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Structure of the hepatitis B virus (HBV) capsid core. [Left] Rendition of released particles from HBV infection, including mature virions with 
assembled capsids (PDB: 6HTX) and core protein (Cp) dimers (PDB: 6ECS) as well as both non-infectious subviral particles and excreted 
HBV E Antigen (HBeAg, PDB: 3V6Z). No full structure of HBV Surface Antigen (HBsAg) is deposited in the PDB; partial HBsAg (PDB: 
7TUK) and CD9 (PDB: 6K4J) protein embedded in the default membrane structure from cellPAINT to represent the viral envelope (in grey). 
The mature capsid shown in blue and all other proteins in white. The P•pgRNA complex or P•rcDNA would be located inside the core. Made 
with cellPAINT (v2.0). [Right] Two orientations of the HBV Capsid core (PDB: 6HTX) with hexamers in cyan and pentamers in pink. One 
dimer of Cp dimers has the secondary structure shown with distinct colors in each Cp monomer to display protein·protein interactions. Made 
with ChimeraX (v1.5). (Page 200)
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It has been four decades now, since the human 
immunodeficiency virus (HIV), the etiological agent 
for acquired immunodeficiency syndrome (AIDS), 
was identified. The first reported case was recorded 
in 1981. According to the UNAIDS/WHO's report on 
HIV/AIDS, to date, an estimated 38.4 million patients 
worldwide have been living with HIV-1 infection and 
AIDS. Also, an estimated 40.1 million people lost their 
lives due to HIV and AIDS-related illness since the 
beginning of the epidemic (1). These figures are quite 
staggering by any measure. Since the early years of the 
HIV/AIDS epidemic, there has been an unprecedented 
effort among scientific communities around the world to 
control the virus with particular emphasis on translation 
of basic science into the development of antiretroviral 
therapeutics. This has resulted in intense collaboration 
between research communities in academic and 
pharmaceutical laboratories, doctors and health care 
providers, public health officials, funding agencies, 
and HIV/AIDS patients. It is a truly remarkable 
alliance in the history of medicine. The development of 
novel therapeutic agents and implementation of drug 
combinations targeting various steps of the HIV life 
cycle has transformed HIV infection and AIDS from 
an irrefutably fatal disease into a manageable chronic 

ailment. However, there is no cure for HIV infection 
or AIDS yet. The introduction of antiretroviral therapy 
(ART) dramatically suppressed HIV replication in most 
patients with HIV infection and AIDS who receive an 
ART treatment regimen. The clinical outcome then 
resulted in a significant decline of HIV/AIDS-related 
mortality, particularly in developed countries where 
patients have access to potent antiretroviral drug 
combinations (2). The progression and continuous 
development of new and more effective antiretroviral 
therapies for the treatment of HIV/AIDS is also an 
inspiring testament in modern medicine where synthetic 
organic and innovative medicinal chemistry played 
a very critical role in the design, development, and 
evolution of innovative antiretroviral drugs.
 In early days of the 1980s, HIV/AIDS patients 
had a life expectancy of about one year, following 
the diagnosis. The first drug treatment for HIV/AIDS 
patients began in 1987 when a failed anticancer drug 
from the 1960s, azidothymidine (AZT), also referred 
as zidovudine (ZDV, Figure 1), was shown to potently 
inhibit a viral enzyme reverse transcriptase (RT) (3,4). 
RT catalyzes the transcription of double stranded viral 
RNA into DNA, an essential step in the viral replication 
process. This nucleoside reverse transcriptase 
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Abstract: The treatment of HIV-1 infection and AIDS represents one of the greatest challenges in medicine. While 
there is no cure for HIV/AIDS, truly remarkable progress has been made for treatment of HIV/AIDS patients today. 
The advent of combination antiretroviral therapy (cART) in the mid-1990s dramatically improved HIV-1 related 
morbidity, greatly prolonged life expectancy, and delayed progression of AIDS. Due to current antiretroviral therapy, 
the mortality rate for HIV infected patients is closely approaching the mortality rate for the general population. The 
long-term success of HIV-AIDS treatment requires continued enhancement of cART with further development of 
novel drugs that would exhibit fewer side effects, higher genetic barrier to the development of resistance, and longer 
action with durable virologic suppression. This editorial article provides a quick review of four decades of intense 
drug development research efforts targeting various viral enzymes and cellular host factors leading to the evolution 
of today's treatment of patients with HIV-1 infection and AIDS. It also touches on challenges of future treatment 
options.
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inhibitor (NRTI) gets phosphorylated in vivo and 
blocks enzymatic function of RT by incorporating the 
nucleotide analog and causing chain termination. AZT 
suppressed HIV replication, reduced opportunistic 
infection, and extended lives of HIV/AIDS patients. 
AZT marked the first drug treatment for HIV/AIDS 
patients. Other NRTI such as, didanosine (ddI) and 
dideoxycytidine (ddC) were subsequently approved 
in the early 1990's. These RT inhibitor drugs proved 
useful however, toxicity and resistance development 
compromised their effectiveness (5). The approval of 
AZT and other NRTIs paved the way for development 
of several new classes of antiretroviral therapies 
targeting other critical viral targets. Also, development 
of several effective HIV diagnostic tests, particularly 
those measuring viral loads and CD4+ cell counts 
further accelerated the drug development process.
 The breakthrough in the development of novel 
antiretroviral therapeutics targeting other biochemical 
mechanisms occurred in the mid-1990s. The approval 
of HIV-1 protease inhibitor drugs marked the beginning 
of a new era of HIV/AIDS treatment. Protease inhibitor 
research efforts also became a hallmark of innovation in 
modern drug discovery and medicinal chemistry. Early 
knowledge of virus replication established that HIV-
1 protease plays a critical role in processing the gag 
and gag-pol gene product into essential viral proteins 

including protease, reverse transcriptase, integrase, and 
other important structural proteins. Not surprisingly, 
HIV protease was recognized as an important 
biochemical target for drug development, early on. 
Consequently, a significant effort towards design, 
discovery, and development of HIV-1 protease inhibitor 
drugs then intensely followed in both academic and 
pharmaceutical laboratories. The HIV-1 protease is 
an aspartic acid protease. It is a homodimeric enzyme 
with two 99-amino acid subunits with each monomer 
contributing a catalytic aspartic acid functional group 
to form the active site. The human genome features 
several other aspartic acid proteases that play critical 
roles in the pathogenesis of human diseases. Previous 
drug discovery efforts against these aspartic acid 
proteases included renin inhibitor design for treatment 
of hypertension. Early work on renin inhibitors did not 
translate into any approved drugs however, it provided 
important groundwork in terms of mechanism-based 
design for HIV-1 protease inhibitors. The challenging 
goals of HIV-1 protease inhibitor design were to 
develop selective, metabolically stable, and orally 
bioavailable inhibitor drugs. A massive research effort 
in academic and pharmaceutical laboratories began with 
the goal of developing HIV-1 protease inhibitor drugs.
 The first HIV-1 protease inhibitor drug, saquinavir 
(SQV, Figure 2) received FDA approval in the mid-
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Figure 1. Structures of approved RT inhibitor drugs. Figure 2. Structures of approved HIV-1 protease inhibitor 
drugs.
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of action involves binding to the residues in HR-1 and 
blocking a conformational change in gp41 necessary 
for fusion of the lipid envelope of HIV with the 
membrane of CD4 T cells, thus preventing viral entry. 
It was developed to target gp41 protein as an injectable 
drug. The second entry inhibitor is maraviroc approved 
in 2007 (15). This drug blocks the interaction of HIV-
1 gp120 protein with the CCR5 coreceptor on the 
target cell. Maraviroc is used in combination with other 
anti-HIV drugs. HIV-1 can use other coreceptors for 
viral entry and maraviroc may not be effective for all 
patients. Therefore, an HIV-1 tropism test is necessary 
to determine if the drug would be useful for a particular 
patient group.
 The latest class of approved anti-HIV drugs is 
Integrase strand transfer inhibitors (INSTIs) (16,17). 
The first orally active integrase inhibitor drug 
raltegravir (Figure 3) was approved in 2007. HIV-1 
integrase is a key enzyme involved in integration of 
proviral DNA created by reverse transcriptase into host 
T-cell DNA by formation of a covalent bond between 
viral DNA and host T-cell DNA. In essence, blocking of 
integrase enzyme function would prevent incorporation 
of viral DNA into host cell DNA, an essential step 
for viral replication. Inhibition of this vital step has 
also been recognized as a critical target for drug 
development. Since approval of the first INSTI drug 
raltegravir in 2007, other INSTIs such as elvitegravir 
in 2012, dolutegravir in 2013, and cabotegravir in 2021 
were approved for treatment of HIV/AIDS patients. 
Introduction of the antiretroviral agents in cART led to 
excellent suppression of HIV-1 replication in the vast 

1990s (6,7). Subsequently, other protease inhibitor 
drugs, such as ritonavir followed by indinavir, 
and nelfinavir were approved by the FDA. These 
protease inhibitors were then incorporated into highly 
active antiretroviral therapy (HAART) with reverse 
transcriptase inhibitor drugs developed earlier. The 
HAART treatment regimens have had dramatic impact 
on management of HIV-1 infection and suppression 
of HIV-1 replication in treated patients. This led to 
a significant improvement in life expectancy and 
mortality rates of HIV/AIDS patients who have access 
to these therapies in developed countries. The HAART 
treatment regimens immensely improved the prognosis 
of the AIDS epidemic by transforming HIV/AIDS into 
a manageable chronic disease (8,9). Despite this major 
progress, early PI-based therapies were often rendered 
ineffective due to emergence of drug-resistant HIV-1 
variants. Therefore, a second generation of nonpeptide 
protease inhibitor drugs such as atazanavir, lopinavir, 
tipranavir and darunavir was developed to address 
these issues. The last approved protease inhibitor drug 
darunavir (2006) is a widely used PI-drug. Darunavir, 
is highly potent and has been shown to be particularly 
effective in treatment of patients harboring drug-
resistant HIV-1 variants (10,11).
 In the mid-1990s another class of antiretroviral 
drugs, called non-nucleoside reverse transcriptase 
inhibitor (NNRTI) was developed (12,13). Unlike 
NRTIs, NNRTIs do not require in vivo phosphorylation 
to exert their inhibitory activity. This drug class 
includes nevirapine and efavirenz. They block HIV 
replication by noncompetitive inhibition of RT and 
bind to a hydrophobic pocket in the subdomain of p66, 
located 10Å away from the active site of RT, known 
as the NNRTI pocket. Subsequently, other NNRTI 
drugs such as etravirine, rilpivirine, emtricitabine and 
doravirine were developed. These drugs along with 
a newer class of NRTIs such as abacavir, tenofovir, 
lamivudine and emtricitabine were effectively utilized 
in various combination therapies to control HIV-1 
infection and AIDS.
 Drug discovery efforts targeting viral entry led to 
the development of a new class of drugs. As mentioned 
earlier, HIV-1 replication is a multistage process where 
viral attachment and viral fusion are critical early stages 
of the replication cycle. Viral attachment involves 
interaction of the viral gp120 protein with the CD4 
protein on the surface of the T-cell. HIV enters the T-cell 
by a fusion process, which is facilitated by the viral 
protein gp41 and the CCR5 and CXCR4 coreceptors 
on the T-cell. Both the viral entry and viral fusion have 
been targeted to block the viral replication cycle. The 
first entry inhibitor enfuvirtide received FDA approval 
in 2003. Enfuvirtide (T-20, Figure 3) is a 36 amino-acid 
synthetic peptide (14). It mimics amino acids 127–162 
which is located in heptad repeat-2 (HR-2) in the HIV 
gp41 envelope glycoprotein subunit. Its mechanism 

www.globalhealthmedicine.com

Figure 3. Structures of approved entry inhibitor and 
integrase inhibitor drugs.
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majority of HIV/AIDS patients.
 To date, more than 30 anti-HIV drugs targeting 
many different viral replication mechanisms have been 
approved (18). These drugs provide many choices to 
individualize drug treatment. Due to issues related to 
safety, tolerability, pill burden, and dosing frequency, 
not all approved drugs are used clinically. Current less 
toxic and more efficacious treatment regimens evolved 
from the earlier grueling experience of large pill burden, 
drug toxicities, drug-drug and food-drug interactions, 
inadequate viral suppression, and emergence of drug-
resistant variants. Today, multidrug combinations are 
the key to suppress viremia and delay emergence of 
drug resistance. cART needs to continue indefinitely 
as even a temporary halt in cART results in rapid viral 
rebound in almost all patients due to the persistence 
of viral reservoirs in HIV infected patients. The use of 
older NRTIs is limited due to severe mitochondrial, 
bone marrow toxicities, and peripheral neuropathy (19). 
The first-generation protease inhibitors drugs paved the 
way for cART treatment regimens with RT inhibitor 
drugs, which changed the course of the HIV epidemic 
dramatically. However, their use has been limited due 
to poor drug properties, ranging from peptide-like 
features, low oral bioavailability, metabolic instability, 
PI-associated lipodystrophy, and other side effects. 
More potent and less toxic, second-generation PI-
drugs are mostly used clinically. Interestingly, the first-
generation PI drug, ritonavir however is used in low 
doses with other PI drugs as a pharmacokinetic booster. 
Low doses of ritonavir are ineffective against HIV, 
but they inhibit the CYP-3A4 metabolizing enzyme, 
improves oral bioavailability and duration of action of 
other PI drugs. The viral entry inhibitor, enfuvirtide 
is a large synthetic peptide with a short plasma half-
life. While it is an effective antiretroviral agent, its 
clinical use is limited as the drug needs to be injected 
subcutaneously, twice daily and often results in side 
effects at the injection sites. The other entry inhibitor 
maraviroc is a CCR5 antagonist which is approved 
for both treatment of naïve and treatment experienced 
patients by blocking R5-tropic HIV entry into CD4 
cells. However, its clinical use is limited as the drug 
requires inconvenient tropism testing and needs twice 
daily dosing (20).
 The development of drug resistance represents one 
of the major causes of HIV treatment failure. At present, 
boosted second generation protease inhibitors and 
integrase inhibitor drugs have shown efficacy leading 
to sustained viral suppression and improved clinical 
benefits. Among protease inhibitors, boosted darunavir 
has been shown to be particularly effective. It has shown 
higher genetic barriers for resistance development 
compared to other available agents. Darunavir was 
developed through structure-based design efforts by 
promoting extensive hydrogen bonding interactions 
with the highly conserved active site protease backbone 

atoms. This 'backbone binding concept' turned out to be 
an effective strategy for combating drug-resistant HIV 
variants (21). Since entry inhibitor drugs interfere with 
an earlier viral replication step of infection compared 
to cART, the development of cross-resistance to cART 
agents is not expected. Both viral entry inhibitor drugs, 
enfuvirtide and maraviroc are approved for treatment 
of multidrug resistant HIV strains but their use has 
been limited. Currently approved integrase inhibitor 
drugs are effective anti-HIV agents in cART treatment 
regimens. Among these, dolutegravir has shown a high 
genetic barrier for resistance development compared to 
other INSTs, raltegravir and elvitegravir (22).
 The  pas t  four  decades  of  HIV-AIDS drug 
development efforts targeting various viral enzymes and 
cellular host factors involved in the HIV-1 replication 
cycle, led to significant advances in today's HIV-AIDS 
treatment. While there is no cure for HIV/AIDS, the 
combination antiretroviral therapy (cART) significantly 
improved HIV-1 related morbidity, greatly prolonged 
life expectancy, and delayed or prevented progression 
of AIDS. In the absence of a cure, the long-term success 
of HIV-AIDS treatment will require continuation of 
cART with durable virologic suppression without 
the emergence of drug-resistant variants. Therefore, 
current, and future priorities remain to develop more 
efficacious drugs and develop new drugs targeting 
novel viral mechanisms to further improve cART 
regimens with reduced toxicities, improved tolerability, 
decreased pill burden and extended duration of action. 
Also, it is critically important to develop innovative 
therapies that not only improve efficacy and safety 
over the existing drugs but also delay or prevent the 
development of drug-resistant HIV-1 variants. Despite 
much improvement in cART regimens in recent years, 
HIV-associated neurocognitive disorders, dementia-
like symptoms, are increasing at an alarming rate due 
to viral reservoirs in the CNS and brain. New drug 
development needs to target persistent HIV reservoirs 
in the CNS, peripheral blood, and lymphoid tissues. 
While complete eradication of HIV and a cure appears 
to be a formidable challenge, the development of more 
effective cART regimens addressing these issues with 
the goal of eradication of viral reservoirs, forms an 
important step forward.
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Introduction

The hepatitis B virus (HBV) was first discovered as an 
infectious agent in the 1960s by Dr. Baruch Blumberg, 
who described the presence of what would later be 
named the HBV surface antigen (HBsAg) in the blood 
of patients with hepatitis (1). Blumberg's discovery 
subsequently led to the development of diagnostic 
screening tests and effective vaccines against HBV by 
targeting HBsAg, work for which he would later be 
awarded the 1976 Nobel Prize in Physiology or Medicine 
(2). As of 2019, the World Health Organization (WHO) 
estimates that approximately 1.5 million new HBV 
infections occur each year, with the highest burden of 
disease currently in the WHO Western Pacific Region 
and the WHO African Region (3). A fraction of adults 
(< 10%) with acute HBV infection will develop chronic 
hepatitis B (CHB), while acutely infected infants are at 
a much higher risk (~90%); a staggering 296 million 
individuals are estimated to be living with CHB (3,4). 
Despite the goals set by the WHO to decrease HBV-
related mortality by 65% from 2015 to 2030, global 
HBV-related mortality is projected to increase by 39% 
during this time (5,6). Many factors contribute to this 
increased mortality (recently reviewed (6)) including, 

for example, economic disparities in HBV distribution 
between and within countries, comorbidities and 
viral coinfections like hepatitis D virus and human 
immunodeficiency virus (HIV), and societal stigmas that 
add barriers to receiving HBV healthcare (6,7).
 Currently approved strategies to prevent or inhibit 
HBV are highly effective, including the HBV vaccine 
(90–95% effective), as well as repurposed nucleos(t)
ide analogs (NUCs) from HIV reverse transcriptase 
(RT) inhibitors like tenofovir and lamivudine (3TC) 
(4,7,8). Although HBV is effectively inhibited by NUCs, 
caseation of antiviral therapy leads to unpredictable 
outcomes and often a rebound of viral load (9). Thus, the 
current standard of care for CHB is life-long treatment 
with NUCs. There is another approved class with curative 
potential, interferon-α or pegylated interferon-α (peg-
IFNα), but it is not well tolerated and suppresses chronic 
infection in only 30% of patients (10). Currently, CHB 
has no reliable cure. Therefore, direct-acting agents that 
target outside the polymerase, alone or in combination, 
are likely required to achieve HBV eradication (11).

The HBV replication cycle

The mature, infectious HBV virion is a 42 nm particle 
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comprised of a viral envelope with embedded HBsAg 
and contains the relaxed-circular DNA genome (rcDNA) 
that is covalently attached to the polymerase (P) and 
encapsulated by the assembled nucleocapsid core (12,13).
 HBV belongs to the hepadnaviridae family of 
viruses, and as such HBV infects liver cells following 
HBsAg interactions with the sodium taurocholate 
cotransporting polypeptide (NTCP), a transmembrane 
protein specifically expressed in hepatocytes (14). 
The virus is internalized in an endosome, and the 
nucleocapsid is released into the cytoplasm by currently 
unresolved mechanisms (15). In infectious particles, 
the nucleocapsid is a T = 4 icosahedral core that is an 
assembly of the multimeric core protein (Cp), or HBV 
core antigen (HBcAg) (Figure 1). Once in the cytoplasm, 
the core is trafficked toward the nucleus to proceed 
through the nuclear pore complex (NPC) in an importin-
dependent fashion (12,16). Following nuclear entry, the 
partially double-stranded and partially single-stranded 
rcDNA with the covalently attached P protein triggers 
host cell DNA repair mechanisms. This inevitably leads 
to the formation of the covalently closed chromosomal 
DNA (cccDNA), an episome indistinguishable to the 
host from its own genome, functionally integrating itself 
into the cell (17,18).
 The cccDNA genome is the template for multiple    
mRNA transcripts of varying size, one of which 
encodes the full pre-genomic RNA (pgRNA) that can 
be translated into HBcAg or HBeAg depending on the 
ORF used, and P (19-21). The HBV P protein is a large, 
multifunctional protein with Ribonuclease H (RNaseH), 
RT protein-priming, RNA-dependent DNA-polymerase 

(RdDP) and DNA-dependent DNA-polymerase (DdDP) 
activity (8,21). The interaction of P with pgRNA, 
specifically with the epsilon RNA stem loop, is required 
for encapsidation into assembling cores, which has fine-
tuned assembly kinetics to make infectious particles (22). 
The pgRNA serves as the template for RT when creating 
the rcDNA after encapsidation (21,23). In addition to 
the infectious virions, referred to as "Dane particles", 
infected cells excrete non-infectious soluble core 
antigens (HBeAg) and excrete HBsAg-coated subviral 
particles (SVP). These SVPs can contain viral mRNA, 
erroneous cellular mRNA or be entirely devoid of nucleic 
acid (24). The mRNA translated from cccDNA can be 
alternatively spliced, leading to production of small/
medium and large HBsAg mRNA. The HBsAg precursor 
proteins are translated at the endoplasmic reticulum 
(ER) membrane, at different initiation codons, and adopt 
various conformations to enable the HBV envelope to 
form and bud (12,19).

The core protein (Cp) of HBV

The largest transcript from the cccDNA encodes the 
full HBV genome, the pgRNA. In addition to being 
packaged into assembling virions, as discussed above, 
the pgRNA can be used as the mRNA for multiple HBV 
proteins. pgRNA encodes for P, as well as two in-frame 
initiation codons that translate precore (p25) or Cp (p21) 
(12,19,21). When translated starting at the second in-
frame initiation codon, Cp is cytosolically translated 
prior to its assembly into the HBV capsid core. Cp is a 
21 kDa protein with 183–185 amino acids, depending on 
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Figure 1. Structure of the hepatitis B Virus (HBV) capsid core. [Left] Rendition of released particles from HBV infection, 
including mature virions with assembled capsids (PDB: 6HTX) (96) and core protein (Cp) dimers (PDB: 6ECS) (97) as well as both 
non-infectious subviral particles and excreted HBV E Antigen (HBeAg, PDB: 3V6Z) (51). No full structure of HBV Surface Antigen 
(HBsAg) is deposited in the PDB; partial HBsAg (PDB: 7TUK) (98) and CD9 (PDB: 6K4J) (99) protein embedded in the default 
membrane structure from cellPAINT to represent the viral envelope (in grey). The mature capsid shown in blue and all other proteins 
in white. The P•pgRNA complex or P•rcDNA would be located inside the core. Made with cellPAINT (v2.0) (100). [Right] Two 
orientations of the HBV Capsid core (PDB: 6HTX) (96) with hexamers in cyan and pentamers in pink. One dimer of Cp dimers has 
the secondary structure shown with distinct colors in each Cp monomer to display protein·protein interactions. Made with ChimeraX 
(v1.5) (101).
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disorder, due in part to the presence of 16 positively 
charged Arg residues and 7 residues (6 Ser and 1 Thr) 
that can be phosphorylated in this 35–37 amino acid 
region (26-28,42) (Figure 2, C-E). These sequential 
Arg residues provide the nucleic acid binding functions 
of Cp that are needed for encapsulation of pgRNA 
during core assembly, as well as influencing rcDNA 
formation and Cp potentially being associated with 
nuclear cccDNA (17,23,27-29,41,43). The CpCTD 
additionally contains both nuclear localization signals 
(NLS) and nuclear export signals (NES) that are made 
of these sequential Arg residues (16). Further, the 
phosphorylation of CpCTD residues encode a complex 
regulatory system that influences many aspects of HBV 
replication, including cellular trafficking, disassembly 
at the nuclear pore complex and RNA encapsidation, 
which remains the target of ongoing investigations 
(27,31,32,44,45). For many years, the full-length Cp 
protein was challenging to recombinantly express and 
purify; truncated expression constructs made only of 
the CpNTD gave increased stability, and thus, many 
studies of Cp assembly have relied solely on the CpNTD. 
Now, bacterial codon-optimized expression vectors 
allow for the efficient production of full-length Cp in 
E. coli, especially helping in the translation of the Arg-
rich CpCTD (28,45,46). While the CpCTD is not required 
for capsid lattice assembly, it is required for creating 
infectious HBV virions (47).
 Translation of the preCore (preC) begins at the 

the virus isolate. The N-terminal Domain of Cp (CpNTD) 
is responsible for capsid assembly and the C-terminal 
domain of Cp (CpCTD) is responsible for binding nucleic 
acid and signaling (13,25-29) (Figure 2A).
 The CpNTD comprises residues 1–149 and, when 
expressed in E. coli, can assemble in vitro into particles 
indistinguishable from native HBV cores; however, 
the CpNTD could not assemble in mammalian cells or 
in vitro with rabbit reticulocyte lysate (29-33). This 
domain contains five α-helices (α1–α5), with α3 and 
α4 acting as the dimerization interface by making a 
4-helix bundle (4HB) in Cp•Cp dimers, and α1, α2, and 
α5 sit perpendicular to the 4HB making the interface 
for dimer-dimer interactions (Figure 2B). Following 
translation, Cp monomers will immediately dimerize 
at the hairpins made by the amphipathic, antiparallel 
α3 and α4, forming a 4HB, which protrudes out of 
assembled cores like a spike (Figure 2C) (25,29,30,34-
36). The 4HB is stabilized by a disulfide bond between 
the Cys61 in both monomers, but this linkage is 
not required for Cp assembly (21,37). Following 
dimerization, hydrophobic interactions between α5's 
and multiple contacts throughout Cp create dimer•dimer 
interactions to form the assembled capsid (36,38,39). 
The residues 140–149 are frequently referred to as a 
linker domain connecting CpNTD and CpCTD, and it has 
assembly-independent functions (40,41).
 The CpCTD comprises residues 150–183 or 150–185 
depending on subtype, and is characterized by intrinsic 
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Figure 2. Structure and Characteristics of the HBV core protein (Cp). (A). Sequence and structural motifs in p25; colors 
to the right (UniProt: P0C6H5). Arrows indicate start codon sites, with the second being used to translate Cp and the first for 
preCore (preC). The site of the Signal Peptide (SP; brown) cleavage shown with the yellow triangle. Residues are colored 
by charges at pH 7.0 (42). (B). Two Cp Dimers (PDB: 6HTX) (96), one in gray and the other colored based on the sequence 
annotation in (A). Made with ChimeraX (101). (C). Shows the local hydropathy of the Cp, with the CpNTD hydrophobic helices 
for assembling the core. (D). Displays the local charge of the Cp, exemplifying the CpCTD having a characteristic basic charge 
for nucleic acid binding. (E). Predictions of intrinsic disorder by IUPred2 (> 0.5 disordered region; < 0.5 ordered region) (102), 
exemplifying the disordered nature of the CpCTD. A, C-E made with idpr v 1.8.0 (42).
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initiation codon upstream of the Cp initiation site and 
generates a precursor protein that contains a 29 residue 
N-terminal extension of the Cp, which contains a 
cotranslational ER localization signal (19,20). A segment 
of the preC N-terminus is processed inside the ER lumen, 
changing the protein from p25 to p22, and subsequent 
processing at the C-terminus into p17 prior to ER-Golgi–
mediated secretion (Figure 2A; yellow triangle) (48,49). 
The p22 intermediate and Cp are nearly identical at the 
sequence level, except for the remaining 10 residue 
N-terminal extension in p22 (19,48,49). This short leader 
sequence contains an influential cysteine residue (Cys-
7), that forms a disulfide bond with Cys61, creating 
distinct quaternary structures that result in two HBV-
related antigens: HBeAg and HBcAg for p17 and Cp, 
respectively (13,50,51). Of note, when denaturing Cp, 
the antigenic region of HBeAg is revealed (49,52). The 
function of HBeAg is not known and it is dispensable for 
infection; HBeAg is found in serum of patients shortly 
after infection and, as such, is used as a marker for active 
viral replication (53). Additionally, there is emerging 
interest in tracking the transcriptional activity of cccDNA 
using the hepatitis B virus core-related antigen (HBcrAg), 
a mixture of HBcAg, HBeAg, and other preC gene 
products (19).
 Once the critical concentration of Cp has been 
surpassed, 90 or 120 Cp dimers will spontaneously 
self-assemble into T = 3 or T = 4 icosahedral capsids, 
respectively. In the assembled cores, the CpNTD faces 
outwards with the 4HB protrusions giving the capsid 
a spike-like appearance, and the CpCTD is generally 
localized to the interior and is highly flexible. Assembly 
is characterized by sigmoidal kinetics, similar to a crystal 
lattice with the rate-limiting step being the formation of 
a nucleation seed (54). The lag phase is characterized 
by the formation of a trimer of dimers; individual 
dimer-dimer interactions in vitro are weak (~3.5 kcal/
mol), which allows for the thermodynamic editing of 
improperly associated dimers. Once nuclei form, they 
rapidly assemble into icosahedral capsids, as free dimers 
remain. Cp dimers form at least 3 contacts with additive 
association energies that are enough to form stable 
capsids even though individual dimer•dimer interactions 
are weak (54-56). It is important to note that the in vivo 
assembly also can utilize RNA not possible in these 
CpNTD constructs; in purified capsid-like particles, those 
with the CpCTD and ssRNA require harsher denaturation 
conditions (45,47,57). T = 4 capsids are the primary 
result of assembly products (> 90%) and have a diameter 
of ~36 nm, while T = 3 capsids have a diameter ~32 
nm (58). The ratio of these core sizes, as well as the 
kinetics of assembly, are impacted by ionic strength and 
protein concentration with mild conditions favoring T = 
4 and few intermediates (28). In addition to the spiked 
icosohedreon, the capsid is characterized by many holes 
that are permeable to ions, metabolites and inhibitors 
(25,39,58).

Capsid assembly modulators (CAMs)

A class of molecules with curative potential are CAMs 
that bind Cp dimers. Also referred to as core protein 
allosteric modulators (CpAMs) and Capsid Inhibitors 
(CIs), these are an exciting development in the field of 
HBV therapeutics, as NUCs treat but do not cure CHB 
(59). These Cp-targeting HBV antivirals bind to the 
same site but are commonly subdivided into two classes: 
type I CAMs that create aggregated or aberrant capsids 
that are unable to function (CAM-A), and type II CAMs 
that enhance the assembly rates of Cp dimer•dimer 
interactions to make empty cores (CAM-E) (28,60,61). 
As the capsid has numerous roles throughout the 
replication cycle, its misassembly can impact multiple 
steps in acute or CHB infection.

Class I: CAM-A

The first CAM-A molecule described was BAY 41-
4109, belonging to the heteroaryldihydropyrimidines 
(HAP) family with HBV inhibition at submicromolar 
concentrations (33,62,63). Oral administration of BAY 
41-4109 decreased HBV DNA in liver and plasma 
of HBV-transgenic mice, in line with 3TC treatment, 
but also showed a reduction of cytoplasmic HBcAg, a 
phenotype distinct from the NUC treatment (62). The 
observed Cp reduction is a result of proteosome activity 
(63), although an increase in Cp ubiquitylation has not 
been shown following HAP treatment (33). More recent 
studies have found nuclear aggregates of Cp, specifically 
associated with promyelocytic leukemia (PML) nuclear 
bodies, after multiple days of CAM-A (BAY 41-4109 
and BAY 38-7690) but not CAM-E treatment (64,65). 
Shortly after BAY 41-4109 treatment, Cp aggregates 
were primarily cytoplasmic, but associated with nuclear 
envelope (66). Further, it was shown that after infection 
BAY 41-4109–induced Cp aggregates were perinuclear 
and targeted for p62-mediated macroautophagy and 
lysosomal degradation by the host factor STUB1, an E3 
ubiquitin ligase (67). It should be noted that STUB1 is 
a co-chaperone of heat shock protein 70 (HSP70) and 
HSP90 (68), and both are considered proviral factors 
for HBV capsid assembly (67,69,70). Though the BAY 
compounds were not clinically developed, they have 
served as good probes to characterize the CAM-A 
chemotype.
 Currently, the most promising HAP compounds 
are RO7049389 and GLS4. RO7049389 is currently 
in phase 2 trials (NCT04225715), with phase 1 results 
(NCT02952924) showing infrequent, mild adverse 
events and a reduction of HBV DNA in treatment-naïve 
CHB patients after 4 weeks of CAM-A administration 
comparable to NUC controls (71). Additionally, due to 
the high prevalence of HBV in Asia (3,6), the safety of 
RO7049389 was validated in healthy Chinese volunteers 
in a phase 1 clinical trial (NCT03570658). This showed 
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the compound was well-tolerated in single (600 mg) 
and multiple (400 mg twice daily) doses, and the safety 
profiles were similar between Asian and non-Asian 
healthy volunteers, though with higher plasma exposure 
of RO7049389 observed in the Chinese participants (72). 
The other leading CAM-A molecule currently in phase 2 
trials is GLS4 (NCT04147208), a derivative of Bay 39-
5493, with nanomolar potency and is fairly well-tolerated 
and effective when administered at 120 mg daily in 
combination with 100 mg ritonavir for 28 days (73,74). 
The safety and efficacy of these CAM-A compounds are 
exciting, but their long-term application and antiviral 
resistance remains to be seen.
 Some other CAM-A molecules include KL060332 
(75), a HAP molecule under a phase 1a trial in China, 
and preclinical compounds JNJ-890 (76), HAP_R01 
(77), and ZW-1847 (78). A unique, non-HAP molecule 
with CAM-A phenotype is Ciclopirox, which inhibited 
HBV at 5 mg/kg in mice (79). Interestingly, ciclopirox 
olamine®, an antifungal agent, was tested for oral safety 
and tolerability as an anti-apoptotic gene suppressant for 
treating hematological malignancies (NCT00990587), 
indicating its safety for use in future trials investigating 
HBV inhibition in clinical trials (79,80).

Class II: CAM-E

Both  CAM-A and  CAM-E b ind  to  the  same 
hydrophobic pocket at Cp dimer•dimer interfaces, but 
the cores formed following only CAM-E treatment 
are noninfectious, vacant icosahedral capsids. CAM-E 
molecules enhance the rate dimer-dimer interactions, 
overcoming the rate-limiting step in assembly, and 
form icosahedral capsids that are devoid of P•pgRNA. 
Unlike the CAM-A class made primarily of the HAP 
chemotype that results in aggregates, CAM-E molecules 
are much more diverse and rapidly lead to native-
like assemblies. Some CAM-E scaffolds include 
phenylpropenamides (PPAs), glyoxamoylpyrroloxamides 
( G L P s ) ,  s u l f a m o y l b e n z a m i d e s  ( S B A s ) ,  a n d 
sulfamoylpyrroloamides (SPAs).
 One of first reported CAMs and the best studied 
CAM-E molecule is AT-130, which belongs to the PPA 
class (61,81). AT-130 inhibits HBV with submicromolar 
potency in cell culture but has not been tried in clinical 
trials. As the prototypical scaffold for the CAM-E 
chemotype, AT-130 has been shown to increase the 
kinetics of capsid assembly through interactions 
near CpNTD linker and α5 that alter the interface of 
dimer•dimer interactions, as well as distorting the 4HB, 
resulting in intermediates that are primed to assemble 
(82-84). These result in icosahedral capsids without 
the P•pgRNA needed for HBV replication, or partially 
completed assembly intermediates (84,85).
 Another preclinical CAM-E class that has great 
potential is the GLP class, with the first GLP compound 
patented in 2015 (61,86). GLP compounds are 

exceptionally potent, with the compound GLP-26 having 
nanomolar potency in humanized mice (87). GLP-26 was 
further shown to be well tolerated and highly effective at 
inhibiting HBV in both non-human primate studies and 
primary human cardiomyocytes, indicating safety for 
further investigations (88).
 Both the SBA and SPA classes are some of the 
most clinically developed CAMs. One of the first 
successful clinical investigations into CAM safety 
was the SBA compound NVR 3-778 (NCT02401737), 
which was tolerated but not as effective as approved 
NUCs and thus was discontinued (28,89). An SBA 
under clinical investigation is JNJ-64530440 (phase 1b, 
NCT03439488) with potent antiviral activity in patients 
with CHB and was well tolerated (90). Additionally, 
the SPA JNJ-6379 (JADE NCT03361956), recently 
reported phase 2 trials results of a reduction in HBV 
DNA and RNA when given in combination with a NUC. 
They note that multiple patients had the T33N mutation 
emerge during monotherapy (91). This underscores the 
likely importance of combination therapy in future HBV 
therapeutics.
 Some other promising CAM-Es molecules include 
ALG-000184, a potent inhibitor with successful phase 1 
trials (NCT04536337) (92), Canocapavir (ZM-H1505R) 
that was well tolerated (Phase 1b, NCT05470829) 
(93), and GST-HG141 (phase 1, NCT04386915 & 
NCT04868981) (94). Many CAMs have been reported 
and are under investigation in clinical trials without their 
exact CAM phenotype described (Recently reviewed 
(28,55)). Additionally, a novel HBV antiviral class has 
been reported as a cccDNA inhibitor; the molecule ccc_
R08 is hypothesized to target an unknown host factor and 
decreased preexisting cccDNA pools, unlike currently 
reported CAMs (95).

Conclusions

At the present, approximately 3.5% of the world's 
population lives with CHB, though most are unaware 
(3,6). Key to curing CHB is elimination of cccDNA, and 
the currently approved and widely used NUCs suppress 
HBV replication but do not achieve a cure (18,55). Due 
to their ability to clear cccDNA, CAMs that modify Cp 
dimer•dimer interactions have the potential to redefine 
the standard of care for treating HBV infection and 
could subsequently achieve a cure for CHB (11,59). 
The long-term effects of CAM treatment and likely 
emergence of CAM-induced antiviral resistance remain 
to be investigated. However, the progress in CAM 
development and successful investigations into HBV 
capsid biology over the last two and a half decades give 
promise for highly effective and well characterized 
treatments to potentially cure the hundreds of millions 
currently living with CHB.
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Introduction

Cancer is a major public health problem worldwide, 
with an estimated 19.3 million new cases and nearly 10 
million deaths occurring in 2020. The current state of 
cancer prevention and control in China is dire, with a 
higher disease burden than in other countries. China is 
estimated to account for 23.7% of new cancer cases and 
30.2% of deaths worldwide (1). With the development of 
cancer screening, treatment modalities, and rehabilitation 
care, cancer survival rates have gradually improved 
and the number of survivors has increased. The latest 
data from the American Centers Society (ACS) in 
2023 show that overall cancer mortality in the US fell 
by 33% between 1991 and 2020, meaning that 3.82 
million cancer survivors were saved from dying (2). The 
National Cancer Centre of China reports that overall 
cancer survival rates in China are all on the rise, with a 
5-year survival rate of approximately 40.5% (3,4).
 In China, the most common types of cancer were 
those of the lung (20.4%), colorectum (10.0%), stomach 
(9.8%), liver (9.6%), and breast (7.5%), accounting for 
57.3% of all new cancer cases. Lung cancer (27.2%), 
liver cancer (13.9%), and gastric cancer (12.0%) were 
the three malignant tumors with the highest mortality 
rates in the general population (5). China is undergoing 
a transition in cancer where the cancer spectrum is 
changing from that of a developing country to that of 

a developed country (6). Highly prevalent cancers are 
generally characterized by long disease duration and 
complex treatments, which impose a heavy financial 
burden of illness on patients' families and society. In 
2015, total payments for cancer inpatients reached 
177.1 billion RMB, accounting for 4.3% of China's total 
health costs (6). Huang et al. reported the results of the 
economic burden of disease for cancer patients in China, 
where the cost of treatment for cancer patients exceeded 
annual household income (average annual household 
income: $8,607 vs. per capita expenditure on medical 
visits: $,9739); 9.3% of the non-direct medical costs 
were associated with the disease (7).
 In addition to the financial burden, cancer survivors 
will face many potential long-term or late effects of 
oncological treatment, such as cardiac dysfunction, 
metabolic syndrome, and peripheral neuropathy that will 
severely impact their quality of life. At the same time, 
the negative effects of the illness such as fear of relapse, 
fatigue, impacts on sexual and intimate relationships, and 
impacts on work and social interaction require effective 
psychosocial care. Several studies have indicated 
that cancer survivors in China have significant unmet 
healthcare needs (8,9). Medical resources from medical 
facilities, oncologists, family doctors, and nurses are not 
efficiently integrated, and cancer survivors need guidance 
in self-management. There is a huge gap in the system 
of care covering the whole population and the whole life 
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Abstract: Cancer is currently a major public health issue faced by countries around the world. With the progress 
of medical science and technology, the survival rate of cancer patients has increased significantly and the survival 
time has been effectively prolonged. How to provide quality and efficient care for the increasingly large group of 
cancer survivors with limited medical resources will be a key concern in the field of global public health in the future. 
Compared to developed countries, China's theoretical research and practical experience in care for cancer survivors are 
relatively limited and cannot meet the multi-faceted and diverse care needs of cancer patients. Based on the existing 
models of care worldwide, the current work reviews care for cancer survivors in China, it proposes considerations 
and suggestions for the creation of models of cancer care with Chinese characteristics in terms of optimizing top-level 
system design, enhancing institutional mechanisms, accelerating human resource development, and enhancing self-
management and social support for patients.
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cycle (10). Future models of improved care for cancer 
survivors are expected to focus on both "screening" 
and "rehabilitation", improving the quality of life, 
functional outcomes, well-being, and long-term survival 
of cancer survivors, reducing the risk of recurrence and 
incidence of new cancer, improving the management of 
comorbidities, and reducing costs to patients and payers.

Models of care for cancer survivors worldwide

The 2005 Institute of Medicine (IOM) and National 
Research Council (NRC) consensus study reported four 
essential components of survivorship care for cancer 
survivors: i) prevention of recurrent and new cancers, 
and other late effects; ii) surveillance for cancer spread 
and recurrence, and for medical and psychosocial effects; 
iii) intervention for consequences of cancer and its 
treatment (e.g., medical problems such as lymphedema 
and sexual dysfunction; symptoms, including pain and 
fatigue; psychological distress experienced by cancer 
survivors and their caregivers; and concerns related 
to employment and insurance); and iv) coordination 
between specialists and primary care providers to ensure 
that all of the survivor's health needs are met (e.g., health 
promotion, immunizations, screening for both cancer 
and noncancerous conditions, and the care of concurrent 
conditions) (11,12).
 Concerns have been raised about the sustainability 
of the traditional oncologist-led model of care for cancer 
survivors, which includes medical oncologists, surgical 
oncologists, radiation oncologists, and hematologists 
(13). The increasing number of cancer survivors, the 
shortage of specialists, the cost constraints of healthcare, 
and the lack of professional nursing experience in 
primary care are all affecting the unmet needs of cancer 
survivors and challenging traditional models of medical 
care (14). To ensure efficient and continuous care for 
cancer survivors, a variety of models of care are also 
being actively explored in developed countries including 
general practitioner-led follow-up care models, shared 
care models, and oncology nurse-led care models 
(Table 1). Other complementary models include long-
term follow-up clinics, self-support management, and 
integrated multidisciplinary rehabilitation (10,15). 
These new models encouraged non-oncology physician 
groups, multiple stakeholders in cancer care, and 
survivors themselves to join the system of care for cancer 
survivors (16). Improved models of care contribute to the 
development of "value-based care (VBC)" and promote 
efficient and collaborative models of cancer care (17).

Current state of care for cancer survivors in China

Cancer prevention and treatment is an important part 
of achieving "Healthy China". In 2019, the National 
Health Commission of China and other government 
agencies jointly published the Notice on the Issuance 

of the Healthy China Initiative - A Plan to Implement 
Cancer Prevention and Treatment (2019-2022), which 
calls for comprehensive improvement of national cancer 
prevention and treatment in terms of controlling risk 
factors, enhancing prevention and treatment capabilities, 
improving the registration system, promoting early 
diagnosis and treatment, and increasing scientific and 
technological research (18).
 Similar to the oncologist-led follow-up care model 
in developed countries, care for cancer survivors 
in China mainly relies on cancer treatment centers, 
oncologists, and their medical teams. The main providers 
of care for cancer survivors in China include tertiary 
hospitals (or specialist hospitals), secondary hospitals 
(or rehabilitation centers), community hospitals (or 
primary hospitals), and nursing facilities (19). Tertiary 
and secondary hospitals provide specialist care including 
cancer treatment, symptomatic treatment, and specialized 
care (20). Some community hospitals provide home 
follow-up for cancer survivors and use Chinese medicine 
to help patients relieve their discomfort (21). Nursing 
facilities provide palliative care and hospice care for 
terminal cancer survivors. At the same time, other forms 
of follow-up care are gradually being developed, such 
as promoting the use of online hospitals, mobile phones, 
and apps to better monitor and manage cancer survivors' 
side effects, physical activity levels, daily diet, mental 
health, etc. (22).
 Medical consortia are a forward-looking approach to 
creating a hierarchical system of medical care in China, 
promoting the establishment of partnerships between 
hospitals at different levels to facilitate the optimal 
allocation of medical resources. Senior oncologists 
with experience in cancer treatment periodically assist 
primary care providers in teaching and training at 
secondary and community hospitals (23). An electronic 
patient health records system is being set up in China. 
For newly diagnosed cancer patients, the hospital will 
report the patient's information to the regional Centers 
for Disease Control and Prevention (CDC) through the 
Tumor Registry Card for statistical and dynamic health 
monitoring (24). The "discharge summary" provided 
by the hospital to the patient will help oncologists at 
different facilities to better understand the patient's 
medical history and provide continuity of care for the 
patient. Some hospitals that have joined the clinical 
information exchange platform can share and access 
some of the patient's information (25).

Outlook for care for cancer survivors in China

China's system of care for cancer survivors is being 
gradually improved. In general, cancer survivorship 
care in China still rely mainly on oncology physicians 
and their teams, while primary care physicians, nurses, 
rehabilitation teams, and other non-oncology physician 
groups play a very limited role in the care of cancer 
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survivors. Care for cancer survivors in China still faces 
many challenges, including the lack of clear goals and 
plans for care for cancer survivors at the national level, 
the overall uneven distribution of healthcare resources, 
the lack of guidelines and standards of care for cancer 
survivors, the shortage and varying abilities of care 
professionals, the serious fragmentation of cancer 
management, and the lack of continuity of care (26). An 
imperative task is to create a model of quality care for 
cancer survivors with Chinese characteristics (Figure 1).

Optimize the top-level system design

Improve the national cancer control plan
The current national cancer control plan mainly focuses 
on cancer prevention and treatment but lacks clear goals 
and plans to care for cancer survivors (18). The system 
of care for cancer survivors should be an important 
part of the national cancer control plan. The division 
of responsibilities among relevant facilities should 
be clarified to promote collaboration among relevant 
departments, facilities, and society as a whole.

Develop guidelines on care for cancer survivors
Given China's healthcare system and medical insurance, 
relevant societies and associations should, in concert 
with multidisciplinary teams of experts, comprehensively 
integrate and analyze literature and research with 
evidence-based ratings and fully consider the actual 
needs of patients and caregivers to jointly draft and 
formulate various guidelines on cancer care (27). For 
young cancer patients, relevant facilities should provide 
special guidelines on care to better protect the health-
related rights of a vulnerable population (28). In addition, 
due to the uneven distribution of care resources in 
different provinces and cities, the national government 

can formulate guidelines on care with resource 
stratification depending to the supply of care resources 
and encourage regions to explore appropriate models of 
care in accordance with local conditions.

Enhancing institutional mechanisms

Develop a survivorship care plan (SCP)
There is still in a gap in the practice of SCPs in China. 
The formulation and implementation of an efficient 
SCP for cancer survivors is urgently needed to provide 
quality care in China. National standardization of SCPs 
should be promoted based on improvements in relevant 
guidelines. Steps that need to be taken are to identify 
for whom an SCP is being formulated, standardizing 
the formulation process, improving plan details, and 
incorporating the opinions of healthcare workers, 
patients, and care-related organizations to promote the 
formulation and implementation of SCPs in phases 
in light of conditions in China (29). To evaluate the 
effectiveness of SCPs, a short-term goal that can be 
focused on is increasing patients and healthcare workers' 
awareness of the disease and survival care, and a long-
term goal can be to further examine how SCPs affect 
patients' health outcomes (30,31).

Implement risk stratification
At present, the external conditions have been created 
for the implementation of risk stratification for cancer 
patients in China: a multi-level system of medical 
insurance has been created, insurers have developed 
strategic purchasing power, the creation of medical 
consortia has been extensively advanced, hierarchical 
models of diagnosis and treatment are being created, 
and the capacity of community hospitals has been 
continuously improved. Clinical experts and academic 

www.globalhealthmedicine.com

Figure 1. A model of quality care for cancer survivors with Chinese characteristics.
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scholars should work with relevant societies and 
associations to formulate and implement guidelines 
and norms for cancer survival risk stratification. Pilot 
risk stratification should be promoted in limited areas, 
its effects should be timely ascertained and evaluated, 
and the pilot project's scope should be expanded when 
appropriate (32,33). For developed regions, some care 
can be included in social/medical insurance, and the 
reimbursement rate for different levels of facilities can be 
increased to encourage low-risk patients to follow-up at 
primary medical and rehabilitation facilities to optimize 
the allocation of medical and healthcare resources (26). 
The complementary role of commercial insurance 
in rehabilitation and health management should be 
gradually improved.

Exploring mechanisms of integrated care
At present, the capacity of primary healthcare facilities 
in China is steadily improving. The hierarchical model of 
diagnosis and treatment is evolving. The time is ripe to 
explore mechanisms of integrated care for cancer patients 
(34). To accelerate the creation of an integrated care 
system for cancer patients, the following aspects could 
be considered: i) Create consortia for integrated cancer 
care: Based on existing medical consortia, rehabilitation 
facilities, nursing homes, hospices, and other related 
facilities should be included into the consortium, 
coordination and communication within and among the 
consortium facilities should be enhanced, triage and 
referral should be improved, and an integrated cancer 
treatment and care consortium should be gradually 
created (35). ii) Explore navigation program for cancer 
patients: Both healthcare professionals and non-
professionals can be recruited as patient navigators. They 
should provide coordinated, integrated, and continuous 
navigation to patients by enhancing communication, 
identifying patient needs, coordinating among 
institutions, and providing health education (36). iii) 
Make substantial efforts to encourage the development 
of information technology: Online healthcare platforms 
should be continuously improved and cancer patients 
should be provided convenient care such as remote 
treatment, disease monitoring, and health education 
through the use advanced information technology so 
that different facilities can efficiently communicate and 
collaborate (37). iv) Establish a mechanism of tracking 
and evaluation: To improve the patient experience and 
clinical results, the outcomes of integrated care need to 
be tracked and evaluated, and mechanisms for tracking 
and evaluation should be modified and optimized in a 
timely manner (38).

Accelerate human resource development

Promote training for oncology specialists
In terms of training for oncology specialists, the threshold 
for admission to oncology-related disciplines can be 

raised to an appropriate extent to focus more resources 
on quality students. Strengthen oncology specialty 
training for students at school and during standardized 
training. Homogenization of oncology discipline 
education should be enhanced (39). To foster quality 
oncology specialists, problem-based learning (PBL), 
case-based learning (CBL), and multi-disciplinary teams 
(MDTs) should be combined to create a comprehensive 
training and evaluation system that includes theoretical 
foundations, clinical skills, medical ethics, medical 
regulations, evidence-based medicine, etc. (40). Relevant 
authorities and corresponding social organizations should 
gradually clarify the standards of practice for oncology 
nurses, create and improve the certification system, and 
comprehensively standardize the training process. Efforts 
should also be made to enhance the training of oncology 
nurses in disease prevention and treatment, patient 
communication and education, and clinical management 
and research; the professional development of nurses 
should be promoted to foster specialists in clinical 
nursing (41,42).

Improve the level of care by general practitioners in the 
community
General medical education should be considered an 
important part of medical education, and it should be 
included in the early training of medical students. The 
core competency of general practitioners should be 
comprehensively improved. A system should also be 
created to train general practitioners in oncology-related 
expertise, and certification should be strictly controlled 
and dynamically monitored (43,44). Communication 
between general practitioners and patients should 
be continuously enhanced so that patients will gain 
more trust in their healthcare providers. Efforts should 
also be made to facilitate efficient collaboration 
within the general practitioner-led care team so that 
multidisciplinary team members with a clear division of 
responsibilities provide quality and continuous care to 
survivors. In addition, cooperation between regions at 
different levels of development should be enhanced to 
eliminate health inequalities and to help improve general 
medical care in rural and remote areas (45,46).

Strengthen rehabilitation teams
First, the concept of "full-cycle, whole family, whole 
person rehabilitation" should be integrated into all 
aspects of rehabilitation training. Pre-habilitation should 
also be emphasized so that rehabilitation for cancer 
survivors covers all stages of the disease, from diagnosis 
to survivorship. Patient-centered rehabilitation should 
also be encouraged by involving patients in the design 
and optimization of cancer rehabilitation programs (47). 
Second, advances should be promoted in rehabilitation 
medicine and the training of highly specialized 
rehabilitation personnel (including rehabilitation 
physicians,  physical  therapis ts ,  occupat ional 
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therapists, speech therapists, swallowing therapists, 
psychotherapists, nutritionists, etc.) should be accelerated 
(48,49). Third, a cooperative teamwork model should be 
created around rehabilitation physicians working closely 
with multidisciplinary personnel. The standardized and 
orderly progression of cancer rehabilitation should be 
promoted.

Enhance patient self-management and social support

Cancer survivors should be taught that they are the 
gatekeepers of their own health. They should pay 
more attention to their physical and mental health and 
promptly identify circumstances that may indicate 
recurrent and new cancers (50). They should also actively 
improve their health literacy regarding cancer and strive 
to motivate themselves to appropriately modify their 
emotions, behavior, and circumstances (51). Second, 
standardized self-management for cancer survivors 
should be enhanced, which should be incorporated into 
guidelines on routine survivorship care and survival care 
plans. Patient self-management capabilities should be 
assessed in detail and should be incorporated in stages 
step by step; these capabilities can be capitalized on in 
different models of care and care scenarios (52). The 
standardization of self-management should be improved 
through patient education, standardized training, and 
the development of mobile applications (53). Research 
on the effectiveness of self-management by cancer 
patients should be increased, the effectiveness of self-
management should be comprehensively evaluated 
from multiple perspectives such as clinical outcomes, 
alleviation of symptoms, and patient experience, and 
self-management models should be continuously 
adjusted and optimized for different types of cancer, risk 
factors, and population characteristics (54). In addition, 
comprehensive support for cancer patients should be 
enhanced at the societal level, including provision of 
information, emotional support, and financial support. 
On the one hand, friends and relatives of survivors 
should be encouraged to be more patient and inclusive, 
discrimination in the workplace should be eliminated, 
and social care and concern for cancer patients should be 
increased (55,56). On the other hand, patients should be 
encouraged to share positive experiences fighting cancer 
with other patients, scientific knowledge of cancer 
prevention should be promoted, and patients should be 
encouraged to value their own self-worth (57,58).

Conclusion

The "Healthy China 2030" plan intends for chronic 
disease management for the whole population and the 
whole life cycle to be achieved by 2030 and for the 
overall 5-year survival rate from cancer to increase by 
15%. At present, China has made great achievements in 
spreading early diagnosis and treatment, establishing a 

long-term mechanism for screening, standardizing and 
improving diagnosis and treatment capacity, and steadily 
improving medical insurance. With cancer treatment 
entering the era of chronic disease management, 
accelerating the creation of a model of care for cancer 
survivors with Chinese characteristics can further 
improve the patient survival rate, enhance their quality of 
life, rationally allocate medical resources, and efficiently 
utilize medical insurance, helping to create a healthy 
China.
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Introduction

Bictegravir/emtricitabine/tenofovir alafenamide (BIC/
FTC/TAF) is well known as an effective and well-
tolerated regimen for the initial treatment of HIV-1 
infection in adults (1). This medication consists of an 
integrase strand transfer inhibitor (INSTI) of BIC and 
two nucleoside reverse transcriptase inhibitors (NRTIs), 
FTC and TAF (2). However, the pharmacokinetic (PK) 
data for the elderly Japanese population are currently 
limited. Here, we conducted a prospective steady-state 
PK study of BIC/FTC/TAF in elderly Japanese patients 
using previously published BIC data (3). In this study, we 
examined the remaining PK data for plasma FTC, TAF, 
and tenofovir (TFV), an intermediate metabolite of TAF. 
In addition, we examined the intracellular concentrations 

of FTC-triphosphate (TP) and TFV-diphosphate (DP), 
the active metabolites of FTC and TFV, respectively.
 To prevent new cases of HIV infections, recent 
guidelines recommend using oral tenofovir disoproxil 
fumarate (TDF) or TAF and FTC as pre-exposure 
prophylaxis (PrEP) for men who have sex with men 
(MSM) to effectively reduce the likelihood of acquiring 
HIV, using either daily or event-controlled regimens (4-
7). Since the viral load is used as an objective indicator 
to evaluate HIV treatment, the lack of a load that can 
be used in daily practice for PrEP makes it difficult to 
monitor adherence accurately. Non-pharmacological 
methods such as self-reporting, pill counts, and refill 
records have been used as alternative measures to 
determine adherence to PrEP (8,9). Recently, several 
pharmacological methods have been developed 
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to measure drug concentrations. TFV and FTC 
concentrations in the plasma, urine, and saliva have been 
used as objective indicators of adherence. Urine, saliva, 
and plasma samples are easily collected and can be used 
to confirm recent drug intake. However, given the short 
half-lives of these samples, drug concentrations must 
be examined soon after the drug administration, even 
though PrEP typically requires drugs to be administered 
in the evening. Urine and saliva concentrations vary 
significantly (10-13). Intracellular TFV-DP in peripheral 
blood mononuclear cells (PBMCs), the active ingredient 
in both TDFs and TAFs, is the most appropriate choice 
for assessing efficacy. Although TFV-DP has persistently 
high concentrations in PBMCs, the processing of 
PBMCs is time-consuming and requires accurate cell 
counts; therefore, it is not feasible on a large scale (14). 
To address these limitations, TFV-DP has been developed 
and validated in red blood cells (RBCs) using dried 
blood spots (DBS) and is being used as an adherence 
biomarker in several laboratories (15-17). However, 
methods for the measurement of intracellular TFV-DP 
and FTC-TP using DBS have not yet been established in 
Japanese participants.
 In this study, we first examined the PK data of FTC, 
TAF, and TFV in plasma obtained from a prospective 
steady-state PK study of BIC/FTC/TAF in elderly 
HIV-1-infected Japanese patients (3). Furthermore, we 
prepared samples of DBS at the same time points as the 
plasma samples and developed a method to accurately 
measure the concentrations of intracellular TFV-DP 
and FTC-TP in DBS. We subsequently investigated the 
most appropriate markers for monitoring adherence to 
PrEP.

Materials and Methods

Subjects

This prospective cohort study was conducted at AIDS 
Clinical Center of National Center for Global Health 
and Medicine. Male HIV-1-infected Japanese patients 
with suppressed HIV RNA levels and without BIC-
containing antiretroviral regimens were recruited 
(Supplemental files, https://www.globalhealthmedicine.
com/site/supplementaldata.html?ID=67). Peripheral 
blood samples were collected from each participant using 
heparin tubes for plasma and DBS analyses at multiple 
time points: 0 (trough), 1, 2, 3, 4, 6, 8, 12, and 24 h after 
drug administration (3). This research was conducted 
in compliance with the Declaration of Helsinki and 
national and institutional standards. The Institutional 
Review Board for Clinical Research of National Centre 
for Global Health and Medicine approved the study 
protocol (approval no. NCGM-G-003461-00), and all 
participants provided written informed consent prior to 
enrollment. The study protocol was registered at UMIN-
CTR (UMIN00004113).

Measurement of plasma tenofovir alafenamide, tenofovir, 
and emtricitabine concentrations

TAF, TFV, FTC, TAF-d5 (internal standard [IS] of 
TAF), TFV-d6 (IS of TFV), and FTC-13C,15N2 (IS of 
FTC) were purchased from Toronto Research Chemicals 
(Toronto, ON, Canada). Blank human plasma samples 
were purchased from Cosmo Bio (Tokyo, Japan). Plasma 
samples (100 µL) were deproteinized with ethanol. An 
ACQUITY UPLC H-Class system (Waters, Milford, MA, 
USA) and QTRAP 6500 mass spectrometer (AB Sciex, 
Framingham, MA, USA) equipped with an electrospray 
ionization source were used to measure the plasma 
concentrations of TAF, TFV, and FTC. Chromatographic 
separation was achieved on an ACQUITY UPLC HSS 
T3 column (50 × 2.1 mm, particle size 1.8 µm, Waters) 
using gradient elution with mobile phases A (20 mmol/L 
ammonium acetate containing 0.1% formic acid) and B 
(20 mmol/L ammonium acetate containing 0.1% formic 
acid in methanol/water (9:1, v/v)) at a flow rate of 0.4 
mL/min. The gradient method consisted of the percentage 
change in mobile phase B in relation to time (0–0.5 min: 
5% B; 0.5–2.7 min: 5 to 25% B; 2.7–4.5 min: 25 to 75% 
B; 4.5–6.0 min: 75 to 100% B; 6.0–|7.0: 100% B; 7.0–
10.0 min: 100 to 5% B). The injection volume was 5 µL, 
and the run time was 10 min. The mass spectrometer was 
operated in the positive electrospray ionization mode. 
The mass transitions were m/z 477.3→364.1 for TAF 
and m/z 482.3→369.1 for TAF-d5, m/z 288.1→176.2 
for TFV and m/z 294.1→182.2 for TFV-d6, and m/z 
248.2→130.1 for FTC and m/z 251.2→133.1 for FTC-
13C,15N2. The calibration curves for TAF, TFV, and FTC 
were linear within the range of 0.5–500 ng/mL (r2 = 0.99). 
The intra- and inter-day precision and accuracy of TAF, 
TFV, and FTC in plasma had a coefficient of variation 
(CV) of 15.0%. The PK parameters were determined 
by non-compartmental analysis using the Phoenix 
WinNonlin version 8.2 software (Certara, Princeton, NJ, 
USA).

Measurement of intracellular tenofovir diphosphate and 
emtricitabine triphosphate concentrations

TFV-DP (tetra-ammonium salt) and FTC-TP (tetra-
ammonium salt) were purchased from Toronto Research 
Chemicals. Meanwhile, 13C5-TFV-DP (the IS of TFV-
DP and FTC-TP) was purchased from Moravek 
Biochemicals (Brea, CA, USA).
 We extracted a total of five punches (3 mm each) 
from the Whatman Protein Saver card of each patient in 
a microcentrifuge tube with 25 µL of methanol/water (1:1, 
v/v) and 400 µL of IS solution. Subsequently, 400 µL 
of supernatant from each tube was purified via a Solid 
Phase Extraction 96-well plate (Waters). A Shimadzu 
liquid chromatography system coupled with an 8050 
triple quadrupole mass spectrometer (Kyoto, Japan) was 
then used to measure intracellular concentrations of the 
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(Ctrough, mean ± SD) of TAF and TFV were less than 0.5 
ng/mL and 15.8 ± 3.0 ng/mL, respectively, whereas for 
FTC they varied within the range of 181.8 ± 49.7 ng/
mL. The areas under the concentration-time curves for 
the last 24-h dosing intervals (AUC0–24, mean ± SD) of 
TAF, TFV, and FTC were 127.9 ± 82.6 h*mg/mL, 484. 
8 ± 79.4 h*mg/mL, and 22,417.1 ± 6,168.4 h*mg/mL, 
respectively. Furthermore, the elimination terminal half-
lives (T1/2, mean ± SD) of TAF and FTC were 0.6 ± 0.5 h 
and 6.9 ± 1.4 h, respectively. It should be noted that T1/2 
of TFV was 31.6 ± 10.4 h, or it could be expressed as 
stable.

Intracellular concentrations of TFV-DP and FTC-TP in 
DBS

The intracellular concentrations of TFV-DP and TFV-
TP varied widely among the 10 patients while remaining 
stable in each individual patient. The median ± 
interquartile ranges at each time point of 0, 1, 2, 3, 4, 6, 
8, 12, and 24 h are summarized in Table 2. In summary, 
the intracellular concentrations were approximately 
1,000–1,500 fmol/punch for TFV-DP and 2,000–3,000 
fmol/punches for FTC-TP over 24 h (Figure 2).

Correlation between plasma and intracellular 
concentration

There was no correlation between the plasma and 
intracellular concentrations of the following pairs: TAF 
and TFV-DP, TFV and TFV-DP, and FTC and FTC-TP. 
This strongly indicated that plasma concentrations did 
not affect the intracellular active metabolites (Figure 3).

Discussion

We examined the PK parameters of TAF, TFV, and FTC 
in plasma and intracellular TFV-DP and FTC-TP in DBS 
at nine time points in elderly HIV-1-infected Japanese 
patients to determine the markers that were the most 
valuable objective indicators for monitoring adherence to 
PrEP with FTC/TAF.
 Our method showed that all results were well within 
the acceptance criteria for method validation. Several 
assays have been previously developed to detect the 
intracellular concentrations of TFV-DP and FTC-

analytes of interest. Analyte separation was achieved 
on an Atlantis Premier BEH C18 AX Column (50 × 2.1 
mm, particle size 1.7 µm, Waters) at 40 °C with a 5.5-min 
gradient setting and 0.6 mL/min flow rate, using mobile 
phase A: 0.2% acetic acid/ methanol (1:4, v/v) and 
mobile phase B: (1M ammonia solution/1M ammonium 
acetate/water = 1:0.01:200, v/v)/methanol (9:1, v/v).
 The gradient method consisted of the percentage 
change in mobile phase B over time (0–0.5 min: 0% 
B; 0.5–2.0 min: 0 to 95% B; 2.0–4.0 min: 95 to 100% 
B; 4.0–5.0 min: 100 to 0% B; 5.0–5.5 min: 0% B). The 
injection volume was 7 µL, and the run time was 5.5 min 
per sample. A mass spectrometer was used in positive 
electrospray ionization mode to detect the following 
analytes: m/z 448→176 for TFV-DP, m/z 488→130 
for FTC-TP, and m/z 453→275 for 13C5-TFV-DP. The 
quantifiable linear range for TFV-DP was 279–27901 
fmol/punches (r2 = 0.99), and that for FTC-TP was 256–
25614 fmol/punches (r2 = 0.99). The intra- and inter-day 
precision and accuracy of TFV-DP and FTC-TP were 
both within 15.0%.

Statistical analysis

Plasma PK parameters are expressed as mean ± standard 
deviation (SD). Plasma concentrations of TAF, TFV, 
and FTC and intracellular TFV-DP and FTC-TP at each 
time point are presented as the median ± interquartile 
range. Simple linear regression was used with p values < 
0.05, indicating the presence of a statistically significant 
difference. All statistical analyses were performed using 
SPSS Statistics software version 23 (IBM, Armonk, NY, 
USA).

Results

Plasma concentrations of TAF, TFV, and FTC

Plasma samples were collected from the ten enrolled 
participants at the nine aforementioned time points 
before being measured (Table 1 and Figure 1). The 
maximum concentrations (Cmax, mean ± SD) of TAF, 
TFV, and FTC were 104.0 ± 72.5 ng/mL (at 1.0 ± 0.0 
h after dosing), 27.9 ± 5.2 ng/mL (at 2.2 ± 2.1 h after 
dosing), and 3,976. 0 ± 683.6 ng/mL (at 1.3 ± 0.7 h 
after dosing), respectively. The trough concentrations 
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Table 1. Pharmacokinetic parameters of tenofovir alafenamide, tenofovir, and emtricitabine in plasma

Items

Cmax (ng/mL)
Tmax (h)
Ctrough (ng/mL)
AUC0-24 (h*ng/mL)
T1/2 (h)

Tenofovir alafenamide
(mean ± SD)

104.0 ± 72.5
  1.0 ± 0.0

< 0.5
127.9 ± 82.6

0.6 ± 0.5

Cmax, maximum plasma concentration; Tmax, time to maximum plasma concentration; Ctrough, trough plasma concentration; AUC, area under the 
plasma concentration-time curve; T1/2, elimination half-life.

Tenofovir
(mean ± SD)

27.9 ± 5.2
  2.2 ± 2.1
15.8 ± 3.0

484.8 ± 79.4
  31.6 ± 10.4

Emtricitabine
(mean ± SD)

3,976.0 ± 683.6
   1.3 ± 0.7

 181.8 ± 49.7
 22,417.1 ± 6,168.4

   6.9 ± 1.4
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TP using DBS (15,18); however to our knowledge 
(19), this is the first study to compare plasma and 
intracellular concentrations of the analytes of interest 
and their corresponding metabolites among Japanese 
patients taking BIC/FTC/TAF. Our results subsequently 
confirmed that the half-lives of intracellular TFV-DP 
and FTC-TP were significantly long, whereas their 
concentrations were stable and independent of the plasma 
concentrations of TAF, TFV, and FTC.
 The plasma T1/2 of TFV was long (31.6 h) or almost 
stable after FTC/TAF. The reason behind the long TFV 
T1/2 could be explained as follows (20): After TAF is 
absorbed in plasma, it directly enters target cells, is 
subjected to ester hydrolysis by cathepsin A to TFV, and 
is subsequently phosphorylated to TFV-DP or slowly 
released from the cells into the plasma. Therefore, TFV 
has a low Cmax, whereas its T1/2 is stable. Therefore, 
plasma TFV concentrations could be used to monitor 
PrEP adherence, especially among PrEP users taking 
TFV/TAF. However, further studies on patients receiving 

FTC/TDF are necessary.
 The efficacy of PrEP has been reported to be 
excellent in many previous studies and is recommended 
by several guidelines (6,7), provided that good adherence 
to treatment is maintained. Nonetheless, unlike HIV-
1 treatment, which is currently based on a once-daily 
therapy strategy and where treatment success can be 
objectively assessed by plasma viral load, plasma 
drug concentrations among PrEP users would only be 
useful as markers if the dosing occurred on the same 
day. This might not be the case because they often take 
the medication before sexual intercourse, which might 
happen the day or night before.
 According to our data, the plasma concentration 
of each drug did not correlate with the intracellular 
pharmacologically active metabolites. Since these 
intracellular metabolites have a significant longer 
duration, particularly after TDF/FTC or FTC/TAF 
dosing, TFV-DP remains in DBS for approximately 2 
weeks. This results in a 25-fold accumulation from the 
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Figure 1. Pharmacokinetics of tenofovir alafenamide, tenofovir, and emtricitabine in plasma. (A) tenofovir alafenamide 
(TAF), (B) tenofovir (TFV), (C) emtricitabine (FTC). The data are illustrated as the median ± interquartile range.

Table 2. Pharmacokinetics of intracellular tenofovir-diphosphate and emtricitabine-triphosphate

Time after doses (hours)

TFV-DP (fmol/ punches)
     Median
     75% Percentile
     25% Percentile
FTC-TP (fmol/ punches)
     Median
     75% Percentile
     25% Percentile

0
 

1,214
1,540
1,066

 
1,550
2,455
836.1

1
 

1,161
1,645
782.9

 
2,316
3,441
1,027

2
 

1,335
1,673
  966

 
1,818
3,352
1,451

3
 

1,086
1,963
837.6

 
2,166
3,886
1,153

4
 

1,354
1,949
965.4

 
2,539
4,060
936

6
 

1,113
2,170
910.7

 
1,725
5,026
1,069

8
 

1,373
2,372
1,002

 
2,657
4,412
972.3

12
 

1,191
2,489
802.5

 
1,527
4,497
977.5

24
 

1,597
2,584
830.9

 
1,640
4,276
607.6
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first dose to steady state, which can be used to reflect 
adherence levels over the past 1–3 months (21,22). 
Compared to TFV-DP, FTC-TP has a shorter T1/2; 
therefore, its detectable levels could reflect recent dosing 
(22). Owing to this, if the concentrations of both TFV-
DP and FTC-TP are high, the patient would have been 
in good adherence for a certain period of time. In the 
case of a low TFV-DP with high FTC-TP concentration, 
it could be an indication that the patient stopped taking 
PrEP in the past only recently became adherent. In 
contrast, that is, a patient with a high TFV-DP but low 
FTC-TP concentration, it could be assumed that such a 
patient has been adherent for a long time but has recently 
stopped taking PrEP. For the latter subgroup and those 
with undetectable levels of both drugs, counseling could 

be useful to further investigate the underlying reasons. 
Thus, intracellular TFV-DP and FTC-TP could serve 
as objective measures to assist clinicians in delivering 
patient-specific PrEP monitoring interventions.
 This study had several limitations. First, the method 
used to measure intracellular TFV-DP and FTC-TP still 
needs to be standardized since the concentration of active 
metabolites, which could be as low as fmol, interferes 
with the background signal. Second, only FTC/TAF was 
examined in the plasma samples; however, FTC/TDF 
should also be analyzed. Third, the samples used in this 
study were obtained from patients who administered 
BIC/FTC/TAF. No drug interactions between BIC and 
FTC/TAF were reported, and in a predefined protocol, 
the samples were not specific for the FTC/TAF PK study.
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Figure 2. Pharmacokinetics of intracellular tenofovir-diphosphate and emtricitabine-triphosphate. (A) tenofovir-
diphosphate (TFV-DP), (B) emtricitabine-triphosphate (FTC-TP). The data are illustrated as the median ± interquartile range.

Figure 3. Correlations between plasma concentrations of tenofovir alafenamide, tenofovir, and emtricitabine and their 
corresponding intracellular drug concentrations. (A) tenofovir alafenamide (TAF) and tenofovir-diphosphate (TFV-DP), (B) 
tenofovir (TFV) and tenofovir-diphosphate (TFV-DP), (C) emtricitabine (FTC) and tenofovir-diphosphate (FTC-TP).
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 In conclusion, intracellular FTV-DP and FTC-
TP in DBS could be helpful indicators for monitoring 
PrEP adherence, due to their reflection prolonged 
plasma circulation. In addition to the clear advantages 
of DBS over conventional plasma analysis in terms 
of sampling and transportation, this study provides 
additional evidence to the current body of literature for 
its application in daily practice.
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Introduction

Early recognition is key in the management of sepsis 
because initial resuscitation for sepsis or septic shock, 
namely, a sepsis bundle, should be recommended to 
start immediately. Japanese clinical practice guidelines 
recommend initial assessment based on vital signs when 
sepsis is suspected (1). However, although vital signs can 
be measured quickly, it remains unclear how they should 
be evaluated when used to determine the need for early 
resuscitation.
 Because qSOFA — a simply predictive tools 
for sepsis using vital signs — have low sensitivity, 
international guidelines recommend using an early 
warning method when screening for sepsis, such as the 
modified Early Warning Score (MEWS) (2). However, 
the MEWS is time-consuming and difficult to implement 
unless trained medical staff and well-equipped facilities 
are available. Furthermore, although the MEWS is a 
good predictor of in-hospital mortality (3-5), admission 
to an intensive care unit (ICU) (4,5), and a diagnosis of 
sepsis (6,7), it is unclear whether it is a good predictor of 
the need for initial resuscitation.

 Adherence to the sepsis bundle is low worldwide (8-
19) because it requires significant medical resources to 
achieve adherence. Achieving a bundle in all patients 
with sepsis places a high burden on medical staff, so it 
makes sense to prioritize high-risk sepsis patients for 
initial resuscitation.
 The shock index (SI) or a modified SI has also been 
used for the initial assessment of sepsis (20-24). The 
SI is considered useful for identifying patients with 
sepsis who require initial resuscitation because it is a 
hemodynamic assessment. Among the modified SIs in 
use, a simple modified SI developed for trauma patients, 
the reverse shock index multiplied by the Glasgow Coma 
Scale score (rSIG), has been reported to be superior to 
conventional scoring systems in predicting short-term 
mortality (25-31), need for massive transfusion (28,32), 
and need for early intervention (28,33,34). Despite its 
simplicity, we hypothesized that the rSIG would be 
better than conventional tools for identifying patients 
with sepsis who require intensive organ support in 
the early phase. Therefore, in this study, we evaluated 
whether the rSIG would be a better predictor of the need 
for vasopressor use, the need for mechanical ventilation, 
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or of death within the initial 72 h after triage when 
compared with the MEWS, quick Sequential Organ 
Failure Assessment (qSOFA), and SI.

Materials and Methods

Ethical approval and informed consent

The study was approved by the ethics committee at our 
hospital (approval number: NCGM-S-004384-00) and 
followed the principles of the Declaration of Helsinki. 
Informed consent was obtained using the opt-out method 
via the hospital website.

Study design and settings

This retrospective single-center study was performed at 
an urban tertiary care hospital in Japan. About 20,000 
patients visit its emergency department each year, and 
more than half arrive by ambulance. This study included 
patients admitted to the hospital for infections from the 
emergency department. All patients with infection were 
evaluated for sepsis and initially treated in accordance 
with national and international guidelines by emergency 
physicians. Exclusion criteria were transfer from another 
hospital, less than 18 years of age, a definitive diagnosis 
of COVID-19, and missing data for vital signs at triage.

Data collection

Information was collected on age, sex, site of infection, 
vital signs, initial Sequential Organ Failure Assessment 
(SOFA) score, and 28-day and in-hospital mortality. Vital 
signs included the first values recorded in the hospital. 
The SOFA score was assessed at the time of admission to 
the ICU or a ward.
 The primary outcome was the area under the 
receiver-operating characteristic curve (AUROC) for 
the composite events consisting of vasopressor use, 
mechanical ventilation, and 72-h mortality. Secondary 
outcomes were each component of the composite events 
of primary outcome and 28-day mortality.

Statistical analysis

Categorical variables were examined using Fisher's 
exact test and continuous variables using the Mann–
Whitney U test. Receiver-operating characteristic 
curves (ROC) were generated to visualize the impact 
of shifting the positive cutoff value on true-positive 
(sensitivity) and false-positive (1 − specificity) rates. 
The AUROCs were compared using the technique 
described by DeLong et al. (35). Statistical significance 
was set at p < 0.05 in all analyses. Sensitivity analyses 
were performed based on age < 80 years, without 
treatment limitation, and optimal cut-off values. The 
optimal cut-off values were defined by the value when 
the AUROC of each score was maximum. All statistical 
analyses was performed using R version 3.4.1 (R 
Foundation for Statistical Computing, Vienna, Austria) 
and JMP Pro version 15 (SAS Institute Inc., Cary, NC). 
We were not able to impute missing data for vital signs 
because they were probably not random.

Results

A total of 724 patients were enrolled between January 
and November 2020 (Figure 1). Most patients were 
elderly and one third had a treatment limitation, such as a 
do-not-attempt resuscitation or intubation order (Table 1). 
Overall, 455 patients (63%) were diagnosed with sepsis 
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Table 1. Patient characteristics

Variable

Age, years, median [IQR]
Male, n (%)
Vital signs
     Systolic blood pressure, mmHg, median [IQR]
     Heart rate, beats/min, median [IQR]
     Glasgow Coma Scale score, median [IQR]
     Respiratory rate, beats/min, median [IQR]
     Body temperature, °C, median [IQR]
     Initial SOFA score, median [IQR]
Main sites of infection, n (%)
     Respiratory
     Urinary
     Abdomen
     Soft tissue
     Other
Sepsis, n (%)
Septic shock, n (%)
Treatment limitation, n (%)
Composite outcome
     Any, n (%)
     Vasopressor use within 72 h, n (%)
     Mechanical ventilation within 72 h, n (%)
     Death within 72 h, n (%)
Death at day 28, n (%)
In-hospital death, n (%)

n = 724

   81 [71, 88]
376 (52)

    131 [111, 150]
    96 [82, 111]
  15 [13, 15]
  20 [18, 24]

     37.7 [36.9, 38.6]
3 [1, 4]

322 (44)
161 (22)
133 (18)
49 (7)
59 (8)

455 (63)
33 (5)

256 (35)

67 (9)
44 (6)
31 (4)
22 (3)
61 (8)

  85 (12)

*Categorical variables were analyzed by Fisher's exact test and 
continuous variables by the Mann–Whitney U test. Sepsis and septic 
shock were diagnosed based on the Sepsis-3 definitions. SOFA, 
Sequential Organ Failure Assessment.

Figure 1. Flow of participants through the study. ED, 
emergency department
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 Table 2 showed the results of the sensitivity analyses. 
In subgroups of patients with age < 80 years (n = 319) 
and patients without treatment limitation (n = 468), The 
AUROC for the rSIG was significantly higher than that 
of the other tools.
 The optimal rSIG, MEWS, qSOFA, and SI cut-
off values were 14.8, 5, 2, and 0.87, respectively. 
Sensitivity and specificity of rSIG ≤ 15 were 0.78 and 
0.77, respectively. When individual optimal cutoff values 
were used, the AUROCs for the rSIG ≤ 15, MEWS ≥ 5, 
qSOFA ≥ 2 and SI ≤ 0.9 were 0.77 (0.72 – 0.82), 0.72 
(0.66 – 0.77), 0.70 (0.64 – 0.75), and 0.71 (0.65 – 0.77), 
respectively (Table 2). The AUROC for the rSIG was 
significantly higher than that of MEWS (p = 0.028), 
qSOFA (p = 0.013) and SI (p = 0.027).

Secondary outcomes

and 33 (5%) with septic shock according to the SEPSIS-3 
criteria. In total, 67 patients (9%) required treatment with 
a vasopressor or mechanical ventilation or died within 72 
h of triage.

Primary outcome

In terms of the primary outcome, the AUROCs for the 
rSIG, MEWS, qSOFA, and SI were 0.84 (0.78 – 0.88), 
0.78 (0.71 – 0.84), 0.72 (0.65 – 0.79), and 0.80 (0.74 – 
0.85), respectively (Figure 2). The AUROC for the rSIG 
was significantly higher than that of MEWS (p = 0.015), 
qSOFA (p < 0.001) and SI (p = 0.021). Figure 3 shows 
the distribution of rSIG values according to whether or 
not the composite events of primary outcome were met.
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Figure 2. Comparisons of receiver operating characteristic (ROC) curves for the composite outcome consisting of 
vasopressor use, mechanical ventilation, and 72-h mortality. rSIG, reverse shock index multiplied by Glasgow Coma Scale 
score; MEWS, modified Early Warning Score; qSOFA, quick Sequential Organ Failure Assessment; SI, shock index; AUROC, 
area under ROC. Red, green, blue and yellow lines indicate rSIG, MEWS, qSOFA and SI respectively.

Figure 3. Distribution of rSIG values according to whether 
or not the composite events of primary outcome was met. 
rSIG, reverse shock index multiplied by the Glasgow Coma 
Scale score. The composite events included vasopressor use, 
mechanical ventilation, and 72-h death.

Table 2. Results of sensitivity analyses

Variable

Age < 80 years, n = 319
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI
Without treatment limitation, 
n = 468
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI
Optimal cut-off value*
     rSIG ≤ 15
     vs. MEWS ≥ 5
     vs. qSOFA ≥ 2
     vs. SI ≤ 0.9

*Optimal cut-off values were defined by the value when each 
AUROC was maximum. rSIG, reverse shock index multiplied by 
Glasgow Coma Scale score; MEWS, modified Early Warning Score; 
qSOFA, quick Sequential Organ Failure Assessment; SI, shock index.

AUROC

0.87
0.75
0.75
0.79

0.86
0.77
0.73
0.81

0.77
0.72
0.70
0.71

95% CI

0.79 – 0.92
0.66 – 0.83
0.66 – 0.83
0.69 – 0.86

0.79 – 0.91
0.68 – 0.84
0.65 – 0.81
0.73 – 0.86

0.72 – 0.82
0.66 – 0.77
0.64 – 0.75
0.65 – 0.77

p value

   0.005
< 0.001
   0.008

   0.003
< 0.001
   0.004

   0.028
   0.013
   0.027
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Table 3 shows the secondary outcomes. The AUROC for 
vasopressor use within 72 h was significantly higher for 
the rSIG (0.85 [0.78 – 0.90]) than for the MEWS (0.78 
[0.70 – 0.84], p = 0.017) or qSOFA (0.73 [0.64 – 0.81], p 
< 0.001) but not for the SI (0.83 [0.76 – 0.88], p = 0.26). 
The AUROC for mechanical ventilation within 72 h was 
significantly higher for the rSIG (0.82 [0.73 – 0.88)) 
than for the qSOFA (0.67 [0.58 – 0.74], p < 0.001) but 
not for the MEWS (0.74 [0.65 – 0.82], p = 0.052) or SI 
(0.77 [0.68 – 0.84], p = 0.07). There was no significant 
difference in the AUROCs for 72-h or 28-day mortality 
between rSIG and the other tools (72-h mortality: 
rSIG 0.86 (0.76 – 0.93), MEWS 0.86 (0.77 – 0.91), 
qSOFA 0.86 (0.78 – 0.91), SI 0.82 (0.70 – 0.90), 28-day 
mortality: rSIG 0.75 (0.68 – 0.81), MEWS 0.71 (0.64 – 
0.77), qSOFA 0.71 (0.63 – 0.78), SI 0.72 (0.65 – 0.78)).

Discussion

In this study, the rSIG was superior in predicting the need 
for intensive organ support and death in the early phase 
in patients with infection compared with the MEWS, 
qSOFA, and SI. Furthermore, the performance of the 
rSIG was similar to or better than the qSOFA and MEWS 
in terms of vasopressor use, mechanical ventilation and 
short-term mortality. Although the rSIG has been used 
mainly for trauma, the results of this study suggest that 
it may also be useful for patients with infection. The 
optimal rSIG cut-off value reported for trauma patients 
ranges from 9.5 to 14.8 (26-28,32), which is similar to 
that in our study. Considering that vital signs are not 
disease-specific parameters, we believe that our result is 
reasonable.

 Interestingly, the rSIG was found to have a higher 
AUROC for need of mechanical ventilation, even 
without inclusion of the respiratory rate which is usually 
an important parameter in the clinical assessment. The 
respiratory rate is often difficult to measure accurately 
(36,37), therefore , it was suitable to be a factor in 
inadequate assessment. Body temperature can also lead 
to misjudgments: sepsis with fever has been shown to 
have a better outcome than sepsis without fever (38), 
in contrast with the MEWS, which scores higher for 
hyperthermia. Not including the respiratory rate and 
body temperature measurements in the rSIG may have 
contributed to its high predictive performance.
 Japan is an aging society and most of our patients 
were elderly. Interpretation of vital signs is complicated 
in the elderly for several reasons, including underlying 
medical conditions and use of antihypertensive 
medications. For example, it has been reported that 
the relationship between vital signs and outcome in 
patients with sepsis differs between the elderly and 
non-elderly (39). Therefore, we performed a sensitivity 
analysis by subgroup, namely, for age < 80 years and 
presence of treatment limitations. The results were 
similar to the analysis of all patients, which increases the 
generalizability of our findings.
 Given that the rSIG was significantly more predictive 
of vasopressor use than the MEWS or qSOFA, it may 
be better at predicting the need for initial resuscitation. 
Triggering initial resuscitation based on the rSIG value 
could lead to earlier management (e.g., antibiotic 
therapy, use of a vasopressor, or admission to the ICU). 
Although a matter of controversy in patients without 
shock, there is some evidence suggesting that every 
1-h delay in administration of antibiotics increases the 
likelihood of mortality in patients with shock (40-42). 
Yet, adherence to the sepsis bundle is particularly low in 
patients with septic shock because of the time required 
to perform procedures such as intubation or insertion of 
a central venous catheter. Therefore, early recognition is 
particularly important in patients with septic shock.
 This study has some limitations. First, screening was 
performed according to the final diagnosis because the 
study was retrospective in nature. Therefore, we were 
unable to include patients who were suspected of having 
an infection at triage but were ultimately determined 
to be free of infection. Second, we excluded patients 
with COVID-19 because the pattern of organ failure in 
COVID-19 may differ from that in conventional sepsis. 
Also, owing to local circumstances, it was not possible 
to enroll a sufficient number of patients with COVID-19 
to be able to evaluate the triage tool in this cohort. 
However, international sepsis guidelines have been 
published for conventional sepsis and sepsis in patients 
with COVID-19 (2,43). Based on the above, we consider 
it appropriate to distinguish between conventional 
sepsis and COVID-19 at this time. Third, we included 
only hospitalized patients because we were unable to 
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Table 3. Results for secondary outcomes

Variable

Vasopressor use within 72 h
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI
Mechanical ventilation within 
72 h
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI
Death at 72 h
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI
Death at 28 d
     rSIG
     vs. MEWS
     vs. qSOFA
     vs. SI

rSIG, reverse shock index multiplied by Glasgow Coma Scale score; 
MEWS, modified Early Warning Score; qSOFA, quick Sequential 
Organ Failure Assessment; SI, shock index.

AUROC

0.85
0.78
0.73
0.83

0.82
0.74
0.67
0.77

0.86
0.86
0.86
0.82

0.75
0.71
0.71
0.72

95% CI

0.78 – 0.90
0.70 – 0.84
0.64 – 0.81
0.76 – 0.88

0.73 – 0.88
0.65 – 0.82
0.58 – 0.74
0.68 – 0.84

0.76 – 0.93
0.77 – 0.91
0.78 – 0.91
0.70 – 0.90

0.68 – 0.81
0.64 – 0.77
0.63 – 0.78
0.65 – 0.78

p value

   0.017
< 0.001

 0.26

   0.052
< 0.001

 0.07

0.87
0.88
0.11

0.07
0.13
0.06
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investigate outcomes in patients who did not require 
hospitalization.

Conclusions

The rSIG was a significantly better predictor of the need 
for a vasopressor, the need for mechanical ventilation, 
and death within 72 h of triage in patients with infection 
at an emergency department. The rSIG could be a simple 
and reliable predictor of the need for initial resuscitation 
in patients with sepsis.
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Introduction

According to the 2022 cancer statistics report by the 
American Cancer Society (1), lung cancer has the second 
most new cancer cases, after prostate cancer in men and 
breast cancer in women. However, approximately 350 
people die from lung cancer each day, more than those 
from prostate and breast cancers combined. Lung cancer 
has become the leading cause of cancer death. Similarly, 
as shown by the latest national cancer statistics in China, 
lung cancer ranks first among all cancers in terms of 
morbidity and mortality (2).
 In the early stages of lung cancer, surgical resection 
is the only effective and widely accepted treatment 
(3). The incidences of developing chronic post-
surgical pain (CPSP) from lung resection performed 
by general thoracotomy or less invasive video-assisted 
thoracic surgery (VATS) are 30–60% (4) and 40–60% 
(5), respectively. Despite advances in technology and 
medical care, the incidence and severity of CPSP after 
VATS have been reported to be similar to those of the 
traditional thoracotomy (6). Multiple pain management 
strategies had been applied during the perioperative 
period (before, during, and after surgery), but patients 
may still experience intense pain after VATS (7). What 
is more, acute pain after surgery can turn into chronic 

pain, and the mechanisms are complex and diverse (8). 
Lower quality of life and higher healthcare costs are 
accompanied with the extremely high frequencies of 
CPSP after VATS (9).
 CPSP is now proposed in the International 
Classification of Diseases (ICD) 11th Revision (ICD-11), 
where it is classified as any pain related to the surgical 
area that persists for 3 months or longer after surgery, and 
other causes of pain, such as pre-existing pain conditions 
or infections, or malignancy, must be excluded (10). 
An in-depth understanding of the risk factors for CPSP 
may reduce morbidity, strengthen postoperative pain 
management, and ultimately improve patients' quality 
of life (11). Despite a huge number of research reports, 
there are no final conclusions and clear definitions on 
the incidence and severity of CPSP as well as on pain-
related factors after VATS (11,12). The wide variability 
in risk factors may be due to different and appropriate 
methods of analysis (9,13), as well as the exclusion 
or short-listing of some potential risk factors, such as 
anxiety, depression, and social status (14,15). In a word, 
identification of patients at risk for chronic pain remains 
inadequate and challenging (13,16).
 Previous research has suggested that an ideal 
prediction model for chronic pain is a thorough clinical 
survey that would include preoperative, intraoperative 
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and postoperative data (17). Some researchers have 
suggested that it is time to establish core risk factors 
for CPSP, which should encompass demographic, pain, 
clinical, surgery-related, and psychological domains (13). 
However, not all risk factors for CPSP after VATS have 
been taken into account, and no such study has been 
published so far.
 The Delphi method is applied in various fields, 
especially in health care and nursing, to systematically 
integrate uncertain and incomplete issues from experts 
with research or practice backgrounds. The goal 
of this technique is to identify general statements, 
and consequently to reach a group consensus using 
previously determined criteria (18,19). Generally 
speaking, the Delphi method contains four key features, 
namely anonymity, iteration, controlled feedback, and 
the statistical aggregation of group response (20). It 
is constructed through a series of questionnaires and 
typically 2–3 iterations among experts in the relevant 
fields, without face-to-face communication, and then 
controlled feedback is presented in the form of statistical 
summary in each round. The modified Delphi technique 
focuses on collecting items from the literature review, 
and scoring each item in the questionnaire on a Likert 
scale, while suggestions are encouraged in each round. 
After the rounds, the items are modified or added to, 
and disputes will be reduced. In the end, a core outcome 
set is established, and measurable outcomes or topics in 
clinical trials are identified (21,22).
 The objective of this study is to construct a core risk 
index system for CPSP after VATS, and to summarize 
and synthesize the current evidence on risk factors for 
CPSP through a Delphi survey consulting experts in 
related fields.

Materials and Methods

Design

Since data about CPSP predictors have been extensively 
reported and are available, we carried out a modified 
Delphi survey (Figure 1), which allowed us to construct 
a first draft of the risk index for CPSP through a 
literature review. The modified recommendation for 
the Conducting and REporting of DElphi Studies 
(CREDES) was used to guide the study (23). This study 
was approved by the Ethics Committee of Guangdong 
Provincial General's Hospital (KYH202200801).

Literature review and preliminary list of indicators

The literature review, including retrospective and 
prospective studies, randomized controlled trails, and a 
systematic review, was performed mainly in PubMed, 
Web of Science, and CNKI databases. The main search 
terms used are as follows: "chronic post-surgical 
pain", "chronic postoperative pain", "chronic pain", 

"video assisted thoracic surgery", "thoracic surgery", 
"risk factor", "pain related". A total of 1,428 articles 
were searched. Of those, 1,335 irrelevant studies were 
excluded based on the screening of titles or abstracts. The 
remaining 93 articles were reviewed in full for eligibility, 
of which 75 were excluded because they were solely 
related to the prevalence of CPSP or did not report risk 
factors for CPSP. Eventually, 18 articles highly correlated 
with the risk factors for CPSP were included.
 Two researchers independently reviewed all the 
included articles to identify the risk factors for CPSP 
mentioned in these studies. The preliminary list was 
tested for readability and feasibility by group members. A 
new conceptual framework, including ten fields (baseline 
characteristics, psychological and social factors, health 
status, primary disease-related, genetic and biological 
factors, surgery-related, anesthesia management-related, 
postoperative recovery management, postoperative pain 
management, primary disease progression and treatment) 
was preliminarily developed, and an initial item pool 
containing 58 items was obtained.

Recruitment and panel formation

The panel members were medical professionals from 
three different grade-A tertiary hospitals and researchers 
of Guangzhou Pain Society in Guangzhou. The inclusion 
criteria of consultant experts are as follows: i) They 
should have been engaged in pain management-related 
medical work for not less than 10 years. However, for 
specialists in the fields of basic research, if they show 
academic excellence and have published more than two 
papers as the first author, the working years may be 
relaxed appropriately. ii) Their professional title should be 
intermediate or above. iii) They should have a bachelor's 
degree or higher. iv) They should be professionals in 
pain management, including surgeons, anesthetists, pain 
specialists, nurses, rehabilitation specialists, and pain 
researchers. Since there is no agreement on the optimal 
panel size, a carefully considered selection of the most 
symbolic experts, rather than a large sample, may yield 
valuable results (21). Consequently, we decided to form 
a majority panel of 24 based on a systematic review (24).

Questionnaire development and administration

The research tools were developed with reference to 
a biopsychosocial approach to postoperative pain and 
calls for research on the combination of risk factors 
and pain in clinical settings (17). The questionnaires 
for the two survey rounds were administered in 2021, 
from September 16th to 24thand October 14th to 24th, 
respectively.
 In Round-1, we introduced the subject to the experts 
by email and obtained their consent in the questionnaire. 
The questionnaire was composed of three parts: i) 
general information about the experts: age, working 

(230)
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feasibility of each item was calculated. The summary 
results of Round-1 were shared with participants in 
the form of text prompts. The summary indicated the 
items that had reached a consensus and those that had 
not. An improved questionnaire, including the experts' 
feedback and added items, was sent via web-based 
survey software. At the same time, all the experts had 
the opportunity to reconsider their evaluations at this 
turn. After the second round of consultation, our analysis 
revealed that the results were quite consistent with those 
of the first round. Therefore, we decided to confirm the 
prediction index system.

Data analysis

SPSS 26.0 statistical software and online SPSSAU 
(Statistical Product and Service Software Automatically, 
a version available on the website) were applied in 
the data analysis process. After the first round, the 

years, educational background, professional title, etc.; 
ii) the prediction index system of the CPSP after VATS 
expert consultation form: the importance and feasibility 
of the items were evaluated by the way of Likert 5-level 
scoring method (5 = very important or very good, 4 = 
important or good, 3 = fair, 2 = unimportant or bad, and 
1 = completely unimportant or very bad), and the column 
for suggestions was provided; iii) experts' familiarity 
with the content of the survey and index judgment. 
Importance referred to whether these items had a strong 
correlation with the occurrence of CPSP after VATS. 
Feasibility referred to whether information could be 
easily and completely collected from the medical record 
system. Participants were asked to rank the items based 
on their theoretical knowledge, evidence from empirical 
research, clinical experience in pain treatment, and 
any personal experience. New or missing items were 
encouraged to be proposed in the first round.
 In Round-2, an average score for the importance and 
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Figure 1. The flowchart of the Delphi process. CPSP, chronic post-surgical pain.
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importance and measurability of the indicators were 
calculated by the form of mean ± standard deviation. The 
enthusiasm and suggestions of the experts was reflected 
in the questionnaire return rate and the percentage of 
suggestions made. Kendall's W and variable coefficients 
were used to indicate the degree of expert coordination, 
i.e., whether the experts' scoring results are consistent. 
The larger the Kendall's W value (value between 0 and 
1), the higher the coordination degree of the experts. The 
significance of the coordination coefficient was analyzed 
by Chi-square test. The test of significance is a credibility 
test of the consensus among experts, and p < 0.05 was 
considered statistically significant, indicating the higher 
the confidence of the results. The variable coefficient 
presented the coordination degree of the importance and 
measurability of the items. Generally, an indicator with 
a variable coefficient < 0.25 is considered a good one. 
After the second round, we received less dispute about 
the issue of indicators. According to the importance 
scoring of each indicator, we analyzed the weighting 
target using the analytic hierarchy process (AHP). It 
not only reflects the percentage of a certain factor or 
indicator, but also emphasizes its relative importance. 
After discussion in the research group, through analysis 
and integration, we finally established a risk index 
system on CPSP after VATS. The test of significance is 
a credibility test of the consensus among experts, and p 
< 0.05 was considered statistically significant, indicating 
the higher the confidence of the results.

Results

Sociodemographic and professional characteristics of 
the expert panel

In the final round, we received a total of 20 valid 
questionnaires. Fifty-five percent of the participants (11 
cases) were male, and forty-five percent (9 cases) were 
female. They ranged in age from 29 to 65 years old, with 
a mean age of 45.95 (SD: 8.27) years. Their working 
years ranged from 6 to 40 years, with an average of 18.5 
(SD: 7.67) years. Table 1 presents the sociodemographic 
and professional characteristics of the Delphi expert 
panel.

Experts' enthusiasm

In the first round, 24 experts were invited for the 
questionnaire, and 22 of them responded, with a response 
rate of 91.67%. Of the 22 collected questionnaires, 1 
questionnaire contained so many missing values that 
it was eliminated, giving a valid questionnaire rate of 
95.45% (21/22). In the second round, 21 questionnaires 
were distributed and 20 of them were returned, with 
a return rate of 95.23% and a validness rate of 100% 
(20/20). The suggestion rate (number of experts raising 
doubts about the items) was 38.10% (8/21) compared to 

10.00% (2/20) in the second round (Table 2).

Expert authority coefficient and opinion coordination 
degree

The judgement coefficient, familiarity coefficient, and 
authority coefficient were 0.955, 0.793, and 0.966, 
respectively. When the expert authority coefficient Cr ≥ 
0.7, it demonstrated that the results of the survey were 
reliable. In the first round of the survey, the Kendall's 
concordance coefficients for the first- and second-level 
indicators were 0.397 and 0.366 in importance and 0.288 
and 0.255 in measurability, respectively. In the second 
round, the Kendall's concordance coefficients for the 
first- and second-level indicators were 0.370 and 0.393 
in importance and 0.302 and 0.234 in measurability, 
respectively. All the Kendall's tests were of statistical 
significance (all p < 0.001) (Table 3).

The first round of Delphi

In the first round, the experts scored the initial draft 
of the post-VATS CPSP index system containing 58 
items in 10 domains. We received 26 suggestions on 
redefining, adding, merging, and splitting the items. 
These suggestions were reviewed and the items were 
integrated in a group discussion, incorporating possible 
related factors from the literature or expert experience. 
Ten new items proposed by the experts after modifying 
were included. Sixteen items were modified, merged or 
separated. All the retained items and new items entered 
the second round for the experts to rate. Consequently, a 
form of 68 items in ten domains was sent to 21 experts 
for the next round of the survey.
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Table 1. Demographic information of the experts

Project

Age (Years)
     < 40 
     40–50
     > 50
Highest degree
     Undergraduate
     Master
     Doctorate 
Work experience (years)
     < 10
     10 – 20
     > 20
Professional title
     Intermediate level
     Senior vice level
     Advanced level
Research field
     Thoracic surgeon
     Anesthetist
Pain Management specialists
     Nurse
     Rehabilitation specialist
Basic research specialist in pain 

Proportion (%)

20.00
45.00
35.00

30.00
30.00
40.00

10.00
60.00
30.00

30.00
35.00
35.00

15.00
20.00
20.00
20.00
10.00
15.00

Frequency (n)

  4
  9
  7

  6
  6
  8

  2
12
  6

  6
  7
  7

  3
  4
  4
  4
  2
  3
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The second round of Delphi

In the second round, no new items were proposed, 
but the content of the items was further refined. After 
discussions by our research group, the final form of 64 
risk factors in 10 domains was determined (Table 4).

Discussion

After reviewing the literature (8) on the basis of our 
clinical experience, we realized the great diversity of 
points on the validation, importance, and feasibility of 
the predisposing risk factors within CPSP, especially 
after VATS in lung resection (25). We retrieved potential 
and relevant risk factors from systematic review or 
research, and constructed the initial version of item 
pool. The modified Delphi method is a rigorous expert 
consultant, with the assistance of the anonymous panel, 
rating scale, iteration, and controlled feedback (21). 
The experts were allowed to scale the importance and 
measurability of the items that have been generated 
from previous studies, and to propose any items that 
have an impact on CPSP but have not been mentioned in 
previous studies. At the same time, we set blanks in the 
last column of the questionnaire form, where suggestions 
can be made for adding or deleting any of the items. 
Through rounds of feedback and statistical analysis, new 
items could be continuously included, and existing ones 
could be modified or deleted, to supplement and perfect 
the item pool, striving to build a comprehensive index 
system.
 The consensus-based set of risk factors provides the 
first comprehensive understanding of CPSP after VATS. 
In this study, we applied classical statistical analysis, 

well known as the Delphi technique. We calculated 
the means, standard div SD, authority coefficient and 
Kendall's coefficient of concordance (Kendall's W), 
which have been widely used and proved effective in 
previous and similar studies (26,27). Hence, we have 
powerful evidence that this study is scientific, reliable, 
and trustworthy. Firstly, the valid return rates of both 
rounds were higher than 90%, indicating that the experts 
showed great enthusiasm and involvement in each round 
of consultation. Secondly, the authority coefficient 
was 0.966, which exceeded the standard value of 0.7, 
demonstrating that the experts' authority was high and the 
results were credible. Thirdly, the Kendall's W of the first 
level in the second round was slightly smaller than that 
of the first round (0.370 vs. 0.397), probably due to their 
different professional backgrounds and different main 
focuses, resulting in different views on the attributes of 
the items. However, the Kendall's W of the second level 
was higher in Round 2 than in Round 1 (0.393 vs. 0.366). 
Although the Kendall's W did not show the same trend 
in both rounds, the results were valuable and reliable, 
showing very good coordination and consistency.
 In this study, the experts would qualify each item for 
attribution and rate the importance and measurability of 
each item on a scale of 1–5 at each level. The composite 
index, including biological, psychological and social 
aspects, is essential to CPSP identification, for the latter 
is complex and changeable (28). At the same time, the 
biopsychosocial factors were also comprehensive and 
diverse, so we tried our best to summarize and classify 
the items. Two experts had doubts about the attribution 
of the first-level items, but in the second round they 
reached an agreement on this issue. For the second level 
of the indicators, some experts — not more than half 
— held the view that some items did not fit neatly into 
a particular category. Firstly, there was no standardized 
classification approach to divide these items/indicators 
into different dimensions (first-level indicators), and the 
final categories were largely retrieved from the literature 
(12,17,29) and integrated from our research group's 
opinions. Secondly, the scope of this item pool was 
very broad, so the team of experts came from different 
fields and might have different perspectives. Thirdly, 
we attempted to make these items easily recognized in a 
particular way rather than to make them presented.
 At the end of the two rounds of consultation, 
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Table 2. Recovery of the questionnaire and suggestions 
offered
Questionnaire recovery

Number of questionnaires distributed
Number of recycled questionnaires
Rate of recovery (%)
Effective questionnaire
Effective proportion (%)
Proposed ratio
     Number of experts
     Constituent ratio (%)

Second round

  21
  20

       95.23
  20
100

    2
       10.00

First round

24
22

     91.67
21

     95.45

  8
     38.10

Table 3. The results of expert opinions' coordination degree

Hierarchical level

First round 
First-level
Second-level
Second round
First-level
Second-level

Index (n)

10
58

10
68

x2

  74.987
438.142

  66.599
537.245

Kendall's W

0.397
0.366

0.370
0.393

p

0.000
0.000

0.000
0.000

Index (n)

10
58

10
68

x2

  54.448
304.643

  54.325
314.083

Kendall's W

0.288
0.255

0.302
0.234

p

0.000
0.000

0.000
0.000

The importance The Measurability



Global Health & Medicine. 2023; 5(4):229-237.Global Health & Medicine. 2023; 5(4):229-237.

(234)

www.globalhealthmedicine.com

Table 4. Core risk index system of chronic post-surgical pain after video-assisted thoracic surgery

Index level 1st, 2nd

Basic information
     Age
     Gender
     BMI
     Marital status
     Health insurance
     Family member
     Social status
     Educational level
Psychological and social parameters
     Smoking
     Drinking history
     Sleep distress
     Depression
     Anxiety
     Stress
Health status and comorbidities
     Operation history
     Hypertension degree
     Diabetes mellitus
     ASA classification
     Emergency operation
     Preoperative pain
     Preoperative sensory assessment
     Respiratory illness
Primary disease related
     Tumor type and stage
     Tumor progression
     Tumor type
     Preoperative chemotherapy
     Preoperative radiotherapy
Epigenetic and biological factors
     Genetics
     Inflammatory respond
     Endocrine respond
Surgery-related
     Surgeon
     Surgical option (VATS / open)
     Operation type 
     Operation change
     Surgical site
     VATS type (single-port/three-port)
     Number of chest tube
     Duration of drainage
     Operation time
     Drainage specification
Anesthesia management-related
     Opioids sum
     NSAIDs sum
     Other kinds of analgesic
     Assisted anesthesia
     Preemptive analgesia
     Intraoperative awareness
Postoperative recovery management
     Incision healing
     Reconstruction
     Hospital stay
     WBC change
     Drainage of fistula
     Postoperative pleural effusion
     Irritable cough 
Postoperative pain management
     Personal control analgesia (PCA)
     Kinds of analgesic in ward

Significance 
grade

3.95 ± 0.69
4.40 ± 0.60
4.20 ± 0.70
3.70 ± 0.80
3.05 ± 1.10
2.90 ± 1.12
2.80 ± 1.11
3.30 ± 0.86
3.30 ± 0.47
  4.5 ± 0.51
3.70 ± 0.86
3.60 ± 0.82
4.35 ± 0.67
4.55 ± 0.60
4.60 ± 0.60
4.40 ± 0.60
4.65 ± 0.49
3.95 ± 0.83
3.15 ± 0.99
3.80 ± 0.95
3.60 ± 0.82
3.40 ± 0.88
4.70 ± 0.73
4.35 ± 0.88
3.55 ± 1.23
4.60 ± 0.68
3.75 ± 0.97
4.10 ± 1.02
3.35 ± 1.18
4.40 ± 0.75
4.45 ± 0.76
4.00 ± 0.76
3.20 ± 1.11
4.50 ± 0.76
3.55 ± 1.00
4.80 ± 0.41
3.85 ± 0.93
4.65 ± 0.49
4.15 ± 0.88
4.40 ± 0.68
4.55 ± 0.60
4.05 ± 0.83
4.25 ± 0.79
4.40 ± 0.60
4.25 ± 0.72
4.10 ± 0.64
4.85 ± 0.37
4.85 ± 0.37
4.75 ± 0.44
4.60 ± 0.50
4.65 ± 0.59
4.65 ± 0.59
3.90 ± 1.12
4.80 ± 0.22
4.65 ± 0.59
4.20 ± 0.77
4.05 ± 0.76
3.65 ± 0.88
4.20 ± 0.83
3.95 ± 0.89
4.30 ± 0.57
4.95 ± 0.22
4.70 ± 0.57
4.70 ± 0.47

Variable 
coefficient

0.174
0.136
0.166
0.217
0.360
0.386
0.395
0.262
0.142
0.114
0.234
0.228
0.154
0.133
0.130
0.136
0.105
0.209
0.314
0.250
0.228
0.260
0.156
0.154
0.348
0.148
0.258
0.249
0.353
0.171
0.171
0.181
0.345
0.169
0.281
0.085
0.242
0.105
0.211
0.155
0.133
0.204
0.185
0.136
0.169
0.156
0.076
0.076
0.094
0.109
0.126
0.126
0.287
0.045
0.126
0.183
0.187
0.240
0.198
0.225
0.133
0.045
0.122
0.100

Weighting 
targets

0.087
0.119
0.114
0.100
0.083
0.079
0.076
0.089
0.089
0.100
0.147
0.143
0.173
0.181
0.183
0.175
0.103
0.113
0.090
0.109
0.103
0.097
0.134
0.127
0.102
0.102
0.187
0.204
0.167
0.219
0.222
0.889
0.284
0.400
0.316
0.106
0.909
0.109
0.097
0.103
0.107
0.095
0.100
0.103
0.100
0.096
0.107
0.177
0.173
0.168
0.170
0.169
0.142
0.110
0.160
0.145
0.140
0.126
0.145
0.136
0.148
0.110
0.174
0.174

Measurability 
grade

4.90 ± 0.31
4.90 ± 0.31
4.90 ± 0.31
4.90 ± 0.31
4.65 ± 0.59
4.70 ± 0.66
4.50 ± 0.76
4.00 ± 1.02
4.60 ± 0.68
3.95 ± 0.61
4.65 ± 0.67
4.60 ± 0.68
4.40 ± 0.99
4.20 ± 0.83
4.20 ± 0.77
3.60 ± 0.88
4.25 ± 0.72
4.65 ± 0.67
4.60 ± 0.68
4.60 ± 0.76
4.40 ± 0.68
4.60 ± 0.75
4.65 ± 0.59
4.15 ± 0.93
4.35 ± 0.75
4.65 ± 0.49
4.65 ± 0.59
4.45 ± 0.76
4.55 ± 0.69
4.65 ± 0.76
4.75 ± 0.55
3.95 ± 0.94
3.50 ± 1.00
4.15 ± 0.81
4.10 ± 0.79
4.40 ± 0.68
4.45 ± 0.89
4.80 ± 0.52
4.65 ± 0.67
4.65 ± 0.67
4.80 ± 0.41
4.60 ± 0.75
4.60 ± 0.68
4.80 ± 0.52
4.80 ± 0.52
4.60 ± 0.68
4.75 ± 0.55
4.80 ± 0.41

  4.80 ± 0.523
4.75 ± 0.55
4.75 ± 0.44
4.70 ± 0.57
4.00 ± 0.86
4.35 ± 0.67
4.70 ± 0.57
4.60 ± 0.68
4.55 ± 0.83
4.50 ± 0.76
4.65 ± 0.59
4.45 ± 0.69
4.15 ± 0.88
4.60 ± 0.60
4.60 ± 0.75
4.40 ± 0.94

Variable 
coefficient

0.063
0.063
0.063
0.063
0.126
0.140
0.169
0.256
0.148
0.153
0.144
0.148
0.226
0.198
0.183
0.245
0.169
0.144
0.148
0.164
0.155
0.164
0.126
0.225
0.171
0.105
0.126
0.171
0.151
0.160
0.116
0.239
0.286
0.196
0.192
0.155
0.199
0.109
0.144
0.144
0.085
0.164
0.148
0.109
0.109
0.148
0.116
0.085
0.109
0..116
0.094
0.122
0.215
0.130
0.122
0.148
0.181
0.169
0.126
0.154
0.211
0.130
0.164
0.213

Importance Measurability
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the experts came up with ten new items and several 
suggestions. One participant believed that how couples 
get along with each other may affect their medical 
experience. This item was proposed by a rehabilitation 
specialist who focused more on involvement and support 
between couples in the clinical setting. In fact, social 
support may plays a major role in coping with toxic 
stimuli, whether physical or mental (30). In the second 
round, another nursing expert noted that this added item 
was vague and general, and could be covered by the 
items of marital status and family members. Because 
this new item was related to the existing ones, we did 
not include a similar indicator for assessing support from 
social members. BMI, or body mass index, is the ratio 
of weight to height, so we decided to remove the item of 
weight and height. In the category of psychological and 
social parameters, the dispute centered mainly on which 
measurement scales were more appropriate for evaluating 
depression, anxiety, and stress. Previous studies have 
used the EuroQol 5 Dimensions (EQ5D) questionnaire or 
the PROMIS questionnaire to assess psychological status 
(25,31). The measurement tool may not be the most 
appropriate but the simplest and most convenient to use, 
and this should be made clear in our further research. 
One expert offered a new perspective on respiratory 
diseases, including asthma or chronic obstructive 
pulmonary disease (COPD) and changes in pulmonary 
function, which would definitely affect the early 
postoperative respiratory function exercises and slow 
down the recovery. However, the evidence regarding 
pain is problematic and needs further investigation. Some 
experts found that the item of preoperative response 
to experimentally induced pain was a similar indicator 
to preoperative sensory assessment and suggested that 
one of them be retained. Some experts expressed their 
concerns on chemotherapy, as mentioned in a previous 
study (9), but there are differences in treatment regimens, 
timing, and side effects, indicating key points for 
data collection in further research. Despite numerous 
studies showing that genetic predictors or inflammatory 
molecules are important evidence (8,32), this evidence 
is not easy to detect and easily routinely tested. It does 

provide a novel perspective and understanding of genetic 
testing, inflammatory factors and changes in the internal 
environment. Larger numbers of studies recommend 
replacing the conventional thoracic drainage tube with a 
new ultrafine chest tube (central venous catheter), which 
has proved to reduce postoperative pain (33). The experts 
proposed that both the duration and the specifications of 
drainage also play a role in postoperative pain, and are 
worth emphasizing. The use of parecoxib sodium for 
preemptive analgesia has become a hot topic with the 
expectation of reducing the pain score and even reducing 
opioid consumption (34). The experts pointed out that 
the efficacy of parecoxib for preemptive analgesia may 
be controversial, but its benefits are still noteworthy. At 
the same time, they considered that the experience of 
intraoperative consciousness, though rare, is potentially 
catastrophic. Patients can recall the misery of surgical 
pain, which can bring about follow-up psychological 
problems. Research has been focused on the importance 
of the prolonged drainage, uniport VATS, and time of 
operation for CPSP (12), but less on the complications 
of drainage fistulas and pleural effusions. We also 
adopted the idea that postoperative bad cough might 
induce serious pain. Multiple analgesic management 
will bring various side effects, such as postoperative 
nausea and vomiting, at which time the nurse would 
withdraw the patient-controlled analgesia, so the pain is 
not relieved (7). Targeted therapy is one of the treatments 
for malignant diseases, and the experts suggested in 
the questionnaire that people can suffer from weakened 
immunity, which would induce pain, but the mechanism 
remains unclear and still needs attention.
 The overall domains have been identified and 
specific items have been developed after the two rounds 
of consultation. The risk factor system in this study 
is relatively comprehensive and multi-dimensional. 
However, attention must be paid to the wording, splitting 
or integration of the items, as well as to further guidance 
and scope of application. In short, while some indicators 
may be very useful, others may need to be adapted. The 
list of indicators is in accordance with the guidelines 
or other recommended perioperative management 
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Table 4. Core risk index system of chronic post-surgical pain after video-assisted thoracic surgery (continued)

Index level 1st, 2nd

     Dose of opioids
     Dose of NSAIDs
     Duration of PCA
     Side-effect of analgesic
Disease progression and treatment
     Tumor recurrence
     Tumor type and stage
     Postoperative chemotherapy
     Postoperative radiotherapy
     Postoperative targeted therapy

Significance 
grade

4.60 ± 0.50
4.50 ± 0.51
4.20 ± 0.83
4.30 ± 0.86
4.05 ± 0.69
3.90 ± 1.02
3.30 ± 1.08
3.80 ± 1.15
3.75 ± 1.21
3.40 ± 1.10

Variable 
coefficient

0.109
0.114
0.198
0.201
0.170
0.262
0.328
0.303
0.322
0.322

Weighting 
targets

0.170
0.167
0.156
0.159
0.090
0.215
0.182
0.209
0.207
0.187

Measurability 
grade

4.70 ± 0.47
4.75 ± 0.44
4.70 ± 0.66
4.35 ± 0.75
4.15 ± 0.81
4.40 ± 0.75
4.45 ± 0.76
4.50 ± 0.76
4.45 ± 0.83
4.45 ± 0.83

Variable 
coefficient

0.100
0.094
0.140
0.171
0.196
0.171
0.171
0.169
0.186
0.186

Importance Measurability
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strategies for patients undergoing lung surgery, with the 
best availability and high levels of evidence (35). The 
index system will provide an important resource for 
clinical practitioners and holds great promise for early 
identification of patients at a high risk of CPSP after 
VATS.
 In this study, we invited experts from different 
fields, and summarized the suggestions from different 
and unique perspectives. In addition, we included prior 
evidence that is based on systematic and prospective 
studies of CPSP. Hence, the index system combines the 
strengths of being empirical and experimental. Delphi 
evaluations are typically less expensive than more 
traditional forms of data collection, such as surveys and 
interviews. Since the heterogeneous results of CPSP 
highlight the current challenges in identifying risk 
factors, our study has the potential to represent a valuable 
contribution and a meaningful guideline, thus pointing 
the way for further research.
 However, our study is limited to regional expert 
consultants from several Guangzhou grade-A tertiary 
hospitals, and their opinions do not represent the whole 
world. But the literature comes from articles published 
worldwide, which can compensate for this shortcoming. 
Another limitation is that all the risk factors were 
grouped into biological, psychological, and social 
domains throughout the perioperative period. Some risk 
factors could have fit into other categories, and different 
categorizations may lead to different interpretations of 
the items. Additionally, the Delphi process is highly 
dependent on the expertise of each panelist and their 
ability to make unbiased and accurate judgments. The 
results can be difficult to replicate if another group of 
experts evaluates the same issue.

Conclusions

This index system provides a consensus-based resource 
for clinicians and researchers seeking help for patients 
at a high risk of CPSP after VATS. Increased clinical 
awareness and a full understanding of how to screen and 
identify people with CPSP problems may lead to earlier 
recognition of chronic pain and greater facilitation of 
professional prevention. We developed the first version of 
the risk index for the detection of patients at high risk of 
CPSP after VATS for lung resection in a modified Delphi 
method. The development of the index system was 
informed by a biopsychosocial approach to postoperative 
pain and by calls for research on combining risk factors 
with pain in clinical settings. The item pool, where the 
items were strictly selected using the Delphi technique, is 
highly recommended. Researchers are welcome to refer 
to the list of indicators, especially those with high scores 
in importance and measurability.
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Introduction

Cancer is a major public health issue, and has also been 
the leading cause of death in Japan since 1981 (1). 
Around 378,000 people died from cancer in 2020, and 
999,000 cancer cases were newly diagnosed in 2019 (2). 
Recent statistics suggest that one in two Japanese people 
will be diagnosed with cancer during their lifetime (2). 
There is also wide agreement that many cancers are 

caused by lifestyle and environmental risk factors, which 
can be prevented if appropriate measures are taken (3).
 The proportion of cancers that are associated with 
certain risk factors, such as lifestyle and environmental 
factors, is often referred to as the population attributable 
fraction (PAF). PAF is defined as the fraction of cancer 
attributable to a particular exposure that could be averted 
if the exposure were reduced to a theoretically minimal 
level. To date, several comprehensive assessments of the 
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PAF of cancer have been reported in western countries 
(4-6) and in Asia (7). Further, updated findings on the 
disease burden of cancer associated with preventable risk 
factors in Japan were reported in 2022 (8), providing the 
PAF of major lifestyle and environmental risk factors.
 Despite mounting evidence on disease burden, 
however, only a few studies have evaluated the economic 
burden cancer poses on society (9-12). According to the 
Estimates of National Medical Care Expenditure in fiscal 
year 2015, the direct medical and non-medical costs of 
all diseases amounted to 30,046 billion Japanese yen 
(248 billion US dollars as of 2015), of which cancer-
related costs constituted 12% (13). Beyond direct costs, 
cancer incurs a heavy economic burden due to premature 
deaths, temporary work cessation during treatment, and 
permanent exit from the workforce. Preventing causes 
of cancer may save cancer-related healthcare costs and 
indirect costs of premature death and productivity loss. 
Hence, quantification of the avoidable costs of cancer is 
important in identifying the financial impact of cancer 
control policies.
 Here, we aimed to estimate the economic burden of 
cancer attributable to major lifestyle and environmental 
risk factors using the latest data on population 
attributable fractions in Japan.

Materials and Methods

We evaluated the economic cost of cancer attributable 
to modifiable risk factors based on the prevalence-based 
cost-of-illness approach (14). We adopted a societal 
perspective for our analysis, which included direct 
healthcare costs, indirect morbidity costs and indirect 
mortality costs due to lifestyle and environmental risk 
factors.

Data sources

We obtained the number of cancer patients who received 
any type of healthcare service and the associated direct 
medical costs for 2015 from the aggregated datasets of 
the National Database of Health Insurance Claims and 
Specific Health Checkups of Japan (the NDB Japan) 
by the Ministry of Health, Labour and Welfare, which 
covers 99.9% of hospital or medical clinic claims 
nationwide. Details of the NDB Japan data can be found 
elsewhere (15,16). We classified sex- and age-specific 
number of patients and associated costs in 2015 by 20 
cancer sites reported as the principal diagnosis according 
to the WHO International Classification of Diseases, 
10th Revision (ICD-10) diagnosis codes. The list of ICD-
10 codes used in the current study is shown in Table 1. 
Because the NDB data and other public statistics were 
obtained in an aggregated format, ethical approval for 
this study was not necessary.
 The most up-to-date data on population attributable 
fract ion (PAF) of  cancer  due to l i festyle and 

environmental risk factors in Japan is for 2015 (8), 
namely tobacco smoking (both active and passive) (17), 
alcohol drinking (18), excess bodyweight (19), physical 
inactivity (19), infectious agents (Helicobacter pylori 
[H. pylori], hepatitis C virus, hepatitis B virus, human 
papillomavirus [HPV], Epstein-Barr virus, and human 
T-cell leukemia virus type 1) (20), dietary intake (highly 
salted food (21), fruit, vegetables, dietary fiber (22), red 
and processed meat (23)), exogenous hormone use (24), 
never breastfeeding (25) and air pollution (26). All of 
the aforementioned factors are considered potentially 
modifiable via environmental policy, lifestyle change, 
population-based screening or through vaccination 
programs.

Direct medical costs

Direct medical costs denote the cost of resources 
consumed for treatment of the disease, and includes all 
costs of healthcare and medical examinations during 
hospitalization and outpatient visits, prescriptions 
and drugs. The cost of each cancer site attributable 
to modifiable risk factors was calculated using the 
following equation (27).

 

 where:
 Attributable cost of cancer i = direct medical costs of 
cancer site i attributable to lifestyle and environmental 
risk factors, including inpatient hospitalizations, 
outpatient visits, prescriptions and drugs
 PAFijk = PAF of cancer incidence i due to lifestyle 
and environmental risk factors among people in 5-year 
age group j by gender k
 THCijk = total direct medical costs for treating cancer 
i among people in age group j by gender k
 Table 1 lists site-specific data on the number of 
patients extrapolated from the NDB Japan. A total of 
2.1 million men and 1.9 million women received cancer 
treatment in 2015.

Indirect mortality costs

We also estimated the economic cost of potential work-
life lost due to premature deaths from cancer, which are 
attributable to modifiable risk factors. Indirect mortality 
costs attributable to lifestyle and environmental risk 
factors were calculated by the net present value of future 
productivity using the following equation (27) :

 where:
 Indirect mortality cost of cancer i = indirect mortality 
costs from productivity losses due to premature deaths 
from cancer site i that are attributable to lifestyle and 

(239)
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with a discount rate of 3% according to the WHO guide 
to cost-effectiveness (29).

Indirect morbidity costs

We estimated the indirect costs of cancer following the 
human capital approach (30). The indirect costs of cancer 
in this study denote the economic value of productivity 
loss associated with absenteeism due to hospitalization 
and receipt of healthcare treatment. The costs of indirect 
morbidity costs attributable to modifiable risk factors 
were calculated using the following equation (27).

 where:
 Indirect morbidity cost of cancer i = indirect 
morbidity costs from productivity losses due to cancer 
site i that are attributable to lifestyle and environmental 
risk factors
 PAFijk = PAF of cancer incidence i due to lifestyle 
and environmental risk factors among people in 5-year 
age group j by gender k
 TWLDijk = total annual work-loss days due to 
hospitalization and outpatient visits for cancer site i 
among people in age group j by gender k
 ADWj = average daily wage among people in age 
group j
 EMPjk = average employment rate among people in 
age group j by gender k
 We estimated the indirect morbidity cost of cancer 
attributable to modifiable risk factors by multiplying the 
total number of work-loss days among patients aged 20 
to 65 years by the average daily income and adjusted 
by the average employment rates of the corresponding 
age group. The number of work-loss days was estimated 
by multiplying the annual hospitalization days and 
outpatient visits for each cancer site reported in the 
Patient Survey 2014 (31) by the age-, gender- and site-
specific number of patients. We estimated the average 
daily wage for the 5-year age group from the Basic 
Survey on Wage Structure 2015 (28). The average 
employment rates by gender and 5-year age group were 
obtained from the Labour Force Survey 2015 (32).
 Further, we performed disaggregated estimation 
of the total economic costs of cancer by major five 
modifiable risk factors, namely active tobacco smoking 
(PAF: 15.2% of all cancer incidence), alcohol drinking 
(PAF: 6.2%), infectious agents (H. pylori, hepatitis 
C virus, hepatitis B virus, HPV, Epstein-Barr virus, 
and human T-cell leukemia virus type) (PAF: 16.6%), 
excess bodyweight (PAF: 0.7%), and physical inactivity 
(PAF: 1.3%) (8). These risk factors could be avoided if 
the exposure were either eliminated or reduced to the 
theoretical minimum risk exposure distribution. In this 
study, all the economic costs are presented in 2015 prices 
in Japanese yen (JPY), which was converted to US 

environmental risk factors
 PAFijk = PAF of cancer mortality i due to lifestyle and 
environmental risk factors among people in 5-year age 
group j by gender k
 NDEATHijk = number of deaths from cancer site i 
among people in age group j by gender k
 PVLEjk = present value of potential lifetime earnings 
in age group j by gender k discounted at an annual rate of 
3%
 EMPjk = average employment rate among people in 
age group j by gender k
 The number of cancer deaths during 2015 by cancer 
site, 5-year age group, and gender were obtained from 
the Cancer Statistics available on the Cancer Information 
Service website (2). This was then used to derive the 
remaining years of working life by subtracting the age at 
death from the retirement age of 65 years. Subsequently, 
we multiplied the remaining years of working life by the 
average annual income for the 5-year age group reported 
in the Basic Survey on Wage Structure 2015 (28) and 
adjusted the future earnings lost to the present values 
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Table 1. Number of cancer patients by cancer site in 
Japan, 2015

Cancer site

Both sexes, all cancers
Men
     All cancers
     Prostate
     Stomach
     Colon
     Lung, trachea
     Bladder
     Rectum
     Liver
     Kidney and other urinary organs
     Malignant lymphoma
     Esophagus
     Oral cavity and pharynx
     Pancreas
     Leukemia
     Gallbladder and bile ducts
     Larynx
Women
     All cancers
     Breast
     Colon
     Stomach
     Lung, trachea
     Corpus uteri
     Rectum
     Cervix uteri
     Malignant lymphoma
     Ovary
     Bladder
     Liver
     Kidney and other urinary organs
     Pancreas
     Leukemia
     Gallbladder and bile ducts
     Oral cavity and pharynx
     Esophagus
     Larynx

ICD-10

C00-C97

C00-C97
C61
C16
C18
C33-C34
C67
C19-C20
C22
C64-C66 C68
C81-C85 C96
C15
C00-C14
C25
C91-C95
C23-C24
C32

C00-C97
C50
C18
C16
C33-C34
C54
C19-C20
C53
C81-C85 C96
C56
C67
C22
C64-C66 C68
C25
C91-C95
C23-C24
C00-C14
C15
C32

Number of
patients

4,045,940

2,107,331
551,195
316,112
230,125
211,306
146,038
122,297
75,478
73,708
69,500
67,276
47,589
37,090
34,314
27,351
26,669

1,938,609
659,970
197,745
154,807
134,500
79,055
74,965
73,972
67,830
60,852
41,767
36,636
35,338
33,146
28,457
22,383
19,267
14,707
2,163
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dollars (USD) using the annual average exchange rate of 
the same year (1 USD = 121.044 yen).

Results and Discussion

Total economic costs of cancer

In 2015, the total number of cancer patients who received 
any type of healthcare service and were reported to the 
NDB Japan was 4,045,940 persons (men, 2,107,331 
persons; women, 1,938,609 persons). Prostate was the 
most common cancer site in men (551,195 persons), 
followed by stomach (316,112 persons) and colon 
(230,125 persons). In women, breast was the most 
common cancer site (659,970 persons), followed by 
colon (197,745 persons) and stomach (154,807 persons). 
Population attributable fraction of cancer incidence was 
highest in stomach cancer in men (85.05%) and cervical 
cancer in women (100%) (8).

 Table 2 lists the total economic costs and associated 
cost components of cancer as of 2015. The overall 
estimated cost of cancer inclusive of direct medical 
costs, indirect mortality costs and indirect morbidity 
costs was \2,859,727 million ($23,626 million) for both 
sexes, \1,494,581 million ($12,347 million) in men, 
and \1,365,146 million ($11,278 million) in women. 
The direct medical costs of cancer, which include all 
costs of healthcare and medical examinations during 
hospitalization and outpatient visits, and prescriptions 
and drugs were highest in male prostate cancer (\189,723 
million /$1,567 million), and breast cancer in women 
(\200,249 million/$1,654 million).
 Table 2 also summarizes the economic cost of 
potential work-life lost due to premature deaths from 
cancer, with a cut-off age of 65 (age of retirement in 
Japan). A total of \726,943 million ($6,006 million) was 
estimated to be lost due to premature death in Japan in 
2015. Lung cancer incurred the highest indirect mortality 
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Table 2. Total economic costs of cancer by cancer site, Japan, 2015

Cancer Site

Both sexes, all cancers
Men
     All cancers
     Stomach
     Lung, trachea
     Colon
     Liver
     Leukemia
     Rectum
     Esophagus
     Bladder
     Oral cavity and pharynx
     Kidney and other urinary organs
     Pancreas
     Larynx
     Prostate
     Malignant lymphoma
     Gallbladder and bile ducts
Women
     All cancers
     Stomach
     Breast
     Lung, trachea
     Liver
     Cervix uteri
     Colon
     Leukemia
     Rectum
     Corpus uteri
     Esophagus
     Pancreas
     Malignant lymphoma
     Oral cavity and pharynx
     Bladder
     Kidney and other urinary organs
     Ovary
     Gallbladder and bile ducts
     Larynx
*Data are millions of Japanese yen (JPY) and US dollars (USD).

JPY

1,520,487

848,537
79,565

101,021
76,649
34,089
45,636
52,361
20,837
25,655
15,985
21,925
24,510
5,543

189,723
33,136
10,846

671,950
38,100

200,249
62,664
17,418
9,936

61,993
28,358
27,082
12,330
4,600

20,453
27,281
4,885
6,903
9,247

18,528
8,957

386

USD

12,561

7,010
657
835
633
282
377
433
172
212
132
181
202
46

1,567
274
90

5,551
315

1,654
518
144
82

512
234
224
102
38

169
225
40
57
76

153
74
3

JPY

726,943

393,309
49,565
68,795
37,361
30,573
20,782
27,884
16,845
4,422

14,960
9,712

33,786
660

2,312
14,394
8,421

333,634
28,389
86,107
22,299
5,222

29,593
25,644
10,770
11,606
9,602
4,188

14,657
6,656
4,872
1,425
2,467

27,826
4,432

114

USD

6,006

3,249
409
568
309
253
172
230
139
37

124
80

279
5

19
119
70

2,756
235
711
184
43

244
212
89
96
79
35

121
55
40
12
20

230
37
1

JPY

612,297

252,736
33,794
23,303
29,233
8,679

12,738
20,919
8,512

12,756
11,835
13,524
5,565
3,283

19,051
16,930
4,085

359,561
16,136

146,491
13,261
2,027

24,448
18,919
8,709

10,539
16,736
1,651
3,130

12,353
3,663
2,744
4,249

14,277
1,488

338

USD

5,058

2,088
279
193
242
72

105
173
70

105
98

112
46
27

157
140
34

2,971
133

1,210
110
17

202
156
72
87

138
14
26

102
30
23
35

118
12
3

JPY

2,859,727

1,494,581
162,923
193,118
143,243
73,341
79,156

101,165
46,194
42,833
42,780
45,161
63,861
9,486

211,087
64,459
23,353

1,365,146
82,625

432,846
98,224
24,667
63,977

106,557
47,837
49,227
38,669
10,440
38,239
46,290
13,420
11,072
15,962
60,631
14,877

838

USD

23,626

12,347
1,346
1,595
1,183

606
654
836
382
354
353
373
528
78

1,744
533
193

11,278
683

3,576
811
204
529
880
395
407
319
86

316
382
111
91

132
501
123

7

Direct medical costs* Indirect mortality costs* Indirect morbidity costs* Total costs*
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cost in men (\68,795 million/$568 million). In women, 
breast cancer caused the highest cost of indirect mortality 
(\86,107 million/$711 million). The indirect morbidity 
costs, which means the annual productivity loss due to 
the absenteeism associated with cancer treatment, was 
estimated at \612,297 million/$5,058 million in 2015. 
The type of cancer that incurred the greatest productivity 
loss in men was stomach cancer (\33,794 million/$279 
million). In women, the highest productivity loss was 
seen in breast cancer (\146,691 million/$1,210 million).

Economic costs of cancer attributable to modifiable risk 
factors

Table 3 lists the cost components of economic costs 
attributable to modifiable risk factors of cancer. The 
overall estimated cost of cancer inclusive of direct 
medical costs, indirect mortality costs and indirect 
morbidity costs that were attributable to lifestyle and 

environmental factors was \1,024,006 million ($8,460 
million) for both sexes, \673,780 million ($5,566 
million) in men, and \350,226 million ($2,893 million) 
in women. The direct medical costs of cancer associated 
with modifiable risk factors were highest in stomach 
cancer in both men (\67,655 million /$559 million) and 
women (\33,187 million/$274 million).
 Table 3 also shows the indirect cost of mortality from 
cancer due to modifiable risk factors. A total of \285,150 
million ($2,356 million) was lost due to premature death 
in Japan in 2015 which could have been potentially 
averted. Lung cancer incurred the highest indirect 
mortality cost in men (\45,132 million/$373 million) 
and cervical cancer in women (\29,593 million/$244 
million). Similarly, the estimated indirect morbidity 
costs that could have been theoretically prevented were 
\200,602 million ($1,657 million) in 2015. Modifiable 
productivity loss was the highest in stomach cancer in 
men (\28,735 million/$237 million), and cervical cancer 

www.globalhealthmedicine.com

Table 3. Total economic costs attributable to modifiable risk factors, Japan, 2015

Cancer Site

Both sexes, all cancers
Men
     All cancers
     Stomach
     Lung, trachea
     Colon
     Liver
     Leukemia
     Rectum
     Esophagus
     Bladder
     Oral cavity and pharynx
     Kidney and other urinary organs
     Pancreas
     Larynx
     Prostate
     Malignant lymphoma
     Gallbladder and bile ducts
Women
     All cancers
     Stomach
     Breast
     Lung, trachea
     Liver
     Cervix uteri
     Colon
     Leukemia
     Rectum
     Corpus uteri
     Esophagus
     Pancreas
     Malignant lymphoma
     Oral cavity and pharynx
     Bladder
     Kidney and other urinary organs
     Ovary
     Gallbladder and bile ducts
     Larynx
*Data are millions of Japanese yen (JPY) and US dollars (USD).

JPY

538,254

368,460
67,655
67,025
32,221
25,317
17,904
17,871
17,163
10,680
10,011
8,512
6,580
4,268
2,621
2,178

332

169,793
33,187
27,992
20,820
12,199
9,936
9,382
8,242
2,640
1,984
1,975
1,568
1,565
1,557

659
277
193
78
51

USD

4,447

3,044
559
554
266
209
148
148
142
88
83
70
54
35
22
18
3

1,403
274
231
172
101
82
78
68
22
16
16
13
13
13
5
2
2
1
0

JPY

285,150

195,574
42,930
45,132
15,222
23,033
6,544
9,267

13,718
1,801
9,139
4,148
9,017

498
69

668
226

89,576
25,570
12,190
6,962
3,793

29,593
3,870
2,723
1,023
1,782
1,682
1,060

291
1,316

115
63

321
36
13

USD

2,356

1,616
355
373
126
190
54
77

113
15
76
34
74
4
1
6
2

740
211
101
58
31

244
32
22
8

15
14
9
2

11
1
1
3
0
0

JPY

200,602

109,746
28,735
15,461
12,289
6,446
4,998
7,140
7,011
5,310
7,412
5,250
1,494
2,528

263
1,113

125

90,857
14,055
20,477
4,406
1,419

24,448
2,863
2,531
1,028
2,693

709
240
708

1,168
262
127
149
13
45

USD

1,657

907
237
128
102
53
41
59
58
44
61
43
12
21
2
9
1

751
116
169
36
12

202
24
21
8

22
6
2
6

10
2
1
1
0
0

JPY

1,024,006

673,780
139,320
127,618
59,731
54,796
29,445
34,278
37,893
17,791
26,562
17,910
17,091
7,294
2,953
3,959

684

350,226
72,812
60,658
32,188
17,411
63,977
16,116
13,495
4,691
6,458
4,366
2,868
2,564
4,041
1,035

466
663
126
109

USD

8,460

5,566
1,151
1,054

493
453
243
283
313
147
219
148
141
60
24
33
6

2,893
602
501
266
144
529
133
111
39
53
36
24
21
33
9
4
5
1
1

Direct medical costs* Indirect mortality costs* Indirect morbidity costs* Total costs*
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in women (\24,448 million/$202 million).
 Table 4 presents the total economic costs of cancer 
attributable to each of the five modifiable risk factors for 
both sexes. The economic burden of cancer caused by 
infection was highest among all modifiable risk factors 
(\478,774 million/$3,955 million), followed by active 
tobacco smoking (\434,048 million/$3,586 million) and 
alcohol drinking (\172,129 million/$1,422 million).

Discussion

This report draws on updated estimates of cancer burden 
attributable to modifiable factors in Japan in 2015 
published by Inoue et al. (8). Because cancer constitutes 
12% of the direct costs of healthcare in Japan as of 2015 
(13), and 35.4% of the direct medical costs of cancer 
are associated with lifestyle and environmental factors, 
controlling the modifiable risk factors may save more 
than 4% of healthcare costs. Further, this study found 
that the indirect costs of cancer made up around 46.8% 
of the total costs. The indirect cost of morbidity in our 
study is analogous to that in a previous report in Japan in 
2011, which estimated this cost to be around \295,900 
million for men (33). On the other hand, our estimate 
of the indirect morbidity cost in women was higher 
(\359,561 million) than their estimate (\156,900 million) 
(33). This difference is because they used the sex- and 
age-specific average daily wage, whereas we used the 
age-specific average daily wage common for both men 
and women, to take account of the potential full earnings 
lost according to market value.
 Our study found that there were around 1.1 times 
more male cancer patients than female patients in Japan 

in 2015, and that the total economic costs of cancer did 
not considerably differ between men and women. This 
is because female breast cancer, which is by far the most 
common female cancer in Japan, accounted for by far the 
greatest economic burden in terms of not only direct costs 
but also indirect mortality costs and indirect morbidity 
costs. Breast cancer begins to occur in working-age 
women in their 40s (2), and the indirect costs of cancer 
rise when premature deaths occur or patients receive 
treatment at a younger age. For the same reason, cervical 
cancer ranked second in indirect morbidity and mortality 
costs in women although the direct medical costs ranked 
only 12th among all the cancer sites investigated in this 
study.
 It was not surprising to find that lung, stomach, 
colon and male prostate cancer incurred a heavy 
economic burden in terms of both direct medical costs 
and indirect costs, as these are the most commonly 
reported types of cancer in Japanese (2). Previous 
reports from the European Union are consistent with 
our findings - lung cancer showed the highest economic 
cost followed by breast cancer, colorectal cancer and 
prostate cancer but not stomach cancer (10). In Korea, 
where Helicobacter pylori infection is prevalent (34), 
the economic burden of cancer was heaviest in stomach 
cancer, followed by liver, lung, and colorectal cancers 
in 2015 (11).

Economic burden attributable to modifiable risk factors

According to our estimation, the economic burden 
of cancer was highest in cancers that are caused by 
infection, namely Helicobacter pylori (H.pylori) for 
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Table 4. Breakdown of total economic costs by major modifiable risk factors*, both sexes, Japan, 2015

Cancer Site

All cancers
     Oral cavity and pharynx
     Esophagus
     Stomach
     Colon
     Rectum
     Liver
     Gallbladder and bile ducts
     Pancreas
     Larynx
     Lung, trachea
     Breast
     Cervix uteri
     Corpus uteri
     Ovary
     Prostate
     Bladder
     Kidney and other urinary organs
     Malignant lymphoma
     Leukemia
*Data are millions of Japanese yen (JPY) and US dollars (USD). Note that the sum of the economic costs of all risk factors occasionally exceeds 
the total economic costs presented in Table 2 because of the co-prevalence of multiple risk factors in a person.

JPY

434,048
19,951
28,435
35,472
16,303
12,456
24,401

0
19,952
6,486

138,553
0

9,241
0
0
0

18,809
17,596

0
14,873

USD

3,586
165
235
293
135
103
202

0
165
54

1,145
0

76
0
0
0

155
145

0
123

Active smoking Alcohol Infections Excess body weight

JPY

172,129
13,049
29,784
10,731
33,146
21,562
26,145

0
0

2,667
0

27,186
0
0
0
0
0
0
0
0

USD

1,422
108
246
89

274
178
216

0
0

22
0

225
0
0
0
0
0
0
0
0

JPY

478,774
6,933

0
210,993

0
0

60,655
0
0
0
0
0

63,977
0
0
0
0
0

6,531
28,072

USD

3,955
57
0

1,743
0
0

501
0
0
0
0
0

529
0
0
0
0
0

54
232

JPY

19,041
0

162
1,110
4,619
3,082
3,102

820
0
0
0

1,904
0

270
0

2,992
0

1,029
0
0

USD

157
0
1
9

38
25
26
7
0
0
0

16
0
2
0

25
0
9
0
0

JPY

33,726
0
0
0

9,890
6,991

0
0
0
0
0

22,159
0

5,896
0
0
0
0
0
0

USD

279
0
0
0

82
58
0
0
0
0
0

183
0

49
0
0
0
0
0
0

Physical inactivity



Global Health & Medicine. 2023; 5(4):238-245.Global Health & Medicine. 2023; 5(4):238-245.

(244)

stomach cancer (85%) and human papillomavirus (HPV) 
for cervical cancer in women (100%) (20). In other 
words, \210,993 million ($1,743 million) could have 
been saved if no infection from H.pylori had occurred, 
and \63,977 million ($529 million) could have been 
saved if no one had been infected by HPV in Japan. 
Further, active tobacco smoking constituted as much as 
23.6% in men and 4.0% in women of the total population 
attributable fraction of cancer incidence in Japan in 2015 
(17). This implies that a total of \434,048 million ($3,586 
million) was lost in Japan due to tobacco smoking.

Limitations

Some limitations of this study warrant mention. First, 
we were not able to consider direct non-medical costs 
in our analysis. Access to medical facilities to receive 
treatment varies by geographic region in Japan, where 
islands are sparsely located, yet the NDB Japan data do 
not record the place of residence of patients. Therefore, 
we were unable to estimate distance to medical facilities. 
Second, although we considered productivity loss due 
to premature mortality and absenteeism from work, we 
were not able to estimate the impact of presenteeism 
(partial loss of productivity on days a patient did work) 
in our productivity loss estimation due to a paucity of 
data. Third, we were not able to estimate the informal 
care provided by family members, because data on the 
days and hours of informal care for each type of cancer 
were not available. Nonetheless, this study provides 
the first evidence on the direct medical costs, indirect 
morbidity and mortality costs, and costs associated 
with lifestyle and environmental factors in Japan from a 
societal perspective.
 In conclusion, this study reported that the overall 
cost of cancer attributable to lifestyle and environmental 
factors was \1,024,006 million ($8,460 million) in 
Japan in 2015. Productivity loss associated with 
modifiable factors was highest in stomach cancer in 
men (\28,735 million/$237 million) and cervical cancer 
in women (\24,448 million/$202 million). Preventing 
and controlling cancers caused by infections, including 
H.pylori and HPV, and tobacco smoking will not only be 
life-saving but may also be cost-saving in the long run.
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Sorafenib represents the first medical treatment aiming to 
control hepatocellular carcinoma (HCC) progression with 
some success. Without any doubt, it is a breakthrough 
in the management of this tumor. As a matter of fact, it 
represents a boost for the scientific community. A pillar 
indicating the mainstream has followed, and from which 
nowadays many other more than promising drugs have 
grown up. Apparently, just a virtuous story, in reality a 
story hiding a modality, which the scientific community 
should review and reconsider. 
 The story started literally as follows. The first release 
showing the potential role of Sorafenib was the paper of 
Llovet et al. published in 2008 (1). Patients' selection was 
disclosed as follows: "The study population consisted of 
patients with advanced-stage hepatocellular carcinoma, 
as confirmed by pathological analysis. None of the 
patients had received previous systemic therapy. Patients 
were classified as having advanced disease if they were 
not eligible for or had disease progression after surgical 
or locoregional therapies". The target population was then 
clearly stated and could be disclosed also as follows: any 
HCC not suitable for surgery or any other locoregional 
therapy or progressing after these treatments would 
have been eligible for the study. Then, everyone may 
agree that the background population was not including 
all those patients operated on for HCC independently 
from the degree of organ invasion. That paper did not 
capture those patients with HCC even multinodular or 
with vascular invasion who were treated successfully 
surgically, because they were not even seen. In the same 
year that population, unseen by the aforementioned 

study, appeared in two reports showing the benefit of 
the surgical treatment for those patients (2,3): those 
patients were those carriers of multiple HCC or HCC 
with macrovascular invasion. These patients before the 
cited reports (1-3) were classified in the Barcelona Clinic 
Liver Cancer (BCLC) staging classification (4) as just 
amenable for palliation. However, given all of that the 
term palliation was changed in medical treatment both 
in the new BCLC versions (5), and in the treatment 
recommendation of the European Association for the 
Study of the Liver (EASL) guidelines (6). The die was 
cast and surgery for advanced and multinodular HCC 
had no room, despite the population explored by Llovet 
et al did not catch that patients' profile, and other reports 
were emphasizing the role of resection for them (2,3). In 
2013, a large multi-institutional series collecting more 
than the 2000 consecutive patients operated on for HCC 
in 10 tertiary referral centers worldwide distributed, 
showed how advanced and multinodular presentations 
represented half of those operated on, and outcome 
was anything but negligible (7). That report strongly 
suggested to the community that there was a dark matter, 
which was not represented in the guidelines because of 
the inadvertent mismatch of different populations once 
the guidelines were released (6). Several confirmatory 
reports followed (8-11). All of them strongly claimed 
to reconsider the recommendations, suggesting the 
existence of another population of patient carriers of 
multinodular and advanced HCC but profitably amenable 
to surgical treatment. However, the 2018 EASL 
guidelines literally reported as follows: "Liver resection 
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can only be considered for PV1/2 extension of HCC, 
and only then as an option to be tested within research 
settings and not to be considered a standard of practice" 
(12). Then, a surgical approach despite its consolidated, 
and reproducible short and long-term results obtained 
dealing with a patients' population overtly missed by 
the study of Llovet et al. (1), was officially addressed as 
an experimental procedure. Inversely, Sorafenib raised 
the standard of care for treatment of multinodular and 
advanced HCC because the high level of evidence of the 
report sustaining that. A report, for sure methodologically 
perfect, but overtly referred just to a portion of the 
population of patients with advanced or multinodular 
HCC: those who were unresectable. Then, a study perfect 
to prove the role of Sorafenib, but fairly useless for 
drawing any reliable conclusion about the role of surgery 
in patients with advanced and multinodular HCC was 
conducted. 
 Undoubtedly, the introduction of Sorafenib has led 
to several positive effects. New more than promising 
antiangiogenic molecules have followed (13) . 
Immunotherapy combined with antiangiogenic therapy 
has strongly entered into the treatment of HCC, too (14). 
All of that has induced a significant guidelines revision 
(15) profiling Sorafenib as a second line systemic therapy 
in the event of advanced HCC. Concerning surgery 
nothing changed. That, despite, progress in the systemic 
treatment rather than displacing surgery as previously are 
even leading some authors to consider surgery for that 
patients' population carriers of unresectable advanced 
and multinodular HCC, which was the population 
considered in the study of Llovet et al. (1,16,17). Then, 
at the end, surgery has gained relevance just by the 
improvements of systemic treatments, which initially and 
inappropriately displaced it (18). However, in the last 
decade and somehow until now, a potentially curative 
treatment as surgery is, even for patients with advanced 
HCC, has not been considered by a consistent part of 
the medical community. The medical community should 
be warned of that. Nevertheless, the latest report seems 
reluctant to reconsider the recommendations accordingly 
(15). The different population considered by Llovet et al. 
(1), the patient carriers of unresectable advanced HCC, 
remains the only group of patients considered, while 
those patients with advanced but resectable HCC remains 
unseen and not represented in the recommendations. A 
misinterpretation, which should be admitted, recognized, 
and not repeated: hopefully, these few words may help.
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Introduction

Strengthening nursing leadership in health and academic 
systems is the priority for achieving Universal Health 
Coverage (UHC) and other health goals, as stated in the 
Global Strategic Directions for Nursing and Midwifery 
2021–2025 (1). The first State of the World's Nursing 
Report revealed the need for investments in leadership 
development of both current and future leaders to 
ensure that nurses have an influential role in the health 
policy formulation and decision-making, together with 
a massive acceleration of nursing education and the 
creation of nursing jobs to address the projected shortage 
and inequitable distribution of nurses worldwide (2).
 The Japanese Official Development Assistance 
program has been providing technical and financial 
support for the capacity development of nurses and 
midwives since the 1990s. Technical advisors on nursing 
were sent to Lao People's Democratic Republic (Lao 
PDR), Vietnam, Cambodia, and Myanmar, among 
other Southeast Asian countries. The cooperation 
initially focused on improving nursing management 
and in-service training in the hospital settings, and then 
expanded to strengthening the health system including 

the primary health care settings. Since the 2000s, the 
development of a regulatory framework for a registration 
and licensing system has been a common goal, as the 
Association of Southeast Asian Nations (ASEAN) 
member states have signed Mutual Recognition 
Arrangements. Moreover, enhancing the capacity of 
educators/trainers and leadership development has been 
the current focus to ensure the safety and quality of 
healthcare services (3).
 We aimed to analyse the characteristics of Japanese 
technical assistance projects for nursing in Lao PDR and 
suggest directions for future assistance in nursing human 
resource development.
 Table 1 shows the chronology of regulations and 
policies related to human resources for health, education 
programs for nurses, regulations for nursing education 
and services, and Japanese technical assistance in Lao 
PDR, explaining how these regulations and policies 
related have emerged.

Ensuring the quality of healthcare professionals

The Government of Lao PDR has committed to 
establishing an effective system to ensure UHC by 
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2025 since the adoption of the Health Sector Reform 
Framework in 2014, and its revision in 2022, which 
were the official documents unavailable online. In 
this framework, human resources for health are one 
of the five pillars in the Strategy to achieve UHC: 
health service delivery, governance, management, 
coordination, health financing, health information, 
planning, monitoring, and evaluation. Aligned with 
the Health Sector Reform Framework, the Lao PDR 
Ministry of Health (MoH) has been developing and 
implementing an action plan called the Health Sector 
Development Plan every 5 years (2016; 2020), which 
were the official documents unavailable online. In this 
plan, health personnel management, health personnel 
development, and health science research are part of the 
national programs (2020).
 In 2015, the MoH implemented the Strategy on 
Healthcare Professional Licensing and Registration 
System in Lao PDR 2016–2025 to ensure the safety 
and quality of healthcare providers. Until then, 
graduation was the only requirement to be deployed by 
the MoH as healthcare personnel, due to the absence 
of a licensing system (4). Subsequently, the MoH 
reappointed the Healthcare Professional Council, which 
played a key role in endorsing the regulations necessary 
to develop the new system in 2017. These include 
the registration and licencing of current healthcare 
professionals who meet the qualifications, the conduct 
of licencing examinations for new graduates, and the 
implementation of standards for foreign healthcare 
practitioners following the requirements of the ASEAN 
Mutual Recognition Arrangements which was signed 
in 2006. Furthermore, the MoH is currently revising 
the Law on Health Care (2005; 2014) in accordance 
with the licencing system and developing a new Health 
Personnel Development Strategy (2011).

Nursing human resource development

Lao PDR is a lower-middle-income country located 
in the Indochina Peninsula, with a population of 7.4 
million in 2021. Rural residents accounted for 63% of 
the population in 2021 (5). A total of 7,930 (40% of 
the total health workers) nursing workers were in the 
public sector in 2020, which eventually increased to 
7,115 (36%) in 2014, according to the Annual Report 
on Health Personnel Distribution 2019–2020 and 2014 
which were official documents released by MoH, 
not available online. During this period, the ratio per 
1,000 population remained 1:1. Approximately 64% 
of the nursing workforce were assigned in the district 
and health centre levels, providing primary healthcare 
services. Currently, two professional educational 
programs for nurses are available: a 4-year bachelor's 
course and a 3-year higher diploma course. Since 
2011, the bachelor's course has been offered only in 
the Faculty of Nursing Sciences, University of Health 
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Sciences, in the capital of Vientiane. Higher diploma 
courses that were introduced in 2009 are currently 
offered in eight provincial-level educational institutions. 
Both courses require 12 years of general education for 
admission (6).
 The Ministry of Home Affairs divided the public 
sector health workforce into three levels according 
to the status of civil servants: high, middle, and low. 
Nurses who completed the above programs were 
categorised as high-level nurses, accounting for 22% 
of the nursing workforce. The other 55% and 23% of 
the nurses were in the middle- and low-level nursing 
workforce, as they had completed the previous 
educational programs within less than 3 years, referred 
to the Annual Report on Health Personnel Distribution 
2019–2020 which was official documents released 
by MoH, not available online. Therefore, educational 
institutions have been continuously offering courses 
to nurses who want to achieve a higher diploma and 
bachelor's degree since 2010 and 2017, respectively 
(6). From 1990, four batches of Laotian nurses were 
able to complete a bachelor's degree in Thailand 
(personal communication with Nursing and Midwifery 
board members, 2023). A joint program with Konkaen 
University, Thailand, started in-county continuous 
courses in 2002 at the Faculty of Nursing Sciences, 
University of Health Sciences, to support nurses achieve 
a bachelor's degree (7). Most graduates who completed 
this program took master's and PhD programs overseas 
under the official recognition of the MoH.
 As of 2020 in Health Personnel Information 
Management System, 28 nurses completed a master's 
degree or higher in nursing. As they are considered 
highly educated, they became the leaders of the 
workforce in terms of the administrative, educational, 
and clinical aspects. However, the younger generation 
was underrepresented; none of the 28 nurses included 
those aged < 30 years, 25% were between 31 to 45 
years old, and half were 50 years and older. Due to the 
limited health budget, young nurses must spend several 
years working as volunteers or contract staff status to 
be recruited as civil servants. Civil servants' status is 
a requirement criterion for upgrading opportunities. 
Therefore, the chances for upgrading for younger 
generations were minimal (8).

Technical assistance projects for nurses to strengthen 
the human resource development by the Japanese 
Official Development Assistance

In Lao PDR, technical assistance projects for nurses, 
implemented by the Japan International Cooperation 
Agency under the Japanese Official Development 
Assistance (hereafter, the project), were initiated in 
2005 to strengthen the human resource development 
system in terms of the administrative, educational, 
and clinical aspects. The first project supported the 

development of nursing and midwifery regulations 
as a foundation for providing professional services 
by stipulating the scope of nursing practice (2007), 
establishing management and implementation 
guidelines of quality assurance for nursing educational 
institutions (2008), and developing a guidebook on 
fundamental nursing practice to improve the quality of 
nursing education.
 The second project involved the development 
of a national competency framework for licenced 
nurses (2013), the revision of the associate diploma 
curriculum into a competency-based curriculum (2013), 
and the provision of various training programs for 
nurse educators and clinical instructors to bridge the 
gap between actual nursing services and stipulated 
regulations (2015; 2016). Meanwhile, the project 
supported the development of the abovementioned 
national strategy for the registration and licencing of 
healthcare professionals in 2015 (3).
 Following the above strategy, the third project aims 
to establish a licencing system in Lao PDR. Fulfilling 
the criteria of the ASEAN Mutual Recognition 
Arrangements, the Nursing and Midwifery board 
(hereafter, the board) of the Healthcare Professional 
Council has developed various official documents (e.g., 
decisions and instructions) to establish registration 
and licensing system, including National Licensure 
Examination and Professional Internship Program from 
2017. Three rounds of National Licensure Examination 
as a competency assessment since 2020 has been 
conducted. The examination committee, consisting of 
board members, faculty members, and clinical leaders, 
developed an examination blueprint in line with the 
curriculum and course syllabus; created a question bank; 
and examined the quality of questions using indicators 
such as the rate of correct answers and quality index. 
According to the cycle management system, the quality 
of examination questions improved gradually (9). In 
addition to the written licensure examination, the MoH 
implemented a mandatory clinical internship training 
program to ensure clinical nursing competency since 
2022. To this end, the board revised the competency 
framework following the ASEAN core competencies 
(2021) and developed an 8-month training curriculum. 
Central and selected provincial hospitals have offered 
this training program to those who passed the above 
examinations. The project supported providing trainings 
for clinical instructors in conducting clinical teaching 
for new graduates and strengthening the training 
management system by enabling central hospitals to 
provide supportive supervision to provincial hospitals. 
In December 2022, the first cohort of 37 new graduates 
who completed the program received their professional 
licences, marking the achievement of a milestone in 
the new registration and licencing system of Lao PDR. 
Moreover, other healthcare boards under the Healthcare 
Professional Council followed suit with the lessons 
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learned to establish this new system, modelling the 
efforts of the board and the project.

Nursing leaders' involvement in the improvement of 
healthcare services

Nursing leaders in administration, education, and 
clinical practice have contributed to the strengthening 
of healthcare services in Lao PDR. Currently, they play 
vital and responsible roles in decision-making under the 
MoH, such as deputy directors of hospitals and deans 
and vice deans of educational institutions. They are also 
actively cooperating with various development partners, 
including multilateral and bilateral organisations and 
non-governmental organisations, to respond to the 
healthcare needs of the diverse population in Lao PDR. 
They also follow the requirements of the ASEAN Joint 
Coordination Committee and directions from the global 
nursing community. With the support of the Thailand 
International Cooperation Agency, nursing leaders 
are currently developing a clinical nursing leadership 
competency framework. In the future, they aim to 
establish the National Nursing Association as one of the 
three pillars, along with the Government Chief Nursing 
Officer and the board. One of the core nursing leaders 
stated, "We are looking at the same direction to improve 
the quality of nursing care in Lao PDR". This is one 
of the strengths of the human resource development 
system in the Lao PDR, which leverages and enhances 
the nursing leaders' solidarity.

Further improvement and necessary investment for 
nursing human resource development

The long-term perspective and commitment of the MoH 
has played a substantial role in the development and 
implementation of healthcare policies (10). Needless to 
say, the MoH's strategy of offering bridging courses to 
prepare for higher degrees in nursing since the 1990s 
has contributed to the development of nursing leaders. 
Technical assistance from development partners has 
had synergistic effects by consistently promoting the 
involvement of nursing leaders in the administration, 
education, and clinical practice in establishing a 
functional regulatory system for nursing professionals 
and providing services in resource-limited settings 
for 20 years. Nursing leaders are essential in driving 
implementation and linking all necessary regulatory 
functions (11,12). The development of human resources 
in low- and middle-income countries requires the 
application of edge-pulling (leadership development) and 
bottom-up (quality improvement of the mass population) 
strategies based on long- and middle-term perspectives 
(13). Furthermore, nursing leaders are expected to 
contribute to evidence-based policy-making in workforce 
governance and management (1).
 Therefore, in line with the government policies as 

the Ministry of Health mitigated criteria for upgrading 
courses (2021), development partners should continue 
to invest in increasing the number and quality of 
nursing leaders through upgrading courses (14) and 
leadership training programs (15) starting from the 
younger generation (1), in collaboration with academic 
institutions and professional organisations. While 
the Lao Women's Union has played a central role in 
developing and promoting the status of women for 
over 40 years, and the Lao PDR government has made 
progress in adapting Law on Gender Equity (No.77/
NA, 2019) to enhance gender equality in political 
participation, economic opportunities, education, 
labour and social protection (16), many female leaders 
are reluctant to take up chances because of their 
life courses. Thus, it is important for further gender 
considerations should be taken into account, in line with 
the Lao PDR government's efforts as a principle for the 
implementation of Official Development Assistance (17). 
Such investments would contribute to the achievement 
of UHC and education, gender equality, decent work, 
and inclusive economic growth among the targets for 
Sustainable Development Goals (2).
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Cervical cancer is the fourth most common cancer 
in women, with an estimated 604,127 reported cases 
in 2020 worldwide (1). Still, the incidence has been 
mitigated in most high-income countries through the 
promotion of the human papilloma virus (HPV) vaccine 
(2). Unfortunately, this is not the case in Japan, where 
cervical cancer is still the second leading cause of 
mortality and the most prevalent form of cancer among 
women aged between 15 and 39 (3).
 The dire situation can be partly attributed to the 
7-year-long suspension of proactive recommendations for 
HPV vaccination by the Japanese government. Despite 
the implementation of a government-subsidized HPV 
vaccination program in 2010 and its establishment as a 
routine, a publicly-funded vaccine for girls aged 12 to 
16 years since April 2013, the immediate suspension of 
public recommendations since June 2013 due to a small 
number of reported adverse events resulted in a steep 
decline in vaccination coverage, which plummeted from 
over 70% to less than 1% in a birth fiscal year cohort and 
persisted for nearly seven years (4). However, as Figure 

1, which shows the trend of HPV vaccination coverage 
among the target population in Japan using publicly 
available data from the Ministry of Health, Labor and 
Welfare website (5), suggests, there are indications that 
this trend is reversing in Japan.
 In 2020, a volunteer group of doctors initiated 
awareness-raising activities on the issue through social 
networking services and other platforms such as Twitter 
(6), leveraging accumulated domestic scientific evidence 
that had been amassed over the preceding seven years, 
which revealed there was no association between HPV 
vaccine and reported post-vaccination symptoms (7). 
In the case of vaccination against coronavirus disease 
2019 (COVID-19), such activities were reported to have 
reduced Japanese university students' vaccine hesitancy 
(8), and similar results were likely achieved with regard 
to HPV vaccination. Indeed, the target population that 
received at least one dose of the vaccine in the fiscal year 
2020 increased to 15.9% from 3.3% in the previous year.
 Subsequently, the Japanese government changed its 
policy; it approved the updated 9-valent HPV vaccine in 
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July 2020 and resumed recommendations in November 
2021. In line with a previous analysis concerning 
changes in policy defaults that contributed to significant 
changes in people's behavior (9), 30.1% of those eligible 
for routine HPV vaccination had received at least one 
vaccination from April 2022, when local governments 
resumed distribution, to September of the same year. 
According to government statistics, this is almost double 
compared to 15.9% in the fiscal year 2020.
 Although Japan's HPV vaccine hesitancy is still 
conspicuous compared to other countries worldwide, the 
multiplier efforts have supported a recovery trend in the 
coverage. Also, the increase in COVID-19 vaccination 
coverage may have contributed to lessening vaccine 
hesitancy (10), resulting in more HPV vaccine coverage 
among the population. However, the coverage is still 
far from the sufficient level of 90%, which the World 
Health Organization has recommended, and continued 
communication and education about the long-term 
preventive benefits of the HPV vaccine is essential to 
achieve optimal coverage.
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Figure 1. Trends of the human papilloma virus (HPV) vaccine coverage among the target population in Japan. (Note: As 
for 2022, only data from April to September was publicly available.)
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1. Scope of Articles 

Global Health & Medicine is (Print ISSN 2434-9186, Online ISSN 
2434-9194) is an international, open-access, peer-reviewed journal 
dedicated to publishing high-quality original research that contributes 
to advancing global health and medicine, with the goal of creating a 
global information network for global health, basic science as well as 
clinical science oriented for clinical application.

We encourage submission of original research findings in the fields 
of global health, public health, and health care delivery as well as the 
seminal and latest research on the intersection of biomedical science 
and clinical practice.

2. Types of Articles 

Original Articles should be well-documented, novel, and significant to 
the field as a whole. They should include an abstract and be structured 
as follows: Title page, Abstract, Introduction, Materials and Methods, 
Results, Discussion, Acknowledgments, References, Figures and/
or Tables; and Supplementary Data, if appropriate. Original articles 
should not exceed 5,000 words in length (excluding references) and 
should be limited to a maximum of 50 references. Articles may contain 

a maximum of 10 figures and/or tables. Supplementary Data are 
permitted but should be limited to information that is not essential to 
the general understanding of the research presented in the main text, 
such as unaltered blots and source data as well as other file types. 

Brief Reports definitively documenting either experimental results 
or informative clinical observations will be considered for publication 
in this category. Brief Reports are not intended for publication of 
incomplete or preliminary findings. Brief Reports should not exceed 
3,000 words in length (excluding references) and should be limited to 
a maximum of 5 figures and/or tables and 30 references. Brief Reports 
should be structured as follows: Title page, Abstract, Introduction, 
Materials and Methods, Results and Discussion, Acknowledgments, 
References, Figures and/or Tables; and Supplementary Data, if 
appropriate. 

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews should 
not exceed 8,000 words in length (excluding references) and should 
be limited to a maximum of 100 references and up to 10 figures and/
or tables. Mini reviews are also accepted, which should not exceed 

4,000 words in length (excluding references), have no more than 50 
references, and have up to 5 figures and/or tables. 

Policy Forum articles discuss research and policy issues in areas 
related to global health and medicine, such as public health, medical 
care, and social science that may address governmental issues at 
district, national, and international levels of discourse. Policy Forum 
articles should not exceed 3,000 words in length (excluding references), 
have no more than 30 references, and have up to 5 figures and/or tables. 

Communications are short, timely pieces that spotlight new research 
findings or policy issues of interest to the field of global health and 
medical practice that are of immediate importance. Depending on 
their content, Communications will be published as "Perspectives", 
"Comments", or "Correspondence". Communications should not 
exceed 2,000 words in length (excluding references), have no more 
than 20 references, and have up to 2 figures and/or tables. 

Editorials are short, invited opinion pieces that discuss an issue of 
immediate importance to the fields of global health, medical practice, 
and basic science oriented for clinical application. Editorials should 
not exceed 1,000 words in length (excluding references), have no more 
than 10 references, and have one figure or table. 

Letters are articles that provide readers with an opportunity to respond 
to an article published in Global Health & Medicine within the 
previous two months or to raise issues of general interest to our readers. 
Letters should provide new information or insights. If appropriate, 
letters are sent to the authors of the article in question for a response. 
Letters should not exceed 1,000 words in length (excluding references), 
have no more than 10 references, and have one figure or table. 

News articles should report the latest events in health sciences and 
medical research from around the world. News should not exceed 800 
words in length (excluding references), have no more than 5 references, 
and have one figure or table. 

3. Formatting Guidelines

Manuscripts should be written in clear, grammatically correct English 
and submitted as a Microsoft Word file in a single-column format. 
Manuscripts must be paginated and typed in 12-point Times New 
Roman font with 24-point line spacing. Please do not embed figures in 
the text. Technical terms should be defined. Abbreviations should be 
used as little as possible and should be explained at first mention unless 
the term is a well-known abbreviation (e.g. DNA). Single words should 
not be abbreviated. Please include page numbers in your submitted file. 
We also encourage use of line numbers. 

The submission to Global Health & Medicine should include: 

    1. Cover letter
    2. Main manuscript
    3. Figures
    4. Supplementary Data, if appropriate

The main manuscripts should be assembled in the following order: 

    1. Title page
    2. Abstract
    3. Main Text
    4. Acknowledgments
    5. References
    6. Tables
    7. Figure Legend
    8. List of Supplementary Data, if appropriate

For manuscript samples, please visit https://www.globalhealthmedicine.
com/site/download.html (Download Center).

Please provide all figures as separate files in an acceptable format (TIFF 
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or JPEG). Supplementary Data should also be submitted as a single 
separate file in Microsoft Word format. 

An abstract is necessary for all types of articles. An Original Article 
should be structured as follows: Title page, Abstract, Introduction, 
Materials and Methods, Results, Discussion, Acknowledgments, 
References, Figures and/or Tables; and Supplementary Data, 
if appropriate. A Brief Report contains the same sections as an 
Original Article, but the Results and Discussion sections should be 
combined. For manuscripts that are Reviews, Policy Forum articles, 
Communications, Editorials, Letters, or News, subheadings should be 
used for increased clarity. 

4. Manuscript Preparation

Title page: The title page must include 1) the title of the paper 
(Please note the title should be short, informative, and contain the 
major key words); 2) full name(s) and affiliation(s) of the author(s), 
3) abbreviated names of the author(s), 4) full name, mailing address, 
telephone/fax numbers, and e-mail address of the corresponding author; 
and 5) conflicts of interest (if you have an actual or potential conflict of 
interest to disclose, it must be included as a footnote on the title page of 
the manuscript; if no conflict of interest exists for each author, please 
state "There is no conflict of interest to disclose"). 

Abstract: The abstract should briefly state the purpose of the study, 
methods, main findings, and conclusions. For articles that are Original 
Articles, Brief Reports, Reviews, or Policy Forum articles, a one-
paragraph abstract consisting of no more than 250 words must be 
included in the manuscript. For Communications, Editorials, Letters, 
and News, a one-paragraph brief summary of the main content in 150 
words or less should be included in the manuscript. Abbreviations 
must be kept to a minimum and non-standard abbreviations should be 
explained in brackets at first mention. References should be avoided in 
the abstract. Three to six key words or phrases that do not occur in the 
title should be included on the Abstract page. 
Introduction: The introduction should provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings. 

Materials/Patients and Methods: The description should be brief but 
with sufficient detail to enable others to reproduce the experiments. 
Procedures that have been published previously should not be described 
in detail but appropriate references should simply be cited. Only new 
and significant modifications of previously published procedures 
require complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given and 
sources of animals and cell lines should always be indicated. All 
clinical investigations must have been conducted in accordance with 
the Declaration of Helsinki (as revised in 2013, https://wma.net/what-
we-do/medical-ethics/declaration-of-helsinki). All human and animal 
studies must have been approved by the appropriate institutional review 
board(s) and a specific declaration of approval must be made within 
this section. 

Results: The description of the experimental results should be succinct 
but in sufficient detail to allow the experiments to be analyzed and 
interpreted by an independent reader. If necessary, subheadings may 
be used for an orderly presentation. Two levels of subheadings may 
be used if warranted, please distinguish them clearly. All Figures and 
Tables should be cited in order, including those in the Supplementary 
Data. 

Discussion: The data should be interpreted concisely without repeating 
material already presented in the Results section. Speculation is 
permissible, but it must be well-founded, and discussion of the wider 
implications of the findings is encouraged. Conclusions derived from 
the study should be included in this section. 

Acknowledgments: All funding sources should be credited in the 

Acknowledgments section. In addition, people who contributed to the 
work but who do not meet the criteria for authors should be listed along 
with their contributions. 

References: References should be numbered in the order in which they 
appear in the text. Two references are cited separated by a comma, 
with no space, for example (1,2). Three or more consecutive references 
are given as a range with an en rule, for example (1-3). Citing of 
unpublished results, personal communications, conference abstracts, 
and theses in the reference list is not recommended but these sources 
may be mentioned in the text. In the reference list, cite the names of all 
authors when there are fifteen or fewer authors; if there are sixteen or 
more authors, list the first three followed by et al. Names of journals 
should be abbreviated in the style used in PubMed. Authors are 
responsible for the accuracy of the references. The EndNote Style of 
Global Health & Medicine could be downloaded at Download Center.

Examples are given below: 

Example 1 (Sample journal reference): 
Kokudo N, Hara T. "History, Tradition, and Progress": The ceremony 
of 150th Anniversary of the National Center for Global Health and 
Medicine held in Tokyo, Japan. BioSci Trends. 2019; 13:105-106. 

Example 2 (Sample journal reference with more than 15 authors): 
Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of lung 
cancer: collaborative analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223. 

Example 3 (Sample book reference): 
Shalev AY. Post-traumatic stress disorder: Diagnosis, history and life 
course. In: Post-traumatic Stress Disorder, Diagnosis, Management 
and Treatment (Nutt DJ, Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15. 

Example 4 (Sample web page reference): 
World Health Organization. The World Health Report 2008 – primary 
health care: Now more than ever. http://www.who.int/whr/2008/whr08_
en.pdf (accessed March 20, 2022). 

Tables: All tables should be prepared in Microsoft Word and should 
be arranged at the end of the manuscript after the References section. 
Please note that tables should not be in image format. All tables should 
have a concise title and should be numbered consecutively with Arabic 
numerals. Every vertical column should have a heading, consisting of 
a title with the unit of measure in parentheses. If necessary, additional 
information should be given below the table. 

Figure Legend: The figure legend should be typed on a separate page 
of the main manuscript and should include a short title and explanation. 
The legend should be concise but comprehensive and should be 
understood without referring to the text. Symbols used in figures must 
be explained. Any individually labeled figure parts or panels (A, B, 
etc.) should be specifically described by part name within the legend. 

Figure Preparation: All figures should be clear and cited in numerical 
order in the text. Figures must fit in a one- or two-column format 
on the journal page: 8.3 cm (3.3 in.) wide for a single column, 17.3 
cm (6.8 in.) wide for a double column; maximum height: 24.0 cm 
(9.5 in.). Please make sure that the symbols and numbers appearing 
in the figures are clear. Please make sure that artwork files are in 
an acceptable format (TIFF or JPEG) at minimum resolution (600 
dpi for illustrations, graphs, and annotated artwork, and 300 dpi for 
micrographs and photographs). Please provide all figures as separate 
files. Please note that low-resolution images are one of the leading 
causes of article resubmission and scheduling delays. 

Units and Symbols: Units and symbols conforming to the International 
System of Units (SI) should be used for physicochemical quantities. 
Solidus notation (e.g. mg/kg, mg/mL, mol/mm2/min) should be used. 
Please refer to the SI Guide www.bipm.org/en/si/ for standard units. 
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Ethical Approval of Studies and Informed Consent: For all 
manuscripts reporting data from studies involving human participants 
or animals, formal review and approval, or formal review and waiver, 
by an appropriate institutional review board or ethics committee is 
required and should be described in the Methods section. When your 
manuscript contains any case details, personal information and/or 
images of patients or other individuals, authors must obtain appropriate 
written consent, permission, and release in order to comply with all 
applicable laws and regulations concerning privacy and/or security 
of personal information. The consent form needs to comply with the 
relevant legal requirements of your particular jurisdiction, and please 
do not send the signed consent form to Global Health & Medicine 
in order to respect your patient's and any other individual's privacy. 
Please instead describe the information clearly in the Methods (patient 
consent) section of your manuscript while retaining copies of the signed 
forms in the event they should be needed. Authors should also state that 
the study conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013, https://wma.net/what-we-do/medical-ethics/
declaration-of-helsinki). When reporting experiments on animals, 
authors should indicate whether the institutional and national guide for 
the care and use of laboratory animals was followed.

Reporting Clinical Trials: The ICMJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-
trial-registration.html) defines a clinical trial as any research 
project that prospectively assigns people or a group of people to 
an intervention, with or without concurrent comparison or control 
groups, to study the relationship between a health-related intervention 
and a health outcome. Registration of clinical trials in a public trial 
registry at or before the time of first patient enrollment is a condition 
of consideration for publication in Global Health & Medicine, and 
the trial registration number will be published at the end of the 
Abstract. The registry must be independent of for-profit interest and 
be publicly accessible. Reports of trials must conform to CONSORT 
2010 guidelines (https://consort-statement.org/consort-2010). Articles 
reporting the results of randomized trials must include the CONSORT 
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual 
or potential conflict of interest, including financial interests or 
relationships with other people or organizations that might raise 
questions of bias in the work reported. If no conflict of interest 
exists for each author, please state "There is no conflict of interest to 
disclose". 

Submission Declaration: When a manuscript is considered for 
submission to Global Health & Medicine, the authors should confirm 
that 1) no part of this manuscript is currently under consideration 
for publication elsewhere; 2) this manuscript does not contain the 
same information in whole or in part in manuscripts that have been 
published, accepted, or are under review elsewhere, except in the form 
of an abstract, a letter to the editor, or part of a published lecture or 
academic thesis; 3) authorization for publication has been obtained 
from the authors' employer or institution; and 4) all contributing authors 
have agreed to submit this manuscript. 

Initial Editorial Check: Immediately after submission, the journal's 
managing editor will perform an initial check of the manuscript. A 
suitable academic editor will be notified of the submission and invited 
to check the manuscript and recommend reviewers. Academic editors 
will check for plagiarism and duplicate publication at this stage. The 
journal has a formal recusal process in place to help manage potential 
conflicts of interest of editors. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript, review, and editorial decisions are managed by another 
designated editor without a conflict of interest related to the manuscript. 

Peer Review: Global Health & Medicine operates a single-
anonymized review process, which means that reviewers know the 
names of the authors, but the authors do not know who reviewed their 
manuscript. All articles are evaluated objectively based on academic 

Supplemental Data: Supplemental data might help to support and 
enhance your manuscript. Global Health & Medicine accepts the 
submission of these materials, which will be only published online 
alongside the electronic version of your article. Supplemental files 
(figures, tables, and other text materials) should be prepared according 
to the above guidelines, numbered in Arabic numerals (e.g., Figure 
S1, Figure S2, and Table S1, Table S2), and referred to in the text. All 
figures and tables should have titles and legends. All figure legends, 
tables and supplemental text materials should be placed at the end of 
the paper. Please note all of these supplemental data should be provided 
at the time of initial submission and note that the editors reserve the 
right to limit the size and length of Supplemental Data. 

5. Cover Letter

The manuscript must be accompanied by a cover letter prepared by 
the corresponding author on behalf of all authors. The letter should 
indicate the basic findings of the work and their significance. The 
letter should also include a statement affirming that all authors concur 
with the submission and that the material submitted for publication 
has not been published previously or is not under consideration 
for publication elsewhere. For example of Cover Letter, please 
visit https://www.globalhealthmedicine.com/site/download.html  
(Download Center). 

6. Submission Checklist

The Submission Checklist will be useful during the final checking of a 
manuscript prior to sending it to Global Health & Medicine for review. 
Please visit https://www.globalhealthmedicine.com/site/download.html 
and download the Submission Checklist file. 

7. Online Submission

Manuscripts should be submitted to Global Health & Medicine online 
at https://www.globalhealthmedicine.com/site/login.html. Receipt of 
your manuscripts submitted online will be acknowledged by an e-mail 
from Editorial Office containing a reference number, which should be 
used in all future communications. If for any reason you are unable to 
submit a file online, please contact the Editorial Office by e-mail at 
office@globalhealthmedicine.com

8. Editorial Policies

For publishing and ethical standards, Global Health & Medicine 
follows the Recommendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals issued by the 
International Committee of Medical Journal Editors (ICMJE, https://
icmje.org/recommendations), and the Principles of Transparency and 
Best Practice in Scholarly Publishing jointly issued by the Committee 
on Publication Ethics (COPE, https://publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing), the Directory of Open Access Journals (DOAJ, https://
doaj.org/apply/transparency), the Open Access Scholarly Publishers 
Association (OASPA, https://oaspa.org/principles-of-transparency-and-
best-practice-in-scholarly-publishing-4), and the World Association of 
Medical Editors (WAME, https://wame.org/principles-of-transparency-
and-best-practice-in-scholarly-publishing).

Global Health & Medicine will perform an especially prompt review 
to encourage submissions of innovative work. All original research 
manuscripts are to be subjected to an expeditious but rigorous standard 
of peer review, and are to be edited by experienced copy editors to the 
highest standards. 

The publishing is supported by the International Research and 
Cooperation Association for Bio & Socio-Sciences Advancement 
(IRCA-BSSA) Group Journals. The editorial office comprises a 
range of experienced individuals, including managing editor, editorial 
associates, software specialists, and administrative coordinators to 
provide a smooth service for authors and reviewers.
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content. External peer review of research articles is performed by at 
least two reviewers, and sometimes the opinions of more reviewers 
are sought. Peer reviewers are selected based on their expertise 
and ability to provide quality, constructive, and fair reviews. For 
research manuscripts, the editors may, in addition, seek the opinion 
of a statistical reviewer. Every reviewer is expected to evaluate the 
manuscript in a timely, transparent, and ethical manner, following the 
COPE guidelines (https://publicationethics.org/files/cope-ethical-
guidelines-peer-reviewers-v2_0.pdf). We ask authors for sufficient 
revisions (with a second round of peer review, when necessary) before 
a final decision is made. Consideration for publication is based on 
the article's originality, novelty, and scientific soundness, and the 
appropriateness of its analysis. 

Suggested Reviewers: A list of up to 3 reviewers who are qualified 
to assess the scientific merit of the study is welcomed. Reviewer 
information including names, affiliations, addresses, and e-mail 
addresses should be provided at the same time the manuscript is 
submitted online. Please do not suggest reviewers with known conflicts 
of interest, including participants or anyone with a stake in the proposed 
research; anyone from the same institution; former students, advisors, 
or research collaborators (within the last three years); or close personal 
contacts. Please note that the Editor-in-Chief may accept one or more 
of the proposed reviewers or request a review by other qualified 
persons. 

Submission Turnaround Time: 
•   From submission to first editorial decision: 1-2 weeks.
•   From acceptance to publication ahead of print: 1-4 weeks.
•  From acceptance to publication: 2-6 months. Original Articles are 
listed as priority.

Language Editing: Manuscripts prepared by authors whose native 
language is not English should have their work proofread by a native 
English speaker before submission. If not, this might delay the 
publication of your manuscript in Global Health & Medicine. 

Copyright and Reuse: Before a manuscript is accepted for 
publication in Global Health & Medicine, authors will be asked to 
sign a transfer of copyright agreement, which recognizes the common 
interest that both the journal and author(s) have in the protection of 
copyright. We accept that some authors (e.g., government employees 
in some countries) are unable to transfer copyright. A JOURNAL 
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the 
authors by the Editorial Office and must be returned by the authors 
by mail, fax, or as a scan. Only forms with a hand-written signature 
from the corresponding author are accepted. This copyright will ensure 
the widest possible dissemination of information. Please note that the 

manuscript will not proceed to the next step in publication until the JPA 
Form is received. In addition, if excerpts from other copyrighted works 
are included, the author(s) must obtain written permission from the 
copyright owners and credit the source(s) in the article.  

9. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be e-mailed to the 
corresponding author. Corrections must be returned to the editor 
(office@globalhealthmedicine.com) within 3 working days. 

Offprints: Authors will be provided with electronic offprints of their 
article. Paper offprints can be ordered at prices quoted on the order 
form that accompanies the proofs. 

Article-processing Charges: The open-access policy of Global Health 
& Medicine will allow all readers from the medical and scientific 
community to freely utilize material published in the journal. To 
achieve open access, article-processing charges ($150 per page for 
black & white pages, $300 per page for color pages) will be levied for 
manuscripts accepted for publication in Global Health & Medicine. 
In exceptional circumstances, the author(s) may apply to the editorial 
office for a waiver of the publication charges at the time of submission. 
All invited articles are free of charge. 

Article-processing charges pay for: Immediate, worldwide open 
access to the full article text; Preparation in various formats for print & 
online publication; Inclusion in global important platforms, enabling 
electronic citation in other journals that are available electronically. 

Misconduct: Global Health & Medicine takes seriously all allegations 
of potential misconduct and adhere to the ICMJE Guideline 
(https://icmje.org/recommendations) and COPE Guideline (https://
publicationethics.org/files/Code_of_conduct_for_journal_editors.pdf). 
In cases of suspected research or publication misconduct, it may be 
necessary for the Editor or Publisher to contact and share submission 
details with third parties including authors' institutions and ethics 
committees. The corrections, retractions, or editorial expressions of 
concern will be performed in line with above guidelines.
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