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BACE1 inhibitor drugs for the treatment of Alzheimer's dlsease.
Lessons learned, challenges to overcome, and future prospects’

Arun K. Ghosh'**

' Departments of Chemistry, Purdue University, West Lafayette, IN, USA;
* Department of Medicinal Chemistry and Molecular Pharmacology, Purdue University, West Lafayette, IN, USA.

Abstract: Alzheimer's disease (AD), first diagnosed over a century ago, remains one of the major healthcare crises
around the globe. Currently, there is no cure or effective treatment. The majority of drug development efforts to
date have targeted reduction of amyloid-p peptide (AB). Drug development through inhibition of beta-site amyloid
precursor protein cleaving enzyme 1 (BACE1), resulted in promising early clinical studies. However, nearly all
small molecule BACEI inhibitor drugs failed to live up to expectations in later phase clinical trials, due to toxicity
and efficacy issues. This commentary aims to provide a brief review of over two decades of BACE! inhibitor drug

development challenges and efforts for treatment of AD and prospects of future BACE1-based drugs.

Keywords: Alzheimer disease, amyloid, BACE], inhibitor, drug development

Alzheimer's disease (AD) is a neurodegenerative
disorder in the brain that leads to progressive impairment
of cognition and memory loss (/). AD mostly affects
elderly patients and there are over 55 million individuals
diagnosed with AD around the globe. Currently, there
is no cure or disease-modifying treatment (2). Thus far,
the majority of approved drugs may help to manage
symptoms of the disease. The hallmark of AD is the
accumulation of neurotoxic amyloid-p peptides (Ap),
mainly AP40 and AB42, in the brain which is considered
a pivotal feature of AD pathogenesis. Among numerous
hypotheses explaining the mechanisms underlying
AD pathogenesis, the "Amyloid Cascade Hypothesis"
introduced in the 1990's remains one of the most
widely studied conceptual frameworks for AD drug
development (3,4). The B-site amyloid precursor protein
cleaving enzyme 1 (BACE1) was cloned and identified
over two decades ago (5,6). The prospect of developing
anti-amyloid-p drugs generated huge enthusiasm and
anticipation at that time. This initial excitement is
understandable as BACELI is the first protease that
initiates production of AP in the brain by cleaving
the amyloid precursor protein (APP) and forming a
soluble N-terminal fragment and amyloid-f peptide
containing a membrane anchored C-terminal fragment
(Figure 1). In the following step, y-secretase cleaves
the C-terminal fragment, releasing the neurotoxic
AP peptides of different lengths. Among these, Ap42
has been recognized as the major cause for onset and
progression of AD. Logically, both proteases became
important drug development targets against AD. Several

v-secretase inhibitor drug candidates were brought to
clinical trials, however they were associated with high
toxicity and major side effects. The toxicity appears
to be mechanism-based because y-secretase plays an
important role in maintaining important physiological
functions (7). Since BACEI] is involved in the first step
of AP production, inhibition of BACE1 was thought
to avoid the late stages of AD pathogenesis and issues
associated with function-based problems of y-secretase.
However, BACEI has been shown to process other
substrates, which set up potential new challenges (8,9).

The design of the first substrate-based potent BACE1
inhibitor, OM99-2, and subsequent determination of the
X-ray crystal structure of OM99-2 bound BACE1 was
reported in 2000 (Figure 2) (10,11). This development
set the stage for structure-based evolution of potent
and drug-like BACELI inhibitors. The overall medicinal
chemistry development is nothing short of astounding.
Today, there are over 250 X-ray crystal structures of
BACE] and inhibitor complexes in the protein database.
Also, there exists a large number of patents with many
different structural classes (/2,73). For BACEI inhibitor
clinical development, the challenging problems are
to develop drug-like molecules with good selectivity
against BACE2 and other aspartic acid proteases.
Ideally, such BACE1 inhibitor drugs need to be smaller,
have less peptidic features, have efficient blood-brain-
barrier penetration, and reduced susceptibility to Pgp-
mediated efflux (/4).

The early development of peptidomimetic small
molecule BACEI inhibitors containing classical
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Figure 1. APP cleavage by B- and y-secretases, common
APP mutations in purple. APP, amyloid precursor protein.
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Figure 2. BACEL1 inhibitor OM99-2 and Xray structure of
BACE1-OM99-2 complex (pdb:1FKN). BACEI, beta-site
amyloid precursor protein cleaving enzyme 1.

Figure 3. Early evolution of drug-like BACEI1 inhibitors with classical dipeptide isosteres. BACE1, beta-site amyloid precursor

protein cleaving enzyme 1.

dipeptide isosteres is highlighted in Figure 3. Small
molecule BACE] inhibitor 2 with the Leu-Ala isostere
showed good potency IC, = 30 nM, ECs= 3 uM, HEK-
293) and cell penetration (/5). Compound 3 displayed
potent BACEL1 activity as well as cellular activity (K,
= 1.1 nM, cell EC5,= 39 nM). It also showed over 25-
fold selectivity against BACE2 and cathepsin D (/6).
Inhibitor 4 with a hydroxy ethylamine isostere (GSK

188909, IC,,= 4 nM, cell EC5,= 5 nM) showed good
selectivity over other aspartic acid proteases and lowered
AB in transgenic mice (/7). Inhibitor 5 displayed potent
BACEI1 activity (K, = 1.8 nM, cell EC,,= 1 nM), modest
selectivity against BACE2 and cathepsin D (IC5,= 79
nM and 138 nM, respectively), and showed inhibition of
AP production in transgenic mice (/8). Intraperitoneal
administration of compound 5 with an 8 mg/kg dose
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Figure 4. Nonpeptide small molecule BACE1 inhibitors developed for clinical trials. BACE1, beta-site amyloid precursor

protein cleaving enzyme 1.

to Tg2579 mice showed 65% reduction of plasma A
production after 3 h. Furthermore, this compound has
been shown to rescue age-related cognitive decline in
transgenic mice. Piperazine derivative 6 was developed
as a potent BACELI inhibitor (IC,= 0.18 nM, cell EC,
=7 nM) (19,20). This compound was shown to inhibit
peripheral Ap,, in transgenic mice with a single dose.
Compound 7 displayed potent in vitro activity (cell ICy,
= 49 nM) and exhibited an in vitro AB,, reduction of
34% in transgenic mice after 3 h using a 50 mg/kg dose
(21). Also, it showed good drug concentration in the
brain (1.9 uM).

To date, no BACEI inhibitor drug is approved by

the FDA. However, fourteen BACEI inhibitor drugs
were evaluated in clinical trials (/3,22). CTS21166 was
the first BACE1 inhibitor reported to have undergone a
phase I clinical trial, showing oral bioavailability, CSF
penetration, metabolic stability and toxicology profiles.
For healthy volunteers receiving 225 mg IV or 200 mg
oral doses, CTS21166 exhibited AB40 reduction up to
80% in 4-8 h with sustained reduction up to 72 h and
showed 40% oral bioavailability in humans. Chemical
structure and other information regarding further
clinical studies were not reported (23,24). Despite
steady progress towards drug-like peptidomimetic
BACEI! inhibitors, the development of nonpeptide
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small molecule heterocyclic BACE]1 inhibitors was
also pursued. Various high-throughput screening and
fragment-based screening of scaffolds were utilized to
discover new structural classes that have no peptide
features, good metabolic stabilities, and better blood-
brain barrier (BBB) penetration ability. These efforts
led to the identification of several structural leads which
upon medicinal chemistry optimization resulted in the
development of potent BACE1 inhibitors with promising
pharmacological properties. Several of these BACE1
inhibitors were advanced to clinical development
and phase I-1II clinical trials were conducted from
2012-2019 (13,14). These compound structures are
highlighted in Figure 4. One of the interesting features of
these clinical agents is the presence of a cyclic amidine
functionality. The X-ray structural analysis of BACEI
and inhibitor complexes revealed that the core amidine
functionality forms a network of hydrogen bonds with
the catalytic aspartates in flap-open conformation of
the BACEL. The adjacent fluorobenzene scaffold fills
the S1-S2 subsites while the substituted heterocyclic
amide derivatives occupy the S3 subsite. Compounds
8, 9, 13-16 contain amino-thiazine structural features,
compounds 11 and 12 possess amino-oxazine scaffolds
while candidates 10 and 18 contain a cyclic guanidine
core which interacts with the catalytic aspartate
of BACEIL. In general, these compounds showed
acceptable ADME properties in laboratory animals.
In phase I clinical trials, most of these compounds
exhibited general tolerability, acceptable safety
profiles, BBB penetration, and decline of AP levels in
CSF. Compound 8 (LY2811376) completed a phase I
clinical trial but was discontinued due to toxicological
issues. The development of compound 9 (LY2886721)
was terminated after phase I and II clinical trials due
to abnormal liver enzyme elevation for a number of
patients. From 2014-2019, several compounds advanced
to phase II and phase III clinical trials with early AD
patients. Clinical development of all BACEI inhibitors,
including JNJ-54861911 (9), MK-8931(10), CNP-520
(11), E2609 (15) and LY3314814 (17), was terminated
because the treatment did not exhibit clinical benefit,
slow disease progression, nor slow down cognitive
decline, and in some cases caused cognitive worsening
(22,25).

All BACE1 inhibitor Alzheimer's disease clinical
trials have been terminated at present; however, this
is not the end of BACE drug development. BACE1
remains one of the most promising drug targets
for decelerating AP production and intervention of
AD pathophysiology. Despite major setbacks, the
BACE inhibitor clinical trials provided a lot of useful
knowledge and a wealth of scientific information
for future directions. It is time to scrutinize data,
critically analyze pitfalls, and apply the lessons learned
toward successful BACE drug development. Many
past Alzheimer's drug trials dealt with uncertainties

and failures, particularly in the development of
immunotherapies. After many obstacles, more recent
trials with amyloid reducing-antibodies have been
shown to slow down AD progression by targeting
fibrillar and pre-fibrillar forms of amyloid aggregates.
The recent FDA approval of lecanemab for slowing
progression of mild cognitive impairment in early
AD patients supports the amyloid hypothesis (26,27).
BACEI inhibition in essence provides a complementary
pathway by blocking AP generation, which ultimately
contributes to neurotoxicity and neurodegeneration.
Like the early clinical setbacks with antibody
therapies, the early BACE inhibitor drug development
efforts also faced numerous concerns including liver
toxicity and retinal damage during clinical development.
Most recent clinical candidates resolved these issues
and compounds with good ADME, BBB properties,
and safety profiles have been developed. However,
clinical trials presented a new set of problems as these
compounds showed no clinical efficacy, undesired side
effects, and sometimes cognitive worsening. Are these
problems related to BACE1 as a drug target or are they
compound specific due to off-target effects? These are
important questions that need to be addressed. BACE
has two isoforms, BACE1 and BACE2. While BACE2
expression is low in the CNS, its inhibition has been
suggested to affect cognition. Also, it is known that
BACE processes many other important substrates in
the brain, including seizure protein 6, aka sez6-like,
neuregulin and NCAMLI. Prolonged inhibition of
BACE is likely to interfere with structural synaptic
plasticity possibly due to diminished processing of sez6
causing disruption of dendritic spine plasticity. Many
experts in the field believe a detailed understanding of
these BACE1 substrates as well as the physiological role
of BACE2 requires further evaluation and understanding
(25,28). Furthermore, BACE clinical trials resulted in
greater than 50% AP reduction. Such dramatic reduction
may have also contributed towards undesired side
effects. Lower doses are likely to reduce side effects. If
a low dose reduces AP production to a low percentage
and slows down the AD onset for a few years, still that
would be a significant clinical achievement.
Interestingly, all recent clinical BACE inhibitors
showed only marginal selectivity against these two
BACE isoforms. It is possible that the lack of selectivity
may have contributed to some of the observed side
effects. Also, most of the clinical candidates belong
to the same structural class as they possess some
core similarities, particularly the presence of a cyclic
amidine as well as the P1-P2 fluorobenzene scaffold
as can be seen in Figure 4. Thus, medicinal chemistry
development of structurally more diverse and highly
selective BACEI inhibitors may shed light on BACE1
as a drug target as well as off-target effects related to
specific features of compounds. Successful development
and use of aspartic acid protease inhibitor drugs has been
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accomplished for the treatment of other ailments. It is
relevant that approved protease inhibitor drugs for HIV/
AIDS and renin inhibitors for treatment of hypertension
contain classical hydroxyethylene or hydroxyethylamine
dipeptide isosteres at the active site. These drugs have
been used for decades as chronic therapies. Since the
carly development of highly selective BACEI inhibitors
with desirable safety and efficacy in animals has been
demonstrated, it may also be appropriate to develop the
next generation of selective BACEI inhibitors utilizing
these time-tested classical dipeptide isosteres. These
approaches are currently under development and show
promise toward highly selective BACE]1 inhibitors for
disease-modifying treatment of AD. We strongly believe
that it is too early to give up on the challenges of the
BACE] target.

Funding: This research work was supported by the
National Institutes of Health (Grant A1150466) and
Purdue University.

Conflict of Interest: The author has no conflicts of
interest to disclose.

"In memory of Dr. Jordan Tang, a brilliant pioneer and
scholar with a kind heart.
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Role of liver resection in the era of advanced systemic therapy for
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Abstract: The recent dramatic progress in systemic therapy for hepatocellular carcinoma (HCC) provides the
possibility of a combination of surgery and systemic therapy including adjuvant, neoadjuvant, or conversion settings.
Since the turn of the century, at least three negative studies have tested adjuvant therapies after curative resection
or ablation, including uracil-tegafur, which is an oral chemotherapeutic drug, sorafenib, and peretinoin, which a
synthetic retinoid that may induce the apoptosis and differentiation of liver cancer cells. Using more potent immuno-
checkpoint inhibitors (ICIs), at least 4 phase III trials of adjuvant immunotherapy are ongoing: nivolumab, durvalumab/
bevacizumab, pembrolizumab, and atezolizumab+bevacizumab. Very recently, the last trial indicated a significantly
better recurrence-free survival (RFS) for adjuvant atezolizumab+bevacizumab. Another promising combination of
surgery and systemic therapy is neoadjuvant therapy for potentially resectable cases or a conversion strategy for
oncologically unresectable cases. There are 2 neoadjuvant trials for technically or oncologically unresectable HCCs
ongoing in Japan: the LENS-HCC trial using lenvatinib and the RACB study using atezolizumab+bevacizumab.
A longer follow-up may be needed, but the overall survival (OS) in resected cases seems much higher than that in
unresectable cases. Recently, the Japan Liver Cancer Association (JLCA) and the Japanese Society of HPB Surgery
(JSHPBS) created a joint working group on "so-called borderline resectable HCC". They obtained a Japanese consensus
on this issue that has been published on the websites of JLCA and JSHPBS. The definition of resectability or borderline
resectability provides a common language regarding advanced HCC for investigators and is a useful tool for future
clinical trials.

Keywords: hepatocellular carcinoma (HCC), adjuvant systemic therapy, neoadjuvant systemic therapy, conversion
strategy

As of January 2023, the Food and Drug Administration
(FDA) has approved nivolumab, pembrolizumab,
ramucirumab, nivolumab/ipilimumab, atezolizumab/
bevacizumab, and tremelimumab/durvalumab as first-
or second-line monoclonal antibodies (mAbs) for
unresectable hepatocellular carcinoma (HCC) in the
USA (/). In Japan, atezolizumab/bevacizumab was
approved in 2020, and it became the regimen of choice
for first-line treatment. Durvalumab/tremelimumab was
approved as first-line treatment in 2023. In total, 6 or 7
regimens are available for HCC in Japan as of January
2024. The recent dramatic progress in systemic therapy
for HCC provides the possibility of a combination of
surgery and systemic therapy; i.e., adjuvant, neoadjuvant,
or conversion settings.

Adjuvant systemic therapy

The first type of combination is the adjuvant setting:
systemic therapy after liver resection. Tumor recurrence

is known to be very common even after curative liver
resection. The reported 5-yr recurrence rate was as high
as 70 to 80% (2). There are two peaks for recurrence-free
survival (RFS) hazard after liver resection. The first peak
is recurrence because of residual micro metastases. The
second peak may be because of so-called multi-centric
carcinogenesis. Adjuvant therapy is targeted to lower the
first wave of recurrence.

There have been several trials on adjuvant therapy
to solve this issue. Takayama's adaptive immunotherapy
was probably one of the oldest and milestone studies
which indicated the impact of adaptive immunotherapy
as reported by the National Cancer Center Japan (3).
They used autologous lymphocytes activated in vitro with
recombinant interleukin-2 and antibodies against CD3.
After culturing for two weeks, they obtained enough T
cells with CD3, 4, and 8 markers. The primary endpoint
was met, and this immunotherapy significantly reduced
the risk of tumor recurrence after resection. However,
this adjuvant therapy was not feasible in daily practice
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because of the complex procedure for cell preparation
and probably the cost. After this study, there have been
at least three studies that tested adjuvant therapies
after curative resection or ablation, including uracil-
tegafur (UFT), which is an oral chemotherapeutic drug
(4), sorafenib (5), and peretinoin, which is a synthetic
retinoid that may induce the apoptosis and differentiation
of liver cancer cells (6,7). All of the subsequent studies
were negative in reducing tumor recurrence (8).

In the uracil-tegafur study, RFS curves of the UFT
arm and control were almost identical. However, overall
survival looked even worse in the UFT arm, with a
p-value of 0.08. As a result, UFT was not recommended
as an adjuvant therapy after curative resection (4).
Subjects of the STORM trial were patients with a
moderate risk of recurrence. Sorafenib was administered
for as long as 4 years in the experimental arm. Both
RFS and overall survival (OS) curves were almost
overlapping, and the study was negative. A point worth
noting is that the 5-yr OS was as high as 70% even for
the placebo arm (5).

There are several reasons why most of the previous
adjuvant trials for HCC failed. First, defining optimal
patient populations was difficult. The outcome of the
control arm has been generally too good in previous
studies, and there have been no biomarkers for patient
selection. Second, there is no set duration for adjuvant
therapy. Figure 1A compares the duration among the
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previous studies and ongoing studies using immuno-
checkpoint inhibitors (ICIs). Of note, there is no set
duration for this setting. This is probably because peaks
in the hazard curve for recurrence are not very steep
compared to those for other cancer types (2). Severe
adverse events (AE) are not acceptable for seemingly
healthy patients after curative treatment. Finally, previous
studies might have simply indicated insufficient efficacy.

Since the introduction of ICIs, at least 4 phase III
trials of adjuvant immunotherapy after liver resection or
radiofrequency ablation (RFA) are ongoing. Experimental
arms are nivolumab, durvalumab/bevacizumab,
pembrolizumab, and atezolizumab+bevacizumab
(Table 1). The inclusion criteria for these trials are "a
high risk of recurrence" patient subgroup. Macroscopic
vascular invasion may have been regarded as "a very
high risk of recurrence", and this patient condition
was excluded in 3 studies. Only IMbrave 050, a study
of atezolizumab+tbevacizumab, accepted Vpl or Vp2
patients.

Very recently, the IMbrave 050 study indicated
a significantly better RFS for adjuvant atezolizumab
+bevacizumab (9). This is the first phase III study
showing the benefit of adjuvant therapy after liver
resection or RFA. However, reaching a conclusion on
survival benefits would be premature. IMbrave 050 is the
only adjuvant study that included patients with limited
vascular invasion, Vpl and 2. However, they accounted
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Figure 1. (A) Duration of adjuvant therapy superimposed on a risk of recurrence curve. (B) Upper limit of oncologically
resectable (R) for multiple lesions in terms of the size and number of tumors. The x-axis shows the number of HCC
tumors, the y-axis shows the maximum diameter of the HCC tumors (cm), and the z-axis shows the number of responses.

Source: Modified from Reference 2,15.

Table 1. On-going phase I1I trials of adjuvant immunotherapy for HCC

Trial name Drug Target molecule Duration of Prlmary Target n.umber Study start date
treatment endpoint of patients

CheckMate 9DX Nivolumab PD1 1yr RFS 530 Dec. 2017

EMERALD-2 Durvalumab +/- Bevacizumab ~ PD-L1, VEGF 1yr RFS 888 Apr. 2019

KEYNOTE-937 Pembrolizumab PD-L1 1yr RFS 950 May 2019

IMbrave 050 Atezolizumab + Bevacizumab ~ PD-L1, VEGF 1yr RFS 662 Dec. 2019
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for only 6-8% of cases, and subgroup analysis was done
only for cases with micro- instead of macro-vascular
invasion. Further evaluation of the impact of ICIs after
liver resection for HCC with macrovascular invasion
may be needed.

After reviewing a long history of failures in adjuvant
trials for HCC, there are several keys to success
including appropriate patient selection, appropriate
duration of adjuvant therapy, sufficient efficacy of the
regimen, acceptable AEs, maintained performance status
(PS), and liver function. Most of the ongoing trials might
fulfill these conditions and their final results are awaited.

Neoadjuvant systemic therapy or conversion strategy

Another promising combination of surgery and
systemic therapy is neoadjuvant therapy for potentially
resectable cases or conversion strategy for oncologically
unresectable cases. The conversion strategy for
unresectable colorectal liver metastases (CRLM)
was established more than a decade ago. After the
introduction of FOLOX, FOLFIRI +/- mAbs, we could
expect marked tumor shrinkage, making unresectable
tumors into resectable ones. This strategy may not be
simply applicable to HCC because the anti-tumoral
action of systemic therapy on HCC differs slightly
because dramatic tumor shrinkage is rare and a decrease
in vascularity is more common.

Since lenvatinib was approved in 2018, there have
been several reports on effective cases. For example,
Matsuki et al. reported a case that initially involved a
large tumor in the right liver and a lung metastasis. After
lenvatinib administration, there was a marked shrinkage
of the tumors and the metastatic lesion in the lung
disappeared. This patient was ultimately able to undergo
curative liver resection (/0). The relatively high response
rate (RR) to lenvatinib led us to plan a neoadjuvant trial
for technically or oncologically unresectable HCCs
(LENS-HCC trial: jJRCT s031190057). There were 5
categories for patient inclusion. Category A is cases
with macrovascular invasion, followed by category B,
synchronous extrahepatic disease (EHD). Category C
is a combination of A and B. Category D is cases with
very large tumor loads where RO resection is unlikely.
The last category E is metachronous EHD. Forty-nine
patients were recruited, and 33 patients (67%) were able
to undergo liver resection and 16 were not. Although we
may need a longer follow-up, the 24-month survival rate
was over 75% in resected cases, which was much higher
than that for unresectable cases (/7).

A similar study is ongoing in Japan: the neoadjuvant
atezolizumab plus bevacizumab RACB study,
UMINO000046634). The inclusion criteria are the same
as those for the lenvatinib trial. The target number of
patients is 50, and it is expected to close soon (/2).
Recently, Kaseb et al. conducted a prospective study
in a neoadjuvant setting to compare nivolumab and

nivolumab plus ipilimumab: the blockade of the PD-1/
PD-L1 and CTLA-4 pathways (/3). Although efficacy
was not a primary endpoint, CR was achieved in 29% of
cases and there was no delay in surgery because of severe
AEs. Patients with a major pathological response (MPR)
has a significantly better RFS after liver resection.

Concept of borderline resectable HCC

In the field of pancreatic cancer, the concept of a
borderline resectable tumor (BR) has been well
established. Neoadjuvant therapy is usually used for
BR pancreatic cancer according to National Center for
Global Health and Medicine (NCGM) guidelines (14).
Recently, the Japan Liver Cancer Association (JLCA) and
the Japanese Society of HPB Surgery (JSHPBS) created
a joint working group on "so-called borderline resectable
HCC". First, they surveyed expert Japanese HBP
surgeons to clarify their perceptions of the resectability
of HCC. Then, an expert panel was organized to reach
a consensus on oncological resectability for advanced
HCC.

Akahoshi ef al. analyzed a total of 351 responses
from the aforementioned survey (/5). Resectability for
single tumors was broad in that 64.7% of the respondents
considered solitary tumors to be R (resectable),
irrespective of size. However, opinions diverged on
the upper limit of the number of tumors/tumor size for
R among multiple tumors: i) up to three nodules with
no size limit (27.9%), i) up to three nodules < 5 cm in
diameter each (21.4%), and iii) up to three nodules < 3
cm in diameter each (19.4%, Figure 1B. Resectability for
HCC with portal vein invasion depended on the extent
of vascular invasion: Vpl, Vp2, Vp3, and Vp4 were
considered to be R by 90.9%, 70.7%, 39.0%, and 8.0%
of respondents, respectively. Half of the respondents
indicated they would consider resection even for cases
with extrahepatic spread under limited conditions.

Based on the aforementioned survey data, the expert
panel (i.e., joint working group) reached a Japanese
consensus on "so-called borderline resectable HCC"
that has been published on the websites of JLCA and
JSHPBS. Here are the definitions for R: resectable, BR1,
and BR2. Surgery may offer better survival outcomes for
the R category compared to other treatments. Surgical
intervention as a part of multi-disciplinary treatment
may offer survival benefits for the BR1 category. The
effectiveness of surgery is indeterminate and surgical
indications should be carefully determined under the
standard multidisciplinary management for the BR2
category. We decided not to use the term "UR or
unresectable" for the BR2 category because "UR" may
be misleading since most of the cases are technically
resectable and the patient's surgical option may be
limited from the beginning due to the label UR.

In conclusion, recent dramatic progress in
systemic therapy has harkened the advent of an era
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of a combination strategy for HCC. Several adjuvant
ICI regimens are being studied, and IMbrave 050
demonstrated a promising clinical benefit. Neoadjuvant
or perioperative systemic therapy for advanced HCC
is another clinical question that warrants further
investigation. The definition of resectability or borderline
resectability provides a common language regarding
advanced HCC for investigators and is a useful tool for
future clinical trials.
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Abstract: People living with human immunodeficiency virus (HIV) are at high risk of mental health problems.
However, little is known about this risk in HIV-infected patients with hemophilia (HPH) who contracted the
virus through blood products. This cross-sectional, observational study assessed patients' mood states and the
factors associated with them among Japanese HPH to evaluate the need for psychosocial support. HPH completed
self-administered questionnaires (Profile of Mood States [POMS] and General Health Questionnaire-28),
neuropsychological tests, and brain magnetic resonance imaging (MRI) and fluorodeoxyglucose positron emission
tomography/computerized tomography scans. HIV-infected patients with no hemophilia (HPnH) completed POMS and
neuropsychological tests. Socio-demographic characteristics and HIV- and hemophilia-related data were obtained from
participants' medical records and interviews. A Mann—Whitney U test and chi-squared analyses were conducted. Fifty-
six HPH and 388 HPnH completed the questionnaires and neuropsychological tests. HPH had a significantly lower
prevalence of tension—anxiety (HPH, 7%; HPnH, 18%; p = 0.049) and a significantly higher prevalence of low vigor
(HPH, 63%; HPnH, 32%; p < 0.001). Low vigor in HPH was significantly associated with impaired executive function
(low vigor, 66%; high vigor, 33%; p = 0.019) and a social dysfunction score > 3 (moderate; low vigor, 26%; high
vigor, 5%; p = 0.047). Our results highlight the high prevalence of low vigor among HPH, leading to impairments in
executive and social functions. Therefore, healthcare workers need to pay attention to the vigor, executive function, and
social function of HPH.

Keywords: mental health, blood products, mood states, executive function, psychosocial support, healthcare

Introduction

People living with human immunodeficiency virus
(HIV) are at high risk of mental illness or mental
health problems (/). Mental health and mental illness
are not the same. Mental health includes emotional,
psychological, and social well-being. It affects how
we think, feel, and act. It also helps determine how we
handle stress, relate to others, and make healthy choices.
Mental illness collectively refers to all diagnosable

mental disorders, such as depression, anxiety, bipolar
disorder, or schizophrenia (2). Mental health is a concept
that encompasses mental illness and includes mental
and psychological conditions that are not diagnosed
as illnesses. Poor mental health or mental illness can
contribute to poorer healthcare behaviors across the HIV
care continuum, leading to negative HIV health outcomes
(i.e., elevated viral load (VL), decreased CD4+ levels,
and increased opportunistic illnesses) (3,4). Depression
can increase the risk of mortality among people living
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with HIV (5,6). The World Health Organization
recommends that attention to the mental health of people
living with HIV should be an integral part of HIV care
and that an integrated approach to HIV, mental health,
and psychosocial problems is needed (7).

However, most previous studies on the mental health
and mental illness of people living with HIV target
patients for whom the virus was sexually transmitted,
with few studies targeting HIV-infected patients with
hemophilia (HPH) who were infected through blood
products (8-72). In the 1970s and 1980s, many patients
with hemophilia worldwide became infected with
HIV through contaminated products. For example,
nearly 5,000 (i.e., half of all patients), 1,300, and 1,200
patients with hemophilia were infected in the United
States of America, the United Kingdom, and France,
respectively (/3-15). In addition, recent reports indicate
that approximately 50-80% of those infected with HIV
have already died (/5,76). In Japan, 1,432 patients
with hemophilia became infected with HIV through
contaminated products in the mid-1980s (/7). As of
2023, 697 HPH are still alive and entering their fifties
(17,18). As HPH are a minority group of people living
with HIV, their mental health and potential mental
illnesses have not been adequately considered. Catalan
et al. found that HIV-seropositive men with hemophilia
had higher levels of psychological distress and sexual
problems than HIV-seronegative men with hemophilia
(12). However, Marsettin et al. reported that HIV-
seropositive and -seronegative men with hemophilia
presented the same degree of emotional involvement;
there were no significant differences in the average
scores between groups — either on the anxiety or
depression scales (8,/7). In addition, Drotar et al. (9)
found that HIV-seropositive children and adolescents
with hemophilia demonstrated psychological resilience
and levels of psychological adjustment comparable to
their seronegative counterparts. While many studies on
mental health problems of HPH were in the pre-anti-
retroviral therapy (ART) era, there is no unified view on
this subject in the post-ART era.

A meta-analysis of mental health disorders in patients
with hemophilia suggested that the prevalence of
depression, anxiety, and attention-deficit/hyperactivity
disorder across decades is significantly higher in patients
with hemophilia compared to the general population
(/9). HPH are exposed to stigma and discrimination
about HIV as well as comorbidities such as hemophilic
arthropathy, muscle hemorrhage, and hepatitis C virus
(HCV) infection (20). Therefore, even if they do not
have a mental illness, their mental health may be poorer
than that of non-HPH. Thus, it is important to investigate
the mental health associated with HPH in the post-ART
era.

We used the Profile of Mood States (POMS) (27,22)
and General Health Questionnaire (GHQ)-28 (23,24)
to investigate mental health problems among HPH.

The POMS scale assesses temporal mood states that
change according to condition and allows simultaneous
assessment of six subscales: tension—anxiety, depression—
dejection, anger—hostility, vigor, fatigue, and confusion.
Assessing a variety of moods is important for this study
because moods influence our overall sense of well-
being and impact behavior patterns and perceived health
(25). The GHQ-28 is a screening device for identifying
minor psychiatric disorders (somatic symptoms, anxiety
and sleeplessness, social dysfunction, and depression)
(23,24). This study assessed mental health problems of
Japanese HPH in the post-ART era using the POMS and
GHQ-28 and examined the associated factors to evaluate
the need for psychosocial support.

Participants and Methods
Participants and procedures

Participants were HPH who received outpatient treatment
from May 2016 to February 2018 at the National Center
for Global Health and Medicine (NCGM) in Tokyo,
Japan. Exclusion criteria were determined based on the
criteria outlined in the Diagnostic and Statistical Manual
of Mental Disorders 5th ed. (DSM-5) (12). The exclusion
criteria were as follows: i) individuals currently with an
active AIDS-defining illness requiring treatment; i7) those
with congenital mental retardation; iii) those diagnosed
with major depressive disorder and/or schizophrenia;
iv) individuals diagnosed with Alzheimer's disease,
frontotemporal lobar degeneration, Lewy body dementia,
prion diseases, Parkinson's disease, and/or Huntington's
disease; v) those with cerebrovascular disease; vi) those
with traumatic brain lesion; vii) individuals who were
habitual illicit drug users and/or severe alcoholics; viii)
those undergoing treatment for central nervous system
opportunistic disease or with clear physical impediments;
ix) those exhibiting other pathologies that clearly caused
cognitive impairment; x) those with a fever > 38.5°C
or any active infectious symptoms during examination;
xi) individuals for whom neuropsychological (NP)
testing was judged to be performed inaccurately; and
xii) those who had undergone NP testing within the past
year. Patients with acute or subacute lesions detected
on brain magnetic resonance imaging (MRI) that could
potentially impact cognitive function, as well as patients
with foreign materials that were deemed unsuitable for
an MRI scan, were also excluded (12).

When applicable patients visited the hospital for
an outpatient visit, the coordinator provided a written
explanation of this study and obtained written consent.
Thereafter, patient information was collected from
medical records. Other necessary information was
collected by interviews on the morning of the POMS,
GHQ, and NP testing day. Psychiatric diagnosis was
based on a brief screening using the Mini International
Neuropsychiatric Interview (26). In addition, a single
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psychiatrist, a board-certified doctor of psychiatry with
more than 20 years of clinical psychiatric experience,
examined all HPH.

Data for the control group comprising HIV-infected
patients with no hemophilia (HPnH) were obtained from
NCGM from the J-HAND study (for more details, see
Kinai et al. (27)). Three time zones (9 a.m. to 10 a.m., 10
a.m. to 11 a.m., and 11 a.m. and later) were set at each
of three outpatient examination rooms. Patients who
met the selection criteria were recruited in the order of
visit time, and verbal consent was obtained from up to
three patients per day in each room. The control group
included 388 randomly extracted Japanese HIV-infected
patients who received outpatient treatment at the NCGM
between July 2014 and July 2016 (route of infection:
sexual transmission, n = 385; other and unknown, n =
3). Participant exclusion criteria were in accordance with
DSM-5 (12).

Measures

Socio-demographic characteristics and HIV- and
hemophilia-related factors

The following data were obtained from the medical
records and interviews: age, sex, education level, current
employment, presence of partner or housemate, history
of smoking, current alcohol use and amount, documented
HIV transmission route, history of AIDS-defining illness,
and incomplete virologic suppression, defined as two
or more times of HIV-RNA > 200 copies/mL — after
virologic suppression or after 24 weeks on ART, current
treatment for hypertension, diabetes and hyperlipidemia,
HCYV coinfection, qualitative Treponema pallidum latex
agglutination (TPHA), time since HIV diagnosis, nadir
CD4 cell count, current CD4 cell count, highest VL,
current VL, ART regimen, time on ART, Hemophilia A
or B, history of cerebrovascular disorder, and presence
of hemophilic arthropathy. Body temperature and
systolic and diastolic blood pressures were measured
on the same day. Using blood samples obtained within
three months of NP tests, we measured hemoglobin,
serum triglyceride, low-density lipoprotein cholesterol,
high-density lipoprotein (HDL) cholesterol, non-HDL
cholesterol, and hemoglobin Alc levels.

POMS

Mood was assessed using the Japanese edition of the
POMS (21,22). The POMS is a 30-item self-report
questionnaire used to assess psychological distress. It
measures mood using six subscales: tension—anxiety,
depression—dejection, anger—hostility, vigor, fatigue,
and confusion. The POMS total mood disturbance
score is calculated by summing the scores across all six
factors, while weighing vigor negatively. Respondents
were asked to rate the degree to which an adjective was
applied to them during the preceding week on a five-
point scale (0 = "not at all" and 4 = "extremely"). Scores

for each subscale ranged from 0 to 20, with higher scores
indicating more severe symptoms, except for the vigor
scale, in which lower scores indicated more severe
symptoms (28). The Cronbach's alpha was 0.760 in this
study and showed acceptable internal consistency.

GHQ

Mental states were assessed using the 28-item Japanese
version of the GHQ (23,24). The GHQ assesses general
psychopathology and measures mental state using four
scales: somatic symptoms, anxiety/insomnia, social
dysfunction, and severe depression; these were summed
to obtain a total score. Respondents were asked to
rate each item according to the degree to which it was
applicable during the preceding two or three weeks. Two
scoring systems were used: a Likert scale and a two-point
scale. On the Likert scale, the four possible answers,
"better than usual", "same as usual", "worse than usual",
and "much worse than usual", were assigned scores of
0, 0, 1, and 1, respectively. The minimum possible total
score for each scale was 0, and the maximum possible
score was 7. The Cronbach's alpha was 0.756 in this
study and showed acceptable internal consistency.

NP tests

Participants' NP states were assessed using the 14
NP tests for eight cognitive domains: Verbal Fluency
(category and letter) in verbal/language (29), Digit Span
(forward and backward) in attention/working memory
(30), Trail Making Test (TMT)-A (37) and Digit Symbol
Subset (30) in speed of information processing, TMT-B
(31) in executive function, Rey-Osterrieth Complex
Figure test (ROCFT) (32,33) in visuospatial construction,
ROCFT (immediate) and Story Memory Test (SMT) (34)
in verbal and visual learning, ROCFT (delayed recall),
SMT (delayed recall), and Grooved Pegboard (dominant
and non-dominant) (35) in motor skills.

Assessment of imaging

Brain MRIs were performed on a clinical 3.0-Tesla
MRI unit (MAGNETOM Verio; Siemens AG, Erlangen,
Germany). These included three-dimensional T1-
weighted images (magnetization-prepared 180° radio-
frequency pulses and rapid gradient-echo sampling)
used for the computed analysis of Voxel-based Specific
Regional Analysis System for Alzheimer's disease
(36), T2-weighted images to evaluate microbleeding,
MR angiography to evaluate cerebrovascular disorder,
diffusion-weighted images to evaluate acute or subacute
cerebrovascular attack, and T2-weighted images and
fluid-attenuated inversion recovery images to evaluate
general brain disorders. All MRIs were evaluated
by an observer (TN) with 10 years of experience in
neuroradiology.

For brain fluorodeoxyglucose positron emission
tomography/computerized tomography (FDG-PET/
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CT), ""F-FDG was synthesized in the hospital using a
cyclotron (F200, Sumitomo Heavy Industries, Ltd.) at
the NCGM. Participants fasted for > 6 h. After resting
for more than 15 min with an eye mask in a decubitus
position in a dark, quiet room, the *F-FDG (5 MBgq/
kg; lower limit, 185 MBq; upper limit, 370 MBq) was
injected intravenously. The conditions described were
maintained until imaging was performed. Imaging
was initiated with PET/CT equipment (Biograph
mCT S20; Siemens Medical Solutions) 45 min after
"F-FDG administration. Blood glucose levels at the
time of scanning were confirmed to be < 200 mg/dL
in all participants. The PET data were analyzed using
the data analysis software SIEMENS, MI Neurology,
in which 18 regions were set: left/right frontal lobes,
left/right temporal lobes, left/right parietal lobes, left/
right cingulate and paracingulate gyri, left/right central
regions, left/right occipital lobes, left/right basal
ganglia, left/right mesial temporal lobes, and left/right
cerebellum. The "*F-FDG accumulation in each region
(mean standardized uptake value; SUV) was measured,
and the standard deviations (SD) of the mean SUV were
compared. The mean value of the accumulation in the
left and right regions, of which the SD was the smallest,
was set as the value for the control region. The ratios of
the values of the other 16 regions to the control value
(SUVr) were calculated for the assessment.

Statistical analysis

A chi-squared analysis was used to compare the
prevalence of mood problems between HPH and HPnH.
Mood problems included #-scores of 60 and above on the
five subscales of the POMS: tension—anxiety, depression—
dejection, anger—hostility, and fatigue and confusion
(22). The t-scores for mild to moderate problems ranged
from 60 to 75, and those for severe problems ranged
from 76 and above for -score in five subscales. On the
vigor scale, low vigor was a mood problem and included
a t-score of 40 and below. Mild to moderate problems
ranged from 26 to 40, and severe problems were 25 and
below for the #-score in vigor. Data were expressed as
the median (interquartile range [IQR]). To investigate
the factors associated with low vigor in HPH, a Mann—
Whitney U test and chi-squared analyses with two groups
(high and low vigor in HPH) were conducted. Serious
issues regarding health were indicated by a score of 5
or more points for the total GHQ score. Moreover, in
the GHQ subscale, moderate symptoms were indicated
by a score of 4 or higher in somatic symptoms, and 3
or higher in anxiety/insomnia, social dysfunction, and
severe depression (23,24). In addition, regarding the
assessment of imaging, the Mann—Whitney U test was
performed to compare the two groups (high and low
vigor in HPH). Tests were two-tailed, with o = 0.05 as
the criterion for significance. All data were analyzed
using IBM SPSS Statistics 26.0. Values of p < 0.05 were

considered statistically significant.
Ethical considerations

This cross-sectional observational study was approved by
the ethics committee of the National Center for Global
Health and Medicine (NCGM; Nos. NCGM-G-001973-0
and NCGM-G-003055-00). This study followed the
principles of the Declaration of Helsinki. All study
participants provided written informed consent prior to
study enrollment.

Results

Eighty-two HPH received outpatient treatment at the
NCGM. Of these, eight patients satisfied exclusion
criteria, nine patients refused to participate in this study,
one patient withdrew consent for participation, and one
patient did not undergo the POMS, GHQ, or NP testing
during the study period; thus, 63 patients underwent
the testing and medical examination by a psychiatrist.
Ten patients were diagnosed with psychiatric disorders:
schizophrenia (n = 1), bipolar disorder (n = 1), dysthymia
(n = 2), developmental disorder (n = 2), alcoholism
(n = 1), and sleep disorder (n = 3). Of these, three
patients with psychiatric disorders that could affect
cognitive function (schizophrenia, bipolar disorder, and
alcoholism) and four patients with unavailable recent
brain imaging findings were excluded. Finally, 56
patients were included in the analysis.

Regarding the control group comprising HPnH,
716 HIV-infected patients were recruited; 205 patients
were excluded based on the exclusion criteria, and the
remaining 388 patients completed the same tests, except
for GHQ-28, brain MRI, and FDG-PET/CT scans.
The routes of HIV infection in HPnH included sexual
transmission (n = 385) and other and unknown (n = 3).
In Japan, the transmission route is relatively identifiable;
thus, when a patient is diagnosed with HIV infection,
the doctor is required to confirm the symptoms and
transmission route with the patient and notify the health
center. This information was used in this study.

Mood problems in HPH and HPnH

Figure 1 shows the differences in the prevalence of
mood problems between HPH and HPnH. HPH had a
significantly lower prevalence of tension—anxiety (HPH,
7%; HPnH, 18%; p = 0.049, power = 0.445) and a
significantly higher prevalence of low vigor (HPH, 63%;
HPnH, 32%; p <0.001, power = 0.859).

Association factors with low vigor in HPH
Table 1 shows the sample characteristics and factors

associated with low vigor among HPH. Regarding
the factors associated with low vigor in HPH, socio-
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Figure 1. Prevalence of mood problems among HIV-infected patients with hemophilia (HPH) and HIV-infected patients

with no hemophilia (HPnH).

demographic factors — neither HIV-related nor
hemophilia-related factors — were significantly associated
with vigor. However, compared with high vigor, low
vigor was significantly associated with impaired
executive function (low vigor, 66%; high vigor, 33%;
p = 0.019, power = 0.4) and a social dysfunction score
>3 (low vigor, 26%; high vigor, 5%; p = 0.047, power
= 0.438). In addition, there was no difference in FDG
accumulation between the high- and low-vigor groups
(Table 2).

Discussion

This is one of the few studies to analyze the mental
health problems of HPH in the post-ART era. Previous
studies have reported low psychosocial distress and
psychological quality of life in hemophilia patients
in the post-ART era (37,38). Hirabayashi et al. (37)
reported that psychological quality of life scores in
patients with hemophilia were lower than those in
patients with sexually transmitted infections in Japan.
Further, Talaulikar et al. (38) reported that patients with
chronic coagulation disorders had significantly lower
vitality, general health, and physical role limitation in the
measurement of health-related quality of life, compared
with normative data obtained from the Australian Bureau
of Statistics. Imai et al. (12) reported that HPH had a
higher rate of neurocognitive dysfunction than HPnH,
particularly impaired executive function.

One of the most important findings of this study is
that the prevalence of low vigor among HPH was 63%,
which is much higher than that among HPnH, even
though they did not have a mental illness. This study
suggests that low vigor among HPH is associated with
a higher rate of impaired executive function and social
dysfunction compared with high vigor.

Various factors can influence vigor. The reasons for
low vigor among HPH were as follows: organic changes

in the brain, poor exercise habits, and psychological
distress owing to HIV-related stigma or multimorbidity.
Long-term exposure of the central nervous system to
HIV leads to organic changes in the brain. HPH were
infected with HIV in the 1980s and, therefore, have
likely been infected with HIV for longer than HPnH
(12). However, the results indicate that the influence of
organic factors in the brain on vigor could be less, as
there was no difference in FDG accumulation between
the high- and low-vigor groups.

Low vigor among HPH could be associated with
exercise habits. Patients with hemophilia could have
poorer exercise habits than those without hemophilia, as
they have been restricted from an early age to prevent
bleeding. Physical exercise enhances executive function
and improves positive moods, such as vigor (39-
42). Healthcare workers' assessment of their physical
capabilities, along with the degree of hemophilic
arthropathy and the risk of bleeding, can enhance their
vigor. In addition, proposing an exercise program
tailored to each HPH could lead to further improvement.
However, to clarify these associations, multivariate
analyses on HPH with vigor, executive function, and
social function, using exercise habits as an indicator, as
well as comparative studies involving HPH and HPnH,
should be conducted. It could also be useful to conduct
intervention studies to create moderate exercise programs
tailored to the physical function of HPH and examine the
effects of such programs on vigor, executive function,
and social function.

The HPH group also experienced psychological
distress owing to HIV-related stigma or multimorbidity
for many years (20,43). Some studies have suggested
an association between HIV-related stigma and
psychological distress or mood (44,45). Long-term
experiences of HIV-related stigma could have prevented
HPH from connecting with people and society, affected
various life events such as employment and marriage,
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Table 1. Participant characteristics and association factors with low vigor in HIV-infected patients with hemophilia

High Vigor Low Vigor
Characteristics Total (T-score > 40) (T-score < 40) p-value
n=>36 n=21 n=35
Socio-demographic characteristics
Age (years), median (IQR) 47 (43-54) 45 (43-54) 48 (42-595) 0.728
Older than 50 years, 1 (%) 24 (43) 8(38) 16 (46) 0.577
Gender (Male), 1 (%) 56 (100) 21 (100) 35(100) -
Educational level (university or higher), n (%) 21 (38) 8 (38) 13 (37) 0.943
Employed, n (%) 36 (64) 15(71) 21 (60) 0.388
Living alone, 1 (%) 14 (25) 3(14) 11 (31) 0.151
Current or recent smoking, n (%) 30 (54) 13 (62) 17 (49) 0.333
Alcohol use, n (%) 19 (34) 9 (43) 10 (29) 0.274
History of illicit drug use within 12 months, n (%) 0(0) 21 (100) 35 (100) -
Hypertension (SBP > 140 or DBP > 90 mmHg), n (%) 24 (43) 11 (52) 13 (37) 0.265
Diabetes (HbAlc > 7.0 or on treatment), n (%) 9 (16) 3(14) 6(17) 0.778
Anemia (Male <12 g/dL, Female <10 g/dL), n (%) 9 (16) 2 (10) 7 (20) 0.301
HCV-AD positive, n (%) 55(98) 21 (100) 34 (97) 0.434
TPHA positive, n (%) 0 (0) 21 (100) 35(100) -
HIV-related factors
Time since diagnosis (month), median (IQR) 314 (273-332) 408 (404-411) 408 (404-414) 0.799
History of AIDS-defining illness, n (%) 7(13) 3(14) 4(11) 0.754
Current CD4 (cells/mm’), median (IQR) 525 (342-662) 520 (336-631) 540 (342-765)) 0.283
Nadir CD4 (cells/mm’), median (IQR) 141 (91-184) 150 (70-167) 131 (87-199) 0.788
Current HIV-RNA < 20 (copies/mL), 1 (%) 49 (89) 18 (86) 31 (91) 0.528
History of incomplete virological suppression, n (%) 20 (36) 8 (38) 12 (34) 0.773
Current antiretroviral therapy use, 7 (%) 55(98) 20 (95) 35 (100) 0.375
Current antiretroviral treatment
NNRTI-based regimen, n (%) 15(27) 4 (19) 11 (31) 0.311
Pl-based regimen, n (%) 18 (32) 5(24) 13 (37) 0.301
INSTI-based regimen, 7 (%) 41 (73) 16 (76) 25(71) 0.697
Hemophilia-related factors
Hemophilia A, n (%) 45 (80) 17 (81) 28 (80) 0.609
Hemophilia B, n (%) 11 (20) 4 (19) 7 (20)
Presence of history of cerebrovascular disorder, n (%) 13 (23) 2 (10) 11 (31) 0.056
Presence of hemophilic arthropathy, 7 (%) 30 (54) 9 (43) 21 (60) 0.213
Neuropsychological factors
Neuropsychological impairment, 7 (%) 27 (48) 9 (43) 18 (51) 0.534
Impaired cognitive domain
Verbal/language, n (%) 2 (4) 1(5) 1(3) 0.614
Attention/working memory, 1 (%) 7 (13) 1(5) 6(17) 0.176
Speed of information processing, 1 (%) 13 (23) 3(14) 10 (29) 0.186
Executive function, n (%) 30 (54) 7 (33) 23 (66) 0.019
Visuospatial construction, n (%) 14 (25) 5(24) 9(26) 0.873
Verbal and visual learning, n (%) 10 (18) 4(19) 6(17) 0.857
Verbal and visual memory, 7 (%) 8 (14) 3(14) 5(14) 0.644
Motor skills, 7 (%) 9 (16) 1(5) 8(23) 0.075
GHQ-28
Somatic symptoms score > 4 (moderate), n (%) 14 (25) 3(14) 11 (31) 0.151
Anxiety/insomnia score > 4 (moderate), 1 (%) 8 (14) 3(14) 5(14) 0.644
Social dysfunction score > 3 (moderate), n (%) 10 (18) 1(5) 9(26) 0.047
Severe depression score > 3 (moderate), 1 (%) 4(7) 0 (0) 35(11) 0.143

HCV-AD, hepatitis C antibody; TPHA, Treponema pallidum latex agglutination; NRTI, Nucleoside reverse transcriptase inhibitor; NNRTI, Non-
nucleoside reverse transcriptase inhibitor; PI, Protease inhibitor; INSTI, integrase inhibitors; GHQ, General Health Questionnaire.

and reduced their vigor. Multimorbidity — the presence multimorbidity tend to experience psychological distress
of two or more chronic physical conditions (46) — (47). HPH have many chronic physical conditions,
may also influence the vigor of HPH. Patients with such as hemophilic arthropathy, muscle hemorrhage,
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Table 2. Comparison of SUVr values between high and low vigor in HIV-infected patients with hemophilia (HPH)

Total
n=>55

Frontal lobe (L)

Frontal lobe (R)

Temporal lobe (L)

Temporal lobe (R)

Parietal lobe (L)

Parietal lobe (R)

Cingulate and paracingulate gyri (L)
Cingulate and paracingulate gyri (R)
Central region (L)

Central region (R)

Occipital lobe (L)

Occipital lobe (R)

Basal ganglia (L)

Basal ganglia (R)

Mesial temporal lobe (L)

Mesial temporal lobe (R)

Thalamus (L)

Thalamus (R)

1.17 (1.10-1.23)
1.18 (1.09-1.23)
1.15 (1.08-1.21)
1.19 (1.10-1.24)
1.15 (1.09-1.23)
1.17 (1.10-1.24)
1.17 (1.12-1.24)
1.21 (1.15-1.28)
1.12 (1.05-1.17)
1.14 (1.06-1.20)
1.16 (1.12-1.23)
1.21 (1.14-1.26)
122 (1.15-1.27)
1.18 (1.15-1.23)
0.91 (0.87-0.96)
0.92 (0.88-0.97)
1.16 (1.11-1.25)
1.17 (1.09-1.23)

High Vigor Low Vigor
(T-score > 40) (T-score < 40) p-value
n=21 n=34

1.17 (1.11-1.26) 1.17 (1.10-1.22) 0.499
1.18 (1.10-1.26) 1.18 (1.09-1.23) 0.579
1.16 (1.09-1.19) 1.14 (1.08-1.21) 0.377
1.19 (1.11-1.23) 1.18 (1.10-1.26) 0.795
1.18 (1.12-1.24) 1.12 (1.09-1.24) 0.368
1.18 (1.11-1.22) 1.17 (1.10-1.25) 0.903
1.17 (1.14-1.25) 1.17 (1.09-1.24) 0.556
1.21 (1.16-1.29) 1.22 (1.14-1.27) 0.621
1.12 (1.05-1.16) 1.12 (1.06-1.17) 0.678
1.14 (1.08-1.20) 1.14 (1.06-1.20) 0.568
1.18 (1.12-1.23) 1.16 (1.11-1.23) 0.591
1.22 (1.15-1.28) 1.21 (1.13-1.25) 0.640
1.20 (1.16-1.27) 1.23 (1.14-1.27) 0.959
1.17 (1.14-1.23) 1.18 (1.14-1.23) 0.652
0.91 (0.87-0.96) 0.91 (0.87-0.95) 0.903
0.92 (0.88-0.98) 0.92 (0.88-0.96) 0.795
1.22 (1.11-1.26) 1.15(1.11-1.24) 0.416
1.20 (1.09-1.24) 1.14 (1.09-1.23) 0.579

Data are median (interquartile range; IQR). SUVr, Standard uptake value ratio; L, left; R, right.

HCV, hemophilia, and HIV infection; therefore, their
vigor could have been low. Although the association
between a history of cerebrovascular disorder and low
vigor was not significant in this study, a significant
trend was observed. It is quite difficult to remove HIV-
related stigma from society or to cure multimorbidity
completely. However, providing a space (e.g., mental
health counseling, psychotherapy, or self-help groups)
where these patients can feel comfortable talking about
the long-term emotional burden of these problems
could help prevent a decline in vigor or mental health
deterioration. In addition, previous studies suggest that
supplementation with a multi-vitamin/mineral leads
to improved vigor ratings and improved cognitive
performance (48-50). Therefore, we suggest that
healthcare workers pay attention to the vigor, executive
function, and social function of HPH — even if they
do not have a mental illness — and that they help HPH
enhance their health through exercise tailored to the
physical condition of each patient, by offering mental
healthcare, or by promoting the use of multi-vitamin-
mineral supplements.

Despite its valuable findings, our study had some
limitations. First, although the facility from which
participants were recruited is one of the largest hospitals
in Japan providing HIV treatment and treating several
HPH, our sample was not representative of the entire
population of HPH in Japan. Second, the sample
size of 56 HPH was insufficient to conduct statistical
testing and compare the high- and low-vigor groups;
therefore, a multicenter survey should be conducted to
increase the sample size and improve the accuracy of
the results in the future. Third, two or more psychiatrists
should be asked to examine a patient's mental status to
further improve the accuracy of psychiatric diagnosis.

Fourth, although this study applied a self-administered
anonymous questionnaire — the POMS and GHQ-28 —
potentially biased self-reports cannot be ruled out.

In conclusion, the prevalence of low vigor among
Japanese HPH without mental illness is high. Those
with low vigor had impairments in executive and social
functions. Therefore, healthcare providers should
approach patients' low vigor by suggesting exercise
programs that are appropriate for their physical and
medical condition, providing a safe space to talk about
the problems of living with multimorbidity in a society
with HIV-related stigma, and promoting the use of multi-
vitamin supplements. Thereafter, the effectiveness of
such interventions should be scientifically tested.
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Gallbladder fossa nodularity in the liver as observed in alcoholic
liver disease patients: Analysis based on hepatobiliary phase signal
intensity on gadoxetate-enhanced MRI and extracellular volume
fraction calculated from routine (T data
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Abstract: The purpose of this study is to further verify the concept utilizing signal intensity on hepatobiliary phase
(HBP) of gadoxetate-enhanced MRI and extracellular volume fraction (ECV) calculated from CT data. Between Jan
2013 and September 2018, consecutive ALD patients who had both quadruple phase CT and gadoxetate-enhanced
MRI within six months were retrospectively recruited. Those who had any intervention or disease involvement around
gallbladder fossa were excluded. All images were reviewed and ECV was measured by two experienced radiologists.
GBFN grades, and their HBP signal intensity or ECV relative to the surrounding background liver (BGL) were
analyzed. There were 48 patients who met the inclusion criteria. There were GBFN grade 0/1/2/3 in 11/15/18/4 patients,
respectively. The signal intensity on HBP relative to BGL were iso/slightly high/high in 30/15/3 patients, respectively,
and ECV ratio (ECV of GBFN divided by that of BGL) was 0.88 + 0.18, indicating there are more functioning
hepatocytes and less fibrosis in GBFN than in BGL. The GBFN grades were significantly correlated to relative signal
intensity at HBP (Spearman's rank correlation, p < 0.01, tho value 0.53), and ECV ratio (p < 0.01, rho value -0.45).
Our results suggest GBFN in ALD would represent liver tissues with preserved liver function with less fibrosis, as

compared to BGL, which are considered to support our hypothesis as shown above.

Keywords: gallbladder fossa, nodularity, alcoholic liver disease, gadoxetate uptake, extracellular volume fraction

Introduction

Recently, it has been reported that nodularity of the
gallbladder fossa (GBFN) as observed typically in
patients with alcoholic liver disease (ALD) may represent
spared area from portal venous perfusion containing
alcohol absorbed in the gastrointestinal tract, escaped
from alcohol-induced fibrotic and atrophic change of the
surrounding background liver (BGL) parenchyma, due to
cholecystic venous drainage (CVD) (/-5). Pathologically,
it has been shown GBFN consists of unusually large-
sized pseudo-lobules in contrast to small-sized pseudo-
lobules that are known to be characteristic of alcoholic
liver cirrhosis, which may as well be called "pseudo-
hyperplasia" (1,6).

As a morphological feature of ALD-related cirrhosis
as compared to those due to other etiologies, the
enlargement of segment I or caudate lobe is well known

(7,8). GBFN may serve as an adjunctive sign for ALD,
with relatively high specificity but with low sensitivity,
as compared to caudate lobe enlargement (/).

We hypothesized that, if GBFN represents relatively
hyperplastic liver tissue in contrast to fibrotic BGL,
gadoxetate uptake, which is a marker of functioning
hepatocytes (9-11), at GBFN should be preserved,
as compared to the surrounding fibrotic BGL, at the
hepatobiliary phase (HBP) of gadoxetate-enhanced
MRI (EOB-MRI). Further, we also hypothesized
that the extracellular volume fraction (ECV), which
has been reported to be a useful surrogate biomarker
for pathological degree of liver fibrosis (/2-16), of
GBFN, should be low as compared to that of BGL. The
purpose of this study is to further clarify the etiology or
mechanism of GBFN, using its HBP signal intensity on
EOB-MRI and ECV calculated from CT data relative to
those of BGL as analytic indices.
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Materials and Methods
Patients

Between January 2013 and September 2018, consecutive
ALD patients who underwent both quadruple phase
dynamic CT and EOB-MRI within six months in our
institute were retrospectively recruited. Among those,
patients who had had cholecystectomy and hepatectomy,
apparent acute cholecystitis or cholangitis, hepatocellular
carcinoma (HCC) involving gallbladder fossa, and tumor
thrombus involving the 1* order branch or main trunk
of the portal vein were excluded. Those who had any
interventions around GBF, such as transarterial (chemo)
embolization, radiofrequency ablation, or microwave
ablation, between the two examinations, were also
excluded.

Clinical diagnosis of ALD was made for patients
with liver dysfunction without serological evidence of
hepatitis B or C infection, or anti-mitochondrial or anti-
nuclear antibodies, and with history of habitual alcohol
overconsumption, based on the criteria defined by
Japanese Society of Biomedical Research of Alcohol
(17), that is, briefly, 60g /day and 40g/day or more
alcohol consumption for men and women, respectively.
Institutional review board approved this study and
waived obtaining in