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The History of Juntendo Medical Journal

This Juntendo Medical Journal has been published under the Japanese name Juntendo Igaku (NERHES) from
1964 to 2012. However, the origin of Juntendo Medical Journal dates back to the oldest medical journal in Japan,
Juntendo Iji Zasshi (AR #8653 4E5E), which had been published between 1875 and 1877 (total of & issues). Between
1885 and 1886, Juntendo issued a limited release of a research journal titled Houkoku [Juntendo Iji Kenkyukai] i)
for a total of 39 issues.

In 1887, Juntendo Iji Kenkyukai Houkoku (WK 3EEHNFFE &) was published with the government's approval
and we used to regard this as the first issue of Juntendo Medical Journal. Since then, Juntendo Medical Journal has
undergone a series of name changes: Juntendo Iji Kenkyukai Zasshi (AR BEFMIE X MR, Juntendo Igaku Zasshi
MR 4 B 27 338) , and Juntendo Igaku (NER 3:E%E).

Now in commemoration of the 175" anniversary of Juntendo University, starting with the first volume issued in
2013 (Volume 59 Number 1), we return to Juntendo Medical Journal's original Japanese title in 1875-Juntendo Iji
Zasshi (ER 5853 4E3E) . We also reconsidered the numbering of the journal and set the first issue in 1875 as the
initial publication of Juntendo Medical Journal. The Volume-Number counting system and the English name Juntendo
Medical Journal started in 1955 from the January 10 issue. Although this is not our intension, we will retain the
Volume-Number counting system to avoid confusion. However, Volume 59 Number 1 will be the 882™ issue,
reflecting the sum of all issues to date: 8 issues of Juntendo Iji Zasshi (NEK 4 B&FHEZE), 39 issues of Houkoku
Uuntendo Iji Kenkyukai] (#15) (47 issues combined), and 834 issues from Juntendo Iji Kenkyukai Houkoku (AR %
BEHAFZe &3y ) in 1887 to the present.

Hidt - NI (OGAWA Hideoki, MD., Ph.D.) : EK % B3 HiGE (Juntendo Medical Journal) 2013 5 59 : 6-10.

FEIXMEAIZO4E (19644F) 25 FRI244E (20124F) KF T MEKR#EES] & LTCHITEhT&4 LaL, 20
HEEEIZIHR SR (18754E) A5 104F (18774F) 122 THHI SNz H AT O R 2EEE [NHR L BEFMEE] GH8%&) 12
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Cutting-edge Treatment for Gynecological Malignancies

YAsuHisA TERAO

Department of Obstetrics and Gynecology, Faculty of Medicine, Juntendo University, Tokyo, Japan

Gynecological malignant tumors can develop in the vulva, vagina, uterus, fallopian tubes, or ovaries in the female reproductive
tract. The cervix, uterine body, and ovaries are particularly common sites for malignant tumors. Surgery, radiation, and drug
therapy are the main treatment modalities for gynecological cancers, with surgery being the most important of them.

We started laparoscopic surgery for uterine endometrial cancer as an advanced medical treatment in 2011 and contributed
to its insurance coverage. We were able to reproduce our laparoscopic surgery more easily using the da Vinci Xi system for
robotic surgery. We have now switched from laparoscopic surgery for endometrial cancer to robotic surgery and have been
able to perform them safely and reliably.

In the case of cervical cancer, the results of the Laparoscopic Approach to Cervical Cancer (LACC) trial, which compared
the prognosis of two groups of radical hysterectomy for early-stage cervical cancer: conventional open surgery and laparoscopic/
robotic (minimally invasive) surgery, showed that minimally invasive surgery resulted in more pelvic recurrences and had a
worse prognosis compared with open surgery. The trend toward minimally invasive surgery for cervical cancer has stagnated
worldwide.

Ovarian cancer has few symptoms in the early stages and is often found at stage III or IV, when the cancer has spread
throughout the abdominal cavity. As residual tumor after surgery correlates with prognosis in ovarian cancer, debulking
surgery should be performed to achieve complete resection. Therefore, peritoneal or bowel resection is often required to remove
disseminated or metastatic tumors. We also performed prophylactic salpingo—oophorectomy to prevent ovarian and fallopian
tube cancers in patients with BRCA1/2 gene variants.

The uterus and ovaries are organs necessary for pregnancy and childbirth, and cancer of the uterus or ovaries in women of
childbearing age may result in infertility. Surgery and adjuvant treatment may affect marriage, childbirth, and sexual life;
therefore, it is important to ensure the cure of cancer and to provide patients with treatment methods that allow them to live
their lives as women.

Key words: gynecological surgery, cervical cancer, endometrial cancer, ovarian cancer, minimal invasive surgery

modalities for gynecological cancers, with surgery

Introduction being the most important treatment modality.

Gynecological cancers are specific to women, and
malignant tumors can develop in the vulva, vagina,
uterus, fallopian tubes, and ovaries in the female
reproductive tract, but the cervix, uterine body,
and ovaries are particularly common sites. Surgery,
radiation, and drug therapy are the main treatment

With advances in optical equipment and power
sources, laparoscopic surgery is now indicated for
malignant cases that were once considered diffi-
cult, and laparoscopic surgery for endometrial and
cervical cancers have been covered by insurance
since 2014 and 2018. In addition, robotic surgery for
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uterine endometrial cancer was covered by insur-
ance in 2018. Robotic surgery for gynecological
diseases is more common than laparoscopic surgery
in the United States?. In our hospital, we have been
actively performing laparoscopic and robotic
surgeries, and we would like to introduce them
here. In ovarian cancer, postoperative residual
tumor correlates with prognosis, so debulking
surgery should be performed with the aim of
achieving complete surgery with no visible residual
tumor. Therefore, peritoneal and bowel resection
are often required to remove disseminated or meta-
static tumors as much as possible, which is not
minimally invasive. In our department, we perform
complete resection of ovarian cancer without
complications, in cooperation with the departments
of colorectal surgery, hepatobiliary surgery, and
urology. We also introduce the latest surgical treat-
ments for gynecological cancer, such as prophy-
lactic salpingo-oophorectomy, to prevent ovarian
and fallopian tube cancers in patients with
BRCA1/2 gene variants.

Uterine endometrial cancer

Endometrial cancer is a cancer that develops in
the endometrium of the uterus. The occurrence
site and cause are different from those of cervical
cancer of the uterus. The number of cases of endo-
metrial cancer began to increase in the late 40s
around the time of menopause and is most common
in women in their 50s and 60s. As it is difficult to
accurately diagnose endometrial cancer, which is
found in the body of the uterus, surgery is
performed after estimating the clinical stage based
on preoperative imaging, and the pathological stage
is classified again after surgery. The risk of recur-
rence was assessed after surgery. Based on the
stage and risk of recurrence, it is decided whether
adjuvant treatment is necessary after surgery.
Surgery is the first choice of treatment for endome-
trial cancer, regardless of the advanced stage.
However, the type of surgery performed depends
on its stage. If the risk of surgery is high owing to
advanced age, serious diabetes, heart disease,
severe obesity, or if the cancer has already spread
throughout the body and surgery is not expected
to be effective, chemotherapy, radiation therapy, or
palliative care may be used.

In stage I cases, in which the cancer is presumed

to be confined to the uterine body only, the stan-
dard procedure is a total hysterectomy, in which
the entire uterus is removed, and a bilateral salpin-
go—oophorectomy, in which both the ovaries and
fallopian tubes are removed. Depending on the
histological type and degree of invasion into the
myometrium, pelvic or paraaortic lymph nodes
may be removed.

Until 2010, all cases of endometrial cancer were
treated with open surgery in our hospital. The
abdominal incision was a midline incision at the
level of the umbilicus or up to the xiphoid process.
This is a highly invasive surgery. At that time,
there was little evidence of minimally invasive
surgery (MIS) for gynecological malignancies in
Japan. We started laparoscopic surgery for early-
stage endometrial cancer because we thought that
if we could reproduce the open surgical technique
using laparoscopy, we could establish a standard
procedure that was safe and curative while main-
taining surgical completion and accuracy. The indi-
cations for laparoscopic surgery were Gl or G2
endometrioid carcinoma with myometrial invasion
<1/2, and the basic surgical techniques were total
hysterectomy, bilateral salpingo-oophorectomy,
and pelvic lymphadenectomy. The instruments
used were standardized. To prevent tumor
dispersal, a uterine manipulator was not inserted,
and the uterus and lymph nodes were removed
from the body in a bag. The results showed that
laparoscopic surgery prolonged the operation time
compared with open surgery but decreased the
amount of blood loss, hospital stay, and visual
analogue scale score on postoperative day 1. There
were no significant differences in progression free
survival and overall survival?. The results contrib-
uted to the insurance coverage of laparoscopic
surgery for uterine endometrial cancer.

However, laparoscopic surgery requires more
time to master than open surgery. This is because
it is a magnified view, and it iS necessary to visu-
alize the three-dimensional (3D) in a two-dimen-
sional view. In addition, eye-hand coordination is
required. In robotic surgery, once surgeons are
accustomed to the magnified vision, robotic surgery
provides 3D wvision, and forceps can be moved
freely like in open surgery>?.

Table 1 shows a comparison of short- and long-
term outcomes, invasiveness, learning curve, cost
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Table 1 Benefit for minimally invasive surgery in endometrial cancer

Open surgery

Laparoscopic surgery Robotic surgery

Short term outcome O
Long-term outcome O
Less invasiveness VAN
Learning curve O
Cost effectiveness AN
Easy accessibility O

@) @)
O O
O O
AN O
O AN
O O

The meaning of O is equivalent to the others, 2 means inferior to others

effectiveness, and easy accessibility of open, laparo-
scopic, and robotic surgery in early endometrial
cancer surgery®?. Easy accessibility was further
improved by using the Da Vinci Xi system. In 2018,
robotic surgery for uterine cancer was covered by
the insurance. Eighty-two cases (41 robotic and 41
laparoscopic surgeries) of total hysterectomy and
bilateral adnexectomy with MIS for uterine cancer
between 2019 and 2020 were reviewed. Robotic
surgery had similar blood loss and complication
rates as those of laparoscopic surgery. Robotic
surgery shortened the operating time compared to
laparoscopic surgery. Our laparoscopic surgery for
endometrial cancer can be more easily reproduced
using the da Vinci Xi system. We have now
switched all laparoscopic surgeries for endometrial
cancer to robotic surgery and have been able to
perform them safely and reliably.

Cervical cancer

Cervical cancer occurs in the cervix, which is
the entrance point to the uterus. Cancer develops
near the junction of squamous and columnar cells
that line the cervical surface. It is mainly classified
as a squamous cell carcinoma or adenocarcinoma.
Cervical cancer is most common in women in their
late 30s and 40s. It is caused by human papilloma-
virus (HPV). Persistent infection with highly
carcinogenic HPV causes dysplasia (precancerous
lesions), and some of these lesions become
cancerous over a period of 5-10 years, progressing
from mild-to-moderate to severe dysplasia. In the
case of mild or moderate dysplasia, the patient is
followed-up regularly, and in the case of severe
dysplasia or carcinoma in situ, cervical conization is
performed. When further carcinogenesis develops,
cervical cancer is classified into four stages: stages
I, II, III, and IV. Cervical conization that can

88

preserve fertility can be performed if the cancer is
carcinoma in situ, in which the cancer remains in
the epithelial cells, and microinvasive carcinoma
(stage IA), in which the cancer invades the stroma
on a millimeter scale.

Stage IA to IIb cervical cancer is operable.
However, depending on the stage, there are several
methods for uterine removal. Radical hysterectomy
is one of the most difficult gynecological surgeries.
MIS was performed for both cervical and endome-
trial cancer. However, the LACC trial published in
2018 changed the trend toward MIS. In a 13-country
comparative study, the authors compared the
outcomes of two groups of radical hysterectomies
for early-stage cervical cancer: conventional lapa-
rotomy (open) and laparoscopic/robotic surgery
(MIS). The results showed that MIS resulted in
greater pelvic recurrence and worse prognosis
than open surgery'?. In a retrospective study, MIS
had a poorer prognosis than open surgery'-'?. The
trend toward MIS for cervical cancer has been
stalled worldwide.

In the case of local recurrence after radiotherapy
for cervical cancer, surgical therapy is now the
treatment of choice if there are no distant or lymph
node metastases. In such cases, total pelvic exen-
teration (TPE) or anterior or posterior segment
excision is a radical surgical procedure that
removes organs, including the bladder, urethra,
rectum, anus, vagina, uterus, fallopian tubes,
ovaries, and vulva. TPE has become safer than in
the past, with a mortality rate of approximately 0.5
to 2%, However, postoperative complications in
gynecology are as high as 67%%.

Four TPEs were performed at our hospital
between 2010 and 2021. The median age of the
patients was 59 years. The indicated diseases were
cervical cancer recurrence (all after concurrent
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chemoradiotherapy) in three patients and first
vaginal sarcoma in one patient. The mean opera-
tive time was 667+80 min, and the mean blood loss
was 3,216+2,820 mL. All patients underwent lapa-
rotomy and transperineal surgery, which was
performed jointly with the Department of Colorectal
Surgery and the Department of Urology. All
patients required blood transfusions, and the only
complication of grade III or higher according to the
Clavien-Dindo classification was grade IIIa bowel
obstruction. The mean length of hospital stay was
31 (£7) days. All patients had negative surgical
margins, three were disease-free, and one was
alive. As a surgical innovation, we previously oper-
ated safely on a giant myoma by using a balloon
catheter to block the blood flow'®. As an applica-
tion of this technique, intraaortic balloon occlusion
was used to safely perform the surgery. However,
even without serious complications, mental accep-
tance of double stoma requires time; therefore, it is
essential to provide mental care from multiple
professions from an early stage.

Ovarian cancer

Ovarian cancer has few symptoms in the early
stages. The organs below the diaphragm, including
the uterus, ovaries, stomach, and intestines, are
covered by peritoneum. Ovarian cancer is similar
to cancers arising in the fallopian tubes and perito-
neum; therefore, these cancers are treated together
as same. Various tumors can occur in the ovaries.
Depending on the tumor location, they are classi-
fied into three main categories: (1) epithelial
tumors, (2) sex cord stromal tumors, and (3) germ
cell tumors. Tumors are further divided into (1)
benign, (2) borderline malignant, and (3) malig-
nant. Epithelial tumors are the most common type
of ovarian tumors, accounting for approximately
90% of all malignant ovarian tumors. Generally, the
term ovarian cancer refers to malignant epithelial
tumors.

Ovarian cancer is one of the most difficult cancers
to detect early due to a lack of symptoms and
appropriate screening methods. More than 40% of
ovarian cancers are found in advanced stages III
and IV.

If ovarian cancer is suspected, surgery is often
the first step at an advanced stage. Intraoperative
pathology will determine whether an ovarian

tumor is benign or malignant. In the case of border-
line malignancy or malignancy, both ovaries, uterus,
and omentum are removed. If the cancer is scat-
tered in the abdomen at the time of surgery (peri-
toneal dissemination), a tumor resection surgery is
performed to remove as much of the cancer as
possible. For ovarian cancer, the less tumor remains
after surgery, the better is the prognosis'”. There-
fore, surgery should be performed with maximum
debulking with the goal of achieving a complete
surgery, in which there is no gross residual tumor.
Peritoneal or partial bowel resection is often
required to remove disseminated or metastatic
lesions. In our hospital, the percentage of patients
with ovarian cancer who underwent intestinal
resection was 7.1% (43 cases) between 1995-2011
and 57 cases (10.7%) between 2012-2020, and the
percentage has been increasing gradually. The
surgical strategy for ovarian cancer with pelvic
peritoneal dissemination at our hospital is shown in
Figure 1. The abdominal cavity was observed after
laparotomy. We evaluated whether all the tumors
could be removed. If the cancer is not resected,
chemotherapy should be administered followed by
interval debulking surgery. If only pelvic peritoneal
dissemination was present, it could be removed. If
bladder or intestinal tract invasion is observed,
partial resection of the bladder, sigmoid colon, or
rectum is performed. If there is no involvement of
the bladder or intestinal tract, the peritoneum is
resected. Usually, leakage of anastomosis occurs in
2.8-30% of the cases, 75% of which occur at the
rectal anastomosis site'®. The rate of anastomotic
leakage in ovarian cancer is 1%. Compared to
colorectal cancer surgery, there is no need to cut
the root of the blood vessel; therefore, the complica-
tion rate is low. We performed complete resections
safely and without complications, with the coopera-
tion of the departments of colorectal surgery, hepa-
tobiliary surgery, and urology.

Genetic factors are strongly associated with
approximately 10% of the ovarian cancers, and
pathological variants of BRCAI or BRCAZ predis-
pose ovarian and breast cancers. Risk-reducing
salpingo-oophorectomy reduces the risk of devel-
oping ovarian cancer and the overall mortality in
women with BRCA 1/2 genetic variants!*?" and is
recommended in the guidelines.

89



Terao Y: Treatment for Gynecological Malignancies

Ascites cytology
Pelvic/abdominal cavity examination

Pelvic dissemination lesion l

I Upper abdominal disseminated lesions —— | Diaphragmatic tumor resection

OnIy Retzms cavity

peIV|c peritoneum

liver tumor resection
splenectomy

OnIy Douglas' pouch

MM

’ Without bladder invasion ’ With bladderlnvasmn

| With rectal invasion

| Without rectal invasion I

l l l

l

| Peritonectomy of Retzius cavity I | Partial cystectomy I

| Rectal resection

| Peritonectomy of Douglas' pouch I

Complete surgery/ Debulking surgery

Figure 1 Strategy for ovarian cancer surgery
Observe the peritoneal cavity after collecting ascites. If the tumor is in the upper abdomen, it is evaluated whether it can be
completely removed. If the tumor is only in the pelvis, it can be completely removed following the procedure.

Conclusion

Surgery is one of the most important treatments
for gynecological cancers. Surgery is the most effi-
cient way to remove cancer cells; however, it is also
invasive. The choice of surgery should be based on
patient’s age and general condition. In addition, the
uterus and ovaries are organs necessary for preg-
nancy and childbirth, and cancers of the uterus or
ovaries in childbearing age may result in loss of
fertility. It is important to perform surgery that
preserves the possibility of fertility. Surgery and
subsequent treatment may affect marriage, child-
birth, and sex life; therefore, it is important to
provide patients with treatment methods that
allow them to face their “womanhood” while
ensuring the cure of cancer.
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Current Neurosurgery

AKIMHIDE KONDO
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Neurosurgery is based on neuroscience, physiology and medical physics. Therefore, neurosurgery has also developed along
with discoveries and innovations in these fields. The present article outlines the areas of neurosurgery and their development
until 2022.

Technology for the preservation of the central nervous system and cranial nerve function has made remarkable progress
through the integration of diagnostic imaging and functional evaluation capabilities.

Endovascular treatment strategies of cerebrovascular disorders have also progressed. The procedures have not only shifted
from craniotomy to endovascular catheterization, but the devices used in these procedures have also changed.

In addition to these traditional disease treatment strategies/techniques, neurosurgical techniques have recently been used in
surgical procedures to improve quality of life. Epilepsy, is one of the diseases that does not significantly have a direct impact on
life outcomes. However, epilepsy patients find it difficult to reintegrate into society. In epilepsy, seizure management is important,
and some subgroups of patients can be better treated using surgical intervention than by using pharmacotherapy. In addition,
the treatment of dementia due to idiopathic normal pressure hydrocephalus can be improved by surgical management of the
cerebrospinal fluid. Neurosurgical intervention can help diseased patients reintegrate into society, which is difficult without
treatment.

Even in these disease groups, surgical intervention may have irreversible consequences. Therefore, its implications should be
decided based on universal scientific evidence.

Key words: neurosurgery, brain tumor, endovascular surgery, functional surgery

with complicated cases. One of the most significant

Introduction examples is of Susumu Sato, the third president of

Neurosurgery is a branch of neuroscience in
which the surgeons aim to surgically treat diseases
of the central nervous system (CNS). The CNS
includes the brain and spinal cord, and the periph-
eral nerves that emerge from them. CNS surgeries
must be performed only after they are validated on
the basis of scientific, physiological, and physical
theory.

Juntendo University has a Neurosurgery depart-
ment that is operating for a long time and has dealt

Juntendo, who removed a depressed bone frag-
ment and bullet to save a civil war survivor and
also drained a brain abscess. This occurred approx-
imately 100 years before neurosurgery was defined
as a medical specialty in Japan.

Presently, the field has advanced and is progressing
increasingly. The surgery performed by Dr. Sato
previously can now be performed with less effort.
The article provides a review of the recent trends
in neurosurgery with focus on current challenges.

Corresponding author: Akihide Kondo

Department of Neurosurgery, Juntendo University Faculty of Medicine

2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421, Japan

TEL: +81-3-3813-3111 FAX: +81-3-5689-8343 E-mail: knd-aki@juntendo.ac.jp
357th Triannual Meeting of the Juntendo Medical Society “Current Surgical Diagnosis and Treatment”( Held on Sep. 15, 2022)

(Received Jan. 10, 2023) (Accepted Jan. 19, 2023)
J-STAGE Advance published date: Mar. 29, 2023

Copyright © 2023 The Juntendo Medical Society. This is an open access article distributed under the terms of Creative Commons Attribution

License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original source is properly credited.

doi: 10.14789/jmj.JM]J23-0002-R

92


https://creativecommons.org/licenses/by/4.0/

Juntendo Medical Journal 69(2), 2023

The surgical removal of brain tumors

Brain tumor surgery is a technique that reflects
recent technological innovations. Brain tumors are
not necessarily the term for tumors of the brain
parenchyma but often refer to intracranial neoplasms
in general. Thus, it also includes lesions outside the
brain parenchyma and neoplastic lesions in the
pituitary gland and other organs.

For tumors located in the midbasal region of the
skull (such as the pituitary gland), transnasal endo-
scopic surgery has been developed to reach the
lesion through the nasal cavity that does not require
craniotomy?. Currently, the standard surgical
approach for craniopharyngiomas and pituitary
adenomas treatment is transnasal surgery. Addi-
tionally, this novel technique can be applied for the
treatment of small meningiomas, chordomas of the
clivus, and small lesions of the medial orbit?. Previ-
ously, skull base surgery required knowledge of
the anatomy of the skull base bone from above, as
glimpsed through the space between the brain.
Today, the skull base is viewed from below, and
the knowledge required is changing.

Two major evolutions have taken place in the
treatment strategies of parenchymal brain tumors:
intraoperative neurological function preservation

techniques. Since many parenchymal brain tumors
are not benign, they cannot be curatively removed
as they can infiltrate into functional brain. This is
the reason why removal of the entire tumor from a
functioning brain, regardless of its invasiveness, is
detrimental to prognosis. Therefore, advanced
methods are being developed to identify critical
functional areas in preoperative images before
surgery. Furthermore, it is now possible to perform
intra-operative MRI with the cranium open and to
use the information in real time while removing the
tumor®. This information is shared not only with
the surgeon, but also to the medical staff. There-
fore, current operating rooms resemble informa-
tion processing rooms with countless monitors
displaying various parameters as per the require-
ment (Figure 1).

The second is the diagnosis of brain parenchymal
tumors. It is well-established that analysis of molec-
ular biological characteristics of tumor cells help in
accurate prognosis compared with conventionally
used histopathology analysis (Table 1)¥. Thus, histo-
pathology is no longer sufficient for the classifica-
tion and diagnosis of brain parenchymal tumors.
Many of these analyses are costly and require
special techniques; therefore, it is essential to
collaborate with research institute for analysis”. In

Figure 1 An operating room where brain tumor resection is performed. A number of
monitors display various parameters to show the patient’s functional preservation status.
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Table 1 The list of diffuse gliomas in the 2021 World Health Organization
Classification of Tumors of the Central Nervous System

Adult-type diffuse gliomas

Astrocytoma, IDH-mutant
Oligodendroglioma, /DH-mutant and 1p/19g-codeleted
Glioblastoma, /DH-wildtype

Pediatric-type diffuse low-grade gliomas

Diffuse astrocytoma, MYB or MYBLI-altered

Angiocentric glioma

Diffuse low-grade glioma, FGFR-altered

Polymorphous low-grade neuroepithelial tumor of the young
Diffuse low-grade glioma, BRAF V600E-mutant

Pediatric-type diffuse high-grade gliomas

Diffuse midline glioma, H3 K27M-mutant
Diffuse hemispheric glioma, H3 G34-mutant
Diffuse pediatric-type high-grade glioma,H3 wildtype and IDH wild type

Bithalamic glioma, EGFR-mutant

Infant-type hemispheric glioma, H3-wildtype

Modified from reference No.4.

the future, there will be a need for the develop-
ment of treatments based on these classifications.

The procedure for vascular lesions

The changes observed in the treatment strate-
gies of cerebrovascular disorders are as follows.
First, transvenous thrombolysis was introduced for
cerebral infarction or stroke cases. This therapy is
designed to dissolve the thrombus as soon as
possible after the onset of stroke, before endothelial
damage progresses, thereby allowing the vessel to
recanalize. Statistically, this has been shown to
dramatically reduce stroke mortality. Furthermore,
advances in cerebral infarction treatment have led
to the development of devices that aspirate and
retract thrombi from within blood vessels in cases
of thromboembolization of major vessels. Mechan-
ical thrombectomy, the physical removal of thrombi,
is being introduced into the emergency settings.
Since emboli in major cerebral vessels can disrupt
a large area of the brain, removal of the thrombus
can minimize the area of ischemia and improve
functional prognosis.

In addition, many treatments for vascular lesions
(cerebral aneurysms) have shifted from opening
the skull and fissure of the brain to using intravas-
cular catheters to reach the lesions®. Technological
innovations in cerebral aneurysms, in particular,
have been remarkable. The conventional method of
preventing aneurysm rupture, which is filling the
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aneurysm with multiple coils, has been replaced by
the clinical use of a flow-diverter stent, which recti-
fies blood flow”. This stent is inserted in the parent
artery where the aneurysm has occurred, thereby
preventing turbulent flow within the aneurysm. In
addition, devices that can prevent re-rupture of a
ruptured aneurysm such as a stent of a special
shape that matches the diameter of the aneurysm,
are also being used®.

Functional surgery

The main targets of neurosurgery are traumatic
injuries, vascular disorders, and tumors, which, if
untreated, can be fatal or disabling. This is because
the nervous system, especially the CNS is vulner-
able to external stress and it gets irreversibly
damaged. Surgical treatment is considered to halt
the progression of central nervous system disorders.

Recent advances in neuroradiological evaluation
have made it possible to image intracranial and
internal nerve conditions with considerable accu-
racy”. This allows us to safely reach the site of
injury and even depict temporary dysfunction due
to compression or malalignment without causing
major damage.

The field that has developed in this context is
functional neurosurgery. It is a medical treatment
that uses surgical procedures to improve the quality
of life of patients affected with chronic illnesses
that do not lead to death.
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Epilepsy

Epilepsy surgery is a representative of these
treatment strategies. The prevalence of epilepsy is
estimated to be 1 in 100 patients!?. More than 70%
of these patients can manage their seizures and
achieve social cure with medical treatment such as
antiepileptic drugs. However, approximately 30%
of the patients may require surgical treatment!?.
Specific surgical procedures in this case include
removal of the seizure focus to prevent of the
progression of seizures. For example, when the
seizure source is located in the medial temporal lobe,
so—called generalized tonic seizures are secondary
to complex partial seizures that are often awake
but difficult to communicate with. This type of
epilepsy is easily overlooked and requires special
electroencephalography. In addition, because of the
unique location of the medial temporal lobe, the
rate of seizure control with antiepileptic drugs is
significantly lower than that of other types of
epilepsy involving the frontal lobe of the brain'?.
The removal of the epileptic focus is the first-line
treatment for this disease. Epileptic foci are scat-
tered throughout the cerebrum on one side in
epilepsy, causing secondary generalization that
spreads seizures to the healthy brain via brain
fibers. Weaning the fibers may reduce generaliza-
tion and facilitate seizure management. In this case,
dissection of the commissural fibers of the brain is
indicated'?.

In addition, patients who are difficult to manage
even with such surgery may be managed using
vagus nerve stimulation, which is electrical stimu-
lation of the cervical vagus nerve. In this proce-
dure, electrodes are wrapped around the cervical
vagus nerve and connected to a generator with
adjustable electrical stimulation implanted in the
chest to suppress severe seizures'?.

Patients who have had difficulty managing their
epilepsy with medication and have had difficulty
finding regular employment in their lives often
return to normal life after undergoing epilepsy
surgical procedures.

These surgeries have irreversible consequences
on the central nervous system; therefore, careful
determination of indications and preoperative anal-
ysis are important.

Idiopathic normal pressure hydrocephalus

With recent medical advances, society is aging.
Dementia is a disease that has attracted consider-
able attention. To date, no effective treatment for
dementia has been found. However, some patients
show mild cognitive symptoms, which occurs in a
small percentage of patients due to hydrocephalus.
This disorder is idiopathic with normal pressure
hydrocephalus. Affected individuals present with
mild attention and memory deficits, a unique wiggly
gait, mild urinary urgency, and incontinence. Neuro-
logical symptoms can be ameliorated by draining
cerebrospinal fluid through a tube into the abdom-
inal cavity.

However, until now, this symptom has been the
only diagnostic criterion, but our research group
has identified a special protein that precipitates in
the cerebrospinal fluid and found a method to diag-
nose the disease using this protein as a biomarker!.
In addition, we pointed out that the hydrocepha-
lus-like appearance of enlarged ventricular diame-
ters in this disease may be due to directional abnor-
mality of ciliary motility in the ventricular ependyma'®.
As a result, the diagnosis is now easier and patients
can be expected to improve with the surgical tube
placement. Patients who have achieved improve-
ment in gait disturbance are pleased with the
outcomes, proving that surgical treatment improves
their quality of life.

The other indications

Surgical treatment may have better outcomes
than medical treatment. In cases such as hemifacial
spasms and trigeminal neuralgia, where the symp-
toms are clearly caused by arterial compression of
the causative nerve, surgical treatment is the only
option. However, with advances in drug develop-
ment, involuntary facial muscle movements and
neuropathic pain caused by this compression can
now be managed through drug administration,
making drug therapy is the first choice. However,
patients can be allergic to these drugs and prolonged
use can render the treatment ineffective. Hence,
there is a growing preference, both economically
and psychologically, for surgical relief of the under-
lying cause of the compression phenomenon, rather
than continuation of drug therapy'”.

Recent image analysis technology has made it
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possible to clearly delineate the positional relation-
ship between nerves and blood vessels. In addition,
the ease of identification of surgical pathways to
lesions has dramatically improved the safety of
surgery. This is one of the reasons why surgery
and drug therapy can now comparable.

Other patient groups, such as those of Parkin-
son’s disease and spinal cord disease, have better
outcomes and prognoses with surgical intervention
than with pharmacotherapy'®. Functional surgeries
are now comparable to conventional treatment
strategies.

Conclusions

The present article compares the traditional (150
years ago) and contemporary neurosurgery methods
(2000-2022). The field is advancing constantly.
Although novel neurosurgery techniques are being
developed, they are based on the basic principles of
medical physiology and physics. The field will keep
on developing along with evidence-based medicine.
I believe that this article is the first one to provide
a comprehensive information on both traditional
and modern neurosurgeries.
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The Latest Treatment for Head and Neck Cancers:

Transoral Robotic Surgery and Photoimmunotherapy

Fumigiko MATSUMOTO

Department of Otorhinolaryngology, Faculty of Medicine, Juntendo University, Tokyo, Japan

Remarkable progress has been achieved in head and neck surgery in recent years. Transoral robotic surgery (TORS) is
becoming popular worldwide for the removal of less invasive tumors. TORS is used especially for oropharyngeal cancer and is
minimally invasive, with a short treatment time and minimal postoperative dysfunction. The procedure is performed by
inserting one endoscope and two robotic arms. The robotic arm has a 360-degree movable tip, which enables fine manipulation,
even in narrow oral cavities. The endoscope also provides three-dimensional images and enables the surgeon to get close to the
operative site, making it possible to check for small blood vessels and other objects while performing the operation.

Photoimmunotherapy is a new treatment for distant metastasis or recurrent head and neck cancers not indicated for surgery
or radiotherapy. Treatment requires the administration of a dye, IR700, one day before the procedure. This dye disrupts cell
membranes when exposed to near-infrared (NIR) radiation. To deliver this dye specifically to the tumor, an antibody drug
against the epidermal growth factor receptor, which is expressed relatively specifically in tumors, is used. This treatment has
a strong anti-tumor effect and the tumor shrinks relatively quickly. However, because NIR irradiation is required, the lesion
must be within the infrared irradiation range. In addition, because of rapid shrinkage of the tumor, post-treatment tissue defects
are serous complication, and tumor invasion into the carotid artery are contraindications due to the risk for major hemorrhage
caused by tumor shrinkage.

Key words: head and neck cancer, trans oral robotic surgery, photo immune therapy

achieve complete cure using drug therapy alone. In
the present article, we introduce and discuss robotic
surgery and photoimmunotherapy as the latest
treatments for head and neck cancers.

Introduction

The field of otorhinolaryngology is diverse and
includes the disciplines of otology, rhinology, and
head and neck surgery. Head and neck surgery

addresses tumors that occur in the head and neck Transoral robotic surgery

region and is a field that has witnessed remarkable
progress in recent years. Radiotherapy and surgery
using external incisions are conventional curative
treatments for head and neck cancers. In addition,
drug therapy is commonly used in cases of distant
metastasis or recurrence, although it is difficult to

Recent advances in endoscopic techniques, espe-
cially the introduction of narrowband imaging
(NBI), have made it possible to detect pharyngeal
cancer at an earlier stage than in the past. NBl is a
pioneering technology developed in the field of
gastrointestinal endoscopy that has been recently
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applied to the head and neck region. NBI is an
optical imaging enhancement technology that
depicts capillaries in the superficial layer of the
mucosa in brown and those in the submucosal
tissue in blue-green on a monitor, thus enabling
identification of lesion(s) that develop from capil-
laries characteristic of superficial cancer.

Efforts are now being made to perform less-in-
vasive resection of cancers detected at an early
stage using these techniques, and robots can now
be used to perform less-invasive resection(s).
Cases that previously required external incisions
or radiotherapy can now be treated less invasively
and in a shorter period by removing the cancer
transorally. The conventional external incision
approach results in an incision wound on the neck,
which is inferior in terms of cosmetic appearance.
In addition, the neck wound heals with scarring,
causing postoperative discomfort and neck contrac-
ture. In addition, postoperative swallowing function
is impaired due to scar contracture and the resec-
tion of muscles necessary for swallowing. Radio-
therapy is an alternative to the external incision
approach; however, it is also associated with
decreased quality of life after treatment due to
scarring of cervical tissues caused by radiation
injury, which results in impaired swallowing func-
tion and salivary secretion. However, when tumors
are removed transorally using a robot, surgery can
be performed without incisions in the neck, which
is preferred in terms of esthetics, and contracture
caused by manipulation(s) of the neck can be
prevented. In addition, because surgical manipula-
tion is limited to the area around the resection site,
postoperative functional deterioration due to scar
contracture and muscle dehiscence can be mini-
mized. In actual clinical practice, patients can be
discharged from hospital relatively early (approxi-
mately one week after surgery) and, although
some decline in swallowing function may occur, it
can be minimized:?. A “big data” analysis by the
United States National Cancer Database reported
that the advantages of TORS included low rates of
positive resection margins and postoperative
chemoradiotherapy?®, and that TORS significantly
prolonged overall survival compared with other
modalities in human papilloma virus-positive
oropharyngeal cancer?. Sano et al. reported a lower
rate of positive margins with TORS than with
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other transoral resection modalities such as tran-
soral video surgery and endoscopic laryngo-pha-
ryngeal surgery®. Thus, diverse evidence supporting
TORS has accumulated; however, not all head and
neck cancers are indications for the procedure.
Nevertheless, the lateral and anterior walls of
oropharyngeal cancers are considered to be good
indications. TORS has been widely used in the
United States and Europe, and Japan was some-
what late in introducing robotic surgery to this
area. However, insurance has covered TORS in
Japan since April 2022, and the number of facilities
capable of performing the procedure is gradually
increasing.

TORS is performed by inserting a camera and
two robotic arms (three in total) through the
mouth. The robotic arm has a 360-degree movable
tip, which enables detailed manipulation, even in
the narrow oral cavity (Figure 1). The robotic arm
is equipped with an anti-shake function such that,
even if the surgeon’s hands shake on the console,
the robotic arm will not shake. The robot arm is
also equipped with a scale function, so that the
actual robotic arm moves only 1 cm when the
surgeon moves his hand 5 cm; this scale can be set
to 1:3 or 1:5. These features enable more precise
manipulation. In addition, the endoscope provides
high-quality three-dimensional images and affords
the surgeon close access to the operative site,
making it possible to safely proceed with the proce-
dure while confirming the presence of small blood
vessels. An important point when performing
surgery is the development of a good surgical field
using a mouth gag. Recently, new and improved
apertures have been introduced to provide a better
surgical environment. One disadvantage of robotic
surgery is that the robotic arm does not have a
sense of touch; as such, it is not possible to palpate
the hardness of tissue, and the three arms are
inserted into the narrow oral cavity; therefore, it is
necessary to operate the arms carefully to avoid
interference among them.

Photoimmunotherapy

Photoimmunotherapy is a new treatment method
that was conditionally approved in Japan in
September 2020. It is indicated only for head and
neck cancers in patients with recurrent or meta-
static disease and for whom none of the existing
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Figure 1 A: The surgeon operates remotely from a console. B: Three robotic arms are inserted orally to
perform the operation. An assistant provides support near the patient.

treatments, such as radiation or surgery, are indi-
cated. The treatment mechanism is described as
follows. A dye, IR700, which causes a chemical
reaction when irradiated by near-infrared radia-
tion (NIR), is used to damage cell membranes.
This dye is administered intravenously to the
patient before NIR irradiation. When this dye is
exposed to light, it becomes insoluble and damages
cell membranes, thereby destroying cancer cells.
To make the treatment more effective, the dye
must specifically bind to cancer cells and not to
normal cells. To achieve this, cetuximab, an anti-
body against the epidermal growth factor receptor
(EGFR), which is highly expressed in head and
neck cancer cells, is combined with the dye and
administered. This makes it possible to specifically
target and bind the dye to cancer cells without
binding to normal cells. Then, irradiation with NIR,
which causes a reaction with the dye, causes the
dye to bind to the surface of cancer cells, react, and
destroy them®® (Figure 2). The day before treat-

ment, a drug containing IR700 combined with an
anti-EGFR antibody is administered intravenously.
Because the drug can react when exposed to light
at this time, it is handled under a light shield. On
the day of the procedure, the patient is transferred
to the operating room for NIR irradiation of the
tumor under general anesthesia; however, during
this time, the dye will react if the patient is exposed
to light. Therefore, the patient is transferred under
a light shield (Figure 3) and the operating room is
kept dark. There are two methods for irradiating
lesions using NIR: frontal and cylindrical. A frontal
diffuser is a method in which light is irradiated
from the front as if shining a flashlight. The cylin-
drical diffuser is a method in which a needle is
inserted into the tumor, and an optical fiber is
inserted into the needle to emit light from the
inside (Figure 4). Irradiation is performed by skill-
fully combining these two methods, considering the
extent and thickness of the lesion. This therapy has
a high antitumor effect on cancer cells, and the
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Figure 2 Mechanism of photoimmunotherapy

Figure 3 A: The drug needs to be covered with a shield to prevent exposure to light. B: The patient is transported to the

operating room under a cover to prevent exposure to light.

tumor often shrinks relatively quickly; however,
tissue defects due to tumor shrinkage are a major
problem. In addition, if the tumor has invaded the
carotid artery, treatment is contraindicated due to
the risk for major bleeding caused by tumor
shrinkage. The conditions for this treatment are
that the tumor must have a relatively specific
target—such as EGFR—to enable the dye to bind
to the tumor while bypassing normal areas, and
that the tumor must be located in an area that can
be irradiated with NIR. For these reasons, as
mentioned above, head and neck cancer is a current
indication for treatment”. Research and develop-
ment of new methods, such as the search for molec-

100

ular targets to bind dyes specific to cancer cells in
other types of cancers and NIR irradiation from the
tip of an endoscope, are currently underway, and it
is anticipated that this technology will be expanded
to other areas in the future.

In addition to the direct destruction of tumors,
this therapy also has other potential effects. More
specifically, it enhances immunity against tumors.
Conventional surgery, radiotherapy, and chemo-
therapy all exert anti-tumor effects; however, there
is concern that the invasiveness of surgery and the
side effects of treatment may reduce the physical
strength of the patient. While photoimmunotherapy
requires general anesthesia, the burden on the
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patient is much less than that of conventional ther-
apies. Tumor cells are destroyed without damaging
the surrounding tumor tissue; as such, undamaged
tumor antigens are dispersed from the destroyed
tumor cells into the body. Tumor antigens are
recognized by dendritic cells and other cells, which
potentially enhance the patient’s own tumor immu-
nity. In turn, this enhancement of tumor immunity
may have an abscopal effect, reduce the size of
untreated distant metastatic lesions and prevent
recurrence after treatment. Therefore, the treatment
is referred to as “photoimmunotherapy”. Currently,
however, there are no clear data supporting such
effects in clinical practice, although further evidence
is anticipated to be accumulated in the future.
Methods, such as combining therapy with existing
immune checkpoint inhibitors, such as nivolumab
and ipilimumab, to further enhance tumor immu-
nity for cancer treatment, are being investigated.
New developments are anticipated in the future,
such as the use of this method in other therapies
and other aspects of treatment?.

Conclusion

Various new treatments have been developed
and introduced in the field of head and neck cancer.
This has led to improved prognosis and minimally
invasive treatment. Further advances and develop-

Figure 4 A: Frontal diffuser B: Cylindrical diffuser

ment are anticipated in the future.
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A Skin-derived Antimicrobial Peptide Derived from Insulin-like Growth Factor-binding
Protein 5 (AMP-IBP5) as Therapeutic Candidate for Psoriasis
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Antimicrobial peptide derived from insulin-like
growth factor-binding protein 5 (AMP-IBP5) not
only displays antimicrobial activities against invading
pathogens but also has a wide range of immuno-
modulatory properties. In contrast to various anti-
microbial peptides (AMPs) such as human S-
defensins, cathelicidin LL-37 and S100A7 that are
upregulated in psoriasis, insulin-like growth factor-
binging protein 5, the parent protein of AMP-IBP5,
is downregulated in psoriatic skin tissues. Psoriasis
1s an inflammatory skin disease characterized
by epidermal hyperplasia, erythematous plaques,
abnormal epidermal differentiation, and neutrophil
infiltration into the epidermis. Although several
AMPs have been implicated in the pathogenesis of
psoriasis, the role of AMP-IBP5 remains unknown.
Therefore, we aimed to investigate the effects of
AMP-IBP5 in the pathogenesis of psoriasis using
imiquimod-induced psoriasis-like mouse model and
examined the underlying molecular mechanism.

Following subcutaneous administration of AMP-
IBP5 into the psoriatic mice, we observed a remark-
able reduction of dry scales and plaques, epidermal
thickness, hyperkeratosis, parakeratosis, hyperplasia

of dermal vessels and neutrophil infiltration in
psoriatic mice compared to normal mice. Consistently,
AMP-IBP5 administration markedly suppressed
the expression of Kkeratinocyte differentiation
markers, including involucrin and loricrin, inflam-
matory cytokine tumor necrosis factor-a, antimi-
crobial peptides (cathelicidin and S100A proteins),
and various angiogenesis factors from the psoriatic
lesional skin. To clarify the molecular mechanism
by which AMP-IBP5 alleviates psoriasis symptoms,
we focused on low-density lipoprotein receptor-
related protein 1 (LRP1), which regulates inflam-
matory responses and keratinocyte differentiation.
The expression of LRP1 was noticeably decreased
in the lesional skin of patients with psoriasis
compared to that nonlesional or normal skin tissues,
suggesting that dysregulation of LRP1 in the
epidermis may be involved in the pathogenesis of
psoriasis. Interestingly, administration of LRP1
antagonist, receptor-associated protein (RAP),
exacerbated psoriasis and abolished AMP-IBP5-
mediated improvement in psoriasis, suggesting
that LRP1 is crucial in the pathogenesis of psoriasis
and that LRP1 pathway is necessary for AMP-
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IBP5-induced improvement in psoriasis. Collec-
tively, we provide evidence that AMP-IBP5 might
be a novel potential therapeutic target for the
treatment of psoriasis.

Acknowledgments

We thank Michiyo Matsumoto for the secretarial
assistance and Eri Yoshimoto for the technical
support.

Funding

This work was partially supported by a Grant-
in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology
of Japan to FN (grant number: 26461703 and

104

21K08309), a grant from the National Eczema
Association (grant number: NEA21-ERG159 and
NEA22-ERG169) and Vichy Exposome Grant to GP.

Author contributions

Conceptualization: SY, GP and FN; Data curation:
SY and GP; Funding acquisition: GP and FN; Meth-
odology: SY, GP and FN; Supervision: GP and FN;
Visualization: SY and GP; Writing, original draft
preparation: SY and GP; Writing, review and
editing: SY, GP and FN. All authors read and
approved the final manuscript.

Conflicts of interest statement

The authors have no conflicts of interest to report.



() ®

Original Articles

Juntendo Medical Journal
2023. 69(2), 105-115

Dictyostelium Differentiation-inducing Factor Derivatives Reduce the Glycosylation of

PD-L1 in MDA-MB-231 Human Breast Cancer Cells
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Objectives: Triple-negative breast cancer (TNBC) is a metastatic and intractable cancer with limited treatment options.
Refractory cancer cells often express the immune checkpoint molecules programmed death-ligand 1 (PD-L1) and PD-L2,
which inhibit the anticancer effects of T cells. Differentiation-inducing factors, originally found in Dictyostelium discoideum, and
their derivatives possess strong antiproliferative activity, at least in part by reducing cyclin D1 expression in various cancer
cells, but their effects on PD-L1/PD-L2 have not been examined. In this study, we investigate the effects of six DIF compounds
(DIFs) on the expression of PD-L1/PD-L2 and cyclin D1/D3 in MDA-MB-231 cells, a model TNBC cell line.
Methods: MDA-MB-231 cells were incubated for 5 or 15 h with or without DIFs, and the mRNA expression of cyclin D1, PD-
L1, and PD-L2 were assessed by quantitative polymerase chain reaction (qPCR). Whereas, MDA-MD-231 cells were incubated
for 12 or 24 h with or without DIFs, and the protein expression of cyclins D1 and D3, PD-L1, and PD-L2 were assessed by
Western blotting.
Results: As expected, some DIFs strongly reduced cyclin D1/D3 protein expression in MDA-MB-231 cells. Contrary to our
expectation, DIFs had little effect on PD-L1 mRNA expression or increased it transiently. However, some DIFs partially
reduced glycosylated PD-L1 and increased non-glycosylated PD-L1 in MDA-MB-231 cells. The level of PD-L2 was very low
in these cells.
Conclusion: Since PD-L1 glycosylation plays an important role in preventing T cells from attacking cancer cells, such DIFs
may promote T cell attack on cancer cells i vivo.
Key words: Dictyostelium, differentiation-inducing factor 1 (DIF-1), triple-negative breast cancer, programmed cell
death 1 (PD-1), programmed death-ligand 1 (PD-L1)

pression by binding to PD-1 on immune cells*”.

Introduction Normal (non-transformed) cells in the body are

The elucidation of mechanisms underlying immu-
nosuppression by programmed cell death protein 1
(PD-1)" and its ligand, programmed death-ligand
1 (PD-L1)?, has led to great progress in the field
of cancer immunotherapy. PD-L1 is an immune
checkpoint inhibitor that promotes immunosup-

not attacked by immune cells, whereas cancer
(transformed) cells are recognized as “non-self”
and are attacked by T cells®*?. However, cancer
cells expressing PD-L1 can evade immune destruc-
tion by binding to PD-1 on the surface of T
cells® 1712 After the discovery of PD-L1, the PD-L2
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ligand, which has the same action as PD-L1, was
also identified”!®. Nivolumab/Opdivo®, an anti-
PD-1 antibody approved for the treatment of
various types of cancer, acts by blocking the inter-
action of PD-1 with PD-L1 and PD-L2, thereby
releasing immunosuppression and promoting the
tumor-killing effect of T cells*”'¥. Accordingly, the
application of immune checkpoint inhibitors such
as anti-PD-1 and anti-PD-L1/PD-L2 and inhibitors
for PD-L1/PD-L2 expression is rapidly becoming a
promising cancer immunotherapy approach*” .

Breast cancer is the most common cancer among
women, accounting for about 25% of all new female
cancers each year'®'?. Triple-negative breast
cancer (TNBC) is a subtype of breast cancer that
does not express the estrogen receptor, proges-
terone receptor, or human epidermal receptor 2,
with clinical features that include being highly
proliferative, metastatic, heterogenous, and refrac-
tory. Due to the lack of targetable receptors, targeted
hormone therapies for TNBC are not an option'$2.
Therefore, innovative breast cancer treatments,
including novel anticancer and antimetastatic drugs,
are needed. PD-L1 is expressed in 20% of TNBCs,
suggesting that it may serve as a therapeutic
target in this disease?2%.

Differentiation-inducing factor 1 (DIF-1, 1- (35~
dichloro-2,6-dihydroxy-4-methoxyphenyl) hexan-
1-one) and DIF-3 (1-(3-chloro-2,6-dihydroxy-4-
methoxyphenyl) hexan-1-one) are chlorinated alkyl-
phenones (Figure 1) that were originally isolated
as inducers of stalk cell differentiation from the
cellular slime mold Dictyostelium discoideum® ",
Subsequently, DIFs and several of their derivatives
were found to have antiproliferative and antimeta-
static activities in mammalian tumor cells both in

DIF-1 Br-DIF-1

OH O OH O

Cl Br Cl
MeO CH MeO OH MeO OH
Br Cl

Cl

DIF-3 DIF-3(+1)

OH O

vitro and in vivo®*?. Recently, we found that
several DIF derivatives (of the 43 assessed) strongly
suppressed the proliferation and/or serum-induced
migration of MDA-MB-231 cells, a model TNBC
cell line*; thus, DIFs have therapeutic potential in
the treatment of TNBC. Because MDA-MB-231
cells express PD-L1 and PD-1L22¢* they can be
used as a model for the development of therapeutic
methods and drugs targeting PD-L1/PD-L2.

In this study, we assessed the effects of six repre-
sentative DIF compounds (Figure 1) on the
expression of PD-L1 and PD-L2 in MDA-MB-231
cells. The results showed that although DIF
compounds had little effect on PD-L1/PD-L2
protein expression or slightly decreased it, some of
the DIF compounds significantly reduced glyco-
sylated PD-L1 and increased non-glycosylated
PD-L1, which may reduce PD-L1 activity. Thus,
such compounds might inhibit PD-1/PD-L1
signaling, thereby facilitating activation of T cells
that then attack cancer cells.

Materials and Methods

1. Cells and reagents

Human MDA-MB-231 cells were obtained from
American Type Culture Collection (ATCC, Manassas,
VA, USA) and grown and maintained at 37°C with
5% CO, and 95% air in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS), 4.5 g/L
glucose, and antibiotics (75 ug/mL penicillin and 50
ug/mL streptomycin). DIF compounds were synthe-
sized as previously described®” and stored as 10
mM stock solutions in dimethyl sulfoxide (DMSO)
at -20°C.

DIF-1(+2)

OH O

Bu-DIF-3
OH O

OH O
MeO OH MeO OH 2 S OH

Figure 1 Chemical structure of six differentiation-inducing factor (DIF) compounds
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2. Cell proliferation assay

MDA-MB-231 cells were incubated in 12-well
plates (Corning, New York, NY, USA) with each
well containing 1 ml of DMEM-FBS (2 x 10* cells/1
mL/well) until cells attached to the bottom of the
wells. After removal of the media, cells were incu-
bated for 3 days with 1 mL DMEM-FBS containing
0.2% (v/v) DMSO or 10 or 20 uM DIF compounds.
Then, the cells were observed by phase-contrast
microscopy and re-incubated with 1 mL of fresh
DMEM-FBS containing 5% (v/v) of the cell number
indicator Alamar blue (Wako Pure Chemical Indus-
tries, Osaka, Japan) until color of the media had
changed. Relative cell number was determined by
measuring absorbance at 570 nm (reference at 595
nm), as described previously?"3?¥.

3. Quantitative polymerase chain reaction (PCR)

MDA-MB-231 cells were grown in 10 cm tissue
culture dishes (Corning) to 60-80% confluence in
DMEM-FBS. Then the media were removed, and
cells were incubated for 5 and 15 h with 10 mL
DMEM-FBS containing 0.2% (v/v) DMSO or 10
and 20 uM DIF compounds. After washing the cells
with 10 mL phosphate-buffered saline (PBS), cells
were lysed in 1 mL Isogen (Nippon Gene Co., Ltd.,
Tokyo, Japan). Total RNAs were prepared from
the lysates, followed by reverse transcription of 1
ug RNA into cDNA by using the High-Capacity
c¢DNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, MA, USA) according to the
manufacturer’s instructions. We performed quanti-
tative PCR (qPCR) to assess the relative mRNA
levels of cyclin D1, PD-L1, and PD-L2 by using the
TagMan Gene Expression Master Mix (Applied
Biosystems, Foster City, CA, USA) and LightCy-
cler Nano Instrument (Roche, Basel, Switzerland),
with glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) serving as the internal control. The
following primers were used: cyclin D1, Hs00765553_
ml; PD-L1, Hs00204257_m1; PD-L2, Hs00228839
ml; and GAPDH, Hs99999905 m1 (Thermo Fisher
Scientific).

4. Western blot analysis

MDA-MB-231 cells were incubated in 12-well
plates (Corning) with each well containing 1 ml of
DMEM-FBS (5-10 x 10* cells/mL/well) until cells
attached to the bottom of the wells. After removal

of the media, cells were incubated for 12 and 24 h
with 1 mL DMEM-FBS containing 02% (v/v)
DMSO or 10 or 20 uM DIF compounds. Then cells
were washed with 1 mL PBS, harvested by adding
0.1-0.2 ml of SDS-sample buffer solution (in propor-
tion to cell density: relative cell number), crushed
and heated by sonication, and used for sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Western blot analysis was performed
as previously described®. Briefly, proteins were
resolved by SDS-PAGE and electrotransferred to
membranes. After blocking with 0.3% non-fat
dry-milk powder in a Tris-buffered saline (10 mM
Tris-HCI, pH 75, 137 mM NaCl, 0.1% Tween 20;
designated TBS-T hereafter) for 1 h at room
temperature, the membranes were incubated for 1
h at room temperature with primary antibodies
against cyclin D1, cyclin D3, PD-L1, PD-L2, or
GAPDH in TBS-T. After washing with TBS-T,
membranes were incubated for 1 h at room
temperature with anti-mouse alkaline phosphatase
or anti-rabbit IgG secondary antibody in TBS-T.
Visualization of the protein bands was performed
in an alkaline buffer (100 mM Tris-HCI, pH 9.5, 100
mM NaCl, 5 mM MgCl,) containing 5-bromo-4-
chloro-3-indolyl-phosphate (62.5 ug/ml) and nitro
blue tetrazolium (125 ug/ml); the labeled protein
bands were quantified with Adobe Photoshop
Element 2020 (Adobe, San Jose, CA, USA) and
Image] software (version 1.53a).

5. Statistical analyses

Statistical analyses were performed using the
Welch's t-test (two-tailed) with p<0.05 considered
statistically significant.

Results

1. Selection of six DIF compounds for evaluation

We first compared and evaluated the antitumor
activity of six DIF compounds in MDA-MB-231
cells and LM8 murine osteosarcoma cells for
comparison (Table 1). Because the antiprolifera-
tive and antimigratory activities of the natural
compounds, DIF-1 and DIF-3, are comparatively
weak in MDA-MB-231 cells and LMS8 cells, we
selected three compounds, one derivative of DIF-1
and two derivatives of DIF-3. Of the three
compounds, Br-DIF-1 (1-(3,5-dibromo-2,6-dihy-
droxy-4-methoxyphenyl) hexan-1-one) is charac-
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Table 1 Antiproliferative and antimigratory activities of DIF compounds

ICs5y (uM) vs. Cell growth

IC5y (uM) vs. Cell migration

Compound MDA-MB-231% LM8%® MDA-MB-231% LM8%
DIF-1 > 20 18.2 > 10 85
Br-DIF-1 > 20 185 3.8 55
DIF-1(+2) nd. n.d. > 10 n.d.
DIF-3 > 20 155 > 10 102
DIF-3(+1) 12.2 7.8 > 10 5.1
Bu-DIF-3 6.0 20 39 42

Footnote: n.d., not determined.

teristic in the following points. The antiproliferative
activity of Br—-DIF-1 is comparatively weak in both
cell lines but it strongly suppresses the serum-in-
duced migration of MDA-MB-231 cells® and lyso-
phosphatidic acid-induced migration of LM8 cells®®
(Table 1); therefore, Br-DIF-1 may be a good lead
compound for the development of antimetastatic
agents. Whereas, DIF-3(+1) (1-(3-chloro-2,6-di-
hydroxy-4-methoxyphenyl) heptan-1-one) and Bu-
DIF-3 (1-(3-chloro-2,6-dihydroxy-4-butoxyphenyl)
hexan-1-one) are characteristic in the following
points. The antiproliferative and antimigratory
activities of DIF-3(+1) and Bu-DIF-3 are compar-
atively strong in both cell lines (Table 1); there-
fore, DIF-3(+1) and Bu-DIF-3 may be good lead
compounds for the development of antiproliferative
and antimetastatic agents. On the other hand, the
antiproliferative and antimigratory activities of
DIF-1(+2) (1-(35-dichloro-2,6-dihydroxy-4-me-
thoxyphenyl) octan-1-one) are weak in both cell
lines (Table 1), but as this derivative has strong
antimalarial activity®, we used it for subsequent
comparative analyses. In this study, we recon-
firmed the effects of these DIF compounds on cell
proliferation and morphology in MDA-MB-231
cells (Figure 2), where we used DIF-1, Br-DIF-1,
DIF-1(+2), DIF-3, and DIF-3(+1) at 20 uM and
Bu-DIF-3 at 10 uM since Bu-DIF-3 at more than
10 uM is highly toxic to the cell. The concentra-
tions of these compounds are omitted hereafter
unless otherwise needed.

2. Effects of DIFs on cyclin D1 expression in
MDA-MB-231 cells

DIF-1 and DIF-3 suppress cell proliferation, at
least in part, by reducing cyclin D1 expression in
many cancer cell lines®3 4449 Tq confirm the
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general actions of DIF's, we first evaluated the effects
of the six DIF compounds on cyclin DI mRNA
expression in MDA-MB-231 cells (Figure 3A).
Cyclin D1 mRNA expression was not significantly
suppressed after 5 and 15 h of incubation with
DIF-1 and its derivatives except for Br-DIF-1,
which slightly suppressed expression at 5 h. In
contrast, DIF-3, DIF-3(+1), and Bu-DIF-3 signifi-
cantly suppressed cyclin D1 mRNA expression
after 5 h; after 15 h of incubation, only DIF-3(+1)
significantly suppressed expression.

Next, we examined the effects of DIFs on the
protein expression of D-type cyclins D1 and D3 in
MDA-MB-231 cells; note that the cells were alive
and healthy up to 24 h of incubation with the DIFs
(Figure 4) until the cells were collected for Western
blot analysis. Expression of cyclins D1 and D3 was
not significantly changed after 12 and 24 h of incu-
bation with DIF-1 and its derivatives (Figure 5A);
however, DIF-3, DIF-3(+1), and Bu-DIF-3 signifi-
cantly suppressed expression of both cyclins D1
and D3 protein after 12 and 24 h of incubation
except for cyclin D1 with DIF-3 at 24 h (Figure 5B).
These results showed that at the indicated concen-
trations, DIF-1 compounds had little effect on
cyclins D1 and D3 protein expression but DIF-3
compounds reduced their expression in MDA-MB-
231 cells.

3. Effects of DIFs on the expression of PD-L1
and PD-L2 in MDA-MB-231 cells

To verify whether DIFs might be useful for cancer
immunotherapy, we assessed the effects of the six
DIFs on the expression of PD-L1 and PD-L2 mRNA
in MDA-MB-231 cells (Figure 3B, C). Contrary to
our expectation, Br-DIF-1, DIF-3, DIF-3(+1), and
Bu-DIF-3 transiently increased PD-L1 mRNA
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Figure 2 Effects of DIF compounds on cell growth and morphology in MDA-MB-231 cells.
Cells were incubated for 3 days with 0.2% DMSO or 20 uM DIF-1 or its derivatives, or with
20 uM DIF-3 or DIF-3(+1) or 10 uM Bu-DIF-3, and relative cell number was determined;
data are the mean * standard deviation of a single experiment performed in triplicate (A).*p
< 0.01 vs. DMSO control. Representative photos of the cells at Day 3 are shown in (B).

expression after 5 h of incubation but did not
significantly affect expression at 15 h (Figure 3B),
whereas DIF-1 and DIF-1(+2) did not signifi-
cantly affect PD-L1 mRNA expression after 5 or 15
h of incubation. PD-L2 mRNA expression was not
significantly affected after 5 and 15 h of incubation
with DIF-1, its derivatives, and DIF-3, but it was
slightly increased after 5 h of incubation with
DIF-3(+1) or Bu-DIF-3 (Figure 3C).

Next, we evaluated the effects of DIFs on the
expression of PD-L1 (Figure 5C, D) and PD-L2
proteins (Figure 5E, F) in MDA-MB-231 cells.
Because PD-L1 has four asparagine residues modi-
fied with sugar chains* %", Western blotting detects
multiple bands with different molecular weights.
We quantified the amounts of total PD-L1 (PD-
Llt®)  unmodified PD-L1 (PD-L1°", ~33 kDa),
and glycosylated PD-L1 (PD-L1M max ~50 kDa).
The expression of total PD-L1 protein was not

significantly affected after 12 and 24 h of incubation
with DIF-1, DIF-1(+2), or DIF-3, whereas Br-
DIF-1, DIF-3(+1), and Bu-DIF-3 significantly
reduced PD-L1%% by an average of 5-10% by 24 h
(Figure 5C, D). Interestingly, however, all six DIFs
tended to increase PD-L1°" and reduce PD-L1" at
both timepoints. In particular, by 24 h Br-DIF-1,
DIF-3(+1), and Bu-DIF-3 significantly increased
PD-L1*" by an average of 15-20% and significantly
reduced PD-L1M by an average of 15-20%
(Figure 5C, D), suggesting that these DIF deriva-
tives might increase PD-L1"°¥, possibly by reducing
either PD-L1% or PD-L1%*% or both. Because the
protein expression of PD-L2 was low overall, only
the total amount of PD-L2 protein was quantified
(Figure 5E, F). Only Br-DIF-1 at 24 h and DIF-3
and DIF-3(+1) at 12 h significantly reduced PD-L2
expression.
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Figure 3 Effects of DIFs on the mRNA expression of cyclin D1 (A), PD-L1 (B), and PD-L2 (C) in MDA-MB-231 cells, as
assessed by qPCR. Cells were incubated for 5 or 15 h in the presence of DMSO (control) or the indicated DIFs. The mean *
standard deviation of 3 or 4 independent experiments relative to control are shown. *p < 0.05, *p < 0.01 vs. DMSO control.
GAPDH is glyceraldehyde-3-phosphate dehydrogenase.

Figure 4 Representative phase-contrast images of MDA-MB-231 cells incubated with DIFs or DMSO control.
Cells were incubated for 12 h (A, C) or 24 h (B, D) with 0.2% DMSO or 20 uM DIF-1 or its derivatives (A,
B), or with 20 uM DIF-3 or DIF-3(+1) or 10 uM Bu-DIF-3 (C, D). These cells were used for Western blotting.
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Figure 5 Effects of DIFs on the protein expression of cyclins D1 and D3 (A, B), PD-L1 (C, D), and PD-L2 (E, F) in MDA-
MB-231 cells, as assessed by Western blotting. Cells were incubated for 12 h or 24 h with 0.2% DMSO (control) or 20 uM DIF-
1 or its derivatives (A, C, E), or with 20 uM DIF-3 or DIF-3(+1) or 10 uM Bu-DIF-3 (B, D, F). The amounts of cyclins D1
and D3 (A, B), the amounts of total PD-L1 (PD-L1*%) non-glycosylated PD-L1 (PD-L1%¥), and glycosylated PD-L1 (PD-L1")
(C, D), and the amounts of total PD-L2 (E, F) were normalized with GAPDH and shown relative to those with DMSO. The
mean = standard deviation of three independent experiments relative to control are shown together with representative images
of the blots. *p < 0.05, **p < 0.01 vs. DMSO control.
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Discussion

1. Antiproliferative and antimigratory effects of
DIF on MDA-MB-231 cells

DIF-1, DIF-3, and their derivatives have anti-
proliferative and/or antimigratory activities in a
variety of tumor cells i vitro and in vivo®*?, and
are expected to be lead compounds for the develop-
ment of anticancer agents. We previously showed
that several DIF derivatives, such as DIF-3(+1)
and Bu-DIF-3, strongly suppressed both the prolif-
eration and serum-induced migration of MDA-MB-
231*® (Table 1), while another group showed that
30 uM DIF-1 significantly suppressed the prolifer-
ation of MCF-7 human breast cancer cells iz vitro,
at least in part via the reduction of cyclin D1
expression®’. More recently, the same group has
shown that 30 uM DIF-1 inhibited the proliferation
and migration of MDA-MB-231 cells iz vitro, and
150 mg/kg DIF-1 (administered every 12 h for 14
days to mice) inhibited the growth and metastasis
of TNBC cells iz vivo*®. Herein, we confirmed that
DIF-3(+1) and Bu-DIF-3, the most promising DIF
derivatives as anticancer agents evaluated in this
study, may suppress cell proliferation in MDA-MB-
231 cells, at least in part by reducing the expres-
sion of cyclins D1 and D3 (Figure 3A, 5B).

2. Suppression of PD-L1 glycosylation by DIF

As described in the Introduction section, because
MDA-MB-231 cells express the immune check-
point molecules PD-L1 and PD-L2%% | these cells
can be used for screening candidate agents targeting
PD-L1/PD-L2. Here, we evaluated the effects of
six DIFs (Figure 1) on the expression of PD-L1
and PD-L2 in MDA-MB-231cells (Figure 3B, C,
5C-F). Initially, we expected the DIFs to suppress
expression of PD-L1 and PD-L2; contrary to our
expectations, Br-DIF-1, DIF-3, DIF-3 (+1), and
Bu-DIF-3 transiently increased the mRNA expres-
sion of PD-L1 at 5 h (Figure 3B), whereas the total
protein expression of PD-L1 was not significantly
increased after 12 and 24 h of incubation with the
DIFs (Figure 5C, D). The reason for the transient
increase in PD-L1 mRNA expression is unknown,
but, for example, DIFs might induce a transient
increase in PD-L1 mRNA expression as a secondary
effect of arresting cell cycle. In any case, since
protein expression is generally regulated by the
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balance between mRNA translation and protein
degradation, any PD-L1 protein synthesized at 5 h
may have been degraded to some extent by 12 h
during incubation with DIFs.

Interestingly, Br-DIF-1, DIF-3(+1), and Bu-
DIF-3 reduced PD-L1%@ at 24 h (Figure 5C, D)
and tended to increase the amount of PD-L1Mv,
possibly by reducing PD-L1" (glycosylated PD-L1)
(Figure 5C, D). Glycosylation of PD-L1 is essential
for the PD-L1/PD-1 interaction and immunosup-
pression in TNBC*. Glycosylated PD-L1 becomes
resistant to degradation by the proteasome and
stabilizes*. Therefore, inhibition of PD-L1 glyco-
sylation by DIFs might lead to inhibition of PD-L1/
PD-1 signaling, thereby reducing immunosuppres-
sion of T cells and facilitating their attack on cancer
cells (Figure 6).

The expression of PD-L2 protein was decreased
by treatment with Br-DIF-1 at 24 h and DIF-3
and DIF-3(+1) at 12 h (Figure 5E, F). However, as
the expression level of PD-L2 is considerably low
in MDA-MB-231 cells (Figure 5E, F), it is unknown
whether these levels of PD-L2 are involved in
immunosuppression of T cells.

Herein, we assessed the effects of DIF-1(+2) on
the expression of cyclins D1 and D3 and PD-L1/
PD-L2 in MDA-MB-231 cells, as DIF-1(+2) has
antimalarial activity®®. The only significant biolog-
ical activity of DIF-1(+2) in these cells was a
significant increase in PD-L1° (Figure 5C).

Conclusions

In this study, we assessed the effects of six DIF
compounds on the expression of PD-L1 and PD-L2
in MDA-MB-231 cells and found that Br-DIF-1,
DIF-3(+1), and Bu-DIF-3 reduced PD-L1 glyco-
sylation. Our results suggest that such compounds
might inhibit PD-L1/PD-1 signaling and thereby
reduce immunosuppression of T cells, thus facili-
tating their attack of cancer cells (Figure 6),
although it is currently unknown whether such a
DIF-induced reduction in glycosylation actually
affects T cell activity. Accordingly, DIFs may be
good lead compounds for the development not only
of antiproliferative and antimigratory (antimeta-
static) drugs but also of immunotherapy drugs
against TNBC and possibly some other metastatic
cancers. It may be worth investigating the inhibi-
tory effects of other DIF derivatives (~50 DIF
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Figure 6 Schema of the processing pathway of PD-L1 and the action of DIFs. After translation from PD-L1
mRNA, PD-L1 protein is glycosylated at four asparagine residues (N35, N192, N200, and N219) 5. N-glycosylated
PD-L1 binds to its receptor PD-1 on T cells, which suppresses the cytotoxic activity of T cells, thereby allowing
cancer cells to escape attack from T cells. DIF might be able to weaken PD-L1/PD-1 interaction by inhibiting
glycosylation of PD-L1 and thus facilitating restoration of T cell immunity to some extent. In addition, DIF can
suppress cell proliferation and migration (metastasis) of some cancer cells including TNBC?0)-39.1D.43.48).5D. ¢ o,
Bu-DIF-3 strongly suppresses cell proliferation and migration of MDA-MB-231 and LM8 cells (Table 1)39-4,

derivatives in total)®*%*¥ on PD-L1 and PD-L2
protein expression in MDA-MB-231 cells as well
as in other cancer cells.
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Lateral Femoral Cutaneous Nerve Block for Postoperative Pain Control
After Total Hip Arthroplasty Using the Direct Anterior Approach:
A Single-blinded Randomized Control Trial

SONOKO SAKURABA, TAKESHI OMAE, SHUKO NOJIRI,
KEeITo KOH, SHO YAMAZAKI, MASATERU KUMEMURA

Department of Anesthesiology and Pain Clinic Juntendo University Shizuoka Hospital, Izunokuni, Shizuoka, Japan

Background: Total hip arthroplasty (THA) employing the direct anterior approach (DAA) is increasingly performed as a less
invasive procedure with faster recovery than other approaches. Unlike other approaches, the skin incision is made on the lateral
thigh, distal to the inguinal ligament. However, the effectiveness of ultrasound-guided lateral femoral cutaneous nerve (LFCN)
block for postoperative analgesia after THA using DAA has not been investigated.
We hypothesized that ultrasound-guided LFCN block using DAA would reduce postoperative pain after THA.
Methods: A prospective, randomized, observer-blinded controlled trial was conducted. The 92 patients included were divided
into two groups: those who received only femoral nerve block (FNB group) and those who received femoral nerve block and
LFCN block with 10mL of 0.25% levobupivacaine (FNB + LFECNB group). Both groups received intravenous patient-controlled
analgesia (fentanyl) postoperatively. A numerical rating scale was used to quantify pain at 3 and 48 h postoperatively.
Results: There was no significant difference in pain at rest and during movement between the FNB and FNB + LFCNB groups
(at rest: Z = -1.6814, p=0.0927; during on movement: Z = -0.9677, p=0.9487). There was also no significant difference in pain
severity at rest and during movement between the FNB and FNB + LFCNB groups postoperatively.
Conclusions: LECNB did not improve postoperative pain relief in patients undergoing THA with DAA.
Key words: lateral femoral cutaneous nerve, nerve block, lateral femoral nerve, total hip arthroplasty, direct anterior
approach

Peripheral nerve blocks are also an option”. Periph-

Introduction eral nerve blocks have been shown to reduce pain

Pain control after total hip arthroplasty (THA)
has previously been managed with epidural anes-
thesia. However, introduction of early postopera-
tive anticoagulant therapy has led to the avoidance
of catheter insertion into the central nervous system.
Pain relief is now provided by various methods
such as periarticular injections and intravenous
patient-controlled analgesia (IV-PCA) with opioids.

following THA and have effects comparable to
those of anesthetic delivery to the central nervous
system?.

Compared with other approaches, THA via the
direct anterior approach (DAA) is known to have
a faster recovery time, with earlier ambulation and
shorter hospital stay*?. Consequently, it has been
adopted as a less invasive option in an increasing
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Figure 1 Total hip arthroplasty by direct anterior approach
incision

Incision line is indicated by the black arrow.

Anterior superior iliac spine is indicated by a black X.

number of cases over the past decade®®.

In the posterior and lateral approaches, the inci-
sion is made on the back of the hip. With the DAA,
the incision site is located on the lateral aspect of
the thigh®. Figure 1 shows the skin incision site in
a patient who underwent THA using DAA.

Pain sensation on the outer thigh is supplied by
the lateral femoral cutaneous nerve (LFCN). Due
to the great anatomical variability of the LCFN, the
success rate for conventional LFCN blocks was
historically low”; however, it has dramatically
increased when used with ultrasound guidance®.

Currently, LFCN blocks are commonly employed
for postoperative analgesia. LFCN blocks have
been found to decrease postoperative analgesic use
in surgeries for femoral neck fractures wherein the
skin incision is on the lateral thigh, similar to THA
with DAA?. Although the efficacy of LFCN blocks
for pain management after THA has been investi-
gated several times!®!’, THA in these studies was
performed with either the posterior or unspecified
approaches; none of them used DAA.

In this study, we hypothesized that LFCN blocks
for THA using DAA reduce postoperative pain.
We compared the numerical rating scale (NRS)
scores 3 h postoperatively between groups that did
and did not receive an LFCN block.

Materials and Methods

Ethics approval and consent to participate
This study was approved by the hospital Ethics

Committee and prospectively registered with the
University Hospital Medical Information Network
(UMIN: UMINO000035562) at its initiation. This
study was conducted in accordance with the guide-
lines of the Declaration of Helsinki (2013). All study
participants provided written informed consent for
their participation in the study.

Study design and participants

From December 10, 2018, to August 9, 2019, we
conducted a prospective, observer-blinded, compar-
ative, and randomized controlled trial using strati-
fied randomization at the Department of Anesthe-
siology and Pain Clinic, Juntendo Shizuoka Hospital,
Shizuoka, Japan. The exclusion criteria were as
follows: (1) previous THA on the same side; (2)
presence of a lesion not suitable for skin puncture
around the injection site, as determined by a
surgeon; (3) history of allergic reactions to local
anesthetics; (4) under anesthesia for more than 6 h;
(5) dementia (Hasegawa Dementia Scale-Revised
score < 22 points); (6) requiring postoperative
mechanical ventilation; (7) prothrombin time-in-
ternational normalized ratio > 2.0, activated partial
thromboplastin time > 1.5 X the reference value,
platelet count < 50,000/uL, and other clear indica-
tions for the presence of a coagulation disorder; and
(8) evaluated to be ineligible by the principal
investigators for any other reason. Stratified
randomization was performed according to age and
sex, which were considered to influence postopera-
tive pain. The participants were patients scheduled
to undergo THA using DAA at our hospital.

Patient randomization

Preoperatively, patients were randomly assigned
to receive a femoral nerve block (FNB group) or
FNB plus LFCN block (FNB + LFCNB group).
Stratified randomization was performed using a 1:1
allocation table according to sex, and age. The
patients were distributed according to the alloca-
tion table by investigators who were not directly
involved in their care. The analysis was performed
using an intention-to-treat analysis.

Application of anesthesia

Upon entering the operating room, all patients
were connected to general monitoring equipment.
They received general anesthesia with propofol,
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fentanyl, remifentanil, and rocuronium, and then
underwent tracheal intubation.

Preoperatively, the FNB group received FNB
alone, and the FNB + LFCNB group received FNB
and LECNB. Intraoperatively, anesthesia was main-
tained with sevoflurane, desflurane, or propofol-ro-
curonium-remifentanil-fentanyl. The dose of fentanyl
used during surgery was at the discretion of the
anesthesiologist.

Block interventions

Four experienced anesthesiologists performed
the nerve blocks. For ultrasound guidance, a 6-15-
MHz linear probe of SonoSite S-Nerve (FUJIFILM
Sonosite, Inc., Bothell, WA, USA) or a 4.2-13.0-MHz
linear probe of the LOGIQ e premium (GE Health-
care Co., Chicago, IL, USA) was used. For the injec-
tion, a 20 G X 80 mm UNIEVER nerve block needle
(Unisys Corp., Tokyo, Japan) was used.

The LFCN was identified approximately 10 cm
caudal to the inguinal ligament using the fat-filled
flat tunnel (FFFT, the space surrounded by the
sartorius, tensor fascia lata, and rectus femoris
muscles, and formed by a double layer of the fascia
lata between the sartorius and tensor fascia lata
muscles). Figure 2 shows the LFCN within the FFFT
and at the level of the injection during the LFCNB.

After identifying the LFCN in FFFT, the echo
probe was moved cranially to a position from where
the LFCN could be identified sonographically. The
blockade needle was inserted in-plane to inject 10
mL 0.25% levobupivacaine into the area surrounding

Figure 2 LFCN in FFFT
<« : lateral femoral cutaneous nerve
SM : sartorius muscle, FTML : tensor fasciae latae muscle,
RFM : rectus femoris muscle
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the nerve. If the upper portion of the area could not
be visualized, the drug was injected at the most
superior position visible on ultrasonography, approx-
imately 2 cm caudal to the inguinal ligament.

Evaluation of pain

After recovering from the effects of general
anesthesia, the patients were transferred to the
recovery room, where postoperative assessments
were conducted by a blinded observer, who was
either a scrub or ward nurse. Subsequently, NRS
scores at rest and on movement were measured at
3, 6, 12, 24, and 48 h postoperatively.

Postoperative analgesia
Postoperatively, all patients received fentanyl 20
ug/h with a bolus dose of 20 ug via IV-PCA for 48 h.

Outcome assessment

Postoperative pain was quantified using the NRS.
The primary outcome was defined as NRS scores
at rest and on movement 3 h postoperatively, and
the secondary outcome as changes in NRS scores
up to 48 h postoperatively.

Sample size calculation and statistical analysis
Sample size calculation was performed using R
4.0.3. The following parameters were derived from
our experience and data from previous studies!>'?:
two-tailed a=0.05, f=0.20, mean standard deviation
of NRS=20, and 0=1.5. Using the Mann-Whitney-
Wilcoxon test, the calculated sample size comprised
82 patients (41 in each group). Considering a 30%
dropout rate, the final sample size was 108 patients.
Intermediate analyses was not conducted. The
standard deviation (SD) and interquartile range
(IQR) were calculated for the average and median,
respectively. For all tests and estimations, the
significance level was set at 5% and a 95% confi-
dence interval was used. In the event of missing
NRS values, the multiple completion method was
used to complete the data. The Mann-Whitney-
Wilcoxon test was used for continuous variables,
whereas the chi-square test or Fisher’s exact test
was used for ordinal and nominal variables. The
secondary endpoint was the change in NRS at 48 h
postoperatively, which was tested nonparametri-
cally using the U test for MW and the Bonferroni
method for correction of multiple comparison tests.
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All analyses (except sample size calculations)
were performed using the SAS software (SAS
Institute Inc, NC, USA).

Results

Of the 116 patients selected, 109 were enrolled in
the study. When an additional sedative, not included
in the protocol was used for a patient before the
measurement of the primary outcome (NRS score
3 h postoperatively), the patient was excluded.
Finally, 49 patients in the FNB group and 43 in the
FNB + LFCNB group were included in the analysis
(Figure 3).

There were no differences in patient demo-

graphics between the two groups (Table 1).

Postoperative complication rates also did not
differ between the two groups (Table 2).

There was no significant difference in NRS
scores at rest and during movement 3 h postopera-
tively (at rest: Z = -1.6814, p=0.0927; during move-
ment: Z = -0.9677, p=0.9487) (Figure. 4).

The change in NRS score up to 48 h postopera-
tively, a secondary endpoint, tended to be lower in
the FNB + LFCNB group throughout the observa-
tion period, but there was no significant difference
in the other measurement points between the two
groups (Figure 5).

Assessed for eligibility
(n=116)

Excluded (n=7)
+ Met exclusion criteria (2)
Arrelgy of local anesthisa (n=1)

A

Dimentia(n=1)
+ Declined to participate (4)
» Changed approach (1)

Randomized
(n=109)

!

FNB group (n=57)
- Received femoral nerve block (56)

- Did not received intervention (1)

Allocation

Cancelled operation (n=1)

v

Lost to follow-up (n=7)

+ Met discontinuance criteria (7)
Changed approach (n=4)
Additional analgesic in 3hrs (n=1)

Follow-up

Postoperative delirium (n=2)

v

Analyzed (n=49)
« Excluded from analysis (n=0)

Analysis

'

LFCNB group (n=52)
-+ Received FNB + LFCNB (51)
- Did not received intervention (1)

Hematoma (n=1)

v

Lost to follow-up (n=8)
* Met discontinuance criteria (8)

Changed approach (n=3)
Additional analgesic in 3hrs (n=2)
Postoperative delirium (n=3)

'

Analyzed (n=43)
« Excluded from analysis (0)

Figure 3 CONSORT diagram
FNB, femoral nerve block; LECNB, lateral femoral cutaneous nerve block
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Table 1 Basic demographics

FNB + LFCNB group (n=43) FNB group (n=49) p value
Age* 67.21 (10.75) 67.33 (10.53) 0.96
Sex
12 12

F 31 37
Body weight (kg)* 60.2 (10.36) 57.86 (10.58) 0.29
Body height (cm)* 157.0 (0.083) 156.9 (0.080) 0.96
ASA

1 7 10

2 31 37

3 5 2
Operation time (min)* 119.04 (24.75) 115.55 (19.23) 0.12
Duration from block to 46,66 (5:86) 4530 658) 041

start of operation (min)*

* Mean (SD)
ASA, American Society of Anesthesiology score; FNB, femoral nerve block; LFCNB, lateral femoral cutaneous
nerve block

Table 2 Complications

FNB + LFCNB group FNB group
PONV, n (%) 14 (33%) 15 (31%) p=0.84 (95% CI -0.17 to 0.21)
Nerve injury, n 0 0

CI, confidence interval; FNB, femoral nerve block; LFCNB, lateral femoral cutaneous nerve block; PONV,
postoperative nausea and vomiting

10 10 B
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FNE FMB + LFCNB FMEB FMB + LFCHNE

at rest O mosement

Figure 4 Pain at rest and during movement at 3 hours postoperatively
The differences were not statistically significant.
FNB, femoral nerve block; LFCNB, lateral femoral cutaneous nerve block
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Figure 5 Pain at rest and during movement up to 48 hours postoperatively
The differences between the two groups were not statistically significant.
FNB, femoral nerve block; LECNB, lateral femoral cutaneous nerve block

Discussion

This study found no significant difference in NRS
scores at rest after THA using DAA, regardless of
LFCNB use. However, no significant difference was
noted between the use and non-use of LFCNB.
This result is unlikely to be accidental. It is reason-
able to conclude that LFCNB did not yield a signif-
icant difference in NRS scores. For the secondary
outcome, that is changes in NRS scores over time,
NRS scores tended to be lower in the LFCNB
group throughout the observation period. However,
no significant differences were observed between
the groups.

One possible reason for the lack of a significant
difference between the FNB and FNB + LFCNB
groups could be that the wound pain associated
with THA using DAA was not as severe as that
associated with other approaches. THA using DAA
can preserve the muscles and nerves in the thigh'?.
In fact, DAA has been shown to reduce postopera-
tive pain compared with other approaches*>!?. In
this study, a few patients did not require additional
IV-PCA. Therefore, if femoral pain was relieved
with FNB, pain at the incision site on the outer
thigh was controlled with fentanyl via IV-PCA and
was possibly not reflected in the postoperative
NRS scores. No significant differences were observed
between the FNB and FNB + LFCNB groups up to
48 hours postoperatively. Another possibility is
that the administration of LFCNB after general
anesthesia in this study might have caused the

nerve block to fail. It is possible that some patients
in the FNB + LFCNB group might have failed to
receive a successful block. Otherwise, the reported
success rate for ultrasound-guided LFCNB was
94.7-975%'61". We set the dose to 10 mL in this
study based on the report by Nielsen et all®, as it
is known that a nerve block dose of < 8 mL within
the FFFT could reduce the success rate and extent
of the drug effects!”?®. Thus, the possibility of
nerve block failure is low. It was difficult to confirm
the clinical success of LFCNB and the extent of its
effects due to the concomitant general anesthesia.
Nevertheless, the blocks were performed by four
experienced surgeons under ultrasound guidance,
and there were no cases in which the LFCN could
not be identified. The low possibility of inadequate
extent of the drug effects was considered. Another
possible cause for the lack of significant results is
the anatomical diversity of the LFCN. Studies
investigating the extent of pain relief in awake
patients after LFCNB have revealed greater indi-
vidual differences than previously thought!6 1819,
On the other hand, Nielsen et al!® reported that
when a fascia iliaca compartment (FIC) block and
an LFCNB were performed in the same patient,
greater anesthetic coverage of the outer thigh was
achieved with the FIC block, which was injected at
a higher location than the LFCNB. This indicates
that the use of the FIC block may be more desir-
able to ensure adequate anesthetic coverage of the
outer thigh.

A limitation of this study is that the primary
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outcome was defined using the subjective NRS
score, which by itself is not sufficient to accurately
evaluate wound pain. The NRS scores increased
when there was pain in other regions. Therefore, it
is necessary to consider employing scales other
than the NRS. For example, it is possible that the
amount of additional analgesics (ie. fentanyl) is
more suitable. Another limitation is the decision
regarding exactly when to evaluate the pain. We
believe that the immediate postoperative period
would be strongly influenced by intraoperative
opioids which were used. Therefore, we decided to
set the evaluation time at 3 h postoperatively,
considering that the effects of the nerve block
would persist, but the blood concentration of
fentanyl were also likely to be stable by this time.
Casati et al. reported that a preoperative nerve
block using levobupivacaine provided analgesia up
to 6 h postoperatively, and we believe that this
endpoint time is reasonable?”. However, changes in
the timings of the evaluation may have yielded
different results.

In addition, the timing of the nerve block may
also be a point of contention. Postoperative nerve
blockade may have blocked acute pain and provided
long-term pain relief, which again, may have shown
different results.

In conclusion, LFCNB in patients undergoing
THA using DAA did not demonstrate a significant
difference in postoperative NRS scores when
compared with IV-PCA of Fentanyl. In these cases,
LFCNB did not improve postoperative pain relief.
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Serum Levels of N- and C-ERC/Mesothelin and Clinicopathological Factors in

Mesothelioma Patients and Those without Mesothelioma
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Objectives: ERC/mesothelin is a glycosylphosphatidylinositol (GPI)-anchor protein expressed in mesothelioma. A precursor
protein is cleaved by proteases and an N-terminal fragment (N-ERC) is extracellularly secreted. A remaining C-terminal
fragment (C-ERC) is tethered on cellular membranes by the GPI-anchor, but C-ERC is also released after cleavage by
proteases. We and other groups reported that serum N-/C-ERC levels are associated with stages of mesothelioma and suggested
the possibility of their usefulness as diagnostic markers. However, the N-ERC level is also influenced by renal functions that
are not directly associated with conditions of mesothelioma. It is not known whether other clinical factors influence serum
N-/C-ERC values. Furthermore, their relationship to the amount of ERC/Mesothelin in mesothelioma is not yet validated. The
objective of this study is to clarify the relationship of serum N-/C-ERC levels and the status of mesothelioma and several
clinical factors.
Materials and Methods: We analyzed relations of serum N-/C-ERC levels and ages, gender and other clinical factors in 522
patients without mesothelioma and examined their relation to the amount of ERC/Mesothelin in mesothelioma tissues in 13
mesothelioma cases.
Results: Serum N-ERC levels were influenced by renal functions. On the contrary, those of C-ERC were not influenced by any
clinical factors examined in this study and were significantly correlated with the amount of ERC/Mesothelin in mesothelioma.
Conclusion: Although both markers are good indicators of treatment-responses in individual patients with mesothelioma, only
C-ERC reflected the amount of ERC/Mesothelin in mesothelioma among multiple patients, possibly because N-ERC was
influenced by renal functions.
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Introduction

Mesothelioma is an aggressive malignant disease
arising from mesothelial cells that cover the surface
of pleural, pericardial and peritoneal cavities, and is
commonly associated with asbestos exposure?. It is
intractable to conventional therapies. Even in the
latest clinical trials using immune checkpoint inhib-
itors such as of nivolumab or pembrolizumab, the
progression free survival was approximately 6
months and the overall survival was approximately
18 months*?. Unsatisfactory effects of these treat-
ments are partly associated with the difficulty in
early diagnosis of mesothelioma.

Expressed in Renal Carcinoma (ERC) was origi-
nally isolated from renal carcinoma cells of Eker rat
that hereditarily develops renal carcinoma®, and
ERC is a homologue of human Mesothelin (MSLN)?®.
ERC/Mesothelin is a glycosylphosphatidylinositol
(GPI) —anchor protein that is expressed on surface of
normal mesothelium, epithelioid-type mesothelioma®
or epithelioid components of biphasic mesothelioma.
A 71-kDa ERC/Mesothelin-precursor protein is
cleaved by proteases and a 31-kDa N-terminal
fragment (N-ERC), that is identical to megakaryo-
cyte potentiation factor (MPF)?, is extracellularly
secreted. A remaining 40-kDa C-terminal frag-
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Figure 1 Structures of a 71-kD precursor ERC protein
and two cleaved products, a 31-kDa N-ERC and a 40 kDa
C-ERC. N-ERC and C-ERC are cleaved by proteases and
released to the extracellular space. C-ERC, however, partially
remains on the cellular membrane.

ment (C-ERC) is tethered on cellular membranes
by the GPI-anchor, but C-ERC is also released
after incomplete cleavage by other proteases, and
C-ERC partially remains on cellular membranes®
(Figure 1, Supplementary Figure 1).
Asbestos/mesothelioma outpatient clinic was
established in Juntendo University hospital in 2005,
to screen the asbestos—-exposed laborers and their
family members for the early diagnosis of mesothe-
lioma®!?. The patients took the regular check of chest
x-ray or blood test including N-ERC and C-ERC.
We and others previously reported that both
N-ERC and C-ERC serum levels are increased in
mesothelioma patients and suggested that they can
be useful for the early diagnosis of mesothelioma,
or indicators of the effectiveness of chemotherapy
or surgical treatments" . However, the relation-
ship between their serum levels and the amount of
ERC in mesothelioma tissue is not yet validated.
Furthermore, Shiomi et al., reported that the serum
N-ERC level is increased in patients with renal
failure®”, and their findings suggested that it may
be influenced by the clinical conditions that are not
directly related to the status of mesothelioma. In
this study, at first, we tried to clarify the relation-
ship between the amount of ERC in mesothelioma
tissue and the serum levels of N- or C-ERC. As a
result, the serum levels of C-ERC were positively
correlated to the amount of ERC in mesothelioma,
but those of N-ERC were not. Secondly, because
N-ERC is reported to be affected by the renal func-
tion, we examined whether the serum levels of N-

Supplementary Figure 1 ERC expressed in mesothelioma
tissue. ERC is detected by anti-C-ERC antibody on cellular
membranes of epithelioid type mesothelioma.
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or C-ERC are influenced by the clinical factors that
are not directly associated with the mesothelioma.
As a result, the serum levels of N-ERC were influ-
enced by the renal function, as reported previously,
but those of C-ERC was not. The C-ERC levels
were not influenced by any of the clinical condi-
tions examined in this study, other than those
related to mesothelioma. Thirdly, we compared the
clinical factors between the patients whose N-ERC
was higher than C-ERC (N-higher group) and those
whose C-ERC was higher than N-ERC (C-higher
group). As a result, N-higher group included more
women than men (p<0.05), although the reason for
this phenomenon is to be clarified in the future.

Our study gave us a caution that we must be
careful in the interpretation of serum C- and N-
ERC values as the marker of mesothelioma among
different patients. Both markers are, however, still
valuable to monitor the status of mesothelioma in
individual patients.

Materials and Methods

1. Patients

Serum samples and biopsy or surgically resected
specimens of mesothelioma were obtained from 42
mesothelioma patients and 522 outpatients who
visited Asbestos/mesothelioma clinic in Juntendo
University between 2005 and 2019. The patient
characteristics in this study are shown in Table 1.
None of 522 outpatients showed clinical evidence of
mesothelioma. All procedures were performed in
accordance with the Ethics Committee at Juntendo

Table 1 Clinical characteristics of patients

1. Mesothelioma patients (n=42)

Age mean = SD 635 = 83
range 47 - 83
Female 9
Gender Male 33
Epithelioid 34
Histological Biphasic 3
subtype Sarcomatoid 3
Desmoplastic 2
I 5
I 5
Stage 111 13
v 16
unknown 3
2. Patients without mesothelioma (n=522)
Age mean = SD 64.3 = 11.1
range 25-92
Female 101
Gender Male 421
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University School of Medicine (approval number:
H05-0014) and with the Declaration of Helsinki.
Written informed consent for participation in this
study was obtained from all patients. As for the
clinical course of mesothelioma patients during the
chemotherapy, the clinical data was retrospectively
obtained, and the effectiveness of treatment was
evaluated by guidelines for response evaluation
criteria in solid tumor (RECIST)?.

2. Immunohistochemistry of ERC in mesothelioma

To evaluate the expression status of ERC in
mesothelioma tissue, we performed immunohisto-
chemistry of mesothelioma tissue by using mouse
monoclonal anti-C-ERC antibody 22A31 (#10357,
Immuno-Biological Laboratories (IBL), Fujioka,
Gunma, Japan) as a primary antibody. Tissue
sections with 4-um thickness were prepared from
formalin fixed, paraffin embedded specimens of
mesothelioma obtained by surgical resection or
biopsy. After deparaffinization, the tissues sections
were heated in 10mM citrate buffer (pH 6.0) for
antigen retrieval and treated with 3% hydrogen
peroxide. They were blocked with 5% normal goat
serum and incubated with Zug/mL 22A31 in
Tris-buffered saline with 0.1% Tween 20 (TBS-T)
at room temperature for 180 minutes. After washing
with PBS-T, the specimens were incubated with
EnVision+ System-HRP labeled polymer conju-
gated to goat anti-mouse immunoglobulins (DAKO
K4001, Agilent Pathology Solutions, Santa Clara,
CA, USA), at room temperature for 60 minutes.
Finally, the slides were incubated with 3,3-diamino-
benzidine (DAB) at room temperature for 3 min.
Two pathologists observed findings and evaluated
the percentage of ERC-positive area that was
expressed as ERC-positive rate (%).

3. Enzyme-linked immunosorbent assay (ELISA)
of serum N-ERC or C-ERC

Serum levels of N-ERC and C-ERC were deter-
mined by sandwich ELISA systems described
previously'2%¥ with some modifications. Briefly, as
for detection of N-ERC, two anti-N-ERC antibodies,
monoclonal antibody (MoAb) 7E7*Y and horseradish
peroxidase (HRP)-conjugated MoAb 16K16'® were
used as capture- and detection-antibodies respec-
tively. As for detection of C-ERC, two anti-C-ERC
antibodies, polyclonal antibody (PoAb) anti-C-
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ERC6%® and HRP-conjugated PoAb anti-C-ERC*
were used as capture- and detection-antibodies
respectively. Dilution buffer for serum and detec-
tion antibody was 1% bovine serum albumin (BSA)
in phosphate-buffered saline with 0.05% Tween 20
(PBS-T). Washing buffer was PBS-T. Diluted
serum 100uL was loaded on each well coated with
a capture—antibody and incubated at 37°C for 1
hour. After washing, 100uL of detection-antibody
solution was added and incubated at 4°C for 30
minutes. After washing, for colorization, 100uL of
tetramethylbenzidine solution (#19903, Immuno-
Biological Laboratory, Fujioka, Gunma, Japan) was
added and incubated at room temperature for 30
min in the dark place. Color development was
stopped by 100uL of 1 N H,SO,. Absorbance of the
solution at 450nm was measured in an ELISA
reader (E-Max, Molecular Devices, Sunnyvale, CA,
USA). The concentration of N- or C-ERC was
determined by the standard curve derived from
purified N- or C-ERC proteins*2. Because of the
outlying values of C-ERC in cases 28 and 294, and
of N-ERC in a case 220 shown in Table 2, these
three cases are removed from the further analyses.

4. Definition of N-higher and C-higher patients
As shown in Tables 2 and 3, some patients showed
N-ERC higher than C-ERC, and the others showed
the opposite tendency. We defined N-higher patients
whose N-ERC values were more than twice higher
than C-ERC, and similarly we defined C-higher
patients showing C-ERC more than twice higher
than N-ERC. In Tables 2 and 3, C-higher patients
are shown in dark gray, N-higher ones are shown
in white, and the others are shown in light gray
backgrounds. Then we examined the relationship
of N- or C-higher status and the clinical parameters.

5. Quantification of the ERC-positive volume of
mesothelioma

We tried to clarify the relationships between the
amount of ERC expressed in mesothelioma and the
serum levels of N- or C-ERC. As an indicator of
the amount of ERC protein in mesothelioma, we
defined the ERC-positive volume (mL), as shown
in the following formula.

ERC-positive volume (mL) = mesothelioma
volume (mL) x ERC-positive rate (%)

Mesothelioma volume was calculated in 13 patients

whose image data of mesothelioma were available
by CT or macroscopic pictures of surgical speci-
mens. These 13 cases included 11 epithelioid- and
2 biphasic-types. By using Image] software®2 we
set region of interest (ROI) by drawing the circum-
ference of mesothelioma on CT axial image of a
5-mm thick slice and calculated the area of ROL
The area (mm? was multiplied by thickness (5
mm) to induce the volume (mL) of mesothelioma
in each slice, and they were summed up to create
tumor volume (mL) of whole mesothelioma. In
cases in which the macroscopic pictures of surgical
specimens were available, ROI was drawn around
mesothelioma in each slice. Volume of whole meso-
thelioma was calculated by a same way as in the
cases with CT images. Then we calculated ERC-
positive volume (mL) by multiplying mesothelioma
volume and ERC-positive rate (%) based on the
results of immunohistochemistry in mesothelioma.

6. Clinical data

We evaluated the relationships between the
serum levels of N- or C-ERC and clinical factors,
such as age, gender and status relating to anemia
(Hemoglobin [g/dL], Hb), inflammation (C-reac-
tive protein [mg/dL], CRP), liver damages (alanine
aminotransferase [IU/L], ALT), kidney function
(Creatinine [mg/dL], Cre), nutrition (Albumin
[g/dL], Alb), platelets count ([x104/uL], Plt), and
diabetes (Hemoglobin Alc [%], HbAlc).

7. Statistical analysis

All data were analyzed with SAS version 94
(SAS Institute, Cary, NC, USA). To compare serum
N-/C-ERC levels between mesothelioma patients
and those without mesothelioma, t-test was used.
Pearson’s correlation coefficient test was used to
examine the correlation of serum N-ERC levels
and C-ERC levels, serum N-/C-ERC levels and the
ERC-positive volume in mesothelioma, and serum
N-/C-ERC and clinical parameters. We considered
that two factors are positively correlated when r >
0.40 and p < 0.05. Further, serum levels of N-/C-
ERC between male and female, and clinical param-
eters between N-higher and C-higher patients
were analyzed by t-test. The relationship between
gender and N-/C-higher status was analyzed by
chi-square test. A value of p < 0.05 was considered
statistically significant.
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Table 2 Serum levels [ng/mL] of N-ERC (N) and C-ERC (C) in 522 patients without mesothelioma

case N C case N C case N C case N C
1 45 2.72 67 38 3.26 133 407 1.09 199 492 2.07
2 405 2.04 68 2.11 311 134 2.15 1.26 200 1.08 3.25
3 46 2.31 69 5.98 33 135 3.74 2.15 201 213 1.28
4 434 2.15 70 0.55 0.78 136 333 347 202 1.39 0.67
5 314 14 71 4 441 137 4.16 4.2 203 312 369
6 7.09 3.06 72 6.32 36 138 745 154 204 0.79 0.94
7 248 0.7 73 0.99 0.76 139 492 1 205 0.72 0.84
8 5.55 1.52 74 6.18 0.72 140 0.93 0.97 206 8.17 1.01
9 2.04 1.08 75 11.8 5.27 141 1.95 1.33 207 1.72 15
10 297 15 76 8.3 3.68 142 1.31 1.21 208 2.21 6.6
11 3.74 39 77 1.73 2.58 143 1.69 0.73 209 1.8 1.95
12 2.76 0.92 78 443 145 144 1.83 0.98 210 2.62 403
13 3.36 1.59 79 141 04 145 359 207 211 1.86 2.3
14 68 30.9 80 0.85 053 146 451 142 212 24 314
15 354 3.29 81 452 2.78 147 5.25 2.03 213 2.2 1.86
16 1.81 0.9 82 243 157 148 3.26 3.06 214 1.51 148
17 7.2 4.22 83 3.99 348 149 1.62 0.8 215 19 1.66
18 2.04 2.19 84 2.11 4.38 150 5.98 362 216 2.19 291
19 1.34 0.72 85 5.06 3.39 151 453 339 217 04 0.74
20 2.39 05 86 0.68 1.08 152 5.99 1.33 218 2.34 2.18
21 3.75 2.75 87 1.02 1.25 153 442 5.18 219 24 4.76
22 2.03 1.38 88 0.61 0.84 154 1.75 0.91 220 235 714
23 1.58 0.82 89 2.06 1.1 155 1.31 041 221 1.96 29
24 2.38 1.83 90 2.36 745 156 5.32 1.98 222 1.3 6.11
25 154 0.45 91 359 157 157 11.1 5.87 223 1.77 3.96
26 5.29 2.58 92 363 2.37 158 1.93 052 224 33.1 79.9
27 2.19 0.95 93 2.26 6.04 159 3.36 2.69 225 0.75 2.01
28 46.8 301 9 5.68 3.2 160 1.52 0.54 226 11.6 553
29 0.66 1.03 95 10.1 18.7 161 4 544 227 3.96 2.68
30 1.19 318 96 4.66 4.22 162 5.64 8.03 228 6.05 7.36
31 1.16 1.27 97 5.9 292 163 6.67 3.03 229 4.46 6.68
32 2.09 2.37 98 1.32 1.46 164 2.38 1.06 230 1.2 1.66
33 1.9 1.38 99 0.76 0.79 165 1.36 1.94 231 5.22 192
3 191 49 100 1.81 291 166 1.2 0.66 232 0.82 15
35 403 3.03 101 2.96 1.52 167 147 0.56 233 2.06 2.64
36 1.29 2.14 102 104 175 168 1.16 1.28 234 1.89 6.46
37 1.68 1.96 103 0.87 2.46 169 N/D 0.38 235 24.1 20
38 1.65 1 104 2.02 1 170 36 0.72 236 1.94 245
39 2.36 3.05 105 1.95 241 171 32 5.98 237 1.35 2.22
40 191 1.62 106 1.38 2.58 172 742 1.19 238 2.04 2.15
41 408 78 107 1.28 0.96 173 31 341 239 0.84 0.68
42 2.94 1.34 108 0.76 0.78 174 1.98 1.14 240 1.62 5.21
43 451 3.78 109 3.76 143 175 1.92 1.27 241 0.63 1.09
44 2.04 2.58 110 135 257 176 15 1.28 242 0.66 1.39
45 1.36 048 111 1.26 0.77 177 1.21 1.26 243 192 2.82
46 2.65 1.01 112 9.76 347 178 2.62 1.52 244 0.92 145
47 2.02 1.67 113 1.86 1.13 179 1.82 1.04 245 0.95 1.39
48 8.42 37 114 5.69 157 180 458 5.33 246 1.38 745
49 5.63 243 115 407 2.63 181 0.01 0.64 247 0.98 1.56
50 1.96 145 116 4.2 6.8 182 1.15 1.74 248 0.69 142
51 4.76 2.32 117 1.68 191 183 10.2 5.92 249 192 1
52 242 0.94 118 2.2 2.76 184 197 24 250 25 19
53 1.8 1.95 119 2.62 1.68 185 1.65 1.18 251 1.7 0.73
54 1 1.79 120 4.06 1.84 186 244 2.22 252 114 349
55 15 1.61 121 1.88 0.93 187 4.36 241 253 3.23 2.38
56 1.26 2.1 122 5.84 257 188 2.55 144 254 3.22 1.88
57 2.52 355 123 4.36 2.6 189 5.98 3.22 255 1.13 25
58 1.02 4.82 124 2.7 3.78 190 0.94 048 256 355 5.54
59 1.38 1.55 125 3.66 1.88 191 9.38 8.64 257 5.02 34.1
60 0.79 0.52 126 5.86 3.36 192 1.05 2.64 258 2.7 2.77
61 6.05 3.24 127 1.88 0.99 193 2.14 0.88 259 1.1 1.7
62 3.26 6.08 128 0.85 0.36 194 2.32 1.8 260 2.1 1.34
63 6.81 141 129 174 3.65 195 7.06 2.78 261 1.31 2.1
64 1.32 1.16 130 332 1.82 196 2.28 2.95 262 1.13 1.36
65 2.38 5.06 131 468 2.09 197 1 1.74 263 35 40.9
66 1.17 1.73 132 467 3.28 198 3.29 1.31 264 8.72 189

Continue to the next page.

128



Juntendo Medical Journal 69(2), 2023

Table 2 (continued)

case N C case N C case N C case N C
265 8.06 6.32 331 378 31 397 10.1 7.01 463 6.55 314
266 1.3 1.98 332 10.6 1.62 398 8.38 403 464 6.69 0.72
267 348 2.87 333 7.33 493 399 7.84 1.32 465 4 0.46
268 4.34 388 334 2.17 493 400 2 0.7 466 5.69 0.64
269 1.8 1.53 335 1.61 1.46 401 307 746 467 175 144
270 1.99 2.13 336 1.38 1.15 402 9.34 2.69 468 2.88 301
271 4.24 1.35 337 4.04 2.22 403 23.2 222 469 757 0.72
272 2 2.75 338 2.38 1.69 404 7.04 493 470 11.3 1.2
273 0.84 1.33 339 6.82 167 405 5.09 1.26 471 8.94 1.69
274 7.28 6.34 340 2,59 2.22 406 4.2 4.94 472 8 3.18
275 1.29 36 341 8.33 1.76 407 8.9 104 473 6.95 1.08
276 7.71 6.56 342 4.01 0.86 408 5.94 1.03 474 141 0.54
277 2.19 2.63 343 342 2.14 409 4.26 1.21 475 4.33 2.61
278 404 285 344 12 3.25 410 493 242 476 558 419
279 1.99 0.82 345 3.69 846 411 5.32 21.3 477 6.06 2.2
280 2.38 231 346 8.18 091 412 14.3 398 478 3.35 2.69
281 1.32 0.7 347 2.16 0.22 413 3.64 1.15 479 3.35 2.37
282 148 1.27 348 3.05 1.12 414 10.5 249 480 1.71 041
283 1.81 1.08 349 38 2.58 415 2.87 1.11 481 418 1.24
284 15.2 7.3 350 3.75 2.72 416 3.89 1 482 8.06 254
285 384 10.6 351 3.28 1.22 417 6.29 2.35 483 4.7 0.71
286 1.28 0.69 352 5.88 4.98 418 6.22 2.96 484 6.84 591
287 0.86 0.44 353 557 1.57 419 8.27 1.97 485 754 1.26
288 0.59 0.71 354 8.96 105 420 3.96 0.67 486 2.72 0.94
289 148 0.86 355 8.46 1.69 421 3.26 2.86 487 6.4 1.02
290 2.16 1.33 356 1.54 0.58 422 346 0.64 488 7.12 1.09
291 5.22 2.34 357 3.16 1.53 423 7.3 398 489 1.85 1.54
292 36 24 358 433 242 424 8.49 858 490 5.46 0.98
293 111 137 359 1.23 0.4 425 6.04 3.68 491 54.6 2.33
294 14.3 508 360 207 2.16 426 251 0.7 492 327 0.6
295 1.35 0.6 361 4.23 359 427 7.16 1.29 493 7.67 0.59
296 8.62 311 362 5.82 1.67 428 4.3 2.96 494 5.08 5.29
297 1.72 1.59 363 1.15 1.01 429 2.64 1.9 495 6.43 412
298 1.96 0.92 364 8.31 9.71 430 3.65 3.26 496 3.68 1.37
299 2.14 2.08 365 4.31 2.69 431 5.84 1.14 497 393 2.29
300 1.93 248 366 9.22 1.31 432 6.72 0.97 498 243 4.26
301 75.2 376 367 7.04 254 433 344 253 499 372 454
302 46 2.05 368 6.46 2.7 434 86 27.3 500 5.07 10.9
303 21.3 347 369 53.2 5.36 435 1.23 0.44 501 9.68 2.79
304 1.69 1.16 370 246 154 436 291 3.38 502 14 052
305 0.7 0.51 371 541 105 437 25.3 15.7 503 2.04 1.24
306 1.78 0.97 372 7.66 1.88 438 249 0.69 504 6.67 25
307 10.1 2.82 373 1.8 1.26 439 19.6 2.83 505 331 245
308 0.92 1.13 374 1.86 1.1 440 1.95 0.53 506 9.09 45
309 1.15 0.49 375 1.2 1.02 441 4.95 2.1 507 2.99 0.95
310 1.31 0.85 376 9.6 741 442 741 0.74 508 0.76 2.08
311 492 3.68 377 9.24 4.66 443 3.95 0.61 509 8.87 3.66
312 1.18 0.95 378 6.44 1 444 2.13 05 510 50 35.2
313 463 2.98 379 7.12 5.14 445 6.99 1.23 511 1.77 2.29
314 5.86 22.6 330 418 1.17 446 10.7 17 512 5.33 2.56
315 358 4.02 381 7.12 2.99 447 343 5.84 513 2.94 138
316 1.49 2 382 9.02 8.46 448 7.36 1.87 514 2.13 2.98
317 5.56 1.1 333 2.88 1 449 2.68 1.22 515 3.66 1.14
318 141 1.25 384 135 20.9 450 4.61 2.27 516 3.19 1.85
319 3.26 717 385 38 1.3 451 16.7 16.5 517 45 0.82
320 1.92 1.62 386 747 2.21 452 349 5.12 518 0.84 0.98
321 455 13.8 387 14.3 9.3 453 8 472 519 382 231
322 0.94 0.98 338 1.82 0.89 454 1.9 1.08 520 1.56 2.19
323 2.39 1.9 339 2.67 156 455 8.27 29 521 455 141
324 581 177 390 4.65 3.2 456 8.19 1.29 522 2.69 2.54
325 2.34 44 391 3.46 0.78 457 6.85 224

326 2.21 2.05 392 3.85 1.89 458 6.32 0.83

327 31 2.35 393 341 0.63 459 5.76 0.8

328 143 0.68 394 2.66 1.28 460 747 1.21

329 1.54 0.82 395 2.68 0.8 461 9.11 11.6

330 1.98 1.34 396 353 197 462 6.7 4.06

C-higher patients (C > N x 2) are shown in dark gray, N-higher ones (N > C x 2) are shown in white, and the others are
shown in light gray background. N/D, not determined (case 169). Note that Cases 28, 220 and 294 are removed from the further

analysis because of outlying values.
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Table 3 Serum levels [ng/mL] of N-ERC (N) and C-ERC
(C) in 42 mesothelioma patients

case N C case N C

1 21.38 27 22 344 3.18
2 67.97 30.85 23 1158 553
3 45 0.78 24 4549 6.4
4 598 322 25 50.9 99.33
) 9.2 5.02 26 10.16 7.64
6 31.26 7.16 27 152 7.3
7 2523 23.23 28 2.03 1.38
8 10.64 1.62 29 6.84 425
9 8.33 1.76 30 2.06 1.1
10 111.36 136.96 31 59.52 180.74
11 6.82 1.67 82 14 0.95
12 7.76 15.87 33 56.83 36.74
13 56.9 7.2 34 21.28 6.14
14 7053 20.67 35 12 3.25
15 2.2 3.38 36 9.34 2.69
16 2.2 1.86 37 1.95 2.26
17 4.24 1.35 38 198 1.14
18 418 1.17 39 202 1
19 18.34 5.09 40 5.08 5.29
20 6.18 0.72 41 1.85 2.36
21 3.86 3.62 42 8.12 48

C-higher patients (C > N x 2) are shown in dark gray, N-higher
ones (N > C x 2) are shown in white, and the others are shown
in light gray.

Results

As expected, serum levels of N- and C-ERC
were higher in mesothelioma patients than in those
without mesothelioma (N-ERC; 19.0 = 247 [n =
42] vs 54 £ 95 [n = 518], p < 0.05, C-ERC; 15.7 =
362 [n = 42] vs 38 = 84 [n = 518], p < 0.05). N-
and C-ERC levels were positively correlated both
in mesothelioma patients (Figure 2A) and those

C-ERC (ng/mL)
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without mesothelioma (Figure 2B), with correla-
tion coefficients 0.71 and 054 in mesothelioma
patients and those without mesothelioma, respec-
tively.

In 13 mesothelioma patients whose image data of
the lesion was available, we checked the correlation
between the serum levels of N- or C-ERC and the
amount of ERC in mesothelioma that is expressed
as the ERC-positive volume (mL). Serum levels of
C-ERC correlated positively to the ERC-positive
volume in mesothelioma (Figure 3B), but those of
N-ERC did not (Figure 3A). Their raw data is
shown in Supplementary Table 1.

In patients without mesothelioma, we examined
the relationship between the serum levels of N- or
C-ERC and the clinical parameters such as age,
gender and status relating to anemia, inflammation,
liver damages, kidney function, nutrition, platelets
count, and diabetes, as described in Materials and
Methods. As a result, serum creatinine levels, as
the marker of renal function, correlated positively
to serum levels of N-ERC (Figure 4A), but not to
those of C-ERC (Figure 4B). All the other clinical
parameters examined in this study did not have
any correlation to either of C- or N-ERC (Supple-
mentary Figure 2).

Serum levels of N-/C-ERC in 522 patients without
mesothelioma and 42 mesothelioma patients are listed
in Tables 2 and 3, respectively. In some patients
C-ERC was higher than N-ERC, and in the others
N-ERC was higher than C-ERC. As described in
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Figure 2 Relationship between serum N- and C-ERC in 42 mesothelioma patients (A) and 519 outpatients
without mesothelioma in asbestos/mesothelioma clinic (B). Serum levels of N-ERC were positively correlated
to those of C-ERC both in mesothelioma patients (A) and those without mesothelioma (B).
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Figure 3 Relationship between ERC-positive volume (mL) in mesothelioma and serum levels
of N-ERC (A) and C-ERC (B). Serum levels of C-ERC correlated to ERC-positive volume (mL)
in mesothelioma (B), but that of N-ERC did not (A). ERC-positive volume (ml) was calculated
by multiplying tumor volumes (mL) and ERC-positive area (%) in mesothelioma. n=13.

Supplementary Table 1 Relationship between N- or C-ERC
levels in serum and the expression of ERC in mesothelioma

in serum in mesothelioma
(A) B ©
Case | NERC | cErRC | PRC Tumor ERC-
positive positive
volume
area volume
(ng/ml) %) )

1 20.34 541 10 130 13
2 12.33 323 10 190 19
3 7.09 5.68 10 300 30
4 294 4.19 10 280 28
5 587 137 70 400 280
6 22.8 12.29 80 150 120
7 10 17.74 90 400 360
8 19.74 21 20 150 30
9 3.34 261 20 300 60
10 2.22 5.06 80 170 136
11 9.99 7.14 90 300 270
12 1.62 7.07 20 800 160
13 2.98 4.18 10 80 8

(C) = (A) x (B). Cases 1-11 are epithelioid and cases 12, 13 are

biphasic type mesothelioma.
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Figure 4 Relationship between serum levels of creatinine and N-ERC (A) or C-ERC (B) in 504
patients without mesothelioma. Serum levels of creatinine was positively correlated to N-ERC.
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Supplementary Figure 2 Relationship between serum levels of N- or C-ERC and clinical factors in patients without
mesothelioma. Gender ; To compare N-/C-ERC levels between male and females, t-test was used. There was no significant
difference of N-/C-ERC between male and female. NS, not significant. Age, CRP, Albumin, Hemoglobin, Platelets, ALT, HbAlc;
Pearson’s correlation coefficient test was used to examine the correlation of these parameters and serum N-/C-ERC levels. No
correlation was observed between N-/C-ERC and these parameters. We considered that two factors are positively correlated

when r > 0.40 and p < 0.05.
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Table 4 Clinical factors and N- or C-ERC higher status in patients without mesothelioma

Clinical factors N-higher C-higher p-value
Age (years) 64.0 = 0.64 (184) 64.7 £ 0.76 (40) 051
CRP (mg/dL) 091 + 0.15 (176) 1.32 = 0.23 (40) 012
Hemoglobin (g/dL) 13.7 = 0.10 (183) 137 = 012 (39) 0.94
Platelets (x10%/ u# L) 233 £ 050 (182) 244 + 0.62 (40) 0.16
Creatinine (mg/dL) 093 + 0.07 (182) 0.87 £ 0.05 (40) 0.59
Albumin (g/dL) 411 + 0.03 (157) 4.09 £ 0.05 (24) 0.78
ALT (IU/L) 238 + 1.08 (179) 228 + 0.94 (39) 0.63
y -GTP (IU/L) 457 + 3.7 (170) 506 + 4.6 (38) 0.40

N-higher; N > C x 2. C-higher; C > N x 2. Number of cases are shown in parenthesis.

Table 5 Gender and N- or C-ERC higher status in
patients without mesothelioma

Gender N-higher C-higher p-value
Male 142 37
Female 42 3 <005

N-higher; N > C x 2. C-higher; C > N x 2.

Materials and Methods, we defined C-higher (C >
N x 2), N-higher (N > C x 2) and the other patients,
and they are shown in dark-gray, white, and light-
gray backgrounds respectively in Tables 2 and 3.
In 522 patients without mesothelioma, the numbers
of C-higher and N-higher patients were 43 and
184, respectively. Between these two groups, we
compared age, gender and the other clinical param-
eters. Results showed that no relationship was
detected between N- or C-higher states and all
clinical factors (Table 4) except for gender. More
females than males were included in N-higher
group with statistical significance (Table 5).
Figure 5 shows the changes of serum N- or C-

ERC in 2 mesothelioma patients who received
chemotherapies. Response rates to therapies as
indicated by RECIST'® system are also indicated.
Both N- and C-ERC were shown to be reliable
markers to reflect the tumor burdens in these two
cases, as reported previously by other groups!*19.

Discussion

In mesothelioma tissues, ERC is localized on
cellular membranes (Supplementary Figure 1),
and it is detected by anti-C-ERC antibodies. On
the contrary, anti-N-ERC antibodies!*1220 that
recognize the internal amino acid sequences of
N-ERC and detect N-ERC in the extracellular fluid,
cannot make specific signals in any cellular compo-
nents of mesothelioma (data not shown). These
findings suggest that almost all N-ERC molecules
are released into the extracellular spaces, and that
C-ERC are partially released but some of them are
remaining on the cellular membrane. Therefore,

A B
| CDDP+PEM | CPT+VNR | | e
CDDP+PEM | —
(ng/ml) (ng/mt) N-ERC
200 —a— N-ERC 60 : g
'\ FR —&— C-ERC SERC
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Figure 5 Changes of the serum levels of N- and C-ERC in two mesothelioma patients. Both of N- and C-ERC
reflected the tumor burden of mesothelioma in individual patients. (A) The case showing C-ERC consistently
higher than N-ERC, (B) The case showing N-ERC consistently higher than C-ERC. PR; partial response, PD;
progressive disease, SD; stable disease, CDDP; Cisplatin, PEM; Pemetrexed sodium hydrate, CPT; Camptothecin
(Irinotecan hydrochloride hydrate), VNR; Vinorelbine detartrate, GEM; Gemcitabine hydrochloride.
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the amount of ERC in mesothelioma is evaluated
by IHC using anti-C-ERC antibodies.

Creaney et al.!® previously reported that serum
levels of C-ERC correlated with volume of meso-
thelioma, and their work supports our result shown
in Figure 3B. They, however, just measured volume
of mesothelioma and they did not count the expres-
sional state of ERC in mesothelioma. We compared
the serum levels of N- or C-ERC and three param-
eters related to ERC in mesothelioma tissue: (A)
tumor volume (ml), or (B) ERC-positive rate (%),
or (C) ERC-positive volume [(C) = (A) x (B)].
All three parameters are defined in Materials and
Methods. As shown in Supplementary Table 2,
serum C-ERC level more significantly associated
with ERC-positive volume (ml), than ERC-posi-
tive area (%). In our study, the significant relation-
ship was not observed between serum C-ERC and
tumor volume, as reported by Creaney et all?
possibly because of small number of cases (n=13)
in our study. Serum level of N-ERC did not have
any significant relationships with these three
parameters.

Shiomi et al® previously reported that serum
levels of N-ERC are increased in the patients with
renal failure. Therefore, in this study, we examined
whether N- or C-ERC is influenced by renal func-
tions and by the other clinical factors such as age,
gender, inflammatory status, nutritional condition,
anemia, liver function, platelets numbers, or diabetes.
As shown in Figure 4, serum creatinine level posi-
tively correlated with N-ERC, but not with C-ERC,
and this result is compatible with the report by
Shiomi et al?. Both of N- and C-ERC did not have
any correlation to the other clinical factors exam-
ined in this study (Supplementary Figure 2).
N-ERC is identical to megakaryocyte potentiation
factor (MPF)? that has the activity to simulate
megakaryocyte development in murine system?”,

Supplementary Table 2 Relationships between N-ERC or
C-ERC levels in serum and three indicators (A), (B), (C)
in mesothelioma

N-ERC | C-ERC
Indicators in mesothelioma p-value
(A) Tumor volume (ml) 0.11 0.28
(B) ERC-positive rate (%) 0.74 0.0039
(C) ERC-positive volume (ml) 0.69 0.0005

(C) = (A) x (B). Serum C-ERC is more significantly associated
with ERC-positive volume (C) than ERC-positive rate (B) or
Tumor volume (A). Serum N-ERC is not significantly associated
with any of three indicators.
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although the similar activity has not been reported
in human. We studied the relationship between
N-ERC and platelets numbers, and we did not find
the correlation between them. Shiomi et al.'? also
reported that serum levels of N-ERC is influenced
by age. In our data, the elder patients tended to
have higher levels of N-ERC, but the correlation
was not significant (Supplementary Figure 2).

Multiple studies reported that serum levels of
N-ERC! 141718200 and C-ERC% 1619 reflect the
tumor burden of mesothelioma. After the effective
chemotherapy or surgical treatments, the serum
levels of N-ERC" and C-ERC'® decrease, and
similar results are shown in Figure 5A. These find-
ings indicated that both N- and C-ERC are good
markers to monitor the status of mesothelioma in
the clinical course of the same patients. Our present
data (Figure 3) showed that, among different
patients, C-ERC reflected the amount of ERC in
mesothelioma more accurately than N-ERC, partly
because N-ERC was influenced by renal function
that is not directly associated with condition of
mesothelioma.

It was puzzling for us why some patients showed
that N-ERC was higher than C-ERC, and the
others showed the opposite tendency. We tried to
identify the causes of these phenomenon, but we
were not able to find them, except for that N-higher
patients included more female than male with
statistical significances (Table 5). Renal clearance
rate is generally higher in men than in women?. If
N-ERC is excreted through renal routes, the higher
clearance activity of men can explain our finding
that N-higher group included more female. This
explanation is compatible with the data that serum
levels of N-ERC showed a tendency to be higher in
female than in male, although there was no statis-
tical significance (Supplementary Figure 2). In a
patient shown in Figure 5A, C-ERC was always
higher than N-ERC, and the relationship was oppo-
site in a patient in Figure 5B, and these data
suggested the possibility that N-higher or C-higher
states were determined by some factors intrinsic to
each patient. Recently, sex differences in carcino-
genesis are being discussed?, and some hormonal
condition may influence N-higher or C-higher
states, although they are to be elucidated in future.

In conclusion, our study gave us a caution that
we must be careful in the interpretation of serum
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N- and C-ERC values as the marker of mesothe-
lioma among different patients, because N-ERC
was influenced by renal functions that are not
directly associated with conditions of mesothelioma.
These markers are, however, still very valuable to
monitor the status of mesothelioma in the same
patients.
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Clinical Benefit of Cancer Philosophy Clinic for Cancer Patients Using EQ-5D-5L Scores
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Objective: This study aims to understand the role of Cancer Philosophy Clinic activities among participants and whether
participation is correlated to increase in QOL.
Materials and Methods: Among the 150 Cancer Philosophy Clinics, questionnaire surveys were distributed at 28 locations that
consented to participating in the study. The data was analyzed based on the respondent’s situation and health related Quality
of Life (QOL) prior to and after participating in Cancer Philosophy Clinic using the EQ-5D-5L questionnaire (Japanese version)
regarding health related QOL prior to and after participating in Cancer Philosophy Clinic.
Results: There were more female participants than male participants; 224 and 76 respectively. 46.5%, or approximately half of
all participants in the Cancer Philosophy Clinic were “cancer patients,” followed by 17.2% who were “family members of cancer
patients,” 16.6% who were “not suffering from any diseases,” 11.4% who were “suffering from diseases other than cancer” and
3.2% who were classified as “other,” who were bereaved family members. 51.7% were “currently receiving treatment, “32.1%
were “receiving follow—up medical care, “and 15.3% were “survivors.” There was 1 participant who commented, “refusing
treatment.” Based on an evaluation of QOL using EQ-5D-5L of 184 participants who were participating in the Cancer Philosophy
Clinic, an increase in overall average index value from 0827 to 0867 was observed after participation compared to prior
participation. In particular, there was a significant improvement in “pain/discomfort,” “anxiety/depression.
Conclusions: Cancer Philosophy clinic has been found important role in encouraging existing shift.

Key words: cancer philosophy clinic, cancer patients, EQ-5D-5L

of outpatients was suffering from “XI digestive

Introduction disease,” (1.31 million), “XI cardiovascular disease,”

The population in Japan is aging significantly. As
aging progresses, there is greater concern for
developing various diseases. Aging is one factor in
developing cancer, dementia, cerebrovascular disease,
and cardiovascular disease. According to a study
by the Ministry of Health, Labour, and Welfare?, a
breakdown of inpatients and outpatients in 2014 by
disease and related health problems found the
greatest number of inpatients suffering from “V
mental and mobile disability,” (265.5 thousand) “XI
cardiovascular disease,” (240.1 thousand) and “II
neoplasm” (144.9 thousand). The greatest number

(933 thousand), and “XIII musculoskeletal and
connective tissue disease,” (877.8 thousand. 1)
malignant growths, or cancer is the third most
common disease among inpatients. Currently,
cancer rates are rising and 1 in 2 patients are said
to be cancer patients. Cancer is the most common
cause of death in Japan.

Cancer patients suffer not only from physical
pain but also from psychological pain, mental illness,
and spiritual pain?. There are a variety of cases
especially among cancer patients varying from
those who respond well to cancer treatment, those
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whose condition remains unchanged, and those
whose condition worsens; the cancer site, progres-
sion, medicine and treatment methods. QOL
(Quality of Life) declines frequently especially in
cases of progressive cancer and mental and psycho-
logical pain. It is clear that there is a tremendous
impact on the QOL of patients. Psychological pain
excluding pathological mental condition is described
as spiritual pain. Many patients suffer from spiri-
tual pain and experience anxiety, denial and despair
toward themselves, and feel a tremendous sense of
isolation and anger with no outlet.

Cancer Philosophy is a combination of “Political
Philosophy,” by Shigeru Nanbara (First President
of University of Tokyo after the war, 1889-1974)
and “Cancer Studies,” by Tomizo Yoshida (General
Manager of Cancer Research Institute, Professor of
Tokyo University, General Manager of Sasaki
Laboratory, 1903-1973) proposed by Okio Hino.
(Professor of Pathology and Oncology Juntendo
University)?.

Cancer Philosophy Clinic was started as a series
of five trials at Juntendo University Hospitals as an
interactive outpatient service. There were many
cancer patients and patients suffering from mental
illness who wished to confide in someone their
anxieties and thoughts. There were many partici-
pants not only from Tokyo but from other prefec-
tures.

Cancer Philosophy Clinic is a place where patients
suffering from anxiety, anger, and isolation, and
those in any situation are accepted and supported.
Currently there are 150 Cancer Philosophy Clinic
locations nationwide, each with a representative.
The number of times Cancer Philosophy Clinic is
held and capacity vary from location to location. A
small group of participants gather around a table to
speak and listen over tea. Listeners do not deny
what the speaker says, but listen, empathize and
provide their opinions and advice based on their
personal experiences. For those who cannot speak,
participants may quietly support or speak to the
person. If a coordinator facilitates, they summarize
and present the opinions of participants at each
table and sometimes share what was discussed
with other tables. Cancer Philosophy Clinic activi-
ties are gradually increasing. Needless to say, there
is an increasing demand. However, there has been
little research on the needs and the role of Cancer
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Philosophy Clinic. There has been no research done
on the participants attributes and the influence
Cancer Philosophy Clinic has on increases in health
related QOL.

Objective

This study aims to understand the role of Cancer
Philosophy Clinic activities among participants and
whether participation is correlated to increase in
QOL.

Methods

Among the 150 Cancer Philosophy Clinics, ques-
tionnaire surveys were distributed at 28 locations
that consented to participating in the study. The
data was analyzed based on the respondent’s situa-
tion and health related Quality of Life (QOL) prior
to and after participating in Cancer Philosophy
Clinic using a EQ-5D-5L questionnaire (Japanese
version) regarding health related QOL prior to and
after participating in Cancer Philosophy Clinic.

Attribute

1) Age and Gender

2) Presence of disease

3) Situation of Treatment (for cancer patients and
those who responded as suffering from diseases
other than cancer)

4) Participation in Cancer Philosophy Clinic

Index Value of QOL

Health related QOL prior to and after participa-
tion in Cancer Philosophy Clinic was measured
using EQ-5D-5L (Japanese version).

EQ-5D-5L is a standardized measure of health

"« "«

status which scores “mobility,” “self-care,” “usual

"«

activities,” “pain/discomfort,” “anxiety/depression”

on a 5-level system.

Period
3 months from June 2018 to August 2018.

Results

Attribute
1) Age and Gender (Figure 1)

There were more female participants than male
participants; 224 and 76 respectively. The greatest
number of participants was in their fifties, accounting
for 324% (99 participants) of total responses, followed
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Figure 1 Age
The greatest number of participants was in their fifties, accounting for 324% (99
participants) of total responses, followed by 24.99% (76 participants) in their sixties,
245% (75 participants) in their seventies, 12.4% (38 participants) in their forties, 3.2%
(10 participants) in their twenties and 2.2% (7 participants) in their thirties, with no

participants under the age of 20.

by 24.99% (76 participants) in their sixties, 24.5%
(75 participants) in their seventies, 124% (38
participants) in their forties, 3.2% (10 participants)
in their twenties and 2.2% (7 participants) in their
thirties, with no participants under the age of 20.

2) Presence of disease (Figure 2)

46.5% (143 participants), or approximately half
of all participants in the Cancer Philosophy Clinic
were “cancer patients,” followed by 17.2% (53
participants) who were “family members of cancer
patients,” 16.6% (51 participants) who were “not
suffering from any diseases,” 11.4% (35 partici-
pants) who were “suffering from diseases other
than cancer” and 3.2% (10 participants) who were
classified as “other,” who were bereaved family
members.

3) Situation of Treatment (Figure 3)

Among the 143 respondents who identified as
“cancer patients” or “family members of cancer
patients,” 51.7% (74 participants) were “currently
receiving treatment, “32.1% (46 participants) were
“receiving follow-up medical care, “and 15.3% (22
participants) were “survivors.” There was 1 partic-
ipant who commented, “refusing treatment.”

4) Participation in Cancer Philosophy Clinic
(Figure 4)

21.9% (67 participants) “participated for the first
time,” 9.1% (28 participants) “participated for the
second time,” and 68.7% (210 participants) “partic-
ipated three or more times,” indicating that there
were many participants who had participated

1 and 2 land3 ,2and3
1% 2 and 4
0,
5: Others 1%
3%

4: No Disease

17% 1: Cancer

Patients

0,
3: Another 47%

Disease
12%
2: Family
is(are) Cancer
Patients
17%

Figure 2 The Presence of Cancer

465% (143 participants), or approximately half of all
participants in the Cancer Philosophy Clinic were “cancer
patients,” followed by 17.2% (53 participants) who were
“family members of cancer patients,” 16.6% (51 participants)
who were “not suffering from any diseases,” 114% (35
participants) who were “suffering from diseases other than
cancer” and 3.2% (10 participants) who were classified as
“other,” who were bereaved family members.
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Figure 3 Situation of Treatment
Among the 143 respondents who identified as “cancer
patients” or “family members of cancer patients,” 51.7% (74
participants) were “currently receiving treatment, “32.1%
(46 participants) were “receiving follow-up medical care,
“and 15.3% (22 participants) were “survivors.” There was 1
participant who commented, “refusing treatment.”

multiple times.

Based on an evaluation of QOL using EQ-5D-5L
(Japanese edition) of 184 participants who were
“cancer patients,” “suffering from diseases other
than cancer,” or both participating in the Cancer
Philosophy Clinic, an increase in overall average
index value from 0.827 to 0.867 was observed after
participation compared to prior participation.
Among the 187 participants, change in QOL was
observed in 47 participants, of which an increase in
QOL was observed in 39 participants, and a
decrease in QOL in 8 participants. In the details, 46
participants of the 47 participants changed and
good improvement was confirmed. In particular,
there was a significant improvement in “pain/

” o«

discomfort,” “anxiety/depression” (Figure b).
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Figure 4 Number of Participated in Cancer Philosophy Clinic
21.9% (67 participants) “participated for the first time,”
9.1% (28 participants) “participated for the second time,”
and 68.7% (210 participants) “participated three or more
times,” indicating that there were many participants who
had participated multiple times.

Discussion

Attribute

Participants in Cancer Philosophy Clinic in their
fifties account for 324% of all participants, and
81.8% of all participants including those in their
sixties and seventies. According to “Cancer regis-
tration and statistics” data from the National Cancer
Center Information Service in 2014, cancer rates
increase past the age of 50. As such, more people
participate in Cancer Philosophy Clinic. In addition,
women are more interdependent and tend to partic-
ipate more actively in their communities than men?.

Approximately half of all participants are “cancer
patients” and suffer from mental and psychological
distress from being diagnosed with cancer. It is
clear that emotional support beyond physical treat-

down down down

Usual Activities | Pain/Discomfort Anxiety/Depression

Figure 5 Changes after Participation 5 Scores of 47 Participants
46 participants of the 47 participants changed and good improvement was confirmed each 5 scores.

140



Juntendo Medical Journal 69(2), 2023

ment and support from doctors at hospitals is
necessary. Nowadays, “cancer” does not automati-
cally equate to “death,” but is rather considered a
treatable disease. Nonetheless, one may become
more aware of “death” in many cases. Depending
on the progression of an illness, treatment may be
difficult in some cases. It is known that there is a
five-stage model in accepting death and dying®.

In the first stage of denial and isolation, a person
who is given a diagnosis of terminal illness is in
shock and disbelief, and often isolates oneself to
avoid the situation. In the second stage of anger,
they may start to ask, “Why me?” and experience
strong resistance. In the third stage of bargaining,
they accept that they are dying, but try to bargain
to avoid death from a desire to live a little longer.
In the fourth stage of depression, they experience
sadness, despair, and at times a feeling emptiness
and accept that death is unavoidable. In the fifth
stage of acceptance, they overcome the denial,
avoidance, and feeing of emptiness experienced in
earlier stages. It is a stage of peaceful resolution
that death will occur. In this stage, a person quietly
reflects upon their life and regains emotional peace
and calm. At Cancer Philosophy Clinic, participants
in various stages can gather and share their
thoughts over tea with those in similar situations.

17.2% of participants were “family members of
cancer patients.” When a family member suffers
from cancer, there is a deep sadness and anxiety
felt as if it were one’s personal situation. Many of
these participants express concern and anxiety
because they are unsure how to interact with the
family member. At Cancer Philosophy Clinic,
participants can listen to candid opinions of cancer
patients and those suffering from other diseases
that are difficult to treat. It is a space where they
can confide in others their concern and anxiety. It
is thought that having someone listen leads to
mental stability. The sadness and loneliness experi-
enced by the loss of family, friends, and close ones
is immeasurable. The high number of bereaved
family members indicates that Cancer Philosophy
Clinic helps ease sadness and anger and serves the
purpose of providing grief care.

Among the 307 respondents, 143 participants
were “cancer patients,” of which 51.7% were
“currently receiving treatment.” It is thought
that participation leads to a broader perspective

regarding the availability of alternative treatment
options or perspectives, as well as whether the
current treatment and its direction are appropriate.
At Cancer Philosophy Clinic, there are many partic-
ipants who question the direction of their treat-
ment and are considering seeking a second opinion.
Cancer Philosophy Clinic is a forum to gather valu-
able information for those currently receiving
treatment.

68.7% of participants have participated in Cancer
Philosophy Clinic three or more times indicated a
high number of participants who have participated
multiple times. It is thought that visiting Cancer
Philosophy Clinic several times and talking to those
in similar situations leads to physical and mental
stability. In addition, for those who are in poor
condition and unable to leave the house, services
such as online, letters and messages need to be
enhanced.

Health related QOL

The QOL of 184 “cancer patients,” “those suffering
from diseases other than cancer,” or both was
scored using EQ-5D-5L (Japanese version). EQ-
5D was developed by EuroQol, a research group
established in 1978. EQ-5D-5L is a new version
that was later developed which can be used as a
quantitative measure of health related QOL. The
system is comprised of five dimensions, which the
patient is asked to rate his or her health on five
levels. A conversion table is used to describe the
patient’s state of health®.

An increase in overall average index value from
0827 to 0867 was observed after participation
compared to prior participation. Change in QOL
was observed in 47 participants, of which an
increase in QOL was observed in 39 participants,
and a decrease in QOL in 8 participants.

The respondents of this survey who were able to
participate in Cancer Philosophy Clinic, therefore
they were under treatment but had relatively
preserved or relaxed ADL. As a result, index value
averaged from 0.827 before participation to 0.867
after participation. Another study found that the
epidemiological survey of nonspecific neck pain in
the general population using EQ-5D, it can be said
that the QOL of the group “with neck pain aver-
aged 0.828”" and that of the group “without neck
pain averaged 0.919””. In another survey, the QOL
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assessment for postoperative patients of colorectal
cancer, the score was “0.8679”, and a large-scale
survey on the impact of chronic pain on QOL, “0.71
with chronic pain” and “0.89 without chronic pain”
were found to preserve quality of life better than
those with chronic pain?.

Half of all participants of Cancer Philosophy Clinic
are “cancer patients,” of which half are “currently
receiving treatment.” Normally, it can be inferred
that cancer physically and mentally debilitates
patients, and thus a decrease in QOL score could
be predicted.

Changes in scores of the five dimensions: “mobility,”

” o« Y

“pain/discomfort,” “self-care,” “usual activities,” and
“anxiety/depression” were observed.

As a result, there were a significant number of
participants who saw an improvement in “anxiety/
depression.” We found that participating in Cancer
Philosophy Clinic leads to easing anxiety and
depression. It could be said that Cancer Philosophy
Clinic greatly contributes to easing mental and
emotional distress.

On the other hand, a study of the 8 participants
whose QOL declined indicated that there were
many cases where “usual activities,” “pain/discom-
fort” worsened. It is thought that the increase in
pain and discomfort caused by diseases limits the
patient’s daily activities, which leads to increased

anxiety.

Conclusions

For those who have been diagnosed with cancer
or other diseases, being able to recognize an
improvement in QOL, with improvement in
“anxiety/depression” in particular is an affirmation
of accepting reality and modifying one’s behavior
in a positive manner. It is apparent that Cancer
Philosophy clinic has an important role in encour-
aging existing shift'” positive manner.

Limitation

This survey was based on feedback from 28 out
of 150 Cancer Philosophy Clinic, thus it is unclear
whether the quality of all Cancer Philosophy Clinic
has been assured or whether all clinics will show

the same usefulness. In addition, in this study, only
EQ-5D-5L was used to evaluate the clinical benefit.
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from colleagues to share any data, materials and experi-
mental protocols described in their manuscript.

Also JM]J encourages authors to disclose any data which is
the source of their manuscript, in J-STAGE Data, a data
repository developed and managed by the Japan Science
and Technology Agency (JST). When publishing available
data and materials from J-STAGE Data, authors must
submit them to the Editorial Committee for peer review,
and all research data should be distributed as open under
the Creative Commons licensing.
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Animal/human experimentation

Authors of manuscripts describing experiments involving
humans or materials derived from humans must demon-
strate that the work was carried out in accordance with the
principles embodied in the World Medical Association’s
(WMA) Declaration of Helsinki (https://www.wma. net/
policies-post/wma-declaration-of-helsinki-ethical-princi-
ples—-for-medical-research-involving-human-subjects/), its
revisions, and any guidelines approved by the authors’ insti-
tutions. For Japanese research institutions, the applicable
statute is the Ministry of the Environment’s notification ‘Cri-
teria for the Care and Keeping of Laboratory Animals and
Alleviation of their Suffering’. Where relevant, the authors
must include a statement in their manuscript that describes
the procedures for obtaining informed consent from partici-
pants regarding participation in the research and publica-
tion of the research.

Authors should respect the privacy of patients and their
families. Identifying details should be omitted if they are not
essential, but patient data should never be altered or falsi-
fied in an attempt to attain anonymity. Complete anonymity
is difficult to achieve, and informed consent should be
obtained if there is any doubt.

Authors of manuscripts describing experiments involving
animals or materials derived from animals must demon-
strate that the work was carried out in accordance with the
guidelines approved by the authors’ institution (s), and this
must be stated within the manuscript.

Clinical trial registration

A clinical trial is defined as any research project that
prospectively assigns human participants to intervention or
comparison groups to study the cause-and-effect relation-
ship between an intervention and a health outcome. The
journal adheres to the International Committee of Medical
Journal Editors (ICMJE) policy on Clinical Trials Registra-
tion (http://www.icmje.org/about-icmje/faqs/clinical-trials-
registration/), which recommends that all clinical trials are
registered in a public trials registry at or before the time of
first patient enrollment as a condition of consideration for
publication. Manuscripts describing clinical trials must
include the registration number of the trial and the name of
the trial registry.

The following items are to be stated in the Methods section:
how informed consent was obtained from the study partici-
pants (ie., oral or written), the approval number from the
institutional review board or ethics committee, a registra-
tion ID for the trial, and the trial’s start and end dates.

Reporting guidelines

The journal requires authors to follow the EQUATOR
Network’s Reporting Guidelines (https:// www.equator-net-
work.org/reporting-guidelines/) for health research. Study
types include, but are not limited to, randomized trials,
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observational studies, systematic reviews, case reports,
qualitative research, diagnostic and prognostic studies,
economic evaluations, animal pre-clinical studies and study
protocols.

Author competing interests and conflicts of interest

In the interests of transparency, the journal requires all
authors to declare any competing or conflicts of interest in
relation to their submitted manuscript. A conflict of interest
exists when there are actual, perceived or potential circum-
stances that could influence an author’s ability to conduct or
report research impartially. Potential conflicts include (but
are not limited to) competing commer- cial or financial
interests, commercial affiliations, consulting roles, or owner-
ship of stock or equity. A Conflicts of Interest statement
must be includes in the manuscript (see the ‘Manuscript
Preparation’ section below for more details).

Authors should list all funding sources for their work in the
Funding section of their manuscript.

Confidentiality

The journal maintains the confidentiality of all unpublished
manuscripts. By submitting their manuscript to the journal,
the authors warrant that they will keep all correspondence
about their manuscript (from the Editorial Office, editors
and reviewers) strictly confidential.

Self-archiving (Green Open Access) policy
Self-archiving, also known as Green Open Access, enables
authors to deposit a copy of their manuscript in an online
repository. JM] encourages authors of original research
manuscripts to upload their article to an institutional or
public repository immediately after publication in the
journal.

Long-term digital archiving

J-STAGE preserves its full digital library, including JM],
with Portico in a dark archive (see https:// www.portico.
org/publishers/jstage/). In the event that the material
becomes unavailable at J-STAGE, it will be released and
made available by Portico.

Peer Review Process

Editorial and peer review process

JM]J undertakes single-blind peer review. When a manu-
script is submitted to the journal, it is assigned to the
Editor-in-Chief, who performs initial screening. Manu-
scripts that do not fit the journal's scope or are not deemed
suitable for publication are rejected without review. For
peer reviewing, the manuscripts that pass through the
initial screening are assigned to two reviewers by the
Editor-in- Chief. Reviewers are selected based on their
expertise, reputation and previous experience as peer
reviewers. The deadline for submission of the reviewers’
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reports is basically 3 weeks.

Upon receipt of the two reviewers' reports, the Editor-in-
Chief makes the first decision on the manuscript. If the deci-
sion is to request revision of the manuscript, authors are
requested to re-submit their revised manuscript within one
to six months, depending on the comments of the reviewers.
Revised manuscripts submitted after this deadline may be
treated as new submissions. The Editor-in- Chief may send
the revised manuscripts to peer reviewers for their feed-
back or may use his or her own judgment to assess how
closely the authors have followed the Editor-in-Chief's and
the reviewers' comments on the original manuscript. The
Editor-in—Chief is responsible for making the final decision
on each manuscript.

If a manuscript satisfies the journal's requirements and
represents a significant contribution to the published litera-
ture, the Editor-in-Chief may recommend acceptance for
publication in JM]. If a manuscript does not meet the jour-
nal’s requirements for acceptance, but it has a high proba-
bility of acceptance after minor or major revision, the
Editor-in-Chief may ask the authors to revise it accord-
ingly. Revised manuscripts must be submitted within one to
six months, depending on the comments of the reviewers;
otherwise they will be treated as new submissions. If a
manuscript does not meet the journal’s requirements for
acceptance or revision, the Editor-in-Chief may recommend
rejection.

Reviewer selection, timing and suggestions

Reviewers are selected without regard to geography and
need not belong to the journal's Editorial Board. Reviewers
are selected based on their expertise in the field, reputation,
recommendation by others, and/or previous experience as
peer reviewers for the journal.

Reviewers are invited within 2 weeks of an article being
submitted. Reviewers are asked to submit their first review
within 3 weeks of accepting the invitation to review.
Reviewers who anticipate any delays should inform the
Editorial Office as soon as possible.

When submitting a manuscript to the journal, authors may
suggest reviewers that they would like included in the peer
review process. The Editor may consider these suggestions
but is under no obligation to follow them. The selection,
invitation and assignment of peer reviewers is at the Editor’s
sole discretion.

Reviewer reports

It is the journal’s policy to transmit reviewers’ comments to
the authors in their original form. However, the journal
reserves the right to edit reviewers’ comments, without
consulting the reviewers, if they contain offensive language,
confidential information or recommendations for publication.

Acceptance criteria

If a manuscript satisfies the journal's requirements and
represents a valuable contribution to the published litera-
ture, the Editor-in—Chief may recommend the acceptance
for publication in JM]. The questions addressed when
considering a manuscript for publication in JMJ are as
follows: Relevance:

* Is the work within the journal's Aims and Scope?

Reproducibility:
* Do authors show sufficient information to reproduce
their experiments or data?
Written quality:
« Is the manuscript clearly presented?
Title:

* Does the Title accurately reflect the contents of the

manuscript?
Abstract:

* Does the Abstract adequately describe the background
or context of the work, the objectives of the research
project and the methods used?

Introduction:

* Does the Introduction provide adequate background

and context for the work?
Materials and Methods:

¢ Have the authors described the methods in enough
detail to allow others to replicate them?

» Have the authors adhered to established codes of prac-
tice and ethics if human/animal experimentation has
been undertaken?

* Did the authors use appropriate methods?

Results:

e Have the authors explained their results clearly and

adequately?
Discussion:

* Is the Discussion supported by the results?

* Have the authors considered any alternative explana-
tions for their results?

* Have the authors made unsupported claims or inappro-
priate speculations?

General:

* Are all cited references relevant and necessary?

* Has any relevant literature been omitted?

* Have the authors cited the data described in the manu-
script adequately?

* Is each table and figure necessary?

¢ Are any potentially useful figures or tables missing?

e Are the tables and figures complete and interpretable?

* Is the manuscript clearly written in English?

* Have the authors adhered to established codes of publi-
cation ethics?

¢ Are there any errors in fact, methodology, or analyses?

e Has the manuscript been published previously, in part
or in whole, in any language?

If a manuscript does not meet the journal’s requirements for
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acceptance or revision, the Editor-in-Chief may recommend
rejection.

Editorial independence

As the journal owner, the Juntendo Medical Society (JMS)
has granted the journal's Editorial Board complete and sole
responsibility for all editorial decisions. The JMS will not
become involved in editorial decisions, except in cases of a
fundamental breakdown of process.

Editorial decisions are based only on a manuscript’s scien-
tific merit and are kept completely separate from the jour-
nal’s other interests. The authors’ ability to pay any publica-
tion charges has no bearing on whether a manuscript is
accepted for publication in the journal.

Appeals

Authors who believe that an editorial decision has been
made in error may lodge an appeal with the Editorial Office.
Appeals are only considered if the authors provide detailed
evidence of a misunderstanding or mistake by a reviewer or
editor. Appeals are considered carefully by the Editor-in-
Chief, whose decision is final. The guidelines of the
Committee on Publication Ethics (https://publicationethics.
org/) (COPE) are followed where and when relevant.

Confidentiality in peer review
The journal maintains the confidentiality of all unpublished
manuscripts. Editors will not:
1. disclose a reviewer’s identity unless the reviewer makes
a reasonable request for such disclosure
2. discuss the manuscript or its contents with anyone not
directly involved with the manuscript or its peer review
3. use any data or information from the manuscript in
their own work or publications
4. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Conlflicts of interest in peer review

A conflict of interest exists when there are actual, perceived
or potential circumstances that could influence an editor’s
ability to act impartially when assessing a manuscript. Such
circumstances might include having a personal or profes-
sional relationship with an author, working on the same
topic or in direct competition with an author, having a finan-
cial stake in the work or its publication, or having seen
previous versions of the manuscript.

Members of the journal's Editorial Board undertake to
declare any conflicts of interest when handling manuscripts.
An editor who declares a conflict of interest is unassigned
from the manuscript in question and is replaced by a new
editor.

Editors try to avoid conflicts of interest when inviting
reviewers, but it is not always possible to identify potential
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bias. Reviewers are asked to declare any conflicts of interest
to the Editor, who will determine the best course of action.

Errata and retractions

The journal recognizes the importance of maintaining the
integrity of published literature.

A published article that contains an error may be corrected
through the publication of an Erratum. Errata describe
errors that significantly affect the scientific integrity of a
publication, the reputation of the authors, or the journal
itself. Authors who wish to correct a published article should
contact the editor who handled their manuscript or the
Editorial Office with full details of the error(s) and their
requested changes. In cases where co-authors disagree over
a correction, the Editor-in-Chief may consult the Editorial
Board or external peer reviewers for advice. If a Correction
is published, any dissenting authors will be noted in the text.
A published article that contains invalid or unreliable results
or conclusions, has been published elsewhere, or has
infringed codes of conduct (covering research or publication
ethics) may be retracted. Individuals who believe that a
published article should be retracted are encouraged to
contact the journal's Editorial Office with full details of their
concerns. The Editor-in-Chief will investigate further and
contact the authors of the published article for their response.
In cases where co-authors disagree over a retraction, the
Editor- in-Chief may consult the Editorial Board or external
peer reviewers for advice. If a Retraction is published, any
dissenting authors will be noted in the text.

The decision to publish Errata or Retractions is made at the
sole discretion of the Editor-in—Chief.

Editors as authors in the journal

Any member of the journal's Editorial Board, including the
Editor-in-Chief, who is an author on a submitted manu-
script is excluded from the peer review process and from
viewing details about their manuscript.

A manuscript authored by an editor of JM]J is subject to the
same high standards of peer review and editorial decision
making as any manuscript considered by the journal.

Responding to potential ethical breaches

The journal will respond to allegations of ethical breaches
by following its own policies and, where possible, the guide-
lines of COPE.

Reviewer Confidentiality
As part of their responsibilities, reviewers agree to maintain
the confidentiality of unpublished manuscripts at all times.
By accepting the invitation to review a manuscript,
reviewers agree not to:

1. disclose their role in reviewing the manuscript

2. reveal their identity to any of the authors of the manu-
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3. discuss the manuscript or its contents with anyone not
directly involved in the review process

4. involve anyone else in the review (for example, a post-
doc or PhD student) without first requesting permis-
sion from the Editor

5. use any data or information from the manuscript in
their own work or publications

6. use information obtained from the peer review process
to provide an advantage to themselves or anyone else,
or to disadvantage any individual or organization.

Copyright, Open Access and Fees

Copyright and licensing

JM] is fully Open Access and uses the Creative Commons
CC BY 4.0 (Attribution 4.0 International) (https://creative-
commons.org/licenses/by/4.0/). This license allows users to
share and adapt an article, even commercially, as long as
appropriate credit is given.

Authors are required to assign all copyrights in the work to
the Society, who then publish the work under the CC BY 4.0
International license.

Some funding bodies require articles funded by them to be
published under a specific Creative Commons license. Before
submitting your work to the journal, check with the rele-
vant funding bodies to ensure that you comply with any
mandates.

Article Processing Charge

There are many costs associated with publishing scholarly
journals, such as those of managing peer review, copy editing,
typesetting and online hosting. To cover these costs in the
absence of journal subscriptions, authors (or their represen-
tatives) are asked to pay article processing charges (APCs).
There is no submission fee.

All articles, with the exception of those requested by the
Editorial Board, attract publication expenses which must be
borne by the authors. Authors will be notified of the exact
sum.

The APC depends on the article type and the total number
of typeset pages. The table below indicates how many pages
are free of charge for each article type. Each page over this
limit attracts a fee of 24,000 JPY/printed page.

JMS Members All others

Original articles The first 5 pages The first 3 pages

Review articles The first 5 pages The first 3 pages

Case reports The first 2 pages The first 1 page

Color printing charges: 30,000 JPY per page

Reprint charges: All reprints will be charged according to
the actual printing costs.

Waiver policy

Waivers for APCs are provided automatically when the
corresponding author is from a “Group A” Research4Life
country (https://www.researchdlife.org/access/eligibility/).
In cases of demonstrated financial hardship, the journal will
consider a presubmission application for a waiver from any
corresponding author to [provide email address of person to
contact]. Applications cannot be made after the peer review
process has begun.

The ability of an author to pay the APC does not influence
editorial decisions. To avoid any possibility of undue influ-
ence, editors involved with the decision-making process on
submitted manuscripts are not involved in any deliberations
on waivers.

Manuscript Submission

Manuscripts should be submitted online via the Juntendo
Medical Journal online submission and peer review page on
S cholarOne Manuscripts (https://mc.manuscriptcentral.
com/jmyj).

S imply log on to S cholarOne Manuscripts and follow the
onscreen instructions for all submissions. You will need to
register before your first submission to Juntendo Medical
Journal. If you have any technical problems or questions
related to the electronic submission process, please contact
our Editorial Office:

Juntendo Medical Journal Editorial Office

c¢/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku, Tokyo 160-0016, JAPAN
Phone: +81-3-5361-7089

E-mail: jmj@imic.or.jp

Manuscript Preparation

Style

Manuscripts should be prepared in Microsoft Word or other
appropriate software using double line spacing throughout,
page numbers on the lower right, and with margins of at
least 2.5 cm.

English standards

Manuscripts should be written in clear, grammatically
correct English. Authors whose native language is not
English are strongly encouraged to have their manuscript
checked by a native English speaker or by an editing service
prior to submission; a certificate of English editing that
accompanies submissions can be useful in many circum-
stances. If a manuscript is not clear due to poor English, it
may be rejected without undergoing peer review.

Format

The first page of each manuscript should contain: Title,
Authors’ full names, Affiliations, Key words, Running Title,
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and the name and full address (including telephone number,
facsimile number, and e-mail address) of the corresponding
author. Manuscripts should be divided into the following
sections and presented in this order: Introduction; Materials
and Methods; Results; Discussion; Acknowledgements;
Funding; Authors’ contributions; Conflicting interest state-
ment; and References.

Manuscripts should be arranged in the following order: 1.
Title page; 2. Abstract and keywords; 3. main text; 4.
Acknowledgements, Funding, Author Contributions, Conflict
of interest statements; 5. tables together with any accompa-
nying legends; 6. figure legends; 7. other as required. Each
of the numbered items should begin on a separate page.

Title page
The first page should include:
1. The title of the manuscript in sentence case. No abbre-
viations other than gene names or in common use
2. Full names of all authors and ORCID ID (https: //
orcid.org) if desired
3. Affiliations of the authors; use numbers not symbols
4. If authors make an equal contribution, indicated with an
asterisk (up to 2 authors, including the first author)
and a note indicating this under the author names
5. Name, full postal address, including street number and
name, and e-mail address of the corresponding author (s)
6. Key words (no more than five key words). Refer to
Medical Subject Headings in MeSH or Index Medicus
7. Running title preceded by the first author’'s name
(maximum 120 characters with spaces, including the
author’s name).

Title

The title should describe the content of the article briefly
but clearly and is important for search purposes by third-
party services. Do not use the same main title with
numbered minor titles, even for a series of papers by the
same authors. Do not use abbreviations in the title, except
those used generally in related fields.

Footnotes

Footnotes, if any, should be typed in a separate sheet (the
second page of the manuscript). Abbreviations should also
be listed on this page.

Abbreviations

Each abbreviation should be defined in parentheses together
with its non-abbreviated term when it first appears in the
text (except in the Title and Abstract).

Units

SI or SI-derived units should be used. More information on
SI units is available at the Bureau International des Poids et
Mesures (BIPM) website (https://www.bipm.org/en/about-
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Abstract
The second (and, if necessary, the third) page of the manu-
script should contain only the abstract (maximum 250
words). The abstract must be fully comprehensible without
reference to the text. Abstracts should be divided into
sections as follows:

1. Objectives

2. Materials (or “Design”)

3. Methods (or “Interventions”)

4. Results

5. Conclusions

Introduction

The Introduction should provide sufficient background
information to allow the reader to understand the purpose
of the investigation and its relationship with other research
in related fields, although it should not include an extensive
review of the literature.

Materials and Methods

The description of the methods should be brief, but it must
include sufficient details to allow the experiments to be
repeated. The sources of unusual chemicals, animals, micro-
bial strains or equipment should be described, and the loca-
tion (city, country) of the company should be provided in
parentheses. If hazardous materials or dangerous proce-
dures are used in the experiments and the precautions
related to their handling are not widely recognized, it is
recommended that the authors provide the necessary
details.

Results

This section includes the results of the experiments. The
Results and Discussion sections may be combined if this
helps readers to understand and evaluate the study. Tables
and figures, including photographs, can be used to present
the experimental results (see below). Excessive explana-
tions of the data presented in tables and figures should be
avoided.

Discussion

The Conclusion or Discussion should be concise and should
deal with the interpretation of the results. Novel models or
hypotheses may be proposed in this section only if they are
suggested by the results obtained in the experiments. Do
not repeat the description of the experimental results in this
section.

Acknowledgments

Contributors who do not meet the criteria for authorship
should be listed in the Acknowledgements section. Exam-
ples of those who might be acknowledged include a person
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who provided purely technical help, or a department chair
who provided only general support. If you do not have
anyone to acknowledge, please write “Not applicable” in this
section.

Funding

All articles should have a funding acknowledgement state-
ment included in the manuscript in the form of a sentence
under a separate heading entitled “Funding” directly after
Acknowledgements section, if applicable. The funding
agency should be written out in full, followed by the grant
number in brackets. Multiple grant numbers should be
separated by commas and spaces. Where the research was
supported by more than one agency, the different agencies
should be separated by semicolon, with “and” before the
final funder. If the research is not funded by a specific
project grant, please state in the manuscript as follows: “The
author (s) received no financial support for the research” or
“No funding was received”.

Author contributions

The individual contributions of authors to the manuscript
should be specified in this section after Funding section.
Please use initials to refer to each author’s contribution in
this section, for example: “AU analyzed and interpreted the
patient data regarding the hematological disease. KT
performed the histological examination of the liver, and was
a major contributor in writing the manuscript. All authors
read and approved the final manuscript.”

Conflicts of interest statement

All manuscripts must include a “Conflicts of Interest state-
ment” in line with the ‘Author competing interests and
conflicts of interest’ section above. If no conflicts exist, please
state that “The Author(s) declare(s) that there are no
conflicts of interest”.

References

References, including those given in tables and figure
legends, should be numbered sequentially in the order they
appear in the text and listed in numerical order at the end
of the manuscript under the heading “References”. In the
text, citations should be indicated as superscript numbers
with an end parenthesis character following each citation
number. Three or more consecutive citations should be indi-
cated as a range using a hyphen, e.g. “3)-5)". Journal titles
should be abbreviated as shown in Index Medicus and List
of Journals Indexed. When there are six or fewer authors, all
should be listed; when there are seven or more, include only
the first three and add “et al.” Please note the following
examples.

Example citation list entries:

Journal article

1) You WC, Blot WJ, Li JY, et al: Precancerous gastric

lesions in a population at high risk of stomach cancer.
Cancer Res, 1993; 53: 1317- 1321.

Book

2) Matsumoto A, Arai Y: Hypothalamus. In: Matsumoto A,
Ishii S, eds. Atlas of Endocrine Organs. Berlin: Spring-
er-Verlag, 1992: 25-38.

Tables

Tables with suitable titles and numbered with Arabic
numerals should be placed at the end of the text on separate
sheets (one table per page). They should be understandable
without referring to the text. Column headings should be
kept as brief as possible, with units for numerical informa-
tion included in parentheses. Footnotes should be labeled a),
b), ¢), etc. and typed on the same page as the table they
refer to.

Figures

Figures should also be submitted online as separate files.
They should be numbered in order of appearance with
Arabic numerals (e. g. Fig. 1, Fig. 2). Author (s) must pay
printing costs for color photographs. Electron micrographs
should contain a scale. Individual figures may not exceed
the size of a Journal page. Graphs or drawings containing
typewritten characters are unacceptable. Numbers, letters
and symbols must be large enough to be legible after reduc-
tion. In principle, figures should be suitable for publication,
and jpg digital files preferred. Each figure must have an
accompanying legend, which should be understandable
without reference to the text. All figure legends are to be
double spaced, and should be collected together as text
page(s), rather than being attached to their respective
figures.

Cover letter

Summarize briefly the important points of the submitted
work including a brief description of the study to be
submitted, that it is an original study presenting novel work,
that it has not been previously submitted to or accepted by
any other journal, that is has been approved by all authors,
and explain whether any author has a conflict of interest.

Accepted Manuscripts

Manuscripts that are accepted for publication are copy-
edited and typeset by the journal's production team before
publication. The journal is published 6 times per year /
continuously online. All communication regarding accepted
manuscripts is with the corresponding author.

Proofs

Page proofs are sent to the corresponding author, who
should check and return them within 48 hours. Only essen-
tial corrections to typesetting errors or omissions are
accepted; excessive changes are not permitted at the
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proofing stage.

Reprints

Order forms for reprints are sent with the proofs to the
corresponding author and should be returned with the
proofs. The corresponding author will be sent a PDF of the
paper on publication.

Contact

To contact the Editorial Office or the Editor-in- Chief,
please write to:

Juntendo Medical Journal Editorial Office

c/o International Medical Information Center

2F Shinanomachi Rengakan,

35 Shinanomachi, Shinjuku-ku,

Tokyo 160-0016, JAPAN

Phone: +81-3-5361-7089

E-mail: jmj@imic.or.jp
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