t
+ + : bl +
6 LL = oy * /= gy R HRET - gy — b gy -
7 Efr L3 + (0'5’5 YA (2+2> oM MH NA. NA. R - NA - - - - -
+ il S L
8 Mot ey T /7T T I0RERT e gy
+ + ; L]
9 W = 519 - /0 ap BROER - - ey Y C Y g *
_ - . bei] _ _ _ _
10 L+ o3y - T/ - TROHE - ey C 0 T T
11 L4 + (0.3_54> - +/+/+ - 4% EA - + Kk - - - 4+ - - -
+ + . bt
12 L5+ s28) ~ /70 ap 8ROE 4 ey - - - © 0 — 0 —
13 L5 + dzy — - 4 BB+ o+ RE%® - - -+ ghy -
14 L - oms - /- - 3 mw - - AEE - - - - - - -

Th: Thoracic spine, L: Lumber spine, S: Sacrum Spine, FOHR: Frontal occipital horn ratio, VP % > I: Ventriculo — peritoneal ¥ ¥ ~ I, ADHD: attention deficit
hyperactivity disorder, N.A: Not Applicable, —: 72 L



FrEREERE OMRIPT L & fiHERE 112 o B 9

67% (4/6%1), (RAEES0% (4/8%1) (2 &bk % i
AL 7o, KUEAE RT3 2 IS G e N AR AT (VP
v v b)) IREMEEL00% (6/661), {RAZEE60%
(3/5H1) THEINTEY, EFIS8 L 13IFHAR
V2K HEAE DAL 237 S VP % o~ Ml IZ R FE T
Ho7-.

THOEBIFEE oW, ST % SR T AE
72 A LD 135S (FAL#EsHI, (RA7RE8HI) <
BEY U7z, i HR1-100% (5/561), f&fz
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FFREZTE A OEERIS0% (2/461) « FEAOHIIT5 %
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A % A0S BIERIC % 025 72,

PEPR B2 D> W TR TAER TR L 72, K&
i, BEMERE S, SRR, PRESEGSER &0
FEIR % 3R 7B 2 A2 HES83 % (5/6H1), fERALHRE
38% (3/8f) TH b, MIRIVERIZENHAEE3%
(5/641), fEAfE25% (2/861) THMEINTED,
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Abstract

Objective: Sepsis has a high disease burden. The response to sepsis in primary care is associated with its
prognosis. This study aimed to clarify the awareness and impact of former Japanese guideline for sepsis
and septic shock recommendations on practice among primary care physicians.

Methods: We conducted a survey that analyzed awareness and impact of guideline recommendations,
such as quick sequential organ failure assessment (QSOFA), antibiotic administration, and blood culture.
We mailed questionnaire to 2,120 physicians affiliated with Oita Prefectural Medical Association. Multi-
variable regression analysis was used to examine the association between survey responses and physician
characteristics.

Results: We obtained responses from 795 physicians, 455 working at clinics, 288 at hospitals, and 52 at
nursing homes. 20% of physicians were aware that gSOFA is recommended by the guidelines. 5.4% and
3.9% of respondents reported increased use of gSOFA and change in infectious disease practice. 52% of
respondents recognized recommendation of early antibiotic administration for sepsis. Although 86.4% of
respondents recognized the recommendation for blood cultures prior to antibiotic administration, 37.2%
of respondents perform blood cultures in their practice. A multivariable regression analysis revealed that
being a clinic physician and more than 40 years since graduation could be associated with a lack of
awareness of recommendations.

Conclusion: The degree of awareness and clinical impact of the guideline recommendations were insuf-
ficient in primary care physicians. Educational programs for clinicians, especially working at clinic and
who have been out of graduation for a long time may improve the implementation of the guideline rec-
ommendation for sepsis and septic shock.
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Introduction

Sepsis is a clinical syndrome of physiologic, patholog-
ic, and biochemical abnormalities induced by a dysreg-
ulated host response to infection. The disease burden of
sepsis is substantial, and its mortality is high (1). Pa-
tients with sepsis may contact primary care services
before visiting the hospital (2). For the survival of sep-
tic patients, it is crucial to appropriately assess and re-
spond to them in primary care settings, as well as
promptly refer them to appropriate care (3). A previous
study showed that 48.3% of sepsis patients admitted to
ICU had previously contacted primary care services,
and in-hospital mortality was higher among patients
whose primary care physician did not suspect infection
(4). Primary care physicians recognized sepsis in only
31.6% of sepsis patients referred to the hospital, and
the time to administer antibiotics was twice as long for
patients whose primary care physicians did not refer
them as sepsis (5). With each hour of delay in initial
antibiotic administration, the prognosis of sepsis wors-
ens (6), while early infectious disease consultation,
coupled with the prompt administration of antibiotics,
improves the prognosis (7). Therefore, timely recogni-
tion and response of sepsis in the primary care setting
are crucial to improve sepsis prognosis.

The former Japanese Clinical Practice Guidelines
for Management of Sepsis and Septic Shock (J-SS-
CG2016) provide recommendations aimed at enhanc-
ing sepsis prognosis (8). The guideline recommends
use of quick Sequential Organ Failure Assessment
(qSOFA) as a screening tool for the prompt treatment
of sepsis (8, 9). Blood cultures before antibiotics re-
duce mortality of sepsis (10). Delayed administration
of antibiotics is also associated with increased sepsis
mortality (11). The guideline also recommends initiat-
ing antibiotic treatment for sepsis within one hour of
diagnosis and after obtaining blood cultures (8). Of
these recommendations, the utilization of qSOFA and
the early initiation of antibiotics following blood cul-

ture are important for improving sepsis prognosis. The

dissemination of these recommendations is necessary
to improve sepsis prognosis (1).

Lifelong learning is important for primary care
physicians because they deal with a wide range of
health problems. The previous survey showed that the
J-SSCG 2016 was used in 86% of emergency intensive
care staff in Japan (12). However, there is little known
about the awareness of the J-SSCG recommendations
among primary care physicians in Japan. It has been
reported that physicians' knowledge declines with the
passage of years since graduation (13, 14). The differ-
ence in the recognition of sepsis guidelines among pri-
mary care physicians according to the number of years
since graduation is unclear. The latest revision of the
J-SSCG was released in 2020 (15). For the dissemina-
tion of the latest guidelines to primary care physicians
and the improvement of the quality of sepsis practice,
it may be useful to analyze the dissemination of J-SS-
CG 2016 to primary care physicians and factors related
to it.

We conducted this study to clarify the awareness
and impact of J-SSCG 2016 recommendations after
one year and three months of publication among physi-
cians including primary care physician. In addition, we
explored an association with factors including institu-

tional size, specialty, and postgraduate years.

Methods

We conducted a survey by mailing to 2,120 physicians
who are members of the Oita Prefectural Medical As-
sociation. The questionnaire was sent out in March
2018, one year and three months after the publication
of the J-SSCG 2016, and retrieved with a 2-week
deadline. The content of the questionnaires was based
on the J-SSCG 2016 guidelines. The questionnaires in-
cluded inquiries about the awareness of recommended
J-SSCG 2016 content, such as the use of gSOFA for
the sepsis screening, blood culture before administra-
tion of antibiotics, administration of antibiotics within

1 hour, change in frequency of use of gSOFA, impact
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of gSOFA on treatment for infectious diseases, current
practice of blood culture in sepsis treatment (Table 1).
The questionnaires included following demographic
information: years since graduation, place of work, and
self-reported specialty. We defined awareness of rec-
ommendations of J-SSCG 2016 as a positive response
to the corresponding question. The scale of working

place was classified as follows: clinic (with or without

Table 1. Questionnaire

beds), hospital (hospital with < 199 beds, > 200 beds,
and advanced treatment hospital), and nursing home
(chronic care hospital). Replies that were missing or
duplicated the following items were excluded from the
analysis: awareness of each recommended content of
the J-SSCG 2016, working place, main specialty, and

years since graduation.

1. Do you know that the guideline recommends the use of gSSOFA?

Yes to Q2, No to Q5

2. Has the frequency of use of SOFA in infectious diseases increased following the recommendation in the sepsis

guideline?

3. Has the qSOFA recommendation changed your infection practice?

Yes to Q4, No to Q5

4. How has your infectious practice changed? Please choose from the following options.

A: Patients with suspected sepsis has increased.
B: Blood culture has increased

C: Sepsis patients to be introduced to higher-level medical institutions has increased
D: More patients were able to be treated at our own institution after denying sepsis.

E: other

5. Do you know that antibiotics within one hour after the diagnosis of sepsis are recommended?
6. Do you know that blood culture collection is recommended before administering antibiotics to patients with

sepsis?

7. If you suspect sepsis or have a diagnosis of sepsis, do you perform blood cultures at your facility?

A: Always do two sets

B: Always do, but not always two sets
C: Sometimes

D: No

8. Please tell us about the blood culture collection system at your facility.

A: We always have a bottle of blood culture

B: We do not always have a bottle of blood culture

9. How many years have passed since you graduated from medical school?
10. Please choose the main specialty in the present facility from the following choices.

A: General physician (GP)/General internist (GI)

B: Special internist/Internists with subspecialty (e.g. cardiology, gastroenterology)

C: General surgeon

D: Special surgeon (e.g. Otolaryngology, Urology)

E: Intensive care physician (Emergency or intensive care department)

F: Others

11. Please choose the scale of the present facility from the following choices.

A: clinic without beds

B: clinic with beds

C: hospital <199 beds

D: hospital 7200 beds

E: advanced treatment hospital
F: chronic care hospital

G: others
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Continuous variables were presented as mean and
standard deviation. Categorical variables were present-
ed as numbers and percentages, and analyzed using the
chi-square test or Fisher's exact test. We conducted lo-
gistic regression analysis to investigate the association
between the scale of facility and awareness of each
recommended content of J-SSCG2016 (use of gSOFA
for the screening of sepsis, blood culture before admin-
istration of an antibacterial drug, administration of an-
tibiotics within 1 hour). We defined the main specialty
and years since graduation as potential cofounders.
The main specialty was included as categorical vari-
ables, with general physicians and general internist as
the reference category. Years after graduation were di-
vided into 3 categories: <19, 20-39, and >40. Hospital
was used as the reference category for place of work.
All tests were two-sided. The p-values were corrected
using Holm’s method for multiple testing. We consid-
ered the p-value of < 0.05 to be significant. Holm's
methods were performed by R software (R Foundation
for Statistical Computing, Vienna, Austria.). Other sta-
tistics were performed by EZR software (Saitama
Medical Center, Jichi Medical University, Saitama, Ja-
pan).

The study was conducted according to the Decla-
ration of Helsinki. The protocol was approved by the
institutional (Oita University Faculty of Medicine) re-
view board (ethics approval number: 1467). We con-
sidered the response to the survey as consent to this

study.

Results

Out of 2,120 questionnaires, we received 899 respons-
es, resulting in a response rate of 42.4%. After exclud-
ing 105 responses due to missing items, we analyzed
795 valid answers, which accounted for 37.5% of the
total questionnaires. The characteristics of valid re-
spondents were shown in Table 2. Among the respon-
dents, 455 (57.2%) worked in clinics, 288 (36.2%)

worked in hospitals, and 52 (6.5%) worked in nursing

homes. The median value (range) of the years since
graduation was 30 years (20-43). Clinic physicians had
a longer median experience of 32 years (range: 26-40)
compared to hospital physicians with a median of 28
years (range: 20-40) (p < 0.01). General physicians
(GPs) and general internists (Gls) constituted the larg-
est proportion at 32.1%, followed by special surgeon at
19.1%, and special internist at 16.9%. The proportion
of doctors specializing in intensive care was 1.4%.

The results of the questionnaire were shown in Ta-
ble 3. The percentages of physicians who answered yes
to questions about awareness of the recommendations
for qSOFA, increased use of qSOFA, and change of
infection practice by qSOFA were 20.0%, 5.4%, and
3.9%, respectively. Fewer than 10 physicians "yes" to
each question regarding the impact of gSOFA on their
practice. The recognition rate of the recommendation
of early antibiotics administration was 51.9%. Al-
though 86.4% physicians recognized the recommenda-
tion of blood cultures, 37.2% always performed blood
cultures in their practice for patients with suspected
sepsis.

Associations between respondents' characteristics
and their awareness of gSOFA recommendation were
shown in Table 4. The group with 40 years or more
since graduation had a lower recognition of gSOFA
recommendation compared to the group with 19 years
or less (odd ratio [OR], 0.24; 95% confidence interval
[CI], 0.12-0.50). The qSOFA awareness was signifi-
cantly higher among hospital physicians than clinic
physicians (36.5% and 10.3%; p<0.001) and nursing
home physicians (13.5%; p=0.015). Table 5 displayed
associations between respondents' characteristics and
their awareness of early antibiotics administration.
Hospital physicians were had a higher recognition of
antibiotics recommendation than clinic physicians
(60.1% and 45.9%; p<0.001). General surgeons and
special surgeons demonstrated less awareness of anti-
biotics recommendation compared to the GP/GI group.

As shown in Table 6, the group with more than 40
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Table 2. Characteristics of valid respondents.

Variables, n Clinic Hospital ~ Nursing home Total
Number of valid respondents 455 288 52 795
Years after graduation
Median (range) 32(26-40) 28(20-40) 33(25-43) 30(20-43)
<5 0 8 0 8
5-9 2 6 2 10
10-19 38 50 4 92
20-29 120 88 14 222
30-39 169 97 14 280
>40 126 39 18 183
Specialty
General physician (GP) or General internist (GI) 185 54 16 255
Special internist 59 68 7 134
General surgeon 6 45 6 57
Special surgeon 83 68 1 152
Intensive care physician 0 11 0 11
Others 122 42 22 186
Table 3. Results of the questionnaire
Variables n=795 %
QI1. Awareness of qSOFA recommendation 159 20.0
Q2. Increased use of qSOFA 43 54
Q3. Change of Infection practice by gSOFA 31 3.9
Q4-A. Increase in suspected sepsis patients 9 1.1
B. Increased blood culture 4 0.5
C. Increased referral of suspected sepsis patients 3 0.4
D. Increased sepsis patients treated in the institutions 2 0.3
Q5. Awareness of antibiotics use within 1hr after the diagnosis of sepsis 413 51.9
Q6. Awareness of blood culture before administrating antibiotics 687 86.4
Q7. Blood cultures are always performed in the facility 296 37.2
Q8. Blood culture bottles are always available in the facility 354 44.5

Table 4. Associations between respondents' characteristics and their awareness of gSOFA recommendations

Positive % Total Odds ratio 95% CI  p value

N 159 20.0 795
Years after graduation

<19 37 33.6 110 Reference

20-39 107 21.3 502 0.62  0.37-1.02 0.06

>40 15 8.2 183 024  0.12-0.50  <0.001
Working place

Hospital 105 36.5 288 Reference

Clinic 47 10.3 455 023  0.15-0.36  <0.001

Nursing home 7 13.5 52 0.34  0.14-0.81 0.015
Specialty

General physician (GP) or General internist (GI) 58 22.7 255 Reference

Special internist 36 26.9 134 0.64  0.37-1.10 0.11

General surgeon 21 36.8 57 0.80  0.40-1.60 0.53

Special surgeon 20 13.2 152 0.28  0.15-0.51 <0.001

Intensive care physicians 10 90.9 11 9.09 1.11-74.70 0.040

Others 14 7.5 186 023  0.12-043  <0.001
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Table 5. Associations between respondents' characteristics and their awareness of early antibiotics administration

Positive % Total Odds ratio 95% CI  pvalue

N 413 51.9 795
Years after graduation

<19 64 58.2 110 Reference

20-39 259 51.6 502 0.84  0.54-1.30 0.43

>40 90 49.2 183 0.80  0.48-1.32 0.38
Working place

Hospital 173 60.1 288 Reference

Clinic 209 459 455 0.54 0.39-0.76  <0.001

Nursing home 31 59.6 52 1.00  0.53-1.87 0.99
Specialty

General Physician (GP) or General Internist (GI) 153 60.0 255 Reference

Special internist 78 58.2 134 0.76  0.49-1.19 0.23

General surgeon 31 54.4 57 0.53  0.29-0.99 0.046

Special surgeon 63 41.4 152 041  0.27-0.63 <0.001

Intensive care physicians 9 81.8 11 1.82  0.38-8.81 0.46

Others 79 42.5 186 046  0.31-0.68  <0.001

Table 6. Associations between respondents' characteristics and their awareness of blood culture recommendation

Positive % Total Odds ratio 95% CI  pvalue

N 687 86.4 795
Years after graduation

<19 103 93.6 110 Reference

20-39 445 88.6 502 0.65 0.28-1.49 0.31

>40 139 76.0 183 0.28  0.12-0.66 0.004
Working place

Hospital 270 93.8 288 Reference

Clinic 369 81.1 455 0.25 0.14-047  <0.001

Nursing home 48 923 52 0.97  0.30-3.14 0.95
Specialty

General Physician (GP) or General Internist (GI) 231 90.6 255 Reference

Special internist 125 93.3 134 0.88  0.39-2.02 0.77

General surgeon 48 84.2 57 0.21  0.08-0.53 0.001

Special surgeon 126 82.9 152 0.34  0.18-0.64  <0.001

Intensive care physicians 10 90.9 11 0.23  0.03-2.00 0.18

Others 147 79.0 186 034 0.19-0.60  <0.001
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years since graduation had a lower awareness of the
recommendation for blood culture compared to the
group with 19 years or less since graduation (OR, 0.28;
95% CI, 0.12-0.66). Hospital physicians showed a
higher awareness of blood culture recommendation
compared to clinic physicians (93.8% and 81.8%;
p<0.001). General surgeons and special surgeons ex-
hibited less awareness of blood culture recommenda-
tion compared to GP/GI group.

The logistic regression analysis revealed that being
a clinic doctor was an independent factor associated
with non-recognition of each recommendation even
after adjusting for main specialty and years since grad-
uation (qSOFA: OR,0.25; 95%CI, 0.16-0.39; early an-
tibiotics: OR, 0.55; 95% CI, 0.39-0.77; blood culture:
OR, 0.26; 95% CI, 0.14-0.48). In terms of gSOFA and
blood culture, the group with more than 40 years since
graduation exhibited lower awareness of the recom-
mendation compared to the group with 19 years or less
since graduation (qSOFA: OR, 0.24; 95% CI, 0.12-
0.50; blood culture: OR, 0.28; 95% CI, 0.12-0.66).

Discussion
This study revealed that awareness of guideline recom-
mendation for gSOFA was lower compared to blood
cultures and early administration of antibiotics one
year and three months after the publication of the
guideline. While there was a high level of awareness
regarding the recommendation for blood cultures, less
than half of physicians reported actually blood cultures
in sepsis. Being a clinic doctor was associated with a
lack of awareness of recommendations for early recog-
nition and treatment for sepsis. Furthermore, physi-
cians with more than 40 years since graduation exhib-
ited lower awareness of the recommendations for
qSOFA and blood culture compared to those with 19
years or less.

The awareness of qSOFA was low and the clinical
impact of gSOFA on infectious disease practice had

not yet reached primary care physicians after one year

and three months of guideline publication in this study.
In non-intensive care unit settings, the use of qSOFA is
recommended to investigate the possibility of sepsis in
patients with suspected infections (8, 9). The qSOFA is
convenient tool that does not require blood test and ac-
curately predicts sepsis prognoses compared to con-
ventional indicators (16). Therefore, it is essential for
primary care physicians to understand and utilize gSO-
FA. Efforts should be made to improve dissemination
of gSOFA for early detection of sepsis in primary care
settings.

In our study, physicians with more than 40 years
of post-graduate experience showed poor recognition
of the recommendations for gSSOFA and blood culture.
Dissemination plays an important role in the imple-
mentation of the guidelines (17). Previous studies have
shown that physicians' knowledge tend to decline over
time (13, 14), and that increasing physician age has
been associated with lower guideline awareness (18).
Given that primary care physicians dealing with a wide
range of health problems, it is crucial for them to con-
tinuously update their medical knowledge across vari-
ous areas. Sepsis bundle including educational pro-
grams may improve sepsis outcomes (19). To
disseminate the current sepsis guidelines (J-SSCG
2020) (15), it may be necessary to develop educational
programs targeting primary care physicians of different
generations.

There are several limitations in this study. Firstly,
only 42.4% of the target population responded, which
introduces a potential response bias. In addition, the
social-desirability bias may make the answer better
than it really is. Secondly, the study did not investigate
the effects of uncoordinated or unmeasured confound-
ers, such as variations in the emergency treatment sys-
tem and the number of sepsis patients in the work-
place. Thirdly, since the survey targeted the member of
the Oita Prefectural Medical Association, it omits
many hospital physicians, especially young doctors

working in large hospitals are omitted. However, this
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study might be valuable in highlighting the need for
improved dissemination of sepsis guideline recom-
mendations to primary care physicians.

In conclusion, this study showed that even one
year and three months after the publication of the
guidelines for sepsis and septic shock, the recommen-
dations of the guidelines were not well disseminated to
physicians affiliated with the Oita Medical Associa-
tion, including primary care physicians. Educational
opportunities might be needed to educate primary care
physicians about sepsis guidelines, including those
who work in clinics and those who have been out of

graduation for a long time.
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Application of a cleavage PCR method for concurrent
quantification of HHV-6A and HHV-6B.

Rie Kawano™*, Masao Ogata®, Kuniko Takano®, Syuhei Honda"

a. Department of Hematology, Oita University Hospital, 1-1-1 Idaigaoka,
Hasama-machi, Yufu, Oita 879-5593, Japan.

b. Department of Medical Oncology & Hematology, Oita University Faculty
of Medicine, 1-1-1 Idaigaoka, Hasama-machi, Yufu, Oita 879-5593, Japan.

Human herpes virus 6 (HHV-6) is a causative agent of exanthema subitum and latently infects ganglions

or/and salivary glands. Reactivated HHV-6 occasionally causes severe encephalitis after hematopoietic

stem cell transplantation (HSCT). Shortly after isolating HHV-6 in 1986, HHV-6A and 6B were identi-

fied. In 2012, the International Committee on Taxonomy of Viruses classified these as distinct viruses.

We have been monitoring HHV-6 viral load in plasma after HSCT using a real-time PCR method, but

this PCR measurement cannot differentiate between HHV-6A and 6B without additional DNA sequenc-

ing. For patients with a low copy number of HHV-6 DNA, it is sometimes difficult to distinguish be-
tween HHV-6A and HHV-6B by DNA sequencing because of the small amounts of extracted DNA.

Here, we developed a method to distinguish between HHV-6A and 6B by using the cycleave PCR meth-

od. A combination of probes and primers was developed that is capable of differentiating the two viruses,

even in cases with a low copy number of HHV-6 DNA.

e A simple and low-cost method to determine HHV-6A and HHV-6B without DNA sequencing.
eThe HHV-6A genome hybridizes with the HHV-6A probe, but not the HHV-6B probe, and vice versa.

e Applicable for clinical practice.

Keywords

Human herpes virus 6A (HHV-6A), Human herpes
virus 6B (HHV-6B), Cycleave PCR, hematopoietic
stem cell transplantation (HSCT), single nucleotide

polymorphism (SNP)

Method details
Background
Human herpes virus 6 (HHV-6) is classified as a

member of the Roseolovirus genus in the Betaherpes-

e-mail : riekawa@oita-u.ac.jp

viridae subfamily of human herpesviruses. The envel-
oped virion contains about 160 kb of linear dou-
ble-stranded DNA [1]. HHV-6 is the causative virus of
exanthema subitum. After primary infection, HHV-6
establishes latency in salivary glands, brain tissue, and
bone marrow [2]. Under conditions of immunosup-
pression, HHV-6 can reactivate from latency. The re-
activated HHV-6 can cause severe encephalitis after
hematopoietic stem cell transplantation (HSCT), and
this is sometimes fatal [3]. HHV-6 has been known for

over 20 years to have variants A and B with 90% ho-
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mology. However, HHV-6A and HHV-6 B exhibit dif-
ferent epidemiological and biological characteristics
and disease associations. In 2012, the International
Committee on Taxonomy of Viruses classified HHV-
6A and HHV-6B as two closely related but distinct vi-
ruses [4]. In our analyses, all cases of HHV-6 encepha-

litis were caused by HHV-6B.

Our group has been monitoring the HHV-6 viral
load in plasma after HSCT using the real-time PCR
method (TagMan probe method, ABI). Our studies
have shown that high levels of plasma HHV-6 DNA
are associated with higher risk of HHV-6 encephalitis
[6]. Umbilical cord blood transplantation is associated
with a significant risk of HHV-6 reactivation and

HHV-6 encephalitis.

HHV-6A and HHV-6B may be differentiated by a
single nucleotide polymorphism (SNP) in region U67,
which is one of the core genes of the HHV-6 genome
(NCBI sequence ID: gb|AF157706.1; the SNP site is at
10120 bp: HHV-6A, A; HHV-6B, G), but it was im-
possible to distinguish between HHV-6A and 6B by
the previous PCR methods without additional DNA
sequencing [7]. In the cycleave PCR method, the tem-
plate is amplified with a pair of primers and a chimeric
DNA-RNA-DNA probe [8]. When the RNA site of the
probe hybridizes to the complementary target DNA,
RNase H cuts the probe, resulting in marked fluores-
cence. By measuring the intensity of the emitted fluo-
rescence, the amount of amplified product can be mea-
sured [8, 9]. Here, we developed a rapid method which
distinguishes between HHV-6A and HHV-6B using
the cycleave PCR assay based on one SNP in the U67
region of the HHV-6A/6B genome.

Method details

Materials

¢ 10 pM forward primer for HHV-6 U67 (Table 1)
©10 puM reverse primer for HHV-6 U67 (Table 1)

o5 uM DNA-RNA chimeric probe for type A or B
HHV-6 U67 (Table 1)

eSynthetic DNA for type A or B HHV-6 U67 (Table 1)

e(Cycleave PCR reaction mix (Takara Bio)

ePlasma samples from patients after allogenic HSCT

©().22-pum filters (Millipore)

eQIAamp DNA Blood Mini kit (Qiagen)

o StepOnePlus™ real-time PCR system (Thermo Fisher)

Preparation of diluted synthetic DNA for standard
curve

Synthetic DNA for HHV-6A or 6B was diluted to
10%, 10°, 10, 10°, 10°, 10, and 1 copies/ul.

Preparation of the plasma DNA of patients after al-
logenic HSCT

Plasma samples from two patients were filtered us-
ing 0.22-um filters. After filtration, 100 ul of DNA
were extracted from 200 pl of the plasma using the

QIAamp DNA Blood Mini kit.

Real-time PCR assays

Each reaction solution was prepared as follows: 10
ul 10x cycleave reaction mix; 0.4 pl 10 uM forward
primer; 0.4 pl 10 uM reverse primer; 0.4 ul ROX ref-
erence dye; 0.8 pul 5 uM each cycleave probe; 5 pl
sample; and 2 pl H,0. Real-time PCR assay was per-
formed using the StepOnePlusp real-time PCR system.
PCR cycles were: Step 1: 95°C, 20 s, 1 cycle; Step 2:
95 °C 5s,55°C 10s, 72 °C 20 s, 45 cycles; Step 3:
maintain at 25 °C (see graphical abstract). The Ct val-
ue, calibration curve or average viral load were calcu-
lated automatically by the StepOnePlus™ real-time

PCR system.

Additional information

To identify the easiest method for the discrimination
of HHV-6A from HHV-6B, we first performed cy-
cleave PCR assays using synthetic DNA of the U67
region of HHV-6A and 6B (Figure 1). In Figure 1A,
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we used the DNA and a probe of HHV-6A to generate

the calibration curve, and used known concentrations

of HHV-6A and -6B DNA as specimens. The DNA of

HHV-6A was measurable in the range of 5 copies/ml

to 5x10° copies/ml. In Figure 1B, we used the DNA

and probe of HHV-6B to generate the calibration

curve, and used known concentrations of HHV-6A and

-6B DNA as specimens. The DNA of HHV-6B was

measurable in the range of 5 copies/ml to 5x10° cop-

ies/ml, and HHV-6A was not detected at all.

Next, using the cycleave method, we calculated the

HHV-6 copy numbers in the samples from HSCT pa-

tients, which were shown to be HHV-6-positive by the
previous real-time PCR method [7] (Table 2). After the

previous measurement, the samples were freeze-

thawed two or three times. In case 1, the copy numbers

of HHV-6A and 6B were measured as <5 and 1.3x10*

copies/ml, respectively. By the previous method, the

Figure 1
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copy number was determined to be 1.9x10" copies/ml
and HHV-6B was identified by DNA sequencing. In
case 2, the copy numbers of HHV-6A and 6B were
measured as <5 and 1.2x10copies/ml, respectively. By
the previous method, the copy number was determined
to be 9.3x10°copies/ml and HHV-6B was identified by

sequencing.

Thus, this cycleave PCR method has the possibility
to more easily determine the type of HHV-6 without

sequencing.
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Table 1. Primer and probe sequences for HHV-6A and 6B.

Virus type Name of synthetic DNA Primer or probe sequence Length
Primer F (U67) 5'-cgctaggttgaggatgatcga-3’ 21 bp

HHV-6A Primer R (U67) 5'-caaagccaaattatccagagcg-3' 22 bp
Probe (Type A) 5'-(Eclipse )gtgtg(A)cgt(FAM)-3' 9 bp

Primer F (U67) 5'-cgctaggttgaggatgatcga-3' 21 bp

HHV-6B Primer R (U67) 5'-caaagccaaattatccagagcg-3' 22 bp
Probe (Type B) 5'-(Eclipse )gacg(G)cac(FAM)-3' 9 bp

(base): RNA site
(Eclipse): Quencher
(FAM): Fluorescent dye

NCBI AF 157706.1 Human herpes virus 6B strain Z29

Primer F (U67)

103908-CGCTAGGTTGAGGATGATCGAAACGCCTACACAGAATTTTATGTTTGTGACGAGCGTTATTC
103908-GCGATCCAACTCCTACTAGCTTTGCGGATGTGTCTTAAAATACAAACACTGCTCGCAATAAG

Probe Type A (A)
GTGTG((A)CGT

CTTCGGGTGTG(C)CGTCTGGTGAAAAAAAAACAAAGTTAAATATCGATGCCGCTCTGGATAATTTGGCTTTG-104040
GAAGCCCACAC(G)GCAGACCACTTTTTTTTTGTTTCAATTTATAGCTACGGCGAGACCTATTAAACCGAAAC-104040
Primer R (U67)

CAC(G)GCAG
Probe Type B (G)

Table 2. Measurements of HHV-6 virus load in the two infected cases.

Cycleave PCR

Heretofore real-time PCR

Case 1 Type B
Type A
Case 2 Type B

Type A

1.3x104 copies /ml

<5 copies /ml

1.2x10% copies /ml

<5 copies /ml

1.9x10* copies /ml

9.3x10° copies /ml
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Figure Legend

Fig. 1. (A) Cycleave PCR for HHV-6A.

Left figure: The wells of rows A and B in a 96-well
plate contained HHV-6A synthetic DNA to generate a
standard curve. The wells in row C were negative con-
trols without DNA. The wells in rows D and E con-
tained samples of known concentrations of HHV-6A
and HHV-6B DNA, respectively.

Right figure: HHV-6A samples (blue dots) in the range
of 5-5x10° copies per 25-pl reaction mixture coincided
with the standard curve (red dots). However, a high
concentration of HHV-6B was detected with a value

lower than the actual concentration.

(B) Cycleave PCR for HHV-6B.

Left figure: The wells of row A and B in a 96-well
plate contained HHV-6B synthetic DNA to generate a
standard curve. The wells in row C were negative con-
trols using water instead of DNA. The wells in rows D
and E contained samples of known concentrations of
HHV-6A and HHV-6B DNA, respectively.

Right figure: HHV-6B samples (blue dots) in the range
of 5-5x10° copies per 25-pl reaction mixture coincided

with the standard curve (red dots).
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The clinicopathological significance of PD-L1

expression in thymoma
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Background: The interaction between PD-L1 and PD-1 plays a vital role in lymphocyte differentiation

in the thymus; however, the significance of PD-L1 expression in thymoma tissue remains uncertain.

Methods: Fifty-two patients who underwent resection for thymoma were included. Immunohistochemis-

try was used to assess PD-L1 expression in the thymoma tissue. The H-score was used for scoring, and

we analyzed the associations between the H-score and clinicopathological factors.

Results: PD-L1 was predominantly observed on the tumor cell membrane, with an average H-score of

0.45. Subsequently, we examined the relevance of PD-L1 expression in thymoma tissue, and significant

differences were found based on Masaoka stage and WHO classification. The H-scores were higher in

Masaoka IV compared to Masaoka I-II1, and also higher in WHO type B3.

Conclusions: The expression of PD-L1 in thymoma tissue is linked to tumor aggressiveness and ad-

vanced stage.

Introduction

Programmed death-ligand 1 (PD-L1), expressed on the
surface of tumor and immune cells, plays a crucial role
in inhibiting the cancer immunity cycle by binding to
programmed death-1 (PD-1), a negative regulator of T
cell activation. This interaction suppresses T cell acti-
vation, thereby impeding tumor cell elimination [1-3].
PD-L1/PD-1 signaling not only protects the host from
hyperactive T cells in cancer but also under infectious
conditions. Blocking PD-L1 can enhance anti-cancer
immunity, leading to the development of numerous

PD-1 and PD-L1 inhibitors for preclinical and clinical
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applications. Immune checkpoint blockade targeting
PD-1 or PD-L1 shows promise as a potential treatment
for various tumor types [4].

PD-L1 expression is observed in the medullary and
cortical epithelial cells of the thymus at the RNA and
protein levels [5]. Previous studies have demonstrated
that PD-L1 expression in the thymus is associated with
thymocyte development before T cell clonal selection,
and PD-1/PD-L1 interactions are critical for regulating
positive selection and modifying the T cell repertoire
[6]. Moreover, PD-1/PD-L1 interactions play a signifi-
cant role in both peripheral tolerance and central toler-
ance [7].

Thymoma is a rare neoplasm originating from thymic

epithelial cells and is characterized by relatively slow
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growth. Surgical resection is commonly employed as
the primary treatment for early-stage thymoma, while
multimodality treatments are required for patients with
locally advanced or metastatic thymoma, who tend to
have a poor prognosis. Given the importance of PD-1
and PD-L1 in the normal thymus and the emerging role
of PD-L1 as a potential predictive biomarker for an-
ti-PD-1 and anti-PD-L1 cancer immunotherapy, we in-
vestigated PD-L1 expression through immunohisto-

chemistry in surgically resected thymoma specimens.

Materials and Methods

Patients and samples

Fifty-two consecutive patients who underwent resec-
tion for thymoma between 1995 and 2013 at the De-
partment of Thoracic and Breast Surgery, Oita Univer-
sity Faculty of Medicine, Oita, Japan, were included in
this study. All cases were initially diagnosed, and the
pathological diagnosis was conducted by pathologists
based on the 2004 World Health Organization (WHO)
classification. The relevant clinical data were retro-
spectively collected from medical records. The patho-
logical staging was determined using the Masaoka
classification. The patient characteristics are presented
in Table 1. The mean age of the patients was 59 years
(range: 21-77). Forty patients (77%) were classified as
Masaoka stage I-II1, while 12 patients (23%) were
classified as stage IV. According to the WHO classifi-
cation, we identified 8 (15%), 8 (15%), 17 (33%), 11
(21%), and 8 (15%) patients of type A, AB, B1, B2, or
B3, respectively. Patients with thymic carcinomas
were excluded from the study. Among the cohort, 17
patients (35%) had a comorbidity of myasthenia gravis
(MG), and the presence of other autoimmune diseases
in this cohort could not be determined. This study was
performed in line with the principles of the Declaration
of Helsinki. The institutional ethics review board (IRB
No. 698) approved for this retrospective study and

granted use of the opt-out consent method.

Table 1. Patient Charactristics ( n=52)

n (%)

Sex

Male 24 (46)

Female 28 (54)
Age (mean,range) 59 (21-77)
WHO classification

Type A 8 (15)

Type AB 8 (15)

Type B1 17 (33)

Type B2 11 Q1)

Type B3 8 (15)
Masaoka stage

I 27 (52)

I 10 (19)

111 3(6)

IVa 9 (17)

IVb 3(6)
Myasthenia gravis*

Present 17 (35)

Absent 33 (63)

* data missing 2 cases

Immunohistochemistry

Immunohistochemical investigations were performed
on formalin-fixed, paraffin-embedded tissue sections.
Four-micrometer-thick sections were deparaffinized
with xylene and rehydrated using a series of ethanol
baths. The activity of endogenous peroxidase was
blocked at room temperature using 3% hydrogen per-
oxide in methanol for a duration of 20 minutes.
Heat-induced epitope retrieval was performed in 0.01
M citrate buffer (pH 6.0), and the samples were auto-
claved at 121 °C for 15 minutes. Following blocking
with normal goat serum, the slides were incubated
overnight at 4 °C with a rabbit monoclonal antibody
against PD-L1 (dilution: 1:200, clone E1L3N; Cell
Signaling). After washing, the sections were treated
with goat anti-mouse/rabbit immunoglobulin labeled
with horseradish peroxidase (Histofine Simple Stain
MAX-PO; Nichirei, Tokyo, Japan) for 30 minutes at
room temperature. Staining was completed using di-
aminobenzidine as a chromogen, and the slides were
subsequently counterstained with hematoxylin. Phos-
phate-buffered saline containing 1% bovine serum al-

bumin was used as a negative control by replacing the
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primary antibody. Two tissue samples from patients
with thymic hyperplasia served as positive controls. A
minimum of 400 cancer cells were enumerated in 4
high-power fields.

The PD-L1 expression was assessed using the H-score,
which is calculated by multiplying the staining intensi-
ty by the percentage of positively stained tumor cells.
The staining intensity was categorized as follows: 0
(negative), 1 (weak), 2 (moderate), and 3 (strong) (Fig-

ure 1A). For instance, if a tumor exhibited 60% nega-

tive staining, 40% positive staining with 30% weak
staining, and 10% moderate staining, the H-score
would be calculated as 0.5 (0.6 x 0 + 03 x 1+ 0.1 x
2). The presence or staining of tumor-infiltrating lym-
phocytes (TILs) was not evaluated. The immunohisto-
chemical evaluations were performed independently by
YT and AO, both of whom were blinded to the patient
characteristics; their average scores were used for the
evaluation. There were few interobserver differences in

the staining judgments.
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Figure 1. PD-L1 expression by immunohistochemistry. A) Representative images of thymoma tissue stained using an-

ti-PD-L1 antibody (clone E1L3N). PD-L1 staining intensity was noted (0: negative, left panel; 1: weak, middle panel;

2: moderate; 3: strong, right panel) from membrane staining of the tumor cell. B) Distribution of the H-score in thymo-

ma. The mean staining score was 0.45 (range 0.0-3.0),
were PD-L1-negative.

and the median was 0.2. Eleven (21%; 11/52) of the thymomas
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Statistical analyses

The Chi-square test was used to determine the statisti-
cal significance of differences between groups. All pa-
tients were retrospectively analyzed for age and gen-
der, size, Masaoka stage, WHO classification, and MG
status. Box and whisker plots were created to assess
the distribution of H-scores according to the WHO
classification (type A/AB, B1/B2, and B3), Masaoka
stage (Stage I-III or IV), and the coexistence of MG.
The Mann-Whitney U test was used to evaluate the
differences in the distribution of H-scores. P values of
< 0.05 were considered to indicate statistical signifi-
cance.

OS was defined as the time from surgery to death as a
result of any cause. Median follow-up after surgery
was 7.4 years. We used the Kaplan-Meier method to
estimate overall survival and was compared between
two groups by using the log-rank test.

All statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University),

which is a graphical user interface for R[8].

Results

PD-L1 expression in thymoma

PD-L1 expression in thymoma PD-L1 was predomi-
nantly localized at the cell membrane of the tumor

cells. In certain instances where the tumor cell mem-

brane exhibited positive staining for PD-L1, cytoplas-
mic staining was also observed. We did not assess the
presence of TILs using immunological markers; none-
theless, we did not detect any lymphocytes that were
positive for PD-L1. The staining intensity varied from
0 (negative) to 3 (strong) (Figure 1A), and most tumors
displayed heterogeneous staining for PD-L1 (data not
shown). A histogram illustrating the levels of PD-L1
staining, quantified as H-scores, is presented in Figure
1B. The H-score ranged from 0 (11 cases) to 3 (1
case). The average score was 0.45, and the median
score was 0.2.

Thymic hyperplasia samples, initially intended to serve
as positive controls, exhibited modest staining scores
(0.3 and 0.5), indicating that PD-L1 expression is at
best moderate in benign adulthood thymic lesions.
PD-L1 expression and clinicopathological character-
istics

The association between PD-L1 expression and clini-
copathological factors was subsequently analyzed by
categorizing PD-L1 expression as negative if there was
no staining on the tumor cell membrane, and positive
otherwise. With the exception of age, no significant
differences were observed among the various factors
(gender, tumor size, Masaoka stage, WHO classifica-
tion, or MG status) (Table 2).

Table 2. Clinicopathological feture in ralation to PD-L1 expression

PD-L1 expression

Positive (n=41) Negative (n=11)  p-value
n (%) n (%

Sex
Male 20 ( 83) 4 (17) 0.52
Female 21 ( 75) 7 ( 25)

Age
=60 22 (92) 2 ( 8 0.04
<60 19 ( 68) 9 ( 32)

WHO classification
Type A, AB 11 ( 69) 5 ( 31) 0.062
Type B1, B2 22 ( 76) 6 ( 24)
Type B3 8 (100) 0C 0

Masaoka stage
I-1IT 29 ( 73) 11 ( 27) 0.38
v 12 (100) 0C 0

Primary tumor size (cm)*
0to3 12 ( 86) 2 (14) 0.26
>3 22 ( 76) 7 ( 24)

Myasthenia gravis**
Present 15 ( 88) 2 (12) 0.47
Absent 25 ( 76) 8 ( 24)

* data missing in 10 cases ** data missing in 2 cases
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H-score distribution of PD-L1 in thymoma

Due to the limited number of published studies em-
ploying the same antibody (clone E1L3N), we opted to
utilize H-scores as continuous variables instead of em-
ploying cut-off values. Regarding the relationship be-
tween H-score distributions and clinicopathological
factors, notable differences in H-score distributions
were observed for several factors, including Masaoka
stages, WHO subtypes, and the coexistence of MG. For
instance, PD-L1 scores were higher in patients with
more advanced disease (Masaoka stage IV; median
0.6, range 0.1-3.0) compared to those with localized
disease (Masaoka stage I-III; median 0.2, range 0-1.6;

p=0.047, Figure 2A). Although no statistically signifi-
cant association was found between H-score and the
presence of MG, a tendency towards higher H-scores
in the presence of MG was observed (Figure 2B,
p=0.056). The staining score was also associated with
the WHO classification; it was elevated in WHO type
B3 patients (median 0.6, range 0.1-3.0), whereas it re-
mained low among types A/AB and B1/B2 patients
(median 0.2, range 0-1.6, p=0.033, Figure 2C). Two
thymic hyperplasia samples were employed as positive
controls in Figure 2C. No significant difference in
overall survival was observed between PD-L1 positive

and negative groups in Figure 3.
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Figure 2. The relationships between the PD-L1 expression and clinico-pathological factors. The H-scores were plotted
according to Masaoka’s stage (A), the coexistence of MG (B), and the WHO classification (C). Two resected thymus

hyperplasia samples were used as positive controls (C).
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Discussion

We have demonstrated a correlation between PD-L1
staining in thymoma tissue and the Masaoka stage as
well as the WHO classification. However, we did not
observe any prognostic difference between PD-L1 pos-
itive and negative thymoma, possibly due to the favor-
able outcome associated with thymoma itself. Our
study had only two events. PD-L1 may serve as a valu-
able prognostic marker, considering that an advanced
Masaoka stage and a high-grade WHO classification
are indicative of poor survival or an aggressive histo-
logical classification [9-11]. Our data further support
the significance of PD-L1 expression in thymoma since
we assessed PD-L1 expression as a continuous vari-
able, which previous studies did not do.

In our study, 21% of thymoma specimens exhibited no
PD-L1 expression. Previous literature reported PD-L1
expression in approximately 21% to 68% of thymoma
samples [9-11]. This discrepancy likely stems from
variations in the assays and antibodies used. Numerous
therapeutic anti-PD-1/PD-L1 agents are currently un-
der development, and different approaches have been
employed for PD-L1 immunohistochemical assess-
ments. These approaches involve the utilization of dif-
ferent diagnostic antibodies, distinct technical staining
platforms, and varying definitions of a "positive" pre-
dictive immunohistochemical staining. In certain cases,
PD-L1 expression on immune effector cells, in addi-
tion to or in combination with tumor cell expression,
has been used as a biomarker. The antibody we used in
our study (clone E1L3N) has been applied in several
other studies and has shown relatively high sensitivity
and specificity. Another study employing the same an-
tibody reported a PD-L1 positive rate of 23% in thy-
moma [11]. Our study focused on the significance of
PD-L1 expression in thymoma tissue and was not in-
tended to determine an appropriate cut-off value for
therapy. Hence, we deemed it appropriate to employ
the E1L3N clone for evaluating PD-L1 expression.

Furthermore, we employed the H-score, which com-

bines staining distribution and intensity, and is widely
used in immunohistochemical studies [12,13]. By uti-
lizing the H-score, we were able to manage staining
intensity and distribution simultaneously, thereby ad-
dressing the issue of staining heterogeneity often ob-
served in PD-L1 antibody staining of resected tumor

specimens.

Autoimmune disorders occur in approximately 21% of
thymoma patients, with myasthenia gravis (MG) being
the most common disorder [14]. Immune checkpoint
inhibitors (anti-PD-L1, PD-1, CTLA-4 Abs) are known
to cause autoimmune disorders. Clinical trials have
shown that MG can be induced by ipilimumab, an an-
ti-CTLA4 antibody, and nivolumab, an anti-PD-1 anti-
body [15]. These findings led us to hypothesize that
low expression of PD-L1 may be associated with an
increased incidence of MG, as decreased PD-L1 ex-
pression may lead to the release of immature lympho-
cytes, impairing peripheral immune tolerance. Previous
reports have demonstrated reduced expression of cyto-
toxic T-lymphocyte antigen (CTLA), a known negative
regulator of lymphocytes, in patients with human MG
[16]. Furthermore, polymorphisms in the CTLA-4
gene have been linked to several autoimmune diseases,
including insulin-dependent diabetes mellitus, Graves'
disease, Hashimoto's thyroiditis, and MG with thymo-
ma [17].

However, contrary to initial expectations, our findings
reveal a positive correlation between PD-L1 expres-
sion and the presence of MG. To further scrutinize this
outcome, we undertook an assessment of the associa-
tion between the occurrence of MG, the World Health
Organization (WHO) classification, and the Masaoka
stage. Consistent with previous data, the presence of
MG exhibited a significant relationship with more ag-
gressive histological characteristics and advanced dis-
ease stages (refer to Table 3). Consequently, it is pres-
ently challenging to elucidate the association between

MG and PD-L1 expression in thymoma.
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Table 3. MG status in relation to WHO classification
and Masaoka stage

WHO classification p-value
MG A/AB B1/B2 B3
Present 2 (12%) 13 (76%) 2 (12%) 0.041
Absent 14 (43%) 13 (38%) 6 (19%)
Masaoka stage p-value
MG [-111 v
Present 12 (71%) 5 (29%) 0.35
Absent 26 (79%) 7 (21%)

The underlying mechanism through which PD-L1 is
upregulated in aggressive or advanced thymoma re-
mains elusive. Multiple reports have established a con-
nection between PD-L1 expression and the abundance
of neoantigens, which often corresponds to a high bur-
den of mutations [18,19]. Notably, as thymoma pro-
gresses and acquires malignant potential, chromosomal
instability intensifies, potentially augmenting the neo-
antigen load.

In conclusion, our investigation demonstrates a posi-
tive correlation between PD-L1 expression in thymo-
ma tissues and tumor aggressiveness as well as disease
stages. The mechanism governing PD-L1 expression in
thymoma and its relationship with autoimmune disor-
ders co-occurring with thymoma necessitate further

clarification.
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