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Editorial

1
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COVID-19: Real-time dissemination of scientific information to
fight a public health emergency of international concern
Peipei Song1, Takashi Karako2,3,*
1

Institute for Global Health Policy Research, Bureau of International Health Cooperation, National Center for Global Health and Medicine, Tokyo,
Japan;
2
International Health Care Center, National Center for Global Health and Medicine, Tokyo, Japan;
3
Department of Surgery, the University of Tokyo Hospital, Tokyo, Japan.

SUMMARY

Rapidly sharing scientific information is an effective way to reduce public panic about COVID-19,
and doing so is the key to providing real-time guidance to epidemiologists working to contain the
outbreak, clinicians managing patients, and modelers helping to understand future developments and
the possible effectiveness of various interventions. This issue has rapidly reviewed and published
articles describing COVID-19, including the drug treatment options for SARS-CoV-2, its clinical
characteristics, and therapies involving a combination of Chinese and Western medicine, the efficacy
of chloroquine phosphate in the treatment of COVID-19 associated pneumonia according to clinical
studies, and reflections on the system of reserve medical supplies for public health emergencies. As an
academic journal, we will continue to quickly and transparently share data with frontline healthcare
workers who need to know the epidemiological and clinical features of COVID-19.

Keywords

2019-nCoV, SARS-CoV-2, COVID-19, sharing data

A novel coronavirus, formerly designated 2019-nCoV
and now taxonomically termed SARS-CoV-2, emerged
in Wuhan, China at the end of 2019 and rapidly
spread through many countries in Asia and elsewhere
worldwide. This incident was labeled a public health
emergency of international concern (PHEIC) on Jan.
30, 2020 (1). This is the 6th time WHO has declared a
PHEIC since the International Health Regulations (IHR)
came into effect in 2005.
The clinical condition caused by SARS-CoV-2 has
been designated COVID-19 by the WHO. As of Feb.
23, 2020, WHO reported a total of 77,042 confirmed
cases and 2,445 deaths in China and 1,769 confirmed
cases and 17 deaths in 28 other countries (2). The
rapid increase in infections and deaths caused anxiety,
panic, stigma, mistrust, and rumor-mongering among
public.
Rapidly sharing scientific information is an
effective way to reduce public panic, and it is the key
to providing real-time guidance to epidemiologists
working to contain the outbreak, clinicians managing
patients, and modelers helping to understand future
developments and the possible effectiveness of various
interventions.
This information includes routes of transmission
and transmissibility, the natural history of infection in

humans, the populations at risk, the successful clinical
practices that are being used to manage patients, the
laboratory information needed to diagnose patients, and
the genetic sequence information used to assess viral
stability.
Scientists from numerous countries have published
and analyzed the genome of the pathogen responsible,
SARS-CoV-2 (3-5). On Jan. 2020, a study that analyzed
data on the first 425 confirmed cases in Wuhan, China
provided evidence of human-to-human transmission
among close contacts and suggested that measures
to prevent or reduce transmission be implemented
in populations at risk (6). Two studies published in
Jan. 2020 described the epidemiological and clinical
features of laboratory-confirmed COVID-19 in 41 and
99 patients, respectively, in Wuhan (7,8). On Feb. 9,
2020, a study involving 1,099 laboratory-confirmed
cases at 552 hospitals was published online to provide
an up-to-date delineation of the epidemiological and
clinical characteristics of COVID-19 throughout
mainland China (9). The study's findings encourage a
shift in focus to identifying and managing patients at an
earlier stage, before disease progression. In addition to
confirmed cases from China, several reports identified
clusters of locally transmitted cases in other countries,
adding to the understanding of this disease.
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To prompt real-time sharing of scientific
information, many international academic journals have
rapidly reviewed and published articles on COVID-19.
Several coronavirus websites have also been created
to assemble and disclose articles on this disease, such
as the NEJM Coronavirus page, the Lancet COVID-19
Resource Centre, and the Cell Press Coronavirus
Resource Hub. In order to overcome the language
barrier, many articles have also been translated into
Chinese to directly benefit frontline health professionals
and policy makers in China as well as to reduce public
panic; epidemiological information and scientific
articles in Chinese have also been widely cited and
rapidly reported in English. Broad dissemination in
both Chinese and English will accomplish the goal
of promptly communicating crucial findings to the
international scientific community.
We still have a lot to learn about SARS-CoV-2
and the disease it causes, COVID-19. The real-time
dissemination of scientific information is needed most
during this period of uncertainty. Academic journals
are responsible for facilitating the rapid dissemination
of reliable information including transparent
methods of identifying cases, sharing data, unfettered
communication, and peer-reviewed research.
Since its inception in 2007, our journal ‒ BioScience
Trends ‒ has highlighted the research on and dissemination
of information regarding public health emergencies,
leading us to publish articles on topics such as SARS,
Ebola, MERS, avian influenza A H5N1, H1N1, and
H7N9.
In this issue, we rapidly reviewed and published
articles describing COVID-19, including the drug
treatment options for SARS-CoV-2, its clinical
characteristics, and therapies involving a combination
of Chinese and Western medicine, the efficacy of
chloroquine phosphate in the treatment of COVID-19
associated pneumonia according to clinical studies, and
the reflections on the system of reserve medical supplies
for public health emergencies.
As an academic journal, we will continue to quickly
and transparently share data with frontline healthcare
workers who need to know the epidemiological and
clinical features of COVID-19.
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Challenges to the system of reserve medical supplies for public
health emergencies: reflections on the outbreak of the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) epidemic in
China
Xu Wang, Xiaoxi Zhang, Jiangjiang He*
Department of Health Policy Research, Shanghai Health Development Research Center (Shanghai Medical Information Center), Shanghai, China.

SUMMARY

On December 31, 2019, the Wuhan Municipal Health Commission announced an outbreak of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), China is now at a critical period in the
control of the epidemic. The Chinese Government has been taking a series of rapid, comprehensive,
and effective prevention and control measures. As the pandemic has developed, a fact has become
apparent: there is a serious dearth of emergency medical supplies, and especially an extreme shortage
of personal protective equipment such as masks and medical protective clothing. This is one of the
major factors affecting the progress of epidemic prevention and control. Although China has made
great efforts to strengthen the ability to quickly respond to public health emergencies since the
SARS outbreak in 2003 and it has clarified requirements for emergency supplies through legislation,
the emergency reserve supplies program has not been effectively implemented, and there are also
deficiencies in the types, quantity, and availability of emergency medical supplies. A sound system
of emergency reserve supplies is crucial to the management of public health emergencies. Based on
international experiences with pandemic control, the world should emphasize improving the system
of emergency reserve medical supplies in the process of establishing and improving public health
emergency response systems, and it should promote the establishment of international cooperative
programs to jointly deal with public health emergencies of international concern in the future.

Keywords

public health emergency, SARS-CoV-2, COVID-19, medical supplies

1. Introduction
After several cases were identified in Wuhan in Dec.
2019, severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has gradually affected China as a
country and even spread worldwide. Prior to Feb. 12,
2020, China had reported 59,804 confirmed cases of
coronavirus disease 2019 (COVID-19), 1,367 deaths, and
5,911 recoveries (1). Compared to the SARS epidemic in
2003, this time China has apparently made great progress
in combating a pandemic through its development of
the capacity for biological detection and its greater
transparency with regard to information (2,3). However,
the situation also revealed that China still faces major
problems in terms of public health emergencies.
2. Shortage of medical supplies during the SARSCoV-2 epidemic in China
The key to a response to a public health emergency

lies in abundant reserves and proper allocation of
emergency medical supplies, for timely supplies are
crucial to reducing deaths and increasing the rate of
successful treatment (4). An epidemic caused by a new
pathogen can often deal a blow to the health system,
resulting in a shortage of supplies and medicines. For
example, the United States was faced with an outbreak
of H1N1 influenza in 2009; many hospitals suffered
from a shortage of personal protective equipment (5).
The SARS-CoV-2 outbreak coincided with Chinese
New Year, so most of the manufacturers and distributors
were on holiday; this further intensified the shortage of
medical protective supplies in combating the epidemic.
Hospitals across the country, and especially those in
Wuhan where the situation is the most severe, have
cited a vast shortage of medical supplies, and especially
personal protective supplies such as medical protective
clothing and N95 masks; the hospitals are urgently
calling for societal support (6). This shows that China
is still facing significant challenges and still needs to
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enhance the reserve medical supplies program and
to remedy the faults in the allocation, distribution,
and utilization of supplies to deal with public health
emergencies.
3. Policy requirements and status of the reserve
medical supplies program in China
China's current reserve medical supplies program dates
back to the 1970s (7). In order to ensure the effective
supply of medical supplies required after disasters,
epidemics, or emergencies, the State Council issued the
"Notice on Reforming and Enhancing the Management
of Medical Reserves" in 1997. After the SARS outbreak
in 2003, the Chinese Government heavily emphasized
emergency preparation and related legislation. The
government issued the "Regulations on Public Health
Emergencies," the "National Emergency Plan for
Public Health Emergencies," the "(Draft) Catalogue of
health emergency personnel and equipment," and other
documents (Table 1). Moreover, the emergency reserve
supplies program clearly stipulates that "municipal
governments and county governments in areas where
emergencies are likely to occur should establish a
program for emergency reserve supplies, necessities,
and equipment"(8).
Although policies on the emergency reserve medical
supplies program have been continuously improved,
they are often not fully implemented. The SARS-CoV-2
epidemic shows that the Government failed to heed
its responsibility for effectively "reserving medical
supplies for the prevention and control of the pandemic"
(9). In 2010, all of the Centers for Disease Control and
Prevention on the provincial level were evaluated for
their capacity to respond to public health emergencies,
and the results indicated that the readiness of emergency
reserve supplies was only 37.5%, only 4.8% of all
centers met standards, and the types and quantities of
supplies were far from adequate (10). The first reason
for this is because the mechanism for funding reserve
medical supplies still has flaws; it lacks long-term
and sustainable input (11). Second, a mechanism for
managing emergency reserve supplies has yet to be
created; there is a lack of integrated planning, timely
storage, or rapid distribution. Third, the risks of an
emergency and response capabilities vary with the level
of economic and social development, necessitating the
continuous updating of lists of emergency supplies.
Since the issuance of the "(Draft) Catalogue of health
emergency personnel and equipment" in 2008, however,
no adjustments or updates have been made, resulting in
substantial inability to meet current standards (12).
4. Main systems of reserve medical supplies around
the world
With the frequent occurrence of public health

emergencies across the world, some countries have
established relatively mature medical stockpile systems
to protect their populations from potential public health
emergencies (13). In 2003, the United States created
the Strategic National Stockpile (SNS) Program to
maintain a stockpile of life-saving pharmaceuticals and
medical supplies for use in a public health emergency.
The SNS represents a real material asset in federal
warehouses that can be quickly activated to meet the
country's needs, enhancing the country's ability to
respond effectively to public health emergencies. There
are mainly three categories of SNS including 12-hour
push packages, vendor managed inventory (VMI),
and stockpile managed inventory (SMI). 12-hour push
packages can be delivered to the collection reserve
within 12 h of an emergency, and each emergency
package contains sufficient medicines and medical
supplies for hundreds of thousands of individuals to
sustain treatment and prevention for several days.
Vendor managed inventory (VMI) is managed inventory
maintained by specific vendors or manufacturers
that is stored at the supplier in the form of signed
contracts and that can be delivered within 24 to 36
hours upon approval. Stockpile managed inventory
(SMI) is directly managed and reserved by the SNS
and includes physical reserves and ordered reserves.
The US also has other forms of emergency supplies,
such as chemical kits and family medical kits. In the
event of an emergency, the SNS Program will deploy a
team of advisors to coordinate and assist state and local
authorities in receiving, managing, distributing, and
recovering emergency medical supplies. The stockpile
service advance group (SSAG) and technical advisory
response unit (TARU) consist of experts in public
health, emergency response, and logistics. In response
to public health emergencies, Canada and Australia
have also established the National Strategic Stockpile
(NESS) (14) and National Medical Stockpile (NMS)
(15) systems; these systems provide key reserves of
essential medicines and equipment, such as personal
protective equipment, antibiotics, and antivirals. The
NESS and NMS are maintained in various strategic
locations by federally leasing warehouses and by other
means (Table 2).
5. How to enhance the reserve medical supplies
system to deal with public health emergencies
Emerging pandemic have been increasing around
the world over the past few years, and more than 40
emerging infectious diseases have been detected, such
as SARS, H7N9 avian influenza, Ebola virus, and
MERS. Epidemics of novel infectious diseases have
emerged and rapidly spread globally in the context
of economic globalization and increasingly frequent
international exchanges, and these epidemics have
a significant impact on economic development and
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Table 1. China's policy documents related to the reserve medical supplies programs
Year

Title of policy documents (ref.)

1997

Notice of the State Council on Reforming
and Enhancing the Management of Medical
Supplies (21).
State Council., [1997] Reference No. 23.

Reforms the current national system of medical supplies and pharmaceutical reserves,
establishes a reserves program both at the central and local levels, and implements a
dynamic reserve and paid redeployment program.

Measures for National Management of Medical
Supplies and Pharmaceutical Reserves (22).
Pharmacy department, National Economic
Trade Committee., [1999] Reference No. 544.

When major disasters, epidemics, or emergencies occur, or several provinces, autonomous
regions, or municipalities directly under the central government are involved, the region's
own medical reserves are used first. If those reserves are inadequate, the government can
request medical reserves from neighboring regions or designated departments based on
the paid redeployment program. If there are still unmet needs, the government can apply
to access the central medical reserves.

2003

Regulations on Preparedness for and Responses
to Emergent Public Health Hazards (23).
Order of the State Council of the People's
Republic of China (No.376).

Relevant departments of the State Council, governments at or above the county level, and
their relevant departments should ensure reserves of supplies such as emergency facilities,
equipment, medications, and medical equipment in accordance with the requirements of
emergency plans.

2004

The 2004 Revised Law of the People's Republic
of China on the Prevention and Treatment of
Infectious Diseases (24).
Order of the President of the People's
Republic of China (No.17).

Governments at or above the county level are responsible for reserving medicines,
medical equipment, and other supplies for the prevention and control of future outbreaks
of infectious diseases.

2005

Master State Plan for a Rapid Response to
Public Emergencies (25).

Establishes and improves the emergency supplies monitoring network, the early warning
system, and the emergency supplies production, storage, allocation, and distribution
system; improves emergency protocols and ensures the timely supply of emergency
supplies and daily necessities; enhances the supervision and management of supply
reserves, and provides timely supplements and updates.

2006

National Contingency Plan for Public Health
Emergencies (26).

Governments at all levels must establish reserves of supplies and ensure the production
capacity to handle public health emergencies. When a public health emergency occurs,
reserve supplies should be allocated as needed to manage the emergency. Emergency
reserves should be replenished in a timely manner after use.

2007

Law of the People's Republic of China on
Emergency Response (8).
Order of the President of the People's
Republic of China (No.69).

The state should establish a sound emergency reserve supplies program and improve
the program for the supervision, production, storage, allocation, and distribution of
important emergency supplies. Municipal governments and county governments in areas
where emergencies are likely to occur should establish a reserve program for emergency
supplies, necessities, and equipment.

2008

(Draft) Catalogue of health emergency
personnel and equipment (27).
Office of Health Emergency Response,
Ministry of Health., [2008] Reference No. 207.

Enhances the creation of health emergency response teams, implements standardized
management of health emergency response teams, and continuously improves health
emergency response capabilities.

2010

Guidance on Accelerating the Creation and
Development of Public Health Emergency
Systems (28).
Office of Health Emergency Response,
Ministry of Health., [2010] Reference No. 57.

Further improves the health emergency reserve supplies and allocation system. Improves
the list of health emergency supplies, reasonably determines the type, quantity, and
nature of the reserves; establishes procedures for effective use of emergency supplies in
conjunction with relevant departments, and improves the mechanism of inter-regional,
inter-departmental, and cross-military allocation of emergency supplies. Establishes and
improves the emergency reserve supplies program for health institutions at all levels to
facilitate the timely availability of emergency supplies.

2016

Notice of the National Health and Family
Planning Commission on Issuance of Guiding
Opinions on Enhancing the Standardization
and Devising of Responses to Health-related
Emergencies (29).
Office of Health Emergency, Ministry of
Health., [2016] Reference No. 68.

Improves supplies and technological reserves. Cooperates with industry and information
technology departments to improve the emergency reserve supplies program, reasonably
determines the material reserve catalogue, scale, and the extent of physical reserves, social
reserves, and production capacity reserves; establishes and improves the supply rotation
and allocation system and promotes the digitization of supply reserves records to improve
the comprehensive coordination and ensured provision of emergency supplies.

1999

Regulations

human health. Improving the national public health
emergency response system is crucial to the prevention
and control of novel infectious diseases, and the
emergency medical supplies is an indispensable element
of public health emergency response (16).
In the future, China and many other countries
should pay close attention to the reserve medical
supplies program in the process of enhancing the public

health emergency response system based on the lessons
of the SARS-CoV-2 pandemic and the prevention
and control of other epidemics. First, China should
establish a public health emergency reserve medical
supplies system and improve the nature of reserve
medical supplies based on the types, needs, and validity
of reserves (17), such as contracted reserves, physical
reserves, financial reserves, and production capacity
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Table 2. Major forms of emergency reserve medical supplies around the world
Country

Reserve form (ref.)

United
States

Strategic National
Stockpile, SNS
(13,30).

Office of the Assistant Secretary for Preparedness and Response (ASPR), HHS manages the SNS program
The Stockpile includes 12-hour push packs (less than 5% of the SNS inventory) and managed inventories
maintained by specific vendors or manufacturers, or the SNS. Supplies are managed through vendor managed
inventory (VMI) and stockpile managed inventory (SMI).
The plan is to deliver critical medical resources to the site of a national emergency when local public health
resources would likely be or have already been overwhelmed by the magnitude of the medical emergency.
The stockpile includes vaccines, antitoxins (e.g., botulinum), airway equipment, and other medicines for
emergency conditions.

Canada

Emergency Strategic
Stockpile, NESS (14).

The Public Health Agency maintains the NESS to provide emergency supplies to provinces and territories
when requested.
A total of 11 federal warehouses are leased by the Public Health Agency: two main depots in the National
Capital Region (Ottawa) and nine warehouses located across Canada. There are no federal warehouses located
in the territories. The Public Health Agency has contracts in place for both custodians and security for all 11
federal warehouses.
In the event of a local emergency that overwhelms available municipal resources, the municipality contacts
the provincial/territorial emergency management authorities for additional resources.
The NESS contains a variety of assets, including medical equipment and supplies (such as ventilators,
personal protective equipment such as masks and gloves, etc.); pharmaceuticals (individual items such as
antiviral agents, antibiotics, etc.); social service supplies (such as generators, cots, blankets, flashlights, etc.)

Australia

National Medical
Stockpile, NMS (15).

The Health Emergency Management Branch (HEMB), Office of Health Protection, within the Department of
Health and Ageing (DHA), is responsible for managing the NMS, including inventory management, planning
and developing Memoranda of Understanding with states and territories for deployment of the stockpile.
The NMS is kept in various strategic locations around Australia. All jurisdictions possess a pharmaceutical
stockpile separate from the NMS and all jurisdictions maintain stockpiles of personal protective equipment
(PPE) for responding to chemical, biological and radio-nuclear (CBRN) health disaster or pandemic influenza.
Decisions to use the NMS are based on both internal and external expert clinical advice and on threat and
risk assessment from the Australian National Security Agency.
The NMS is a national strategic reserve of essential vaccines, antibiotics, antiviral drugs, chemical and
radiological antidotes, and personal protective equipment. It also includes specialized medical supplies, such
as the nation's stock of smallpox vaccine.

Details

reserves. Second, standards for emergency medical
supplies should be rationally devised and dynamically
adjusted in accordance with changes in international
and domestic circumstances. Third, programs for
the planning, management, storage, deployment,
distribution, emergency production, and urgent
requisition of emergency supplies should be improved
through legislation, and the roles and responsibilities
of various departments and individuals in institutional
arrangements should be clarified to ensure the
effective implementation of those systems. Interagency
agreements among the Ministry of Health, the Ministry
of Defense, and logistics companies should be drafted to
actively facilitate the transportation of medical supplies
in response to a public health emergency without
disruption or delay. The World Health Organization has
pointed out that the world faces a chronic shortage of
personal protective equipment such as respirators and
masks because of the COVID-19 pandemic (18). To
respond to public health emergencies during special
periods, countries around the world should establish a
system of international cooperation to jointly cope with
major emerging emergencies and they should improve
the global system for procurement and deployment
of emergency supplies, with priority given to medical
personnel.
China has set up a team to ensure medical supplies
under the State Council that is responsible for the joint
prevention and control of the SARS-CoV-2 epidemic.

The production of key medical supplies such as medical
protective clothing, medical goggles, medical masks,
and disinfection supplies is organized by the Ministry
of Industry and Information Technology, which is also
responsible for coordinating and deploying urgently
needed materials (19). On January 23, the Ministry
of Industry and Information Technology of China
expedited the delivery of 10,000 sets of protective
clothing and 50,000 sets of gloves to Wuhan from
the National Medicines Reserve, and it instituted six
measures including the establishment of a national
temporary production scheduling system for key
enterprises and national temporary reserve supplies for
epidemic prevention and control (20). Since the SARSCoV-2 outbreak, China has also received medical
masks, protective clothing, goggles, and other materials
donated by South Korea, Japan, Britain, France, and
other countries. With joint efforts of the international
community, China should be able to deal with the
epidemic at an early date and help to safeguard regional
and global public health security.
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SUMMARY

People living with HIV (PLWH) have an excess risk of cardiovascular diseases (CVD).
Electrocardiographic (ECG) abnormalities are independently predictive of incident cardiovascular
events in the general population. Our study aimed to evaluate the prevalence and correlates of ECG
abnormalities among PLWH in Shanghai, China. We used a cross-sectional design to collect data
from Shanghai Public Health Clinical Center, China. A total of 587 HIV-infected patients aged
between 18 and 75 years were recruited between January 2015 and February 2016. The overall
prevalence of any type of ECG abnormalities was 53.3%. The prevalence of sinus tachycardia,
ST-T segment elevation and left ventricular hypertrophy was 23.0%, 18.1%, and 6.8%, respectively.
Multivariable logistic regression analysis indicated that ST-T segment elevation was positively
associated with higher baseline HIV viral load (≥ 4 log10 copies/mL), and sinus tachycardia was
negatively associated with older age but positively associated with lower CD4 cell count, higher
baseline HIV viral load (≥ 4 log10 copies/mL) and higher lactic dehydrogenase (LDH) level (≥133
mg/dL). Any coded ECG abnormality was positively associated with higher baseline HIV viral
load (≥ 4 log10 copies/mL). ECG abnormalities including sinus tachycardia and ST-T segment
elevation are prevalent among Chinese HIV patients, which are significantly associated with
immunodeficiency and HIV viral load. Routine ECG screening may be an important part of HIV
clinical care in China.

Keywords

HIV, ECG, antiretroviral therapy, sinus tachycardia, ST-T segment elevation

1. Introduction
Wide access to highly effective combination
antiretroviral therapy (ART) has ostensibly changed HIV
infection status in many parts of the world from a fatal
diagnosis to a chronic condition. However, extended
life expectancy comes with long-term noninfectious
comorbidities (NICMs), such as cardiovascular disease
(CVD) (1). Prior studies have demonstrated that CVD
is more common among the HIV-infected population
than HIV-uninfected controls (2,3). This increased risk
was partly explained by traditional risk factors of CVD
such as smoking, diabetes, age, gender, as well as HIV
infection itself, such as CD4 cell count and/or viral load,
which is known to cause inflammation response by
oxidative stress or coagulation disorders (4-6). However,
the relative contributions of conventional cardiovascular
risk factors, metabolic side effects of ART, and HIV
infection itself on CVD risk are difficult to identify, as
these factors frequently occur simultaneously (7).

Due to its wide availability, low cost and the
accumulating evidence that electrocardiographic (ECG)
abnormalities are predictive of incident cardiovascular
events in the general population (8), the 12-lead
electrocardiogram is a very useful non-invasive tool
for evaluation of cardiac disorders and risks in clinical
settings. Several typical ECG parameters, including
resting heart rate and markers of abnormal cardiac
depolarization/repolarization, have been previously
reported to be associated with increased risk of sudden
cardiovascular death (SCD) (9,10). Cardiovascular
involvement in HIV/AIDS was recognized as part of
the pandemic and a wide spectrum of cardiovascular
abnormalities including corrected QT (QTc) prolongation,
widened spatial QRS-T angle, ST-segment depressions,
T-wave changes, and resting heart rate have been widely
reported (11-13). Moreover, the association between age,
obesity, alcohol consumption, lower CD4 cell count and
LV diastolic dysfunction and ECG abnormalities were
documented among HIV-positive patients (14,15).
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The limited literature suggests that CVD risks
(e.g. carotid intima-media thickness [cIMT], chronic
kidney disease [CKD], hypertension, glycometabolism
abnormities) are prevalent among HIV-infected patients
in China (16-18), but data for ECG manifestations in this
population are lacking. To fill this gap, we conducted
a cross-sectional study to investigate the prevalence
and correlates of ECG abnormalities among PLWH in
Shanghai.
2. Materials and Methods
2.1. Study sample and data collection
All HIV-infected inpatients admitted to Shanghai Public
Health Clinical Center routinely received a standardized
comprehensive physical examination. For the present
study, all HIV-infected inpatients aged between 18 and
75 years with ECG records during the study period from
January 2015 to February 2016 were included in the final
analysis. In brief, a structured anonymous questionnaire
was developed to extract data from the hospital's
electronic medical records (EMR) system, including
demographic data such as gender, age and marital status,
and blood biochemical data such as fasting glucose,
triglyceride (TG; mmol/L), total cholesterol (TC; mmol/
L) and lactic dehydrogenase (LDH; u/L), as well as HIVrelated characteristics such as CD4 cell count, plasma
HIV viral load, and ART regimens, etc. Hyperlipidemia
was defined as TG ≥ 1.7mmol/L or TC ≥ 5.2 mmol/
L, and high level of LDH was defined as LDH ≥ 245
u/L, according to recommendations by World Health
Organization (WHO) and China national guidelines. The
study was approved by the Institutional Review Board
(IRB) of Fudan University, Shanghai, China.
2.2. ECG examination and categorization
Identical electrocardiographs [EDAN SE-1201 PC ECG
system, EDAN Instruments, Inc.,China] were operating
at 1000 samples per second with a frequency response
of 0.05 Hz to 150 Hz., and standard 12-lead ECG was
performed on all subjects in a supine position after
5 min rest using strictly standardized procedures. ECG
examination was performed and initially read by an
experienced cardiologist blinded to the patients' clinical
history, and reconfirmed by a senior cardiologist. In
brief, a resting ECG with a SE-12 Express machine was
employed, with the participant in the left lateral decubitus
position. ECG abnormalities including arrhythmia,
abnormalities of the QRS complex, hypertrophy of the
ventricles, atrial dilation, and abnormal repolarization
were recorded. ECG abnormalities were categorized into
ten groups: sinus tachycardia, ST-T segment elevation,
left ventricular hypertrophy, atrioventricular conduction
abnormalities, axis deviation, sinus bradycardia, atrial
fibrillation/flutter, ventricular tachycardia/fibration,

ischaemic ECG findings and others.
2.3. Statistical analyses
Sociodemographic and HIV-related characteristics
of study participants were tabulated with frequencies
and proportions for categorical variables. Number and
proportion of participants with ECG manifestations
were also tabulated. Univariate and multivariate logistic
regression analyses with calculations of odd ratio (OR)
and 95% confidence intervals (CI) were performed to
evaluate correlates of ST-T segment elevation, sinus
tachycardia and any coded ECG abnormality. Variables
with p < 0.10 in univariate analysis were subject to
multivariate regression analysis for adjustment of
potential confounders. Age was categorized into four
groups: 18-29, 30-44, 45-59, 60-75 years. Pearson χ2
test and linear trend χ2 test were performed to assess the
distribution and trend of ECG manifestations across the
age groups. A 2-sided P value < 0.05 was regarded as
being statistically significant. All the statistical analyses
were performed under SAS software Version 9.3. (IBM
Company, New York, USA).
3. Results
3.1. Demographic and clinical characteristics
As shown in Table 1, the median age of the participants
was 39.0 (IQR: 30.0-53.0) years. Among them, 90.1%
were male, 41.2% were currently married, 27.3% were
local registered residents, 29.3% were infected with HIV
through homosexual behaviors whereas 55.7% through
heterosexual behaviors.
As for the comorbidities, 36.1% were diagnosed
with lung infection, 22.3% with tuberculosis, 5.3% with
diabetes and 3.2% with kidney disease; 36.1% were
tested with dyslipidemia (i.e., TG ≥ 1.7mmol/L or TC
≥ 5.2 mmol/L) and 45.8% were with LDH above cutoff
level (i.e., >245 u/L) (Table 1).
3.2. HIV-specific Characteristics
Over two-thirds (68.5%) of the participants had plasma
HIV viral load ≥ 4 log10 copies/mL and 77.0% had
CD4 cell count < 200 cells/μL. About 47.0% of the
participants were on ART, of whom 72.5% had been
on treatment for ≤ 2 years, 80.0% received a first-line
regimen of "2 Nucleoside reverse transcriptase inhibitor
(NRTI)+1 Non-nucleoside reverse transcriptase inhibitor
(NNRTI) (e.g. Nevirapine [NVP]/Efavirenz [EFV])" and
18.5% received "2NRTI/NNRTI+Protease inhibitors
(PI)" treatment. (Table 1).
3.2. Prevalence of abnormal ECG manifestations
The overall prevalence of any coded ECG abnormalities
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Table 1. Characteristics of HIV-positive study participants
(N = 587)
Characteristics
Age, years
Median (IQR)
18-29
30-44
45-59
60-75
Male sex
Current married
Local residents
Route of HIV transmission
Homosexual
Heterosexual
others
Comorbid condition
Lung infection
Tuberculosis
Diabetes
Kidney disease
Plasma biochemical tests
Dyslipidemia
LDH ≥ 245, U/L
HIV-specific characteristics
Years since HIV diagnosis ≥ 3
CD4 cells < 200, cells/mL
Baseline Viral load ≥ 4, (log10 copies/mL)
On cART
2NRTI+1NNRTI (NVP/EFV)
2NRTI/NNRTI+PI
Other cART regimen*
Duration of cART ≤ 2 years
Duration of cART > 2 years

No. (proportion, %)
39.0 (30.0-53.0)
141 (24.0)
223 (38.0)
140 (23.8)
83 (14.2)
529 (90.1)
242 (41.2)
160 (27.3)
172 (29.3)
327 (55.7)
88 (15.0)
212 (36.1)
131 (22.3)
31 (5.3)
19 (3.2)
212 (36.1)
269 (45.8)
96 (16.4)
452 (77.0)
402 (68.5)
276 (47.0)
221 (80.0)
51 (18.5)
4 (1.5)
200 (72.5)
76 (27.5)

*Including PI only or 2NRTI+RAL. Dyslipidemia defined as TG ≥
1.7mmol/L or TC ≥ 5.2 mmol/L. IQR, Interquartile range; LDH, Lactic
dehydrogenase; cART, Combination antiretroviral therapy; NRTI:
Nucleoside reverse transcriptase inhibitor; NNRTI: Non-nucleoside
reverse transcriptase inhibitor; NVP: Nevirapine; EFV: Efavirenz; PI:
Protease inhibitors; RAL: Raltegravir.

was 53.3%. The most common abnormal ECG
manifestation was sinus tachycardia (23.0%) and ST-T
segment elevation (18.1%) (Table 2). Other prevalent
ECG abnormal manifestations included left ventricular
hypertrophy (6.8%), atrioventricular conduction
abnormalities (5.1%) and sinus bradycardia (4.8%) (Table
2). Figure 1 further presents the age-specific prevalence
of abnormal ECG manifestations. Both the prevalence
of ST-T segment elevation (Pfor linear trend < 0.001)
and the prevalence of left ventricular hypertrophy (Pfor
linear trend < 0.001) increased as age increased, whereas
the prevalence of sinus tachycardia decreased as age
increased (Pfor linear trend < 0.001) (Figure 1).
3.3. Correlates of ST-T segment elevation, sinus
tachycardia and any coded ECG abnormalities

Table 2. Prevalence of ECG abnormalities among the
study participants
ECG abnormalities
Any coded ECG abnormalities
Sinus tachycardia
ST-T segment elevation
Left ventricular hypertrophy
Atrioventricular conduction abnormalities
Axis deviation
Sinus bradycardia
Atrial fibrillation/flutter
Ventricular tachycardia/fibration
Ischaemic ECG findings
Others*

No. (proportion, %)
312 (53.3)
136 (23.0)
106 (18.1)
40 (6.8)
30 (5.1)
30 (5.1)
28 (4.8)
18 (3.1)
14 (2.4)
3 (0.5)
24 (4.1)

ECG: Electrocardiography; *: including low voltage of limb leads,
junctional rhythm, right ventricular hypertrophy, sinus bigeminy,
clockwise transposition and pacing rhythm.

Figure 1. Prevalence of electrocardiography (ECG) abnormalities among HIV-positive participants by age group (*** P for linear trend < 0.001).
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1.61 (1.01-2.55)*
0.84 (0.43-1.65)
0.94 (0.60-1.45)
2.69 (1.35-5.39)**
2.32 (1.29-4.18)**

1.44 (0.92-2.27)

2.08 (1.19-3.63)*

1.40 (0.88-2.25)
0.59 (0.28-1.24)

1.00
0.79 (0.50-1.26)
0.46 (0.26-0.80)**
0.27 (0.12-0.58)***
2.82 (1.19-6.73)*
1.53 (1.04-2.25)*
0.78 (0.50-1.21)
1.35 (0.87-2.10)
0.88 (0.29-2.70)
0.48 (0.16-1.39)
1.97 (1.33-2.91)***
1.27 (0.86-1.89)
1.99 (1.30-3.05)**
0.52 (0.28-0.94)*
0.65 (0.44-0.97)*
4.31 (2.25-8.26)***
3.35 (2.01-5.58)***
1.00
0.97 (0.49-1.92)
1.27 (0.58-2.79)
2.25 (0.97-5.21)
0.77 (0.38-1.54)
0.68 (0.38-1.20)
1.34 (0.82-2.21)

1.00
1.08 (0.58-1.98)
1.68 (0.89-3.16)
2.93 (1.50-5.72)**
0.66 (0.35-1.26)
0.56 (0.36-0.88)*
1.64 (1.05-2.57)*
1.32 (0.81-2.14)
2.16 (0.80-5.82)
1.09 (0.44-2.74)
1.04 (0.67-1.60)
0.99 (0.64-1.53)
1.47 (0.94-2.31)
0.48 (0.24-0.96)*
0.96 (0.63-1.47)
1.46 (0.85-2.49)
2.25 (1.33-3.78)**
Age, years
18–29
30-44
45-59
60-75
Female sex
Current married
Local residents
Tuberculosis
Kindey disease
Diabetes
Lung infection
Dyslipidemia
LDH above cutoff
Years since HIV diagnosis ≥ 3
On ART
CD4 cells < 200, cells/mL
Viral load at baseline ≥ 4, (log10 copies/mL)

ECG: Electrocardiography; LDH, Lactic dehydrogenase; cART, combination antiretroviral therapy; OR, odds ratio; CI, confidence interval. a: All listed variables with a P value of < 0.10 in univariate regression analysis
were included in multivariable regression analysis. *P < 0.05; **P < 0.010; ***P < 0.001.

1.97 (1.38-2.83)***

1.37 (0.97-1.93)

1.00
1.07 (0.69-1.64)
0.96 (0.60-1.55)
1.39 (0.79-2.45)
1.23 (0.70-2.16)

1.00
1.01 (0.66-1.54)
0.88 (0.55-1.41)
1.21 (0.70-2.09)
1.24 (0.72-2.14)
1.07 (0.77-1.40)
1.32 (0.91-1.90)
1.02 (0.69-1.50)
1.53 (0.59-3.95)
0.94 (0.45-1.93)
0.98 (0.70-1.37)
1.21 (0.86-1.69)
1.48 (1.06-2.07)*
1.16 (0.75-1.80)
0.95 (0.69-1.32)
1.30 (0.88-1.91)
2.04 (1.43-2.91)***
1.00
0.83 (0.48-1.44)
0.43 (0.21-0.88)*
0.32 (0.13-0.78)*
2.26 (0.89-5.72)
0.89 (0.53-1.48)

Multivariable Modela
OR (95% CI)
Univariate Models
OR (95% CI)
Multivariable Modela
OR (95% CI)
Univariate Models
OR (95% CI)
Multivariable Modela
OR (95% CI)
Univariate Models
OR (95% CI)

ST-T segment elevation

Sinus tachycardia		

Any coded ECG abnormalities
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Table 3. Univariate and multivariate logistic regression analyses of correlates with ST-T segment elevation, sinus tachycardia and any coded ECG abnormalities among HIV-positive
participants, respectively
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Table 3 presents results of three separate multivariable
logistic regression analyses with adjustment of potential
confounders to explore correlates of ST-T segment
elevation, sinus tachycardia and any coded ECG
abnormality, respectively. ST-T segment elevation was
positively associated with higher baseline HIV viral load
(≥ 4 log10 copies/mL), (aOR = 2.08, 95% CI: 1.19-3.63).
Sinus tachycardia was negatively associated with older
age (45-59 years: aOR = 0.43, 95% CI: 0.21-0.88; 6075 years: aOR=0.32, 95% CI: 0.13-0.78) but positively
associated with lower CD4 cell count (< 200 cells/mL)
(aOR = 2.69, 95%CI: 1.35-5.39), higher baseline HIV
viral load (≥ 4 log10 copies/mL) (aOR = 2.32, 95% CI:
1.29-4.18) and higher plasma LDH level (aOR = 1.61,
95%CI: 1.01-2.55). Any coded ECG abnormality was
positively associated with higher baseline HIV viral load
(≥ 4 log10 copies/mL) (aOR = 1.97, 95% CI: 1.38-2.83)
(Table 3).
4. Discussion
ECG examination is a useful screening tool for CVDs,
particularly in resource limited settings. This is
particularly relevant for HIV patients who are expected
to live much longer but with high probability of living
with CVDs in the era of combination ART (19). Previous
studies revealed that prolonged Q-T interval, a precursor
to fatal cardiac arrhythmias, is the most prominent ECG
manifestation among HIV patients (20). However, such
data are not available for Chinese HIV patients who
may also experience high prevalence of subclinical
atherosclerosis (21). In the present study, we observed
relatively high prevalence of sinus tachycardia and
ST-T segment elevation in HIV-positive individuals,
although the prevalence is slightly lower than that
reported by studies in south-east Africa (11) and USA
(22,23). Such differences reflect global diversities in
a confluence of CVD risk factors that may or may
not be directly associated with HIV among PLWH,
such as environmental exposures, lifestyle, nutrition,
coinfections, access to ART and healthcare continuum
(24-26).
Notably, the prevalence of ECG abnormalities
among HIV patients in this study is greater than that
of the Chinese general population aged above 65 years
(27). This suggests early onset of adverse cardiovascular
affects by HIV infection, which are most likely
associated with immune activation and inflammatory
response but independent of classic CVD risk factors and
could occur at younger ages (21). The increasing risks
of sinus bradycardia, ST-T segment elevation and left
ventricular hypertrophy among older patients underscore
the importance of enhanced ECG monitoring and
cardiovascular alerts for HIV-infected elders.
The prevalence of sinus tachycardia was higher than
any other ECG abnormality among HIV patients in
this study. This pattern has also been observed in other
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studies (11,28). High heart rate has been observed as
an independent risk factor for cardiovascular morbidity
and mortality in the general population. In addition
to negative association between older age and sinus
tachycardia, which is well represented in the general
population, lower CD4 cell count or more severe
immunodeficiency and higher lactic dehydrogenase
(LDH) level were positively associated with sinus
tachycardia. Previous studies suggest that HIV infection
with low CD4 cell count might further contribute to
cardiovascular complications (29). The relationship
between the CD4 cell count and cardiac complications
may be mediated through the role of heightened
inflammation and serum levels of inflammatory
mediators, which likely occurred in patients with low
CD4 cell count thereby predisposing them to sinus
tachycardia (30,31). In advanced HIV disease, depletion
of the CD4 cell count leads to the activation of CD8 killer
T-cells which mediate persistent immune dysfunction
and inflammation (32,33). On the other hand, LDH is
associated with sinus tachycardia because it is a marker
of common injuries and diseases such as myocardial
infarction (MI) and heart failure and is released during
tissue damage.
ST-T segment elevation on ECG is observed in HIVinfected patients in this study, which could be caused
either by pericardial disease or dilated cardiomyopathy,
that are known to occur frequently in HIV-positive
individuals (34-36). Meanwhile, those who had higher
levels of plasma HIV viral load had a greater risk of ST-T
segment elevation and any coded ECG finding as well.
Such associations were also observed in the VACS study
(37). The HIV virus causes inflammatory reaction in the
coronary vessels and myocardial cells, which is believed
to promote endothelial dysfunction and atherosclerosis
as well as early carotid artery atherosclerosis (38,39). In
fact, HIV genomic sequences have been demonstrated in
the coronary vessels of HIV-infected patients who died
of acute myocardial infarction (40), reiterating that HIV
infection is an independent risk for ECG abnormality by
itself regardless of other traditional CVD risk factors.
Nonetheless, the exact mechanism(s) need further
investigation.
We did not observe any association of ART status
or usage of antiretroviral drugs (ARV) with ECG
abnormalities in this study, probably due to the low
proportion of being treated and the short duration of
ART for those treated. Untreated HIV patients had
severe immunodeficiency and high HIV viral load,
which were associated with high risk for CVD and
ECG abnormalities. On the other hand, there is growing
evidence that dyslipidemia and endothelial dysfunction
are common side effects of ART particularly among
patients receiving PIs (41,42). Longer duration of ART
would also expose the patients to higher risk for CVD
and higher likelihood of abnormal ECG manifestations.
As the national ART program rapidly scales up and the
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availability of PIs increases in China, cardiovascular side
effects and related ECG abnormalities are not ignorable
and very likely to increase substantially.
This study had several limitations. First, only
prevalence rather than incidence of ECG abnormalities
could be investigated due to the cross-sectional nature
of this study. Future longitudinal studies are needed
to examine the incidence and causal mechanisms of
CVDs and characteristic ECG manifestations. Second,
this study was conducted in a municipal clinical center,
which is the officially designated hospital for HIV care
and treatment in Shanghai, China. Therefore, the study
results may not be generalizable to other provinces.
Multicenter studies are warranted in the near future.
Third, no HIV-negative controls were enrolled for
comparison in this study, further limiting our ability to
draw a promising conclusion.
In summary, this exploratory study reveals high
prevalence of typical ECG abnormalities including
sinus tachycardia and ST-T segment elevation among
the HIV-positive population in China, which could
be employed as a useful screening tool for CVDs in
Chinese HIV patients who are mostly living in rural
areas and have limited access to comprehensive clinical
care. The associations of ECG abnormalities with
immunodeficiency and HIV viral load highlight the
necessity of early and combined ART for prevention
of cardiovascular comorbidities, which could also be
adverse consequences of cART. This dilemma further
underscores needs of careful monitoring and care
continuum for CVDs in the era of combination ART
scale up in China.
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SUMMARY

Irrational use of drugs remains a major challenge especially in developing countries, which
contributed to a heavy pharmaceutical expenditure burden. Price regulation has been taken to curb
the growth of pharmaceutical expenditures in many countries. This study aimed to investigate the
impact of different mark-up drug policies on drug-related expenditures in tertiary public hospitals
in Shanghai, China. Data were drawn from the audited financial statement in 24 tertiary public
hospitals in Shanghai from January 2015 to December 2018. Drug-related revenue data and per
capita cost data pre- and post-intervention were included. Interrupted time series design was applied
to assess the actual effects of Fixed Percent Mark-up Drug (FPM) policy and Zero Mark-up Drug
(ZMD) policy respectively. Results showed that ZMD policy achieved better intervention effects
on declining drug-related expenditures than FPM policy. Apart from a declining trend in drug
proportion (coefficient = -0.0017, p = 0.031), no other significant changes were found during FPM
implementation. However, ZMD policy was associated with a level decline in per capita outpatient
drug cost (coefficient = -12.21, p = 0.025) and a trend decline in per capita inpatient drug cost
(coefficient = -25.12, p < 0.001), as well as a level decrease (coefficient = -0.0256, p = 0.001) and a
downward tendency (coefficient = -0.0018, p < 0.001) in drug proportion. ZMD policy was effective
in regulating drug-related expenditures, while FPM policy was difficult to achieve expected
results due to the existence of profit space. Further regulation should be strengthened in the future,
especially on drug revenue and per capita drug cost.

Keywords

Zero Mark-up Drug policy, Fixed Percent Mark-up Drug policy, drug revenue, per capita drug cost,
drug proportion

1. Introduction
Irrational use of drugs remains a widespread concern
worldwide, especially in developing countries, where
around 60% of drugs prescribed and sold in public
health institutions were inappropriate (1,2). It was
reported that irrational use of drugs contributed to
a heavy pharmaceutical expenditure burden and
the costs resulted from harmful effects after taking
drugs were up to 870 million USD per year in the
UK (3). Pharmaceutical expenditure was assumed to
account for 25%-70% of total healthcare expenditures
in developing countries and approximately 10% in
most developed countries (4). In OECD countries,
the pharmaceutical expenditure was estimated to be

approximately 800 billion USD, accounting for 17%
of total healthcare expenditures, with the range of less
than 10% in Denmark to more than 30% in Hungary (5).
For Japan and South Korea, pharmaceutical expenditure
constituted 20.6% and 25.1% of total healthcare
expenditure respectively (6,7).
In China, government investment was replaced
by pharmaceutical profits, which became the major
income source for hospitals for a long time (2). The
overall healthcare expenditure increased almost
sevenfold from approximately 75 billion USD to 519
billion USD since 2000, among which pharmaceutical
expenditure was estimated to account for 42.5% and
tertiary public hospitals was much higher (7). As
one of the most common problems of irrational drug
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use, unnecessary drug use is serious in China (8-10).
A close interest relationship between drug sales and
prescriptions made unnecessary prescriptions and
drug rebates prevail in the long term (11). Physicians
in China tend to rely heavily on drug revenue due to
the existence of profit margins on drugs (12). They
have financial incentives to recommend patients drug
therapies even when not appropriate, while patients are
generally unable to judge whether the recommended
drugs are suitable, which provides a shortcut for
physicians to prescribe and profit from unnecessary
medications (13,14).
To curb the increasing growth of pharmaceutical
expenditures, price regulation was put forward in
many countries by setting, agreeing and cutting
prices of drugs, aimed at increasing accessibility and
restraining exorbitant prices (5,15-18). Separation of
prescribing and dispensing was one of the essential
price regulation measures, which has originally been
formed since the 12th century and followed and adopted
by numerous countries (19). For instance, in Korea,
separation of drug prescribing from dispensing was
implemented with the goal of fundamentally changing
the inefficient provision and consumption of drugs to
contain pharmaceutical expenditure (13). This approach
could also help to decrease irrational drug use with the
fact that prescriptions from dispensing physicians was
twice and 7 times more than those by non-dispensing
physicians in Zimbabwe and Malaysia, respectively
(20,21). Similar price regulation methods could also
be seen in Spain, where a new system for fixing prices
was adopted and a Ministerial Decree for selective
reimbursement of drugs was introduced by government,
to keep increasing pharmaceutical expenditures under
control (22).
In China, declining mark-up on drugs was
undertaken as part of a separation of healthcare
and medicine policy, so as to decouple provider
compensation from the prescription and sales. There
are two typical mark-up drug policies, one is Fixed
Percent Mark-up Drug (FPM) policy, which allows
drugs to be sold on fixed mark-up percent based on
the purchase price; the other is Zero Mark-up Drug
(ZMD) policy, which requires all public hospitals to
prescribe drugs at purchase price without including
a mark-up (23). Previous studies mostly presented
positive effects on healthcare expenditures shortly after
implementing ZMD policy, but showed mixed results
regarding long-term effects (11,14,24). Regarding FPM
policy, hospitals were found to show more preference
for expensive drugs, which led to increasing healthcare
expenditures and high drug revenue proportion in
both outpatient and inpatient healthcare revenue
(9,25). Different from others, mark-up-cancellation
policy in Shanghai, China was gradually executed by
declining 5% of mark-up step by step, until all the
mark-up was eventually cancelled. Specially, FPM
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policy with a mark-up decline from 15% to 10% was
attempted to be executed initially, followed by the
final implementation of ZMD policy. The focus of
ZMD policy was completely decoupling provider
compensation from the prescription and sales and
thus eliminated physicians' incentive for prescribing
expensive drugs and reducing excessive household
spending on irrational drugs.
Previous practices mainly directly focused on
one-time implementation of cancelling mark-up, but
ignored the gradually executed process. Additionally,
previous studies mainly focused on primary care
settings and have reported varying and sometimes
conflicting results which may result from different
study designs, e.g. cross-sectional or before-after study
designs (14). Few applied interrupted time series to
simultaneously evaluate the actual effects of different
mark-up drug policies, especially those represented by
ZMD and FPM. A simultaneous comparison between
the intervention effects brought by these two typical
regulation measures (intervention with mark-up vs.
intervention without mark-up) were deficient until now.
This study aimed to investigate the impact
of ZMD policy and FPM policy on drug-related
expenditures and provide a foundation for policy and
practice improvements to avoid physicians' irrational
prescriptions and improve patients' drug affordability.
We sought to assess different regulation intensity on
pharmaceutical expenditure, with specific attention
towards identifying different intervention effects
caused by ZMD policy and FPM policy respectively,
so as to provide more evidence-based experience
for international practice in tertiary public hospital
settings.
2. Materials and Methods
2.1. Setting
This study was set in Shanghai municipality, which is
located on the Yangtze River Delta in east China and
covered a provincial coastal area of 6,340 km2. There
are 24.18 million inhabitants in Shanghai (2017). The
per capita GDP in Shanghai was 18,756 USD (2017),
which was more than twice the average national per
capita GDP (8,836 USD) and exceeded the high-income
country threshold (12,235 USD). The life expectancy
in Shanghai is estimated to be 83.37 years, like those
in high-income countries (26-28). Public hospitals are
responsible for majority of healthcare provision and
account for appropriately 95% of all outpatient visits,
inpatient discharges and inpatient surgical procedures
(29). Among public hospitals, primary healthcare
institutions provide essential medical care services,
mainly including outpatient care as well as public
health services, such as health education, maternity
care, planned immunization, etc. (30). Secondary and
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tertiary public hospitals provide both outpatient and
inpatient care, among which tertiary public hospitals
serve as a medical service center within a region and
provide nearly half of the outpatient care as well as
42.5% of inpatient services (29,31).
In this study, all municipal tertiary public hospitals
in Shanghai were selected for analysis, excluding
the hospitals affiliated with the National Health
Commission of the People's Republic of China. A total
of twenty-four tertiary public hospitals were analyzed,
including 9 Comprehensive hospitals, 4 Chinese
medicine hospitals, and 11 Specialized hospitals, which
accounted for 48.0% of all tertiary public hospitals,
and 13.1% of all public hospitals in Shanghai. The
scale of these 24 hospitals is large, whose number of
beds, outpatients and inpatients account for 22.4%,
22.2% and 37.5% of all public hospitals in Shanghai,
respectively (Table 1).
2.2. Policy Intervention
From December, 2015 to February, 2017, gradual
policy intervention aiming at reducing drug price
were continuously implemented in Shanghai, by
declining 5% of mark-up each time. The first formally
intervention measure is declining the mark-up from
15% to 10% in December 10, 2015 in all public
hospitals (except for Chinese Herbal Medicine), and
the actual procurement price over 500 RMB should
not exceed 50 RMB. The final powerful intervention
was declining the drug mark-up to zero in February 1,
2017 in all public hospitals (except for Chinese Herbal
Medicine), and being sold according to the actual
procurement price, which represented ZMD policy was
implemented.
From the first intervention to the final intervention,
a significantly symbolic change was observed during
the gradual intervention measures, that is a drug
regulation policy of the FPM is experimentally and
gradually replaced by ZMD from small-scale to fullscale. In this study, the first intervention measure of
cancelling partial mark-up in December 10, 2015
and the final intervention of cancelling all markup in February 1, 2017 were selected into analysis,
respectively representing the intervention with mark-up
and without mark-up.

2.3. Data sources and outcome indicators
Data in this study were derived from the audited
financial statement of each hospital. Monthly data
of 24 tertiary public hospitals from January 2015 to
December 2018 were collected, including drug-related
revenue data and cost data.
Indicators concerning drug-related expenditures
were designed and selected in this study, including drug
revenue (total drug revenue, outpatient drug revenue
and inpatient drug revenue), per capita outpatient
drug cost, per capita inpatient drug cost, as well as the
proportion of drug revenue in total healthcare revenue
(drug proportion). The calculations of related indicators
are as follows:
i) Drug revenue was obtained directly from the
audited financial statement;
ii) Per capita outpatient drug cost = total outpatient
drug revenue/total number of outpatients;
iii) Per capita inpatient drug cost = total inpatient
drug revenue/total number of inpatients;
iv) Proportion of drug revenue in total healthcare
revenue (%) = (pharmaceutical revenue /total healthcare
revenue) *100%.
2.4. Statistical analysis
Interrupted time series (ITS) design was employed
to assess the change of drug-related expenditures
in 2015-2018 based on pre-intervention and postintervention data collected monthly from 24 tertiary
public hospitals, so as to evaluate the actual effects
of intervention policy. ITS design has been regarded
as the strongest, quasi-experimental methodology to
analyze longitudinal effects, which can overcome the
shortcomings of simple pre- and post-evaluation, and
have an advantage of evaluating intervention effects
simultaneously from the level change of observed
indicators before and after intervention, and the trend
change (slope change) (32,33).
Segmented regression model was used in an
interrupted time series analysis to assess the impact of
FBM policy and ZMD policy. The data were divided
into two segments, that is before intervention and after
intervention. Level and trend were used to define each
segment of a time series. Specifically, the level is the

Table 1. General characteristics of healthcare institutions in this study
Category

Institutions (number)

Beds (number)

Outpatients (million)

Discharged patients (million)

Comprehensive hospitals
Chinese medicine hospitals
Specialized hospitals
Maternity hospitals
Children's hospitals
Other specialized hospitals

9
4
11
2
2
7

15,992
4,224
7,464
1,333
1,389
4,742

31.7385
11.9284
12.0858
3.0572
4.1806
4.8480

0.9599
0.2077
0.4262
0.1141
0.0865
0.2256

Total

24

27,680

55.7527

1.5938
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value at the beginning of a segment and trend (slope)
is the rate of change during a segment. Both changes
in the level following intervention implementation and
trend that occurred after intervention can be observed
by applying a segmented regression model. The vast
strength of this model is evaluating the level changes
and trend (slope) changes associated with intervention
on the basis of controlling for baseline level and trend
(slope) (33).
Two intervention points were included in this study.
One is FPM policy (intervention with mark-up) and the
other is ZMD policy (intervention without mark-up).
The fit level and slope change model:
Yi = β0 + β1X1 + β2X2 + ∑βjXj + εi
Yi represents the outcome indicator during a time
period which changes on a monthly basis between
January 2015 until December 2018 for hospital; X 1
represents trend (slope), pre-intervention is X1=0, postintervention is X1=1; X2 is the intervention measure,
pre-intervention is X2=0, post-intervention is X2=1; β1
represents the trend change (slope change), β2 represents
the level change; ∑βjXj represents covariates (influential
factors outside of the intervention measure and time); εi
represents error. Durbin-Watson test was used to check
for serial autocorrelation of the error terms, and p values
and coefficients were estimated by use of the least
squares method (33,34).
3. Results
3.1. Overall change of drug-related expenditures between
2015 and 2018
Seeing from Table 2, the increase of 6.8%, 4.5% and 9.6%
were still observed respectively in total drug revenue,
outpatient drug revenue and inpatient drug revenue after
implementing FPM policy in 2016. After implementing
ZMD policy, a decline of 2.0% was observed in total
drug revenue in 24 tertiary public hospitals in 2017
(compared with 2016), while an increase of 2.7% was

found in total drug revenue in 2018 (compared with
2017). Besides, a decline of 2.5% was observed in 2017
(compared with 2016) in outpatient drug revenue while
an increase of 5.4% was found in 2018 (compared with
2017), and a decline of 1.5% was observed in 2017
(compared with 2016) in inpatient drug revenue and a
continuous decrease still existed in 2018.
There was no decline in per capita outpatient drug
cost in 24 tertiary public hospitals after implementing
FPM policy in 2016. After ZMD policy was
implemented, a decrease of 4.6% was observed in
2017 (compared with 2016), but then increased in
2018. For per capita inpatient drug cost, a decline of
1.2% was found after implementing FPM policy in
2016 (compared with 2015). After implementing ZMD
policy, a significant decrease of 9.0% was found in 2017
(compared with 2016), and a continuous decline was
observed in 2018.
The initial drug proportion in 24 tertiary public
hospitals was 37.5% in 2015. After implementing FPM
policy, drug proportion in 2016 was 35.3% (declined
by 2.2%). After ZMD policy was implemented, the
proportion decreased by 4.1% in 2017 (compared with
2016), and a continuous decline was observed in 2018.
It was obvious to see that ZMD policy achieved larger
effects on declining drug proportion than FPM policy
(Table 2).
3.2. Results of the segmented regression analysis
As shown in Table 3, it was observed that drug revenue
decreased immediately after implementing FPM policy
and an increasing trend change was found though there
was no statistical significance (coefficient = -69.06, p
= 0.993; coefficient = 754.95, p = 0.156, respectively),
indicating that FPM policy made no significant changes
on drug revenue. After implementing ZMD policy,
an immediate decline change and an increasing trend
change was observed in drug revenue (coefficient =
-11,547.50, p = 0.062; coefficient = 586.30, p = 0.038,
respectively).
It was observed that the per capita outpatient

Table 2. Drug revenue, per capita drug cost and drug proportion in 24 tertiary public hospitals between 2015-2018
Indicator
Drug revenue (million)
Total
Outpatient
Inpatient
Per capita drug cost (RMB)
Outpatient
Inpatient
Drug proportion (%)
Comprehensive hospitals
Chinese medicine hospitals
Specialized hospitals
Total

2015
1,405,269
759,956
645,313

Drug-related expenditures
2016
2017
1,500,859
793,881
706,978

1,470,348
774,300
696,048

2018
1,510,502
815,864
694,638

Relative Ratio with Fixed Base/proportion change
2016/2015
2017/2015
2018/2015
1.068
1.045
1.096

1.046
1.019
1.079

1.075
1.074
1.076

151
5,308

151
5,243

144
4,770

146
4,358

1.001
0.988

0.951
0.899

0.968
0.821

37.3
38.0
37.6
37.5

35.3
36.3
34.9
35.3

31.0
31.2
31.8
31.2

28.6
27.1
29.9
28.7

-2.0
-1.7
-2.7
-2.1

-6.3
-6.8
-5.7
-6.2

-8.7
-10.9
-7.7
-8.8
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drug cost and per capita inpatient drug cost increased
immediately after FPM policy though there was no
statistical significance (coefficient = 0.85, p = 0.905;
coefficient = 73.63, p = 0.548, respectively). Meanwhile,
an increasing trend was found in per capita outpatient
drug cost and a declining trend was observed in per
capita inpatient drug cost with no statistical significance
(coefficient = 0.08, p = 0.867; coefficient = -12.18, p =
0.157, respectively). After implementing ZMD policy,
per capita outpatient drug cost and per capita inpatient
drug cost decreased immediately (coefficient = -12.21, p
= 0.025; coefficient = -226.40, p = 0.112, respectively).
Meanwhile, an increasing trend change and a declining
trend change were observed in per capita outpatient drug
cost and per capita inpatient drug cost (coefficient = 0.27,
p = 0.268; coefficient= -25.12, p < 0.001, respectively).
A decline with no statistical significance was
observed in drug proportion immediately after
implementing FPM policy, and a downward
trend was presented in the long run (coefficient =
-0.0001, p = 0.992; coefficient = -0.0017, p = 0.031,
respectively). The implementation of ZMD policy
was associated with a significant level decline in the
drug proportion (coefficient = -0.0256, p = 0.001), and
continuously showed a significant downward trend
(coefficient=-0.0018, p < 0.001) (Table 3).

4. Discussion
To the best of our knowledge, it was the first study that
attempted to simultaneously explore the intervention
effects caused by FPM policy and ZMD policy using an
interrupted time series design in tertiary public hospital
settings. There is little empirical evidence on the
comparison of different mark-up policies on declining
drug-related expenditures. Overall, the ZMD policy
achieved better intervention effects compared with
FPM policy.
This study demonstrated that FPM policy made no
significant effects on drug-related expenditures (except
for the decreasing trend on drug proportion), while
ZMD policy significantly declined drug proportion,
and the level of per capita outpatient drug cost as well
as the trend of per capita inpatient drug cost. It was
obvious to see that ZMD policy was more powerful and
intensive than FPM policy, which may result from the
more thorough separation of provider compensation
from the prescription and sales. Due to the existence of
mark-up, FPM policy still retained some profit space,
which allowed physicians to seek avenues of earning
profits. After eliminating all possible profit space on
drugs, hospitals may shift attention to other high value
medical consumables or clinical processes and seek

Table 3. Results of change in drug-related expenditures pre- and post- the first intervention and final intervention
Indicator

Variable

β

S.E.

T

p

(Intercept)
X1
X2
(Intercept)
X1
X2
(Intercept)
X1
X2
(Intercept)
X1
X2

111,230.29
754.95
-69.06
152.62
0.08
0.85
5,394.91
-12.18
73.63
0.3880
-0.0017
-0.0001

4,200.88
514.44
7,473.40
3.98
0.49
7.08
67.88
8.31
120.76
0.0061
0.0007
0.0108

26.478
1.468
-0.009
38.330
0.170
0.120
79.476
-1.466
0.610
63.660
-2.310
-0.010

0.000***
0.156
0.993
0.000***
0.867
0.905
0.000***
0.157
0.548
0.000***
0.031*
0.992

(Intercept)
X1
X2
(Intercept)
X1
X2
(Intercept)
X1
X2
(Intercept)
X1
X2

114,280.70
586.30
-11,547.50
147.01
0.27
-12.21
5,707.84
-25.12
-226.40
0.3884
-0.0018
-0.0256

5,646.50
272.10
5,989.30
4.91
0.24
5.20
130.64
6.29
138.57
0.0067
0.0003
0.0071

20.239
2.155
-1.928
29.963
1.127
-2.346
43.692
-3.991
-1.634
58.143
-5.438
-3.615

0.000***
0.038*
0.062
0.000***
0.268
0.025*
0.000***
0.000***
0.112
0.000***
0.000***
0.001**

Pre- and post- the first intervention
drug revenue
per capita outpatient drug cost
per capita inpatient drug cost
Drug proportion
Pre- and post- the final intervention
drug revenue
per capita outpatient drug cost
per capita inpatient drug cost
Drug proportion

*

p < 0.05; **p < 0.01; ***p < 0.001. Durbin-Watson test all indicated no autocorrelation.The first intervention study period was between January
2015 to January 2017, where pre-intervention was from January 2015 to December 2015 and post-intervention was from January 2016 to January
2017.The final intervention study period was between January 2016 to December 2018, where pre-intervention was from January 2016 to January
2017 and post-intervention was from February 2017 to December 2018.
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for other price adjustments to compensate for the loss
of revenue (35). Judging from this, a comprehensive
mark-up-cancellation approach was more likely to bring
about better intervention results, which have also been
previously demonstrated (25). A separation reform in
Taiwan also effectively reduced drug expenditure and
changed prescribing behavior, which is consistent with
our findings (36).
However, the intervention effects of ZMD policy
on drug revenue and per capita drug cost were limited,
especially on the trend of drug revenue and per
capita outpatient drug cost in the long run. Similar
findings also existed in previous studies. He YZ et
al. found that drug expenditure declined sharply after
ZMD policy initially, but the effects of ZMD policy
gradually disappeared and became even worse in the
long run, except for inpatient drug expenditure (11).
Lee et al. assessed the effects of separation reform on
drug expenditures and found medication expenditures
increased by 98.4% for peptic-ulcer medication, among
which expensive drugs and branded drugs accounted for
the majority of this increase, even when generic drugs
were available (37). Similar phenomena also occurred
in China, with the fact that physicians tend to prescribe
branded drugs that may be more effective but expensive
to ensure quick recovery of their patients. Besides, with
the population ageing, the number of elderly patients
is growing rapidly, who may require more medication
therapies, thus drug revenue was difficult to decrease
overall. In addition, with the more comprehensive
population coverage and further improvement of the
medical insurance system, patients with insurance are
more likely to be prescribed more drugs than before,
and inpatients tend to have more prescriptions than
outpatients due to a higher medical reimbursement rate
(38,39).
There are some limitations in this study. First, FPM
policy (the first intervention with mark-up) and ZMD
policy (the final intervention without mark-up) were
selected to represent two typical types of intervention
measures, while other possibly relevant intervention
measures that occurred during the period were not
included in analysis. Second, Segmented regression
was used to respectively evaluate the effects of the
first intervention and the final intervention, while an
integrated regression simultaneously including the
first and final intervention was not applied due to other
possibly relevant interventions that may have also
occurred during that period. Third, indicators related to
rational drug use were not included for analysis because
the data was not available.
In conclusion, this study represents a segmented
regression analysis of different mark-up drug policy
on drug-related expenditures. Overall, ZMD policy
achieved better intervention effects than FPM policy,
especially on declining drug proportion. However,
expected intervention effects on drug revenue and per
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capita drug cost were limited and further regulation
should be strengthened in the future.
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SUMMARY

The roots of Angelica dahurica have long been used as a traditional medicine in Korea to treat
various diseases such as toothache and cold. In this study, we investigated the effect of ethanol
extract from the roots of this plant on metastatic melanoma, a highly aggressive skin cancer, in
B16F10 melanoma cells and B16F10 cell inoculated-C57BL/6 mice. Our results showed that
the ethanol extracts of Angelicae dahuricae Radix (EEAD) suppressed cell growth and induced
apoptotic cell death in B16F10 cells. EEAD also activated the mitochondria-mediated intrinsic
apoptosis pathway, with decreased mitochondrial membrane potential, and increased production
of intracellular reactive oxygen species and ration of Bax/Bcl-2 expression. Furthermore, EEAD
reduced the migration, invasion, and colony formation of B16F10 cells through the reduced
expression and activity of matrix metalloproteinase (MMP)-2 and -9. In addition, in vivo
results demonstrated that oral administration of EEAD inhibited lactate dehydrogenase activity,
hepatotoxicity, and nephrotoxicity without weight loss in B16F10 cell inoculated-mice. Importantly,
EEAD was able to markedly suppress lung hypertrophy, the incidence of B16F10 cells lung
metastasis, and the expression of tumor necrosis factor-alpha in lung tissue. Taken together, our
findings suggest that EEAD may be useful for managing metastasis and growth of malignant
cancers, including melanoma.
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1. Introduction
Over the past several decades, the incidence and
mortality rates of melanomas have increased rapidly,
and the number of cases has increased more rapidly
than other types of solid tumors. In particular, metastatic
melanoma is the most aggressive tumor due to its
unique ability to metastasize prematurely and resistance
to conventional therapies (1,2). However, clinical
management of patients with metastatic melanoma is
limited to treatment, due to the absence of effective
target chemotherapy and control protocols (3,4).
Although various therapies have been developed for the
treatment of patients with melanoma, chemotherapy is
still the primary approach for blocking cancer metastasis.
However, some limitations, such as adverse side effects,
drug resistance, and limited efficacy, remain to be solved

(5,6). Therefore, it is urgent to develop new therapeutic
strategies that minimize these limitations and have
high therapeutic efficacy. In this regard, interest in
natural resources that have traditionally been used in the
prevention and treatment of various diseases is increasing
(7). In addition, some herbal extracts have been shown
to induce apoptosis and inhibit the metastasis of cancer
cells, which are important strategies for the control of
proliferation in cancer cells, without showing toxicity to
normal cells (8,9).
Angelica dahurica Radix, the roots of Angelica
dahurica Bentham et Hooker, which belongs to the
genus Angelica (family Apiaceae), is widely used as a
traditional medicine to treat several symptoms including
headaches, asthma, hypertension, colds, and toothaches
in East Asian countries including Korea, Japan and
China (10-12). Up to now, various therapeutic activities
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of Angelica dahurica Radix including anti-microbial,
anti-oxidant, anti-inflammatory, and anti-mutagenic
effects have been reported (13-18). Although recent
studies have showed that the extracts and/or compounds
isolated Angelica dahurica Radix has an anti-tumor
effect on human cancer cells (17,19-22), the underlying
mechanism is not yet well known. Therefore, in this
study, as part of a screening program for the discovery
of traditional medicine resources with anti-metastatic
activity, we investigated the effect of ethanol extract
from the Angelica dahurica Radix on the metastatic
potential of murine melanoma B16F10 cells and
attempted to identify the mechanism of action.
2. Materials and Methods
2.1. Preparation of 70% ethanol extract of Angelica
dahurica Radix
The dried roots of A. dahurica (Angelica dahurica
Radix) were obtained from Dong-eui Korean Medical
Center (Busan, Republic of Korea). The roots (100
g) were ground into fine powder, and refluxed with
1 L of 70% ethanol solution by sonication for 24 h.
After filtering through a glass filter funnel to remove
insoluble matters, the extracts were concentrated with a
rotary vacuum evaporator (Buchi Labortechnik, Flawil,
Switzerland) and followed by lyophilization. The ethanol
extracts of Angelicae dahuricae Radix (abbreviated as
EEAD hereafter) were then stored at -80°C prior to use.
EEAD were dissolved in dimethylsulfoxide (DMSO,
Sigma-Aldrich Chemical Co., St. Louis, MO, USA) to
a final concentration of 100 mg/mL. The stock solution
was diluted with a cell culture medium to the desired
concentration before use.
2.2. Cell culture
B16F10 cells that originate in the syngeneic C57BL/6
(H-2b) mouse stain, were obtained from the American
Type Culture Collection (Manassas, MD, USA). The
cells were maintained in Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 100 U/mL penicillin, and 100 μg/mL
streptomycin (WelGENE Inc., Daegu, Republic of
Korea).
2.3. Cell viability assay
Cell viability was assessed by 3-(4,5-dimethyl-2thiazolyl)-2,5-diphenyltetra-zolium bromide (MTT)
assay, as described previously (19). Briefly, B16F10
cells were seeded onto 96-well plates at a density of 1
× 104 cells/well, and incubated for overnight. The cells
were exposed to a series of concentrations of EEAD for
24 h, and the cells were then incubated with 50 μg/mL
MTT solution (Invitrogen, Waltham, MA, USA) at 37°C

for 2 h. Subsequently, the medium was removed, and
DMSO was added to each well to dissolve the formed
blue formazan crystals, followed by measurement at
570 nm in a microplate reader (Molecular Device Co.,
Sunnyvale, CA, USA). The morphological changes of
cells were directly observed and photographed under
a phase-contrast microscope (Carl Zeiss, Oberkochen,
Germany).
2.4. Nuclear staining assay
The alteration of nuclear morphology in EEAD-treated
cells was assessed by 4′,6-diamidino-2-phenylindole
(DAPI) staining. In brief, cells were treated with different
concentrations of EEAD for 24 h, and then fixed with
4 % paraformaldehyde (Sigma-Aldrich Chemical Co.)
at room temperature for 10 min. The cells were washed
with phosphate buffered saline (PBS), and stained with 1
μg/m DAPI solution (Sigma-Aldrich Chemical Co.) for
10 min, under light-shielded conditions. The cells were
rinsed with PBS, visualized and photographed using a
fluorescence microscope (Carl Zeiss).
2.5. Determination of apoptotic cell death by flow
cytometric analysis
The magnitude of apoptosis was measured by flow
cytometry using the annexin V-fluorescein isothiocyanate
(FITC) Apoptosis detection kit (BD Biosciences, San
Diego, CA, USA). After treatment with EEAD for 24 h,
the cells were suspended in the supplied binding buffer,
and then stained with FITC-conjugated annexin V and
propidium iodide (PI) for 20 min in the dark at room
temperature, by following the manufacturer's protocol.
The fluorescent intensities of the cells were detected by
flow cytometry (BD Biosciences), and the annexin V+/
PI- and annexin V+/PI+ cell populations were considered
indicators of apoptotic cells.
2.6. Measurement of mitochondrial membrane potential
(MMP, ΔΨm)
To measure MMP (ΔΨm), 5,5',6,6'-tetrachloro-1,1',3,3'tetraethyl-imidacarbocyanine iodide (JC-1) staining was
performed. After treatment with EEAD for 24 h, cells
were exposed to 10 μM JC-1 (Sigma-Aldrich Chemical
Co.) for 30 min at 37°C. The cells were washed with
PBS to remove unbound dye, and the cells were
collected for each sample. The amounts of MMP (ΔΨm)
were detected at 488/575 nm using a flow cytometer,
according to the manufacturer's instruction.
2.7. Measurement of intracellular reactive oxygen
species (ROS) production
The production of ROS was measured using
5,6-carboxy-2',7'-dichlorodihydrofluorescein diacetate
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(DCF-DA), as described previously (23). After treatment
with EEAD for 30 min, the cells were washed with PBS
and incubated with 10 μM DCF-DA (Invitrogen) in the
dark at 37°C for 20 min. Subsequently, the cells were
analyzed for DCF fluorescence by flow cytometry at 480
nm/520 nm.
2.8. Reverse transcription-polymerase chain reaction
(RT-PCR)

25

well) and incubated to 80-90% confluence. To evaluate
cell migration, wound lines in the form of a cross were
made by scraping with a plastic 200 μL pipette tip in
confluent cells. After wounding, floating cells were
washed out with PBS, and were incubated with 1% FBScontaining DMEM supplemented with or without EEAD
for 24 h. Subsequently, the width of wound healing
was observed and photographed under a phase-contrast
microscope.

Total RNA was isolated using TRIzol reagent
(Invitrogen) by the manufacturer's recommended
protocol. After quantifying the RNA concentration,
genes of interest were amplified from cDNA that was
reverse-transcribed from 1 μg of total RNA using
AccuPower® PCR PreMix (Bioneer, Daejeon, Korea),
as described previously (24). The PCR was carried out
using the Mastercycler (Eppendorf, Hamburg, Germany)
under the following conditions: initial denaturation for 3
min at 94°C; 30 cycles of 30 sec at 94°C, 30 sec at 61°C,
and 1 min at 72°C; and final extension for 5 min at 72°C.
Subsequently, PCR products were separated on 1.0%
agarose gel containing ethidium bromide (EtBr; SigmaAldrich Chemical Co.) and visualized using ultraviolet
light. The glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) housekeeping gene transcript was used as a
control.

The invasion ability was assessed using the Transwell chamber system (10 mm diameter, 8 μm pore size
with polycarbonate membrane, Corning Costar Corp.,
Cambridge, MA, USA). After maintaining B16F10
cells in serum-free DMEM for 24 h, the cells (5 × 104
cells/well) were placed in the upper chamber of transwell insert, and at the same time, 10% FBS-containing
complement medium supplemented with or without
EEAD was added into the lower chamber, and then cells
were incubated for 24 h. Cells that invaded through
the filter were fixed with 3.7% paraformaldehyde, and
stained with hematoxylin and eosin (Sigma-Aldrich
Chemical Co.). The stained colonies were observed
and counted under a phase-contrast microscope and
photographed.

2.9. Protein extraction and Western blot analysis

2.12. Colony formation assay

The whole cellular proteins were prepared using the
Bradford protein assay kit (Bio-Rad Laboratories,
Hercules, CA, USA) and protein concentration was
measured using the Bio-Rad protein assay kit (BioRad Laboratories), according to the manufacturer's
instruction. An equal amount of protein from the samples
was separated by denaturing sodium dodecyl sulfate
(SDS)-polyacrylamide gel electrophoresis, and then
transferred onto polyvinylidene difluoride membranes
(Schleicher & Schuell, Keene, NH, USA). The
membranes were blocked with 5% skim milk in Trisbuffered saline containing 0.1% Triton X-100 (TBST)
for 1 h, and then probed with specific primary antibodies
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) to
react with the blotted membranes at 4°C overnight. After
washing with TBST, the membranes were incubated with
the appropriate horseradish peroxidase (HRP)-conjugated
secondary antibodies (Santa Cruz Biotechnology, Inc.)
for 2 h at room temperature. The expression of protein
was detected by enhanced chemiluminescence (ECL) kit
(GE Healthcare Life Sciences, Little Chalfont, UK), and
visualized by Fusion FX Image system (Vilber Lourmat,
Torcy, France).

After treatment with EEAD for 24 h, single-cell
suspensions of B16F10 cells were inoculated on 6-well
plates (200 cells/well). The cells were cultured for
two weeks while replacing the medium every 3 days
to form colonies. The colonies were fixed with 3.7%
paraformaldehyde and then stained with 0.1% crystal
violet solution (Sigma-Aldrich Chemical Co.) at room
temperature for 10 min. The stained colonies were
observed and counted under a phase-contrast microscope
and photographed.

2.10. Wound healing assay
B16F10 cells were seeded in a 6-well plate (1 × 106 cells/

2.11. Invasion assay

2.13. Matrix metalloproteinase (MMP) activity assay
The cells were treated with EEAD for 24 h, and then
cell culture supernatants were collected to measure the
activities of MMP-2 and -9. The activities of MMP-2 and
-9 were determined using Biotrak Activity Assay system
from Amersham Biosciences (Piscataway, NJ, USA),
according to the manufacturer's instruction.
2.14. Animal and in vivo experimental procedures
C57BL/6 mice (male, 8 weeks old) were obtained from
Samtaco Korea (Osan, Korea). The animals were housed
under specific pathogen-free conditions at a temperature
of 24 ± 1˚C and humidity of 55 ± 5% in a laminar airflow room with a 12 h light and 12 h dark circle. After
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acclimatization for 1 week, 28 mice were injected
intravenously via tail vein with 3 × 105 B16F10 cells per
100 μL PBS to produce experimental lung metastasis.
At the same time, 16 mice were injected in the same
area with PBS alone. After 1 day of tumor inoculation,
B16F10 cell injected-mice were randomly divided into
three groups: the B16 + control group (100 μL of distilled
water), the B16 + EEAD 100 group (100 μL of EEAD
100 mg/kg/day), and the B16 + EEAD 200 group (100
μL of EEAD 200 mg/kg/day). Eighteen PBS-injected
mice were also randomly divided into two groups: the
normal group (100 μ of distilled water); and the EEAD
200 group (200 μL of EEAD 200 mg/kg/day). All
treatments were administrated orally once per day in the
morning for 21 days. Mice were sacrificed at day 21 after
B16F10 melanoma cells injection, and blood was placed
in heparinized tubes, centrifuged at 3,000 rpm for 10 min
at 4°C, and kept at -80°C for subsequent analysis. After
perfusion, organs were immediately surgically excised,
including liver, kidney, spleen, lung, and thymus, then
weighed, and stored at -80°C. Animal experiments
were conducted in accordance with the Guidelines for
Animal Experimentation of Dong-eui University (Busan,
Republic of Korea), approved by the Institutional Animal
Care and Research Advisory Committee of Dong-eui
University (Reference no. R2017-004).
2.15. Blood biochemical analysis
After 21 days of the experiment, blood samples were
collected from the animals in all groups. Alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels were measured using commercial
colorimetric assay kits (Abcam Inc. (Cambridge, UK).
Lactate dehydrogenase (LDH) activity and blood urea
nitrogen (BUN) level were analyzed using detection
kits according to the manufacturer's instructions, which
kits were obtained from BioVision Inc. (Milpitas, CA,
USA) and antibodies-online GmbH (Aachen, Germany),
respectively.
2.16. Immunohistochemical staining for tumor necrosis
factor (TNF)-α
Histological analysis for TNF-α immunohistochemistry
analysis of the lung tissue was performed as described
previously (25). In brief, the sections of 5 μm thickness
were deparaffinized, rehydrated, cooked in antigen
retrieval solution (Abcam, Inc.), and dipped in 3%
hydrogen peroxide solution for 30 min. TNF-α antibody
(Abcam, Inc.) was then applied, and incubated for 1
h at room temperature. After washing, the sections
were incubated with peroxidase conjugated secondary
antibody (HRP-labelled goat anti-rabbit IgG antibody,
DAKO Corp, Glostrup, Denmark) for 40 min. After
washing with PBS, images of the sections were
photographed with a microscope (Carl Zeiss).

2.17. Statistical analysis
The results of quantitative studies are reported as
mean ± standard deviation (SD) using GraphPad Prism
software (version 5.03; GraphPad Software, Inc., La
Jolla, CA, USA). All experiments were repeated at
least three times. To compare data, One-way analysis
of variance (ANOVA) with Dunnett's post-hoc test
was used, and p < 0.05 was considered to indicate a
statistically significant difference.
3. Results
3.1. EEAD inhibited cell viability and induced
apoptosis in B16F10 cells
In evaluate the cytotoxicity of EEAD on B16F10
cells, cells were treated with different concentrations
of EEAD for 24 h, and cell viability was assessed by
MTT assay. Figure 1A shows that EEAD significantly
reduced B16F10 cells viability in a concentrationdependent manner. Phase-contrast microscopic
examination demonstrated that the phenotypic
characteristics of EEAD-treated cells exhibited irregular
cell outlines, decrease of cell density, shrinkage, and
increase of detached cells (Figure 1B, upper panel).
Therefore, DAPI staining was performed to determine
whether EEAD-induced growth inhibition was
associated with apoptosis induction, and it was found
that nuclear fragmentation and chromatin condensation
formation were increased in EEAD treated cells (Figure
1B, lower panel). The results of flow cytometric
analysis also showed that the percentage of apoptotic
cells was significantly increased in EEAD-treated cells
in a concentration-dependent manner (Figure 1C and D).
3.2. EEAD increased mitochondrial dysfunction and
ROS generation in B16F10 cells
We assessed whether mitochondrial dysfunction was
involved in the induction of EEAD-induced apoptosis
and found that the MMP (ΔΨm)-dependent formation
of JC-1 aggregates in mitochondria was maintained at
a relatively high rate in cells not treated with EEAD.
However, JC-1 aggregates were markedly reduced after
treatment with EEAD in a concentration-dependent
manner (Figure 2A and B), indicating a significant
depletion of MMP (ΔΨm) after EEAD treatment. DCFDA staining was applied to investigate whether EEADinduced mitochondrial dysfunction was associated
with increased production of ROS. As depicted in
Figures 2C and D, ROS production significantly
increased according to the rise in concentration of
EEAD. The effects of EEAD on the expression of Bcl2 family members, which play a critical role in the
mitochondria-mediated intrinsic apoptotic pathway,
were also determined. As indicated in Figure 2E and
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Figure 1. Inhibition of cell viability and induction of apoptosis by EEAD in B16F10 cells. Cells were treated with the indicated concentrations
of EEAD for 24 h. (A), The cell viability was assessed by MTT assay. Data are expressed as the mean ± SD. The statistical analyses were conducted
using analysis of variance between groups (**p < 0.001 and ***p < 0.0001 when compared to control). (B, Upper panel) Morphological changes
of B16F10 cells treated with EEAD for 24 h were observed by a phase-contrast microscope at 40× magnification. (B, Lower panel) The nuclear
morphological change was observed using DAPI staining, and was photographed under a fluorescence microscope at 400× magnification.
Representative photographs of the morphological changes are presented. (C and D) Apoptosis of B16F10 cells treated with EEAD was measured
by flow cytometric analysis using annexin V-FITC and PI. (C) Representative profiles. The results show early apoptosis, defined as annexin V+ and
PI- cells (lower right quadrant), and late apoptosis, defined as annexin V+ and PI+ (upper right quadrant) cells. (D) The percentages of apoptotic cells
were determined by expressing the numbers of Annexin V+ cells as percentages of all the present cells. The statistical analyses were conducted using
analysis of variance between groups (***p < 0.0001 when compared to control).

Figure 2. Reduction of MMP (ΔΨm) and induction of ROS generation by EEAD in B16F10 cells. (A), After 24 h incubation with the indicated
concentrations of EEAD, the cells were stained with JC-1 dye, and were then analyzed by flow cytometry, in order to evaluate the changes in MMP
(ΔΨm). (B) Each bar represents the percentage of cells with JC-1 aggregates and monomers. The quantitative data are expressed in the bar diagram
as the mean ± SD. The statistical analyses were conducted using analysis of variance between groups (***p < 0.0001 when compared to control). (C)
The cells were treated with the indicated concentrations of EEAD for 30 min and then intracellular ROS generation was measured by flow cytometry
using DCF-DA dye. (D) Each bar represents the mean ± SD of three independent experiments (***p < 0.0001, when compared to control). (E) After
treatment with EEAD for 24 h, total RNA was isolated and RT-PCR was performed using the indicated primers. The amplified PCR products were
run on 1% agarose gels and visualized with EtBr staining. GAPDH was used as the housekeeping control gene. (F and G) The cells were lysed and
equal amounts of cell lysates were separated by SDS-polyacrylamide gel electrophoresis and transferred to membranes. The membranes were probed
with the indicated antibodies and the proteins were visualized using an ECL detection system. The equivalent loading of proteins in each well was
confirmed by actin.

www.biosciencetrends.com

28

BioScience Trends. 2020; 14(1):23-34.

Figure 3. Suppression of cell migration, invasion and colony formation by EEAD in B16F10 cells. (A) Cell migration of B16F10 cells was
assessed by wound healing assay at 24 h after EEAD treatment. (B) For cell invasion assay using trans-well chamber system, B16F10 cells were
placed in the upper chamber of trans-well insert, and complement medium supplemented with EEAD was added in the lower chamber, and then cells
were incubated for 24 h. (C) B16F10 cells were exposed to EEAD for 15 days, followed by colony formation assay. Cells were stained with 0.1%
crystal violet solution, and visualized colonies were observed under a phase-contrast microscope. (A-C) Representative photographs are shown from
three independent experiments. (D) The mobility of B16F10 cells was calculated for EEAD-treated cells, as compared with the non-treated control
cells for each experiment in different field. (E) The numbers of invading cells in EEAD-treated cells, as compared with the non-treated control cells,
for each experiment. (F) Rates of colony formation were detected by microplate reader at 650 nm. The quantitative data are expressed in the bar
diagram as the mean ± SD. The statistical analyses were conducted using analysis of variance between groups (**p < 0.001 and ***p < 0.0001 when
compared to control).

F, the levels of pro-apoptotic Bax mRNA and protein
were increased, while those of anti-apoptotic Bcl-2
were reduced in EEAD-stimulated cells. EEAD further
activated caspase-3 and induced cleavage of poly
(ADP-ribose) polymerase (PARP), one of the major
substrate proteins of activated caspase-3 (Figure 3G).
3.3. EEAD supprerssed the motility, invasion and
colony formation of B16F10 cells via the inhibition of
MMPs expression and activity
To determine the effect of EEAD on metastatic activity
of B16F10 cells, we investigated the cell migration
and invasion using wound scratch assay and transwell system, respectively. Figure 3A and D show that
EEAD suppressed the closure rate of the scratch at 24 h
treatment, compared with the control cells. Additionally,
EEAD apparently decreased the intrusion of B16F10
cells concentration-dependently in trans-well chamber
assay (Figure 3B and E), consistent with the result
of the wound scratch assay. We also found that the
colony forming ability of B16F10 cells was markedly
decreased by EEAD relative to the control (Figure 3C
and F). Because the degradation of extracellular matrix
(ECM) is an essential step in cancer cell metastasis,
we investigated whether EEAD regulates the activity
and expression of matrix MMPs. Our RT-PCR and

immunoblotting results indicated that EEAD effectively
decreased the mRNA and protein expression of MMP2 and -9 (Figure 4A and B), which was associated with
a decrease in their enzymatic activity (Figure 4C).
However, EEAD concentration-dependently increased
the mRNA and protein expression of tissue inhibitor
matrix metalloproteinase (TIMP)-1 and -2 (Figure 4A
and B).
3.4. EEAD administration reduced the lung metastasis
of B16F10 cells in C57BL/6 mice
To examine the effect of EEAD on lung metastasis in
vivo, we used the lung metastatic mouse model, by
which B16F10 melanoma cells were injected into the
tail vein of C57BL/6 mice. A total of 44 mice were
involved in the present experiment. Twenty-eight mice
were injected with B16F10 cells, and 16 mice were
injected with PBS as vehicle. From one day after,
EEAD 100 mg/kg, EEAD 200 mg/kg, or distilled water
were administrated orally once per day in the morning
for 21 days. One day after tumor cell inoculation,
one animal died in the control group, and one in the
EEAD 200 mg/kg group. In the control group, two
of them died 14 days after tumor inoculation, and the
survival rate on the 21 days was 83.33%. However, the
survival rate was not significantly different between
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the control and EEAD groups. At day 21, 100% of
the normal mice and the EEAD 200 mg/kg treated
mice without B16F10 cell inoculation were still alive.
During the experimental period, the initial and final
body weight did not differ between all the groups

Figure 4. Inhibition of the expression and activity of MMP-2
and -9 by EEAD in B16F10 cells. (A) After treatment with EEAD
for 24 h, total RNA was isolated and RT-PCR was performed using
the indicated primers. The amplified PCR products were run on 1%
agarose gels and visualized with EtBr staining. GAPDH was used as
the housekeeping control gene. (B) The cells were lysed and equal
amounts of cell lysates were separated by SDS-polyacrylamide gel
electrophoresis and transferred to membranes. The membranes were
probed with the indicated antibodies and the proteins were visualized
using an ECL detection system. The equivalent loading of proteins in
each well was confirmed by actin. (C) In vitro activity of MMP-2 and
-9 in cell culture supernatant was measured using a MMP-2 and -9
gelatinase activity assay kit. Data are mean ± SD deviation from three
independent experiments and are presented as fold change compared
with vector control (**p < 0.001 and ***p < 0.0001 when compared to
control).

(Data not shown). Mice were sacrificed at day 21 of
treatment, and their organs were surgically excised. As
shown in Table 1, the weight of thymus, spleen, liver
and kidney were not significantly different between all
groups, exclusive of lung. The B16F10 cells-injected
control mice markedly increased lung hypertrophy
(2.87-fold of lung weight in normal), whereas it was
substantially decreased by EEAD 200 mg/kg treatment.
In addition, the levels of BUN showed no significant
differences for all groups (Table 2). In contrast, the
activities of plasma ALT and AST were elevated in
34.20 and 324.11 U/L, respectively, in B16F10 cellsinjected control mice, compared to 23.75 and 126.55 U/
L in the normal group, whereas the activities of these
enzymes were decreased, following the administration
of EEAD. Meanwhile, the LDH activity was apparently
increased to 1,042.85 U/L in B16F10 cells-injected
control mice (757.60 U/L). However, the LDH activity
was meaningfully decreased by the administration of
EEAD 200 mg/kg, and its activity was similar to that
of the normal mice. Next, we investigated the effect
of EEAD on the histopathological alteration of lung
metastatic tissue following B16F10 inoculation. The
number of metastatic tumor nodules in B16F10-injected
control mice was apparently increased in comparison
with normal mice visually (Figure 5A), as well as
numerically (Figure 5B). In contrast, the number of
metastatic tumor nodules was significantly reduced by
the oral administration of EEAD, in a concentrationdependent manner. In addition, we evaluated whether
EEAD could suppress lung inflammation in these
mice. Similar to the results from the count of metastatic
tumor, Figure 5C shows that TNF-α of lung metastatic
tissue was overexpressed in B16F10 cell inoculatedmice, but completely inhibited in EEAD-treated mice.
4. Discussion
Apoptosis, a well known programmed cell death, is
an essential mechanism to maintain cell homeostasis
and maintains a balance between cell survival and
apoptosis (26,27). Cancer develops as a result of a

Table 1. The effects of oral administration of EEAD on organ weights in B16F10 cells-inoculated C57BL/6 mice
Group
Normal
EEAD 200
B16 + control
B16 + EEAD 100
B16 + EEAD 200

No. of animals
8
8
8
8
8

Organ weights (g)
Thymus

Lung

Spleen

Liver

Kidney

0.050 ± 0.094
0.049 ± 0.011
0.045 ± 0.009
0.043 ± 0.007
0.044 ± 0.009

0.15 ± 0.01
0.15 ± 0.02
0.43 ± 0.15
0.35 ± 0.25
0.20 ± 0.17

0.075 ± 0.008
0.075 ± 0.009
0.086 ± 0.017
0.086 ± 0.019
0.080 ± 0.024

1.38 ± 0.06
1.32 ± 0.03
1.39 ± 0.10
1.34 ± 0.09
1.37 ± 0.05

0.37 ± 0.06
0.37 ± 0.01
0.37 ± 0.03
0.36 ± 0.04
0.37 ± 0.02

After 1 day of tumor inoculation, B16F10 cell injected-mice were randomly divided into three groups: the B16+control group (100 μl of distilled
water), the B16+EEAD 100 group 100 μL of EEAD 100 mg/kg/day), and the B16+EEAD 200 group (100 μL of EEAD 200 mg/kg/day). PBSinjected mice were also randomly divided into two groups: the normal group (100 μ of distilled water); and the EEAD 200 group (200 μL of
EEAD 200 mg/kg/day). Mice were sacrificed at day 21 after B16F10 melanoma cells injection, and thymus, lung, spleen, liver, and kidney were
immediately surgically excised, and then measured the weight. Data are presented as means ± SD.
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Table 2. The effects of oral administration of EEAD to AST, ALT, BUN, and LDH values of serum samples obtained from
B16F10 cells-inoculated C57BL/6 mice
Group
Normal
EEAD 200
B16 + control
B16 + EEAD 100
B16 + EEAD 200

No. of animals

ALT (U/L)

AST (U/L)

BUN (mg/dL)

LDH (U/L)

8
8
8
8
8

23.75 ± 3.10
22.94 ± 2.47
34.20 ± 6.63
31.11 ± 9.59
28.97 ± 7.14

126.55 ± 55.86
123.09 ± 31.17
324.11 ± 90.03
299.11 ± 87.17
227.67 ± 97.17

20.11 ± 2.38
20.19 ± 3.14
20.66 ± 7.24
20.79 ± 2.47
19.98 ± 2.77

757.60 ± 87.08
699.47 ± 89.41
1042.85 ± 57.03
1001.00 ± 12.47
874.95 ± 93.14

After 1 day of tumor inoculation, B16F10 cell injected-mice were randomly divided into three groups: the B16 + control group (100 μl of distilled
water), the B16 + EEAD 100 group (100 μl of EEAD 100 mg/kg/day), and the B16 + EEAD 200 group (100 μL of EEAD 200 mg/kg/day). PBSinjected mice were also randomly divided into two groups: the normal group (100 μ of distilled water); and the EEAD 200 group (200 μL of
EEAD 200 mg/kg/day). The whole blood of mice was collected after 21 day treatment with or without EEAD. The values of ALT, AST, BUN,
and LDH were measured. Data are presented as means ± SD.

Figure 5. Effects of EEAD on pulmonary metastasis of B16F10
melanoma cells in vivo. (A) Representatives of metastatic nodules
on the surface of the lungs in C57BL/6 mice induced by injecting
3 × 105 cells intravenously, which were then treated daily with 100
and 150 mg/kg EEAD. On day 21, the mice were sacrificed, and
their lungs were then removed and fixed. Metastatic foci at the lung
surfaces were photographed. (B) The number of metastatic nodules in
each group were counted, and data presented as the mean ± SD (n =
8). The statistical analyses were conducted using analysis of variance
between groups (***p < 0.0001 when compared to normal group. ###p
< 0.0001 when compared to B16F10 cell-injected control group). (C)
Tumor tissues of lung metastasis were immunohistochemistry stained
with TNF-α. Blue arrow indicates the TNF-α-expressed area shown in
brown color, and marks the metastasis nodule (Original magnification,
200×).

series of genetic changes, during which normal cells
are converted to malignant cells that are involved in
abnormal growth and uncontrolled growth of cells
(28,29). Hence, most chemotherapeutic agents function
by inducing apoptosis in malignant cells, so the
induction of apoptosis is a major strategy for cancer
treatment and one of the most actively studied areas

(30,31). In the present study, we have verified that
EEAD, ethanol extract from the Angelica dahurica
Radix, suppressed B16F10 cell proliferation in a
concentration-dependent manner. Additionally, EEAD
significantly increased the percentage of annexin V+positive cells. Furthermore, EEAD-treated cells showed
the typical morphological hallmarks of apoptotic cells,
such as chromatin condensation, nuclear fragmentation,
and cell shrinkage. These results suggest that the
inhibition of cell growth by EEAD is associated with
the induction of apoptosis in B16F10 melanoma cells.
Apoptosis is largely divided into death receptor
(DR)-mediated extrinsic and mitochondria-mediated
intrinsic pathways (26,28). The extrinsic pathway
begins with the activation of caspase-8 by the formation
of the death-inducing signaling complex through the
binding of death ligand to the cell surface DR (27,32).
On the other hand, the intrinsic apoptosis signal
pathway is initiated by genetic damage, oxidative
stress, hypoxia, and high concentration of cytosolic
Ca2+, which converge at the mitochondria (28,33). This
pathway is the result of a mitochondrial dysfunction
that includes loss of MMP (Δψm), production of
ROS, opening of the permeability transition pore, and
release of cytochrome c from the mitochondria to the
cytoplasm, which is strictly regulated by a group of
proteins that are composed of pro- and anti-apoptotic
proteins, such as Bcl-2 protein family proteins (33,34).
The release of cytochrome c eventually activates
caspase-3 via the formation of apoptosome, which
consists of cytochrome c, caspase-9, and Apaf1 (28,34). Caspase-3 converges both intrinsic and
extrinsic pathways, and degrades various substrate
proteins, such as PARP (27,34). In the current study,
we investigated whether apoptosis by EEAD was
associated with mitochondria dysfunction. Our results
showed that EEAD significantly increased MMP (Δψm)
loss, as well as intracellular accumulation of ROS, in
B16F10 melanoma cells. Moreover, EEAD increased
the expression of pro-apoptotic Bax and inhibited the
expression of anti-apoptotic Bcl-2. Additionally, EEAD
induced the activation of caspase-3, and the degradation
of PARP. Therefore, these results demonstrate that
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EEAD induced apoptosis through a mitochondriamediated intrinsic pathway in B16F10 melanoma cells.
Melanoma, one of the most aggressive
malignancies, is a skin cancer with a resistance to
cytotoxic anti-tumor drugs, and high capacity for
invasion and metastasis (1,2). Therefore, the rate of
response of standard therapies is low and prognosis is
also poor. This is estimated to be because melanocytes
originate from highly motile cells that have enhanced
survival properties (35,36). Metastasis is caused by the
movement of cancer cells from the primary tumor to
target organs, thus blocking cancer cell migration and
invasion, which are most important for the treatment
of melanoma (37,38). Herein, we found that EEAD
suppressed the migration and invasion of B16F10
cells through the results of wound scratch assay and
trans-well assay, in the concentration range of nontoxic conditions. In addition, we confirmed that EEAD
also inhibited anchorage-dependent colony formation
that is a characteristic of tumor cells (39,40). These
results indicate that EEAD blocked the migration and
invasion, key steps of the metastasis of cancer cell,
as well as the establishment of anchorage-dependent
colony formation from a single cell. Degradation and
remodeling of the ECM and basement membranes are
essential steps in the metastasis of melanoma. These
processes are mediated by proteolytic enzymes, such
as MMPs and their tissue inhibitors, TIMPs, and the
regulation of their expression and/or activation on
invasion and migration in many types of tumors has
been widely reviewed in vitro and in vivo (41,42). In
particular, MMP-2 and -9 are well known to induce
cancer progression and the metastasis of melanoma
through the degradation of type IV collagen, which
is the major component of the basement membrane
(43,44). In this regard, we demonstrated that EEAD
markedly decreased the activity of MMP-2 and -9.
Furthermore, our results proved that EEAD induced
the down-regulated expression of MMP-2 and -9, as
well as the up-regulated expression of TIMP-1 and -2
in mRNA and protein levels. Based on these findings,
we suggest that EEAD promotes an increase of TIMP/
MMPs ratio as a critical factor in the regulation of the
motility of melanoma cells, which may subsequently
lead to the suppression of cell migration and invasion
associated metastasis.
Furthermore, we have re-confirmed the efficacy
of EEAD on the suppression of metastasis in B16F10
cell inoculated-mice. Interestingly, B16F10 cells have
been metastasized specifically to the lung following the
injection into the tail vein, and most of the cells have
been found in the pulmonary tissue (45). Therefore, the
murine B16F10 melanoma is most accepted as a useful
model for metastatic lung tumor, its application having
been used to evaluate the metastatic mechanisms of
melanoma and the development of anti-cancer therapies
(45,46). Numerous studies reported the experimental
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pulmonary metastasis model by B16F10 cell inoculation
in C57BL/6 mice, and investigated the efficacy of new
potential anti-cancer agents in this murine model (4749). In the current study, we identified that B16F10 cell
inoculated-mice have induced lung hypertrophy and
increase of the number and expression of metastatic
tumor nodules in lung tissue, whereas these were
significantly decreased by the oral administration of
EEAD. Additionally, the oral administration of EEAD
reduced serum LDH activity, as the most consistent
marker of the aggressive carcinogenesis (50), without
weight loss or nephrotoxicity. Similarly, plasma levels
of ALT and AST, which are considered to be important
indicators for measuring liver damage (51,52), in
B16F10 cell-inoculated mice were higher than those
of the normal group. However, they were dosedependently reduced by oral administration of EEAD.
These results suggest that EEAD can be a considerably
safe therapeutic candidate for metastatic melanoma
through its low toxicity, and efficacy in the suppression
of metastasis. Moreover, our study also provided
that B16F10 inoculation enhanced the expression of
TNF-α in the metastatic region, but was suppressed
by EEAD. It is well known that inflammation plays
principal roles at different stages of tumor development,
including initiation, promotion, malignant conversion,
invasion, and metastasis (53,54). El Rayes et al.
(55) demonstrated that lung inflammation promotes
metastasis, and Yu et al. (56) reported pro-inflammatory
cytokines, including TNF-α, interleukin (IL)-1 and
IL-6, accelerate MMPs expression, invasiveness,
and metastasis. In this respect, our results provide
the possibility of EEAD suppressing inflammation, a
hallmark of cancer contributing to tumor development,
and may lead to the inhibition of metastasis in lung
cancer.
As has been mentioned, melanoma is a tumor with
a resistance to drugs therapies (1,2). To solve this
problem, a lot of researches are getting identification
of the mechanisms by which melanoma initiation
can be triggered and sustained. Recently, there are
well known that melanoma may trigger not only the
activation of RAS/MEK singling pathway, but also
other pathways such as phosphoinositide 3-kinase
(PI3K)/Akt and Wnt signaling pathways (57,58). In
present study, we found that exposure to EEAD led to
decrease protein expression of Akt and β-catenin in
B16F10 cells (Supplementary Figure S1, http://www.
biosciencetrends.com/action/getSupplementalData.
php?ID=55). These results suggested that EEAD
suppressed tumor growth via down-regulation of Akt
and β-catenin pathway, but not RAS/MEK pathway.
Although we have partially identified the underlying
mechanism of EEAD on suppression of melanoma
tumor, action mechanism and efficacy of bioactive
components from Angelica dahurica Radix needs to be
confirmed. Recent discoveries reported that coumarin
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and pyrrole 2-carbaldedhyde derived alkaloids from
Angelica dahurica Radix were identified and have
bioactivity (59,60). In this context, further studies are
need to investigate whether these active compounds
also have anti-cancer effects for melanoma, as well as
identify the underlying actin mechanism.
In summary, EEAD inhibited B16F10 melanoma cell
growth through the induction of mitochondria-mediated
intrinsic apoptosis pathway. EEAD also promoted
down-regulation of MMPs activity and expression,
which is a critical factor in the regulation of the motility
of melanoma cells, and may subsequently lead to the
suppression of cell migration and invasion-associated
metastasis. In the metastatic lung cancer mouse, EEAD
inhibited lung hypertrophy and metastatic tumor
nodule, as well as inflammation in lung tissue without
toxicity. Although the identification of bioactive
components of EEAD should be performed, the results
of this study suggest that EEAD may be a potential
anti-invasive candidate for treatment strategies for
metastatic melanoma tumors.
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SUMMARY

Our study explored the potential relationship between time perception and the level of anxiety in
cancer patients prior to starting chemotherapy. Time perception was assessed in 162 chemonaïve
patients with solid tumors by evaluating each subject’s prospective estimation of how fast one
minute passed compared to the actual amount of time passed. The median value of time perception
was used to stratify the patients into two categories of fast and slow time perception. We used the
generalized anxiety disorder questionnaire (GAD-7) as a screening tool for detecting levels of
anxiety. Scores ≥ 10 were considered high. In total, 45 (27.8%) patients had high levels of anxiety.
The pattern of the time perception distributions significantly changed according to the reported
levels on the GAD-7 scale. Scores ≥ 10 correlated with fast time perception and the female gender.
Patients with a fast time perception had significantly higher levels of anxiety (8.44 ± 5.1) than
patients with a slow time perception (3.49 ± 4.3). ROC analysis revealed that at the optimal cut-off
value of time perception, clinically significant levels of anxiety can be discriminated with an AUC
= 0.78 (95% CI: 0.70-0.85, p < 0.001), a sensitivity of 82.2% and a specificity of 64.1%. Moreover,
in a multivariate logistic regression model, fast time perception was an independent predictor of
clinically significant levels of anxiety (OR: 8.24; 95% CI: 3.16-21.41, p < 0.001). Time perception
is a novel potent indicator for high levels of anxiety in cancer patients.
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1. Introduction
Cancer patients are battling a life-threatening disease
and experience severe treatment side effects that
ultimately lead to high levels of distress as well as
symptoms of depression and anxiety. Anxiety disorders
are the most prevalent pathological conditions among
cancer patients, with incidence rates ranging from 10 to
65% (1,2). Anxiety disorders are involved in cognitive,
physiological and physical reactions as a response to
unpleasant stimuli. Anxiety has been shown to cause
many detrimental effects, such as fatigue, nonadherence
to the prescribed treatment and poor overall quality of
life (3-5). Cancer patients are preoccupied with stressinducing events and experience anxiety symptoms due
to fear of negative outcomes and treatment side effects
(6,7). Despite these facts, several surveys showed that
anxiety disorders and distress remained underdiagnosed
and undertreated (8-10). Moreover there is not a
specific cause leading to anxiety disorder, but only

population groups like cancer patients that are at risk of
suffering it (11-13).
Time flows at different speed for each of us - an
hour may fly-by, while a couple of minutes may seem
to drag. There is a sound relation between a person's
current emotional status and their perception of time:
entertainment activities appear to accelerate time flow,
while the monotony of uneventful circumstances seems
to instinctively decelerate time (14,15). Subsequently,
when time appears to flow rapidly, one is left with the
impression that less time has passed than what the clock
shows. Alternatively, when time seems to drag, we
have the feeling that more time has passed than what
the clock shows. Thus the emotional state is a crucial
modifier of time perception (16,17). There are no
reports in the literature on the relationship between the
experience of time and the levels of anxiety reported by
cancer patients.
To improve the detection of high levels of anxiety
in busy clinical practices, we searched for a relationship
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between time perception and levels of anxiety prior to
starting chemotherapy.
2. Patients and Methods
2.1. Patient selection
Our report includes 162 in patients who were treated at
the Clinic of Medical Oncology at MHAT "Nadezhda"
Sofia and UMHAT "St. Marina" in Varna, Bulgaria,
from February 2018 to January 2019. The inclusion
criteria for the patients were as follows: the presence
of histologically verified cancer, an age greater than
18 years, an understanding of the Bulgarian language,
the absence of psychiatric disorders, and the absence
of clinical conditions that could limit the patient's
understanding of the provided materials and tasks. The
exclusion criteria were as follows: patients who reported
chronic use of drugs such as sedatives, stimulants, pain
killers or opioids, and patients with decompensated
chronic disease such as hypo- and hyperthyroidism,
heart diseases, etc. None of the patients had limitations
to their activities of daily life. Basic sociodemographic
and clinicopathological data were collected, along with
an assessment of anxiety with the GAD-7 (generalized
anxiety disorder questionnaire) questionnaire and a
measurement of time perception. The procedure was
approved by the Scientific Research Ethics Committee
of "Prof. Dr. Paraskev Stoyanov" at the Medical
University in Varna and MHAT "Nadezhda", Sofia,
Bulgaria.
2.2. Measurement of time perception
Time perception was assessed by the subjects'
individual prospective estimations of how quickly
one minute passed compared to the actual amount
of time passed. Time perception assessment, was
performed before patients' first medical appointment
for chemotherapy initiation. The assessments were
performed in separate research area by a dedicated
specially trained study nurse. The patient received
instructions to estimate a duration of one minute after
a start signal. When the subject gave a stop signal, the
interpreter stopped the chronometer, and the estimated
time was recorded. For our patients, the estimation of
one minute ranged from 7 to 90 sec. The median value
of time perception (37 sec) was used to stratify the
patients into the two categories of fast (≤ median) and
slow (> median) time perception.
2.3. Assessment of the levels of anxiety
The GAD-7 questionnaire was used to assess the levels
of anxiety in cancer patients. The GAD-7 anxiety
severity score is calculated by assigning the scores of
0, 1, 2, and 3 to the response categories of "not at all",

several days", "more than half the days" , and "nearly
every day", respectively. In our study, the GAD-7 total
score for the seven items ranges from 0 to 21: 0-4:
minimal anxiety (n = 73); 5-9: mild anxiety (n = 44);
10-14: moderate anxiety (n = 29); and 15-21: severe
anxiety (n = 16) (18). Moderate and severe anxiety were
considered high levels of anxiety. The questionnaire
was validated against other mental health measurements
and against a mental health practitioner interview. A
clinical cut-off of 10 was recommended for diagnosing
generalized anxiety disorder with a sensitivity of 89%
and a specificity of 82% (18). However, a later study
evaluated GAD-7 as a broader instrument to test for
any anxiety disorder and determined an acceptable
AUC of 0.86. From this AUC, a lower cut-off of 8 for
any anxiety disorder was recommended, which gave a
sensitivity of 77% and a specificity of 82% (19).
2.4. Statistical analysis
Data were managed and analyzed using IBM SPSS
Statistics software ver. 23. The Mann-Whitney U test,
χ2 test and Spearman correlation coefficients were used
to compare and evaluate the relationship between the
levels of anxiety and clinicopathological characteristics
of the patients, such as age, gender, primary tumor
location and time perception. For the interpretation
of correlation test results, rho values were interpreted
as follows, < 0.19, very weak; 0.19-0.39, weak; 0.400.59, moderate; 0.60-0.79, strong; and > 0.80 very
strong. The diagnostic accuracy of the subjective
time perception was also determined by obtaining the
largest possible area under the curve (AUC) in receiver
operating characteristic (ROC) curve analysis. Trends
in the changes of time perception across different levels
of anxiety were assessed using the Jonckheere-Terpstra
test. The minimum sample size for regression analysis
was determined to be 150 patients to provide 80%
power at a 5% significance level. The calculation was
based on the six covariates and a 40% proportion of
positive cases (20). Odds ratios (ORs) with confidence
intervals (CIs) for categorical outcomes were calculated
using a binary logistic regression model. Nagelkerke
R-Square is reported for the logistic regression analysis.
A p ≤ 0.05 (two-tailed) was considered significant.
3. Results
3.1. Patient characteristics
A total of 162 patients with malignant solid tumors
participated in the study; 60 (37%) were men, and 102
(63%) were women. The median age was 62 years, and
the mean age of the group was 59.3 ± 10.6 years with
an age range of 27 to 78 years. The sample included
subjects with a variety of cancer types: 25 (15.4%)
cases of lung cancer, 60 (37%) cases of breast cancer,
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38 (23.5%) cases of colorectal cancer, and 39 (24.1%,
representing more than 10 different histology types)
cases of other cancers. Detailed descriptions of the
patients' characteristics can be found in Table 1.

Table 1. Sociodemographic and clinicopathological patient
characteristics
Patient characteristics

n (%)

Sex
Male
Female
Ethnicity
Bulgarian
Turkish
Religion
Christian
Muslim
Atheist
Unspecified
Marital status
Married
Not married
Cancer type
Lung cancer
Breast cancer
Colorectal cancer
Other*
Stage
II and III
IV
Education level
Secondary**
Tertiary***

60 (37%)
102 (63%)
153 (94.4%)
9 (5.6%)
149 (92.0%)
9 (5.6%)
3 (1.9%)
1 (0.5%)
110 (67.7%)
52 (32.3%)
25 (15.4%)
60 (37.0%)
38 (23.5%)
39 (24.1%)
99 (61.5%)
63 (38.5%)
107 (66%)
55 (34%)

*

Other: more than 10 types of cancer. **Secondary: up to 13 years of
education. ***Tertiary: 13+ years of education.

3.2. Relationship between time perception, level of
anxiety and patient characteristics
The mean anxiety score was 6.09 ± 5.3. A total of 45
(27.8%) patients had high levels of anxiety (cut-off
≥ 10), and their mean score was 13.2 ± 3.1. At a cutoff score of ≥ 8, 59 (36.4%) patients had high levels
of anxiety with a mean score of 12.1 ± 3.4. A fast time
perception and the female gender were related with
high levels of anxiety (Table 2). Patients with breast
cancer (7.48 ± 5.2) had significantly higher levels of
anxiety in comparison to patients with colon cancer
(4.07 ± 4.2) and trended towards higher anxiety levels
compared to patients with lung (5.7 ± 5.8) and other
(6.1 ± 5.5) types of cancer. Women (7.32±5.2) had
significantly higher levels of anxiety than men (4.0 ±
4.7) (p < 0.001). No significant differences in the levels
of anxiety were observed regarding age, marital status,
education or stage of disease.
Women estimated one-minute intervals faster than
men (33.3 ± 15.3 sec vs. 45.9 ± 17.9 sec; p < 0.001). No
significant differences in time perception were observed
regarding education level, marital status, stage of disease
or type of cancer. Patients with a fast time perception
had significantly higher levels of anxiety (8.44 ± 5.1)
than patients with a slow time perception (3.49 ± 4.3) (p
= 0.001) (Figure 1). Time perception differs significantly
among patients with minimal (n = 73), mild (n = 44),
moderate (n = 29) and severe anxiety (n = 16) (Figure 2).
ROC analysis revealed that at the optimal cut-off value
of time perception, patients with low and high anxiety
levels can be discriminated with an AUC = 0.78 (95%

Table 2. Relationship between levels of anxiety and patient characteristics
Variable
Gender
Male
Female
Age
≤ 65
> 65
Marital status
Married
Not married
Cancer type
Lung cancer
Breast cancer
Colorectal cancer
Other*
Stage
II and III
IV
Time perception
Fast
Slow
Education level
Secondary**
Tertiary***

Low anxiety, n (%)
GAD score ≤ 10

High anxiety, n (%)
GAD score ≥ 10

53 (88.3)
64 (62.7)

7 (11.7)
38 (37.3)

77 (71.3)
39 (73.6)

31 (28.7)
14 (26.4)

80 (73.4)
36 (69.2)

29 (26.6)
16 (30.8)

20 (80.0)
37 (61.7)
31 (81.6)
29 (74.4)

5 (20.0)
23 (38.3)
7 (18.4)
10 (25.6)

70 (70.7)
47 (74.6)

29 (29.3)
16 (25.4)

46 (54.1)
71 (92.2)

39 (45.9)
6 (7.8)

76 (71.0)
41 (74.1)

31 (29.0)
14 (25.9)

p

Low anxiety, n (%)
GAD score ≤ 8

High anxiety, n (%)
GAD score ≥ 8

48 (80.0)
55 (53.9)

12 (20.0)
47 (46.1)

67 (62.0)
36 (67.9)

41 (38.0)
17 (32.1)

71 (65.1)
31 (59.6)

38 (34.9)
21 (40.4)

17 (68.0)
30 (50.0)
30 (78.9)
26 (66.7)

8 (32.0)
30 (50.0)
8 (21.1)
13 (33.3)

62 (62.6)
41 (65.1)

37 (37.4)
22 (34.9)

37 (43.5)
66 (85.7)

48 (56.5)
11 (14.3)

67 (62.6)
35 (64.8)

40 (37.4)
19 (35.2)

< 0.001
0.76
0.58
0.12

0.58
< 0.001
0.68

*

Other: more than 10 types of cancer. **Secondary: up to 13 years of education. ***Tertiary: 13+ years of education.
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CI: 0.70-0.85, p < 0.001) and with a sensitivity of 82.2%
and specificity of 64.1% (Figure 3A). When we used
the median as a cut-off the sensitivity and specificity
was 86.7% and 60.7% respectively. A similar AUC =
0.74 was found when we used a GAD-7 score cut-off of
≥ 8 for high levels of anxiety (Figure 3B). There was a
moderate, negative correlation (Spearman rho = -0.48, p
< 0.001) between time perception and levels of anxiety.
3.3. Predictors of high levels of anxiety

Figure 1. A bar graph depicting the level of anxiety in patients with
slow and fast time perception. The Mann-Whitney U test was used
to detect significant differences in the levels of anxiety between the
groups.

In a univariate logistic regression analysis of women,
patients with fast time perception and breast cancer were
associated with high levels of anxiety. In a stepwise
backward multiple logistic regression model, the female
gender and fast time perception were independent
predictors of high levels of anxiety (Table 3). In addition,
the model accounted for 30.9% (Nagelkerke) of the
variance in anxiety level. Similar results were found
when we used a GAD-7 score cut-off of ≥ 8 for high
levels of anxiety. These results were confirmed in an
ordinal logistic regression model, where dependent
factors were the four levels of anxiety (minimal, mild,
moderate and severe) and time perception was used as a
continuous independent covariate (data not shown).
4. Discussion

Figure 2. A bar graph depicting time perception among patients
with minimal (n = 73), mild (n = 44), moderate (n = 29) and severe
anxiety (n = 16). The Mann-Whitney U test was used to detect
significant differences in the levels of anxiety between the groups;
*indicates p value < 0.05, **indicates p value < 0.01 and ***indicates
p value < 0.001.

In this study, we investigated the association between
time perception and levels of anxiety among patients
with malignant solid tumors. The subjective passage
of time was faster in patients with moderate and severe
anxiety. The prospective time perception test revealed
that patients with a faster perception of time were
associated with an increased risk of high levels of
anxiety.
A cancer diagnosis can lead to detrimental effects
on physical and mental health. The diagnosis can

Figure 3. Receiver operating characteristic (ROC) curve analysis in which time perception was used to differentiate between patients
with low and high levels of anxiety. The diagnostic accuracy of time perception was determined by obtaining the largest possible area under the
curve (AUC) in ROC analysis. (A), GAD-7 scores ≥ 10 were considered high levels of anxiety, AUC = 0.78 (95% CI: 0.70 - 0.85, p < 0.001); (B),
GAD-7 scores ≥ 8 were considered high levels of anxiety, AUC = 0.74 (95% CI: 0.66 - 0.81, p < 0.001).
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Table 3. Univariate and stepwise backward multivariate regression analyses for predicting high anxiety levels (GAD-7
scores ≥10)
Variable
Age
≤ 65 y vs. > 65 y
Gender
Women vs. Men
Cancer type
Breast cancer
Stage
IV vs. II and III
Marital status
Married vs. Not married
Time perception
Fast vs. slow
Education
Secondary* vs. Tertiary**
*

Univariate analysis
Odds ratio

95% CI

Multivariate analysis
p

0.89

0.42-1.86

0.76

4.46

1.85-10.28

0.001

2.26

1.12-4.53

0.02

1.27

0.59-2.48

0.59

0.81

0.39-1.68

0.58

10.03

3.9-25.5

< 0.001

1.16

0.56-2.43

0.68

95% CI

p

3.01

1.16-7.77

0.023

8.24

3.16-21.41

Odds ratio

< 0.001

**

Secondary: up to 13 years of education. Tertiary: 13+ years of education.

negatively affect social functioning and inevitably cause
distress over the course of the disease. A meta-analysis
showed that a combination of mood disorders can
occur in 30-40% of patients admitted to a hospital (21).
Numerous papers have shown that the most important
risk factors for anxiety are low socioeconomic status,
low educational level, poor physical health, gender, type
of cancer and age (22-26). Approximately 30% of these
patients needed medical interventions (27), and these
high levels of anxiety were not transient but remained
for a longer period of time in more than 20% of patients
(28). Stress and anxiety lead to neuroendocrine changes
that can negatively affect patient outcomes (29,30).
Thus, improving the early diagnosis of anxiety may
lead to better survival and quality of life. The time
point before the start of chemotherapy was identified
as one of the most anxiety-provoking time periods
and may call for interventions (31). Our method for
assessing time perception by prospective estimation
of a one-minute interval is relatively simple and fast
to perform. It ensures higher compliance for both the
patient and physician and avoids emotions inevitably
linked to one's past or future. To the best of our
knowledge, the present study is the first to discover an
association between fast perception of time and high
levels of anxiety among patients with solid tumors
prior to starting chemotherapy. The need for additional
predictive factors to explain the variations seen in selfreports of anxiety is well-known (2). Time perception
has the potential to be such a factor, and because of this
potential relationship, our model reached an R2 value of
more than 0.30.
Clinical practice is in need of a reliable, reasonablypriced and effective mechanism to recognize people
who may gain from a further or more profound
assessment. Our research suggests the conditional
estimation of one-minute time intervals as a new
possible indicator of anxiety in cancer patients. The

suggested method ensures an efficient fast screening
for abnormally high anxiety levels in cancer patients. It
is a proven fact that a great number of patients do not
report their actual levels of anxiety due to frustration or
concern of being slandered for having a mental issue
(32). Moreover, oncologists are not psychologists; they
often lack the skills and/or training to tackle emotional
issues. In view of the above, a basic screening tool
that can be used in the intense everyday environment
of a regular clinical practice is gravely needed. Under
such circumstances, reviewing the perception of time
by means of the method suggested by us can enable
physicians to effectively detect patients at risk due to
elevated anxiety levels.
Research data shows that the perception of speed
of time in patients with advanced cancer is different
from that in patients with no evidence of the disease,
i.e., to patients suffering from advanced cancer a week
seemed to pass much more slowly than to those who
had no evidence of the disease (33). A recent study
shows that the level of distress undoubtedly affects
time perception and its distribution patterns. The oneminute time period of evaluation, suggested herein, is
therefore a new efficient marker of elevated levels of
distress in cancer patients (34). All things considered,
time perception can be affected by the circumstances personality, state of mind and level of activity during
the testing period are just few of them. Assessments
made at longer time periods may prove quite inaccurate
and unreliable (35). We as humans tend to estimate
"short" intervals of time as longer and "long" time
durations as shorter (36). Time perception results can
be made more accurate in an experimental setting
similar to ours in which patients were expected to
estimate time duration (37). Numerous psychophysical
methods have been used in various studies for assessing
the perceived duration of a time interval. The outcomes,
however, have been inconsistent and incomparable. The
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data collected as well as the interpretations that come
with it, have often been inconsistent and contradictory
(38). It is common belief that time goes quickly only
when you are having fun. This idea was questioned in
an experimental model, where the estimation of time
appeared faster when participants were awaiting a
negative experience (39). Consistent with this finding,
our results suggest that time perception appeared faster
for patients with high levels of anxiety before starting
their treatment, which is often with uncertain outcome.
Several limitations of our study should be noted. First,
the GAD-7 scale focuses only on 1 anxiety disorder,
even though there are many patients with other anxiety
disorders, such as social phobia and posttraumatic stress
disorder, who also need clinical attention. Clinicians
and researchers usually do not look for depression or
anxiety alone. Considering the frequency with which
depression and anxiety occur together (up to 60%), a
search for one condition should always be accompanied
by an assessment of the other. Nevertheless, GAD
is one of the most common mental disorders seen in
outpatient practices. The Global Burden of Disease
Study examined major depressive and anxiety disorders
separately, and it was reported that anxiety disorders are
the seventh most burdensome condition of all diseases
worldwide today (12). Our study is cross-sectional and
thus accurate predictions cannot be definitely made.
Another limitation of our study is that the GAD-7
scale provides only probable diagnoses that should be
confirmed by further evaluation.
It is well-known that the diagnosis of anxiety
disorders is challenging due to a lack of objective
biomarkers, and the diagnosis is based only on
symptoms (40). Our study proposes a potential marker
for anxiety for the first time, and further studies are
warranted to confirm our results. Emotional concerns are
a risk factor for nonadherence to treatment. Thus, early
identification of such concerns is crucial for developing a
management plan. The method we propose for detecting
emotional concerns is an easily performed, time-saving,
nonintrusive, ultrashort screening tool that is even
suitable for patients who are not willing to reveal their
level of anxiety via direct questionnaires.
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SUMMARY

Posttransplant malignancy has become a significant cause of mortality. Data on the long-term
outcomes of patients with pretransplant nonhepatic malignancy (PTM) after living donor liver
transplantation (LDLT) are scarce, although the recipients of other organs with PTM have been
reported to have a poor survival. Fifteen patients with PTM (4.4%) among the 342 adult recipients
were identified in our LDLT programs. The outcomes of the patients with PTM after LDLT
were compared to those of patients without PTM in terms of the all-cause mortality and cancerspecific mortality (defined as mortality related to malignancy expect for hepatocellular carcinoma,
cholangiocarcinoma, or neuroendocrine tumor). The sites of PTM included the breast in six,
stomach in two, and colon, lung, kidney, uterine, thyroid, larynx, and acute myelogenous leukemia
in one each. The median interval from the PTM treatment to LDLT was 57 months (range, 2-298).
The patients who received the curative treatment for PTM were selected as the recipients. No
patients with PTM had recurrence during the follow-up period. The 1-, 5-, and 10-year patient
survival rates were 100%, 92.9%, and 92.9% in the PTM group and 86.2%, 76.7%, and 68.5% in the
non-PTM group, respectively (p = 0.142). Likewise, there was no significant difference between the
two groups in the cancer-specific mortality. In conclusion, the patients with PTM had comparable
outcomes with regard to mortality and cancer-specific mortality compared with those without PTM.
This study showed that the patients with PTM can obtain an acceptable outcome after LDLT when
carefully selected.

Keywords

pretransplant malignancy, living donor liver transplantation, all-cause mortality, cancer-specific
mortality

1. Introduction
The survival in liver transplantation (LT) has improved
significantly over time. The age of the recipients has
increased steadily (1,2), and it is expected that more
patients might have a history of pretransplant nonhepatic
malignancy (PTM).
Solid organ transplant recipients are at an increased
risk for the development of posttransplant malignancies
including the recurrence of PTM and de novo malignancy
due to the immunosuppression, compared with the
general population (3-8). Cancer after transplantation
causes considerable morbidity and mortality. There are
some reports that PTM is a relative contraindication to
solid organ transplantation (9,10). Organ transplantation
for patients with PTM has been described from renal
experiences (11-21). In addition, there are several reports
describing about the outcomes of LT in patients with

PTM (22-25), however, there are no reports on the
outcomes after living donor LT (LDLT).
The present study explored the clinical outcomes,
including cancer recurrence, in LDLT patients with
PTM.
2. Patients and Methods
2.1. Patients and study design
A total of 342 adult patients with end-stage liver
disease who underwent LDLT at Kumamoto University
Hospital from January 1999 to December 2018 were
enrolled in this study. Fifteen patients with PTM
were identified retrospectively. Data were collected
on patient characteristics, pre-LDLT malignancy,
treatment, and post-LDLT recurrence by a clinical
examination. The all-cause mortality was examined
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as the patient survival. In addition, the cancer-specific
mortality (defined as death related to the recurrence
of PTM, and de novo malignancy; all other deaths,
including those from recurrence of hepatocellular
carcinoma [HCC], intrahepatic cholangiocarcinoma,
and neuroendocrine tumor liver metastases identified
before LDLT, were censored) was investigated in the
patients with and without PTM (n = 327).
This study was conducted in accordance with
the Declaration of Helsinki after approval from our
institutional ethics board. Written informed consent was
obtained from all patients.
2.2. Selection for LDLT
The patients with PTM were considered as LDLT
candidates when all of the following factors were
satisfied: (1) Patients had received the curative treatment
for PTM, and (2) the expected 5-year survival rate
related to PTM after treatment was 70-80% or greater.
2.3. Immunosuppression
Basic immunosuppressants included tacrolimus and
steroid after LDLT. The immunosuppression regimen
for the patients with PTM was indicated as the same
standard regimen used for the patients without PTM.
All patients began tacrolimus within 24 h after graft
perfusion. Target trough levels of tacrolimus were 10
to 15 ng/mL during the second week postoperatively
and then around 10 ng/mL during the first month
postoperatively, 5 to 10 ng/mL until 3 months, and
around 5 ng/mL thereafter. Steroids were given with
tapering within 3 months (methylprednisolone 1 mg/
kg/day 1-3 days after operation and 0.5 mg/kg/day 4-6
days and 0.3 mg/kg/day 7 day and prednisone 0.3 mg/
kg/day in the first month and then tapered). If acute

cellular rejection was diagnosed, patients were treated
with bolus dose steroids followed by a tapered dose or
the addition of mycophenolate mofetil.
2.4. Statistical analysis
The values were presented as the median and range. The
Kruskal-Wallis test was applied respectively for paired
and unpaired multiple comparisons. The Mann-Whitney
test was applied respectively for paired and unpaired
comparisons between two groups. The correlation of the
categorical data and numerical data was evaluated using
the chi-square test and Spearman's test, respectively.
Cumulative survival rates were calculated using the
Kaplan-Meier method, and differences between curves
were evaluated using the log-rank test. A P-value < 0.05
was recognized as significant. All statistical analyses
were performed using the SPSS ver. 18 statistical
software program (IBM, Tokyo, Japan).
3. Results
3.1. Patient's characteristics
Of the 342 patients, 15 (4.4 %) were found to have PTM
before LDLT (Table 1). The underlying liver diseases
for transplantation included hepatitis C virus-related
liver cirrhosis (LC) (n = 7), hepatitis B virus-related LC
(n = 1), alcoholic LC (n = 1), primary biliary cirrhosis (n
= 1), nonalcoholic steatohepatitis (n = 1), cryptogenic
LC (n = 1), secondary sclerosing cholangitis (n = 1),
idiopathic portal hypertension (n = 1), and Budd-Chiari
syndrome (n = 1). Eight of these patients had HCC. The
median age at LDLT was 60 years old (range, 45-69
years old) and the median Model for End-stage Liver
Disease (MELD) score was 17.0 was (range, 8.0-27.0).
The median age at the time of the cancer diagnosis was

Table 1. Characteristics of LT patients with preexisting nonhepatic malignancy
Patient No.
1		
2		
3		
4		
5		
6		
7		
8		
9		
10		
11		
12		
13		
14		
15		

Age at transplant (years)
54		
57		
66		
55		
66		
68		
65		
62		
59		
69		
57		
55		
60		
62		
45		

gender
M
F
F
F
M
M
M
M
F
F
F
F
F
F
M

Liver disease
HBV-LC			
SSC			
cryptogenic LC, HCC		
HCV-LC, HCC		
HCV-LC, HCC		
HCV-LC, HCC		
ALC, HCC		
IPH			
HCV-LC			
HCV-LC, HCC		
HCV-LC			
PBC			
NASH, HCC		
Budd-Chiari syndrome
HCV-LC, HCC		

MELD score
20			
17			
13			
9			
10			
8			
19			
17			
27			
8			
21			
19			
14			
9			
17			

Age at malignancy (years)
54
52
66
37
51
65
63
48
42
52
48
51
56
61
20

LT, liver transplantation; MELD, Model for end-stage liver disease; SCC, secondary sclerosing cholangitis; HBV- and HCV-LC, hepatitis B and
hepatitis C-related liver cirrhosis; HCC, hepatocellular carcinoma; ALC, alcoholic liver cirrhosis; IPH, idiopathic portal hypertension; PBC,
primary biliary cirrhosis; NASH, nonalcoholic steatohepatitis.
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Table 2. Clinical data on LT patients with preexisting nonhepatic malignancy
Interval to
LT (months)

Patient No.

Malignancy

Type/stage

Treatment

1
2
3
4
5
6
7
8
9
10
11

Larynx
Thyroid
Lung
Uterine
Stomach
Stomach
Colon
Kidney
Breast
Breast
Breast

T1N0M0(stage I)
n.a.
T1aN0M0(stage IA)
CIS
T1aN0M0(stage IA)
T1aN0M0(stage IA)
T3N1M0(stage IIIA)
T1aN0M0(stage IA)
n.a.
n.a.
T3N2M0(stage IIIA)

12
13
14
15

Breast
Breast
Breast
AML

T2N1M0(stage IIB)
T2N0M0(stage IIA)
T2N0M0(stage IIA)
n.a.

Radiation
Right lobectomy
Resection
Hysterectomy
Endoscopic resection
Endoscopic resection
Resection+Chemotherapy
Nephrectomy
Mastectomy
Mastectomy
Mastectomy+Radiation
+Chemotherapy
Mastectomy
Mastectomy+Radiation
Mastectomy+Chemotherapy
Chemotherapy

Follow-up
Tumor
Survival
post LT (months) Recurrence

2
57
3
216
192
36
19
165
204
204
115

68
98
76
136
59
20
27
43
63
57
92

No
No
No
No
No
No
No
No
No
No
No

Alive
Alive
Alive
Alive
Alive
Dead
Alive
Alive
Alive
Alive
Alive

51
48
9
298

58
44
7
77

No
No
No
No

Alive
Alive
Alive
Alive

LT, liver transplantation; CIS, carcinoma in situ; AML, acute myelogenous leukemia

52 years old (range, 20-66 years old). Six patients were
male, and nine were female.
The PTM consisted of a total of 15 cancers: breast
cancer (n = 6), gastric cancer (n = 2), colon cancer (n =
1), thyroid cancer (n = 1), laryngeal cancer (n = 1), lung
cancer (n = 1), renal cancer (n = 1), uterus cancer (n = 1),
and acute myelogenous leukemia (AML) (n = 1).
3.2. Pretransplant cancer status
The median interval from treatment of cancer to
LDLT was 57 months (range, 2-298 months) (Table
2). Laryngeal and lung cancer were found during
the pretransplant examination. Because the liver
function in the patients with laryngeal and lung cancer
were considered to be stable enough to postpone
transplantation, they underwent LDLT two and three
months later, respectively, following treatment for
their early-stage cancers (laryngeal cancer/stage I, lung
cancer/stage IA). Two patients with gastric mucosal
cancer underwent radical endoscopic mucosal resection
(EMR) and received LDLT at more than three years
after EMR. The deteriorated liver function of the
patient with advanced colon cancer did not allow us to
delay transplantation and this patient underwent LDLT
19 months after the curative treatment for cancer. In the
patients with breast cancer, the median interval between
the treatment and LDLT was 83 months (range, 9-204
months). The patient with AML underwent LDLT
over 20 years after achieving a complete response with
chemotherapy. No patients with PTM experienced
recurrence after primary treatment of cancer before
LDLT.
3.3. Immunosuppression and rejection after LDLT
Primary immunosuppression consisted of tacrolimus
and steroids in all the patients. Mycophenolate mofetil

Figure 1. The cumulative patient survival following liver
transplantation.

was added in seven patients. No patients developed
rejection that required steroid bolus therapy.
3.4. Posttransplant outcomes
No patients with PTM experienced recurrence for a
median follow-up of 59 months (range, 8-136 months)
after LDLT. One of the 15 PTM patients (6.7%) died
during the follow-up periods due to sepsis 20 months
after transplantation, an event that was not related to
PTM. A total of 98 of the 327 non-PTM patients (30%)
died during the follow-up period. The 1-, 3-, and 5-year
patient survival rates were 100%, 92.9%, and 92.9% in
the PTM group and 86.2%, 80.2%, and 76.7% in the
non-PTM group, respectively, without a statistically
significant difference (p = 0.142; Figure 1). No patients
died of de novo malignancy or PTM recurrence in the
PTM group, while eight died of de novo malignancy
in the non-PTM group. There was no significant
difference in the cancer-specific mortality rate between
the two groups (p = 0.251).
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4. Discussion
In this study, we identified the 15 patients with PTM
(4.4%). This study showed that selected patients with
PTM were suitable as LDLT candidates because the
recurrence rate of the PTM was low. If the 5-year
survival rates related to PTM after curative treatment
are expected to be 70-80% or more, regardless of
early or advanced cancer, LDLT might be considered,
irrespective of the cancer-free interval and cancer
type. From this perspective, it is necessary to hold
multidisciplinary discussions about the indication of
LDLT among hepatologists, transplant surgeons, and
oncologists. This is the first report to describe the longterm outcomes of patients with PTM after LDLT.
In renal transplantation, the recurrence rate of PTM
ranged from 13.7% to 22% (12,17,18,20,26). Penn et.al.
reported that almost of these recurrences occurred in the
first 2 years after transplantation (12). In the previous
literature, which was limited in number, the recurrence
rate of the PTM after LT ranged from 2.7% to 13.8%
(22-25). The median duration from LT to the time of
diagnosis of the recurrence of the PMT was 12 months
(range, 6-36) (22-25). In our study, no recurrence of
PTM developed for a median follow-up of 59 months
(range, 8-136) after LDLT.
The optimal cancer-free interval between the
treatment of cancer and transplantation has not yet
been established. Some reports showed that the shorter
cancer-free intervals were associated with a higher
risk of cancer recurrence and cancer-specific mortality
(12,27,28). Sigurdardottir et al. reported that a cancerfree survival for ≥ 5 years before the transplantation was
associated with the lowest risk of recurrence in lung and
heart transplantation (27). In addition, a minimum of
two-year waiting period until transplantation has been
recommended in some guidelines of renal transplantation,
based on the understanding that recurrence tends to occur
within two years of treatment in general (11,28,29).
However, others have found no association between
the cancer-free interval and recurrent cancer mortality.
Dahle et al. showed that short waiting periods between
treatment of pretransplant cancer and transplantation
were not associated with recurrent cancer or all-cause
mortality (18). Acuna et al. reported that there was no
association between prolonged remission times before
transplantation and a reduced risk of recurrence or
death from malignancy (17). Similarly, we found no
association between a prolonged cancer-free period and
posttransplant cancer recurrence. In LT, it is difficult to
postpone the timing of transplantation because of there is
no other alternative treatment for liver failure.
The guidelines in renal transplantation recommend
waiting two years after cancer remission in case of lowrisk malignancy (i.e. prostate, thyroid, testicular, renal
cancer). For colorectal cancer, the interval between
cancer remission and transplantation was suggested to
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be 0-5 years (depending on the stage) by the American
society of Transplant Physicians (AST) and over 5 years
by the European Best Practice Guidelines (EBPG) for
Renal Transplantation, respectively (29,30). The interval
between cancer remission and transplantation of breast
cancer was recommended to be 2-5 years by the AST
and over 3 years by the EBPG. For malignant melanoma,
the interval was recommended to be 2-5 years by the
AST and over 2 years by the EBPG (29,30). In our
series, almost all patients had early or low TMN (stage
I-II) stage of each malignancy. Although three patients
with an early TMN (stage I-II) stage underwent LT
within one year from cancer treatment in our series, no
recurrence occurred. The intervals from PTM treatment
to LT in the patients with advanced-stage colon cancer
and breast cancer was 19 months and 9 years, and neither
has experienced recurrence during the follow-up period.
5-year disease free survival rate in the patients with Stage
IIIA colon cancer which was curatively resected and
received chemotherapy was over 70% in the literature
(31,32). We accepted the patient with advanced colon
cancer as the candidate of transplant recipient.
PTM is reportedly associated with an increased risk
of all-cause mortality and cancer-specific mortality,
including PTM recurrence and de novo malignancies
after transplantation, compared to those without PTM,
especially case of heart and renal transplantation
(17,26,28,33,34). However, the findings of other studies
as well as our own work were not compatible with this
observation (18,35). Viecelli et al. reported that a history
of malignancy did not have an additive effect on the allcause mortality or cancer-specific mortality in the large
cohort (35). In contrast, we found that the all-cause
mortality and cancer-specific mortality in the patients
with PTM were comparable to those in the patients
without PTM in our study.
Two limitations associated with our study deserve
further comment: namely, the retrospective nature and
small sample size. Ideally, prospective and multicenter
studies, or otherwise meta-analyses given the rarity
of disease are therefore needed in order to clarify the
indication of LDLT while taking into consideration
the cancer type, cancer stage, and interval between the
treatment of PTM and LDLT. Despite these limitations,
we believe that this study provides useful information
regarding the clinical outcomes of patients with PTM
after LDLT.
In conclusion, the recurrence rate of PTM after LDLT
is low, and PTM is not associated with an increased risk
of all-cause mortality or cancer-specific mortality. The
results of our study suggest that patients with PTM can
be considered as candidates for LDLT if appropriately
selected.
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SUMMARY

The aim of this multicentric retrospective study is to evaluate the predictive and prognostic
performance of neutrophil to lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR) and their
dynamics in patients with non-small cell lung cancer (NSCLC) treated with pembrolizumab as
a second line. Patients with metastatic NSCLC (n = 119), whose tumors expressed programmed
death-ligand 1 (PD-L1) ≥ 1%, were retrospectively analyzed between Apr 2017 and Apr 2019. All
patients received platinum-containing chemotherapy as a first line treatment. Pre-treatment NLR was
calculated by dividing the number of neutrophils by the number of lymphocytes in peripheral blood
before the first pembrolizumab infusion. Progression free survival (PFS) and overall survival (OS)
was compared by Kaplan-Meier method and Cox Proportional Hazard model. Patients with NLR
> 5 before immunotherapy showed significantly shorter mean PFS of 6.86 months (95% CI: 5.817.90) as compared to those with NLR ≤ 5 of 18.82 months (95% CI: 15.87-21.78) (long rank test p <
0.001). Furthermore in the multivariate analysis, only NLR > 5 was an independent predictive factor
for shorter PFS (HR: 4.47, 95% CI: 2.20-9.07, p < 0.001). In multivariate analysis, presence of bone
metastases (HR: 2.08, 95% CI: 1.10-4.94, p = 0.030), NLR > 5 before chemotherapy (HR: 8.09, 95%
CI: 2.35-27.81, p = 0.001) and high PLR before chemotherapy (HR: 2.81, 95% CI: 1.13-6.97, p = 0.025)
were found to be independent negative prognostic factors for poor OS. Our data suggests that NLR
≤ 5 is a potential predictive marker, which may identify patients appropriate for immunotherapy as a
second line treatment.
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1. Introduction
Lung cancer is the leading cause of cancer death
worldwide (1). Non-small cell lung cancer (NSCLC)
accounts for about 80% of lung cancers. Recently,
immunotherapy has turned out to be of great interest to
researchers, especially with its promise to treat various
forms of cancer including NSCLC (2). Human immune
checkpoint-inhibitor antibodies inhibit the program
death (PD-1) receptor or its ligand PD-L1. This helps
to improve antitumor immunity. However, for different
reasons, platinum-based chemotherapy still remains the

first-line treatment or at least part of it for the majority of
patients without targetable oncogenic driver alterations
(3,4). In the phase II/III KEYNOTE-010 study,
pembrolizumab significantly prolonged overall survival
over docetaxel as second line therapy in advanced
NSCLC (5). Despite these advances in treatment and
the increased knowledge of the molecular pathways, our
understanding why some people benefit from treatment
with immunotherapy while others do not, is not well
clarified (6,7). Durable responses can be observed in
these populations, although the percentage was often
found to be lower than 20% (8,9). This is why it is
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important to identify a biomarker, which will predict
the response to checkpoint blockades so as to optimize
patient clinical beneﬁt.
Overexpression of PD-L1 is an important and widelyexplored predictive biomarker for the response to PD-1/
PD-L1 antibodies (10). Immune cells which are most
commonly associated with tumor progression and poor
prognosis include neutrophils, platelets, macrophages
and regulatory T cells (11,12). Neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
which are easily and usually performed in clinical
practice, prove to be established strong prognostic
markers associated with the worse OS in several tumor
types including NSCLC in the pre-immunotherapy era
(13,14). Limited studies suggested that high NLR and
PLR predict poor response to nivolumab as a second line
treatment (15-17).
The purpose of this retrospective study is to evaluate
the predictive and prognostic performance of NLR, PLR
and their dynamics in patients with NSCLC treated with
pembrolizumab as a second line.
2. Materials and Methods
2.1. Patient selection
In this retrospective study we reviewed the cases
of 119 patients from four centers in Bulgaria with
metastatic NSCLC treated with pembrolizumab
who have progressed after first line platinum-based
chemotherapy between April 1, 2017 and April 30, 2019.
The procedure was approved by the Scientific Research
Ethics Committee at the Hospital "Nadezhda" in Sofia.
Patients were eligible if they were ≥18 years old, and
had histologically confirmed diagnosis of NSCLC in
metastatic stage. Patients were Epidermal Growth Factor
Receptor/Anaplastic lymphoma kinase (ALK) wildtype.
All patients were in Eastern Cooperative Oncology
Group -Performance status (ECOG-PS) < 2, and had
disease progression after receiving one prior platiniumbased systemic therapy for metastatic disease, with
blood cell count and blood samples available. Patients
were excluded if they had brain metastases (since
the use of corticosteroids may compromise therapy),
had autoimmune disease, symptomatic interstitial
lung disease, systemic immunosuppression, or prior
treatment with immune-stimulatory antitumor agents
including checkpoint inhibitors. Patients did not show
any clinical or computed tomography signs of active
infection. Tumor PD-L1 status was required. Before
starting a pembrolizumab treatment patients had at least
3 weeks free of treatment. Pembrolizumab was initially
administered at 2 mg/kg intravenously (i.v.) over 60
minutes every 3 weeks and later at 200 mg i.v., flat dose,
every 3 weeks.
2.2. Data collection
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Data collected included: demographics; smoking
history; weight, height and body-mass index (BMI),
histology; PD-L1 status; metastatic sites at initial
diagnosis; description of first line treatment; date
of progression (or last follow-up) as determined by
radiology reports; and date of death or last followup. Peripheral blood samples were collected from
patients included in the study the day of the first line
chemotherapy administration at baseline and the day
of first immunotherapy infusion upon progression.
Hematological and biochemistry parameters of interest
were absolute leukocyte (Leu), RDW (red blood cell
distribution width), absolute neutrophil (ANC), absolute
lymphocyte (ALC) and platelet (APC) counts, enabling
calculation of NLR (Neutrophil to Lymphocyte Ratio
– ANC/ALC) and PLR (Platelet to Lymphocyte ratioAPC/ALC). NLR1 and PLR1 were calculated before the
first cycle of chemotherapy, NLR2 and PLR 2 – before
the first pembrolizumab infusion. ΔNLR (NLR2-NLR1)
and ΔPLR (PLR2-PLR1) were calculated. An NLR >
5 was considered elevated in accordance with earlier
reports (15,18,19). The median value of NLR1 was
4.96. The median value of PLR was used to group cases
into two categories of low (≤ median-200) and high (>
median). Relative NLR and PLR change was analyzed:
(calculated as % change ({[NLR2 / NLR1] -1} *100)
and subsequently grouped in two groups (≥ 25% and <
25% increase).
The tumor PD-L1 protein expression level was
examined in archived biopsy samples of the tumors
using the PD-L1 immunohistochemistry (IHC) 28-8
pharmDx (Dako) kit (Agilent Technology). According
to the manufacturer's kit criteria, cases with positive
membranous staining of 1% or more of the tumor cells
were defined as positive. In addition, we subdivided the
positive group into expression categories - 50% or more,
between 25-49% and between 1-24%.
2.3. Endpoints
The tumor response was assessed according to the
Response Evaluation Criteria in Solid Tumors (ver.1.1)
(RECIST 1.1) and clinical tumor response was assessed
every 3 months. Patients were staged before treatment
by performing computed tomography (CT). Clinical
benefit rate (CBR) was defined as the proportion of
patients with a partial response or stable disease for
at least six months since no patients with complete
response were recorded. Patients without clinical benefit
(CB) were defined by a progression less than six months
after treatment (chemotherapy or immunotherapy);
patients with CB – the proportion of patients with
radiological response or stabilization more than six
months. Progression-free survival (PFS) was defined as
the time elapsed between treatment initiation and tumor
progression or death from any cause. Overall survival
(OS) was defined as the interval between diagnosis
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of the disease and death or date of last follow-up
evaluation.
2.4. Statistical design and analysis
Data was managed and analyzed using SPSS software
ver. 23. The demographic characteristics were expressed
as frequencies and percentages for categorical variables
and as medians and means with standard deviations
for quantitative variables. The Mann–Whitney U test,
χ2 test and Spearman correlation were used to compare
and evaluate the correlations between the biomarkers
and the clinicopathological characteristics of the
patients such as age, gender, PS (ECOG) - performance
status (Eastern Cooperative Oncology Group). For
interpretation of correlation test results, rho values
were interpreted as follows, < 0.39, weak; 0.40-0.59,
moderate; 0.60-0.79, strong; and ≥ 0.80, very strong.
The Wilcoxon and McNemar tests were used to compare
quantitative and categorical biomarkers values and their
dynamics. The diagnostic accuracy of biomarkers was
determined by obtaining the largest possible area under
the curve (AUC) in receiver operating characteristic
curve (ROC) analysis. AUC values: ≥ 0.9 are considered
"excellent"; ≥ 0.80, "good"; ≥ 0.7, "fair"; and < 0.70,
"poor". Survival curves according to the cutoff values of
NLR and PLR were estimated using the Kaplan-Meier
method, and differences were assessed using the logrank test. Hazard ratios (HRs) and 95 percent confidence
intervals for univariate and multivariate models were
computed with the use of Cox proportional-hazards
regression models. Two-tailed p-values (< 0.05) were
considered significant.

3. Results
3.1. Baseline characteristics
This study includes 119 patients who after failure of first
line chemotherapy have received anti PD-1-treatment
with pembrolizumab. The clinical characteristics of the
patients are summarized in Table 1. The mean age was
62.3 ± 7.9 years - most of the patients were men (62.2%),
with nonsquamous histology (57.1%) and all patients
exhibited ECOG PS 1. Lung was the most common
metastatic site (78.2%), followed by pleural effusion
(60.5%) and bone (40.3%). All patients were eligible
for the examination of the tumor PD-L1 expression, of
which 10 patients (8.4%) had more than 50% expression,
55 patients (46.2%) – between 25-49% expression and
54 patients (45.4%) – between 1-24%. Of all clinicalpathological characteristics of the patients only the
presence of bone metastases was significantly related to
CBR – Table 1.
3.2. Relation between CBR and immunological
biomarkers
Blood biomarker results before first cycle of
chemotherapy and before first pembrolizumab
infusion are given at Table 2. Patients without CB in
both chemotherapy and immunotherapy groups were
characterized by significantly higher Leu, ANC, ALC
and APC as compared to patients with CB. However,
only NLR and PLR2 were related with CBR (Table 2).
The Wilcoxon test showed that ALC and APC did
not change significantly from chemotherapy. Still, Leu

Table 1. Relations between baseline clinical-pathological characteristics of patients and Clinical Benefit (CB)
Characteristics

Age
Gender
Men, n (%)
Women, n (%)
BMI
ECOG PS
0
1
Histology
Non-squamous
Squamous
PD-L1 expression (%)
100-50
49-25
24-1
Metastatic sites
Lung, n (%)
Pleura, n (%)
Liver, n (%)
Adrenal glands, n (%)
Bone, n (%)

Immunotherapy

Chemotherapy

General Population
(n = 119)

Patients without
CB (n = 44)

Patients with
CB (n = 75)

p
value

Patients without
CB (n = 30)

Patients with
CB (n = 89)

p
value

62.3 ± 7.9

62.6 ± 7.3

62.0 ± 8.1

61.3 ± 7.1

62.7 ± 8.1

74 (62.2)
45 (37.8)
1.82 ± 0.14

24
20
1.74 ± 0.12

50
25
1.78 ± 0.15

0.55
0.20

18 (60)
12 (40)
1.86 ± 0.13

56 (62.9)
33 (37.1)
1.81 ± 0.14

0.27
0.77

0
119

0
74

0
45

68 (57.1)
51 (42.9)

25 (56.8)
19 (43.2)

43 (56.7)
32 (43.3)

10 (8.4)
55 (46.2)
54 (45.4)

5 (11.4)
18 (40.9)
21(47.7)

5 (6.8)
37 (50)
33 (43.2)

93 (78.2)
72 (60.5)
29 (24.4)
20 (16.8)
48 (40.3)

36 (81.8)
28 (63.6)
12 (27.3)
9 (20.5)
24 (54.5)

57 (75.7)
44 (58.1)
17 (21.6)
11 (13.5)
24 (31.3)

0.21

0.99
0.52

0.43
0.55
0.48
0.32
0.012

www.biosciencetrends.com

3
73

116
46

16 (53.3)
14 (46.7)

52 (58.4)
37 (41.6)

1 (3.3)
17 (56.7)
12 (40)

9 (10.1)
38 (42.7)
42 (47.2)

24 (80)
21 (70)
7 (23.3)
5 (16.7)
18 (60)

69 (77.5)
51 (57.3)
22 (24.7)
15 (16.9)
30 (33.7)

0.068
0.28
0.62
0.29

0.77
0.21
0.87
0.97
0.011
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Table 2. Patients' blood biomarker values before chemotherapy and immunotherapy and Clinical Benefit (CB)
Just before 1st CT
Biomarker

Leu, mean ± SD
ANC, mean ± SD
ALC, mean ± SD
APC, mean ± SD
NLR, n (%)
≤5
>5
PLR
High
Low

General
Population

Patients without Patients with
CB (n = 89)
CB (n = 30)

9.4 ± 2.6
6.5 ± 2.47
1.62 ± 0.64
313.1 ± 85.1

10.2 ± 2.5
7.4 ± 2.2
1.41 ± 0.59
311.3 ± 84.1

8.8 ± 2.6
5.8 ± 2.4
1.75 ± 0.64
312 ± 88.2

61(50.8)
58 (49.2)

10 (22.7)
34 (77.3)

51 (68.5)
24 (31.5)

13 (43.3)
17 (56.7)

45 (51.1)
44 (48.9)

Just before 1st Pembrolizumab
p
value

General
Population

Patients without
CB (n = 44)

Patients with
CB (n = 75)

p
value

0.002
< 0.001
0.001
0.84
< 0.001

10.1 ± 3.6
7.2 ± 3.4
1.64 ± 0.67
323.1 ± 102.3

11.4 ± 3.6
8.7 ± 3.1
1.37 ± 0.56
356.8 ± 103.6

9.4 ± 3.5
6.2 ± 3.3
1.82 ± 0.68
304.1 ± 97.3

57 (47.9)
62 (52.1)

8 (18.2)
36 (81.8)

49 (66.2)
26 (33.8)

0.003
< 0.001
< 0.001
0.004
< 0.001

32 (72.7)
12 (27.3)

27 (36.5)
48 (63.5)

0.46

< 0.001

Table 3. Receiver operating curve (ROC) analysis, using Neutrophil to Lymphocyte Ratio (NLR), Platelet-Lymphocyte
Ratio (PLR) and their dynamics to differentiate patients between patients with and without clinical benefit. Diagnostic
accuracy of biomarkers was determined by obtaining the largest possible area under the curve (AUC) in ROC analysis
Items
Chemotherapy Group
Immunotherapy Group

Biomarker
NLR1
PLR1
NLR2
PLR2
ΔNLR
ΔPLR

AUC 95% CI

p value

Sensitivity (%)

Specificity (%)

0.651 (0.54-0.76)
0.575 (0.45-0.69)
0.75 (0.66-0.85)
0.72 (0.63-0.82)
0.64 (0.53-0.75)
0.65 (0.54-0.75)

0.014
0.21
< 0.001
< 0.001
0.013
0.009

64.8
61.4
77.0
75.7
63.5
64.9

63.3
56.7
61.4
63.6
61.4
59.1

Figure 1. Receiver operating curve (ROC) analysis, using Neutrophil to Lymphocyte Ratio (NLR), Platelet-Lymphocyte Ratio (PLR) to
differentiate between patients with and without clinical benefit. (A), NLR2; (B), PLR2.

and ANC significantly differ between the first cycle of
chemotherapy and the first pembrolizumab infusion.
The McNemar test showed that the proportion of
patients with NLR > 5 and high PLR did not change
significantly with chemotherapy treatment.
Significantly strong correlation was detected
between NLR1 and PLR1 (rho = 0.737), NLR2 and
PLR2 (rho = 0.774), and moderate correlation between
Δ NLR and ΔPLR (rho = 0.494).
3.3. Immunological biomarkers and CBR
For the chemotherapy group CBR was 74.8%; for

the immunotherapy group – 62.7%. ROC analysis
was performed to explore the potential role of these
biomarkers - NLR1, NLR2, PLR1, PLR2, ΔNLR,
ΔPLR, as noninvasive ones for discrimination
between patients with CB and without CB (Table
3). At the optimal cutoff values of the NLR1 and
PLR1, only NLR1 could significantly, but poorly
distinguish between patients with or without CB
(AUC = 0.651, 95% CI: 0.54-0.76, p = 0.014) with
a sensitivity of 64.8% and a specificity of 63.3%. In
the immunotherapy group both biomarkers – NLR2
and PLR2, allowed significant but fair discrimination
between patients with and without CB (Figure 1). NLR
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Figure 2. Kaplan-Maier estimates of progression free survival (PFS) in patients with NLR > 5 and NLR ≤ 5. (A), Patients with NLR > 5
showed significantly shorter mean PFS of 6.86 months (95% CI: 5.81-7.90) as compared to those with NLR ≤ 5 of 18.82 months (95% CI: 15.8721.78) (long rank test p < 0.001); (B), Forest plot showed progression-free survival across patients' subgroups. Hazard ratios are adjusted for
gender, age, histology, PD-L1 expression, and ΔNLR and ΔPLR.

showed positive predictive value – 59% and negative
predictive value – 86%. ΔNLR and ΔPLR could also
discriminate between patients with and without CB, but
poorly (Table 3).
Patients without CB had significantly higher values
of ΔNLR (1.12 ± 2.2) and ΔPLR (49.6 ± 126.5) than
patients with CB - ΔNLR (0.32 ± 1.95; p = 0.013) and
ΔPLR (-7.7 ± 95.1; p = 0.009). The McNemar test
showed that patients with CB differ between treatment
with chemotherapy and immunotherapy (p = 0.033).
Sixteen patients did not have clinical benefit either
to chemotherapy, or to immunotherapy. They had
significantly higher values of NLR (7.8 ± 2.08) and
PLR (334.7 ± 91.9) than the rest of the patients (5.0 ± 3.4
and 221.4 ± 138.1). Twelve of them (75%) had bone
metastasis.
3.4. Predictive and prognostic role of NLR and PLR in
patients treated with pembrolizumab
Patients with NLR > 5 before immunotherapy showed
significantly shorter mean PFS of 6.86 months (95%
CI: 5.81-7.90) as compared to those with NLR ≤ 5 of
18.82 months (95% CI: 15.87-21.78) (long rank test p
< 0.001) (Figure 2A). Patients with high PLR before
immunotherapy showed also significantly shorter
mean PFS of 11.01 months (95% CI: 8.46-13.57) as
compared to those with low PLR of 15.96 months
(95% CI: 13.08-18.84) (long rank test p = 0.001).
Furthermore in the multivariate analysis, only NLR >
5 was an independent predictive factor for shorter PFS
(HR: 4.47, 95% CI: 2.20-9.07, p < 0.001) (Table 4 and
Figure 2B).
Patients with NLR > 5 had significantly shorter
mean OS - 19.42 months (95% CI: 16.36-22.47) as
compared to those with NLR ≤ 5 – 40.59 months (95%
CI: 36.01-45.16) (log-rank test p < 0.001) (Figure

Table 4. Multivariate Cox regression analysis for
predicting progression free survival
Marker
NLR: > 5 vs. ≤ 5
PLR: High vs. Low

HRa-adjusted

95% CI

p value

4.47
1.05

2.20-9.07
0.55-2.01

< 0.001
0.86

a

Adjusted for gender, age, histology, PD-L1 expression, and ΔNLR
and ΔPLR

3A). Patients with high PLR had also shorter mean
OS of 22.05 months (95% CI: 18.23-25.87) compared
to patients with low PLR – 38.47 months (95% CI:
33.67-43.27) (long rank test p < 0.001) (Figure 3B).
In univariate analysis squamous histology, presence of
bone metastases, NLR > 5 and high PLR before chemo
and immunotherapy, high RDW before chemotherapy,
ΔNLR ≥ 25% and ΔPLR ≥ 25% were associated with
worse OS. In multivariate analysis, however only
presence of bone metastases (HR: 2.08, 95% CI: 1.104.94, p = 0.030), NLR > 5 before chemotherapy (HR:
8.09, 95% CI: 2.35-27.81, p = 0.001) and high PLR
before chemotherapy (HR: 2.81, 95% CI: 1.13-6.97,
p = 0.025) remained independent negative prognostic
factors for poor OS (Table 5 and Figure 3D).
4. Discussion
The current study found that patients with NLR >
5 had signiﬁcantly shorter OS and PFS. Our study
suggests that the proportion of patients with NLR
> 5 and high PLR did not change significantly as a
result of chemotherapy treatment and that NLR has
an independent predictive value in NSCLC patients,
treated with pembrolizumab as a second-line therapy.
Patients with NLR > 5 had a lower chance to receive
clinical benefit from immunotherapy. Furthermore,
we demonstrated the negative prognostic role of high
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Figure 3. Kaplan-Maier estimates of overall survival (OS). (A), Patients with NLR > 5 had significantly shorter mean OS - 19.42 months
(95% CI: 16.36-22.47) as compared to those with NLR ≤ 5 – 40.59 months (95% CI: 36.01-45.16) (log-rank test p < 0.001); (B), Patients with
high PLR had shorter mean OS of 22.05 months (95% CI: 18.23-25.87) compared to patients with low PLR – 38.47 months (95% CI: 33.6743.27) (long rank test p < 0.001); (C), Patients with bone metastasis had shorter mean OS of 19.24 months (95% CI: 17.01-21.45) compared to
patients without bone metastasis – 36.60 months (95% CI: 32.12-41.07) (long rank test p < 0.001); (D), Forest plot showed overall survival across
patients' subgroups.

Table 5. Cox regression analysis for predicting overall survival
Variable
Age
Gender: Female vs. Male
Smoking: Yes vs. No
Histology: Non-squamous vs. Squamous
PD-L1 expression: ≥ 50% vs. < 50%
Bone metastasis: Yes vs. No
Just before CT
NLR1: > 5 vs. ≤ 5
PLR1: High vs. Low
RDW: High vs. Low
Just before Immunotherapy
NLR2: > 5 vs. ≤ 5
PLR2: High vs. Low
ΔNLR: ≥ 25% vs. < 25%
ΔPLR: ≥ 25% vs. < 25%

Univariate analysis
HR (95% CI)

Multivariate analysis
p value

1.015 (0.98-1.05)
0.79 (0.46-1.38)
0.57 (0.29-1.11)
0.49 (0.28-0.83)
0.92 (0.36-2.33)
2.28 (2.09-6.43)

0.39
0.42
0.10
0.009
0.87
< 0.001

8.56 (4.34-16.93)
2.89 (1.63-5.15)
1.831 (1.048-3.197)

< 0.001
< 0.001
0.034

7.94 (3.99-15.78)
5.08 (2.72-9.50)
2.27 (1.32-3.89)
1.83 (1.06-3.20)

< 0.001
< 0.001
0.003
0.031
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HR (95% CI)

p value

2.08 (1.10-4.94)

0.030

8.09 (2.35-27.81)
2.81 (1.13-6.97)

0.001
0.025
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pre-treatment PLR and presence of bone metastasis in
NSCLC patients treated with pembrolizumab.
Until now, many research studies have examined and
evaluated the predictive and prognostic value of blood
NLR and PLR in patients with various solid tumors,
who received immune checkpoints inhibitors (20,21).
The retrospective review of a recent phase 1 clinical
trial reported that high baseline NLR and PLR values
were linked signiﬁcantly with worse OS and PFS in 90
advanced-stage cancer patients, who received treatment
on an immunotherapy-based regimen (20). In addition,
an increase in NLR and PLR values 6 weeks after
baseline was associated with shorter OS and PFS.
In conjunction with other studies, our results further
support the evidence that NLR (member of the markers
of systemic inflammation) may predict poor response
to checkpoint inhibitors and poor outcome in patients
with NSCLC (16,22,23). However, no direct relation
was found between distinct NLR cutoﬀ values and
PFS beneﬁt (6). In the subsequent analysis of NLR
cutoﬀ values and OS/PFS beneﬁt, it turned out that
higher NLR cutoﬀ was linked to a lower chance of OS
beneﬁt. Another study reports that higher cutoﬀ value
was linked with worse PFS (24). This suggests that the
relation between NLR and prognosis could be gradual
rather than a threshold one.
Recent studies report that blood neutrophils,
identified by the NLR were directly linked with the
number of intratumoral neutrophil populations, which
may have the potential to compromise the antitumor
immune response (25,26). Lower counts of lymphocytes
usually reﬂect an impairment of cell-mediated
immunity. It has been shown that increased inﬁltration
of lymphocytes in the tumor region is associated with
better responsiveness to treatment and prognosis in
patients with solid tumors (27). Usually neutrophilia
represents a response to systematic inﬂammation (28).
Although the biological foundation for these
findings requires further elucidation, a number of
recent research studies provide some explanations that
should be strongly considered. It has been established
that neutrophils and platelets play an important role in
the development and progression of tumors as well as
metastases, either by exercising a direct effect on tumor
cells or by indirectly affecting other components of
the tumor microenvironment. This effect is achieved
through the secretion and release of various chemokines
and cytokines, including transforming growth factorbeta, vascular endothelial growth factor, IL-6, IL-8
and matrix metalloproteinases (29,30). In addition,
the latest findings of a study demonstrate that there is
an association between a higher neutrophil count and
decreased CD8+ content in lung cancer tumor cells (31),
identifying neutrophilia as an inﬂammatory response,
which suppress the antitumor immune response
through inhibition of the cytotoxic activity of immune
cells, in particular, that of activated CD8+T cells.

Consequently, this may lower the chance of response to
immunotherapy.
Consistent with the results of other research
studies, we found that high PLR and presence of bone
metastasis, which are common in patients with advanced
NSCLC, are associated with shorter survival (32-34).
Several limitations were identified in our study. First
of all, our study is retrospective and has a relatively
small sample size. Moreover, the predictive value of
NLR was not compared to new predictive markers like
tumor mutational burden or microsatellite instability.
Despite these limitations, the results suggest
that patients with NLR > 5 are at high risk for early
progression and short overall survival. This may
be helpful to clinicians in their choice of treatment,
especially for patients with high pretreatment NLR
- perhaps a combination of chemotherapy and
immunotherapy or new molecules in clinical trials.
Drugs, which are capable of transforming neutrophils
into a functional state with antitumor activity, are needed
in order to improve patients' outcome.
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SUMMARY

The current study describes the technical details of and the clinical prognosis for the "China stitch",
a novel technique for hand-sewn esophagojejunostomy in totally laparoscopic total gastrectomy.
This study also explores the feasibility and safety of the technique. Clinical data of 20 patients with
esophagogastric junction cancer in Beijing Shijitan Hospital, Capital Medical University from January
2017 to April 2018 were retrospectively analyzed. All 20 patients underwent esophagojejunostomy
via a novel hand-sewn technique that uses traction to turn the left or right wall of the esophagus into
an anterior wall. This avoids the difficulty of suturing the posterior wall. All patients were followed
until June 2019. All 20 patients successfully underwent the procedure. The mean operating time was
216.5 ± 24.9 (176-254) min, the mean hand-sewn reconstruction time was 44.4 ± 9.4 (26-61) min,
intraoperative bleeding was 141.2 ± 24.9 (130-160) mL, and the number of resected lymph nodes was
23 ± 8 (14-33). After surgery, there was one case of anastomotic leakage and one case of anastomotic
stenosis, but both were alleviated with conservative treatment. The mean duration of follow-up was
15 (4-33) months. There was no significant difference in postoperative complications of and shortterm oncologic prognosis for the 20 patients who underwent hand-sewn esophagojejunostomy and the
21 patients who underwent mechanical esophagojejunostomy during the same period. In conclusion,
the "China stitch", a novel hand-sewn technique, is a cost-effective, safe, and reliable method for
esophagojejunostomy in totally laparoscopic total gastrectomy.
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1. Introduction
Laparoscopic total gastrectomy (LTG) is considered to
be an effective option for treatment of esophagogastric
junction (EGJ) cancer. LTG involves laparoscopic
lymph node dissection and digestive tract reconstruction
via open surgery. During totally laparoscopic total
gastrectomy (TLTG), however, the entire surgery
(including lymph node dissection and digestive tract
reconstruction) is performed laparoscopically; an
incision is made only to collect specimens, resulting in a
smaller incision and a faster recovery.
Recent studies have indicated that TLTG is safe,
feasible, and minimally invasive (1,2). However, the
technique for laparoscopic esophagojejunostomy
remains a major challenge. esophagojejunostomy is
usually performed mechanically; techniques include endto-side anastomosis using a traditional circular stapler,
end-to-side anastomosis using a trans-orally inserted
stapler anvil (OrVilTM) (3), and side-to-side anastomosis

using a linear stapler (4). However, these techniques still
have many flaws such as the difficulty of placing anvil
in esophageal stump laparoscopically, an unconfirmed
resection margin, and expense (5). Recent studies have
cited several flaws of hand-sewn esophagojejunostomy,
including the difficulty of suturing the posterior wall
due to technical complexity and the high level of suture
skill (6,7).
In light of these circumstances, the current authors
devised a novel suture technique for laparoscopic handsewn esophagojejunostomy. This technique can avoid
the difficulty of suturing the posterior wall through an
optimized procedure.
2. Materials and Methods
2.1. Patients
Potential subjects were patients diagnosed with Siewert
II or Siewert III EGJ cancer who underwent TLTG
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using the novel "China stitch" technique for handsewn esophagojejunostomy by the same surgeon
at Beijing Shijitan Hospital from January 2017 to
April 2018. Subjects were 20 patients who provided
informed consent. The patients had an average age of
59 (45-89) years; 65% (13/20) of them were male. The
control group consisted of patients who underwent TLTG
with using mechanical esophagojejunostomy during the
same period.
All patients underwent routine preoperative
examinations, gastroscopy, endoscopic ultrasonography,
and chest, abdomen, and pelvis CT scans to determine
the clinical stage and pathological type. Patients who
had distant metastases or peripheral tissue invasion were
excluded. Of 20 patients in total, 2 had Siewert II EGJ
cancer and 18 had Siewert III EGJ cancer. There were no
significant differences in the preoperative baseline data
for the hand-sewn esophagojejunostomy group and the
control group (Table 1).
This study was approved by the Ethics Committee of
Beijing Shijitan Hospital. All patients provided written
informed consent for participation in this study.
2.2. Protocol
2.2.1. Procedure
The 20 patients underwent TLTG and esophagojejunostomy

using the novel "China stitch" technique for laparoscopic
hand-sewn esophagojejunostomy.
2.2.2. Body position
Patients were placed in the supine position under
endotracheal intubation and general anesthesia. The
surgeon stood on the patient's right side, the first assistant
on his left side, and the laparoscopic assistant between
his legs.
2.2.3. Placement of trocars
After establishing pneumoperitoneum, the first 10-mm
trocar was inserted below the umbilicus, and a 12-mm
trocar and three 5-mm trocars were inserted into the
right abdomen, right upper abdomen, and left abdomen,
respectively. Carbon dioxide pneumoperitoneum was
set at 12-15 mmHg.
2.2.4. Total gastrectomy
Laparoscopic total gastrectomy was performed
depending on the TNM stage preoperatively, followed
by lymph node dissection. Surgery was standardized
in accordance with the Guidelines for Laparoscopic
Gastrectomy for Gastric Cancer (2016) of the Chinese
Society of Surgery, Chinese Medical Association (8).

Table 1. Patient characteristics.
Variables
Age (y, mean ± SD)
Gender (n)
Male
Female
BMI (kg/m2, mean ± SD)
Siewert Classification
Type II
Type III
ECOG score, n (%)
0
1
2
Comorbidity, n (%)
Hypertension
Diabetes mellitus
Cardiac disease
Pulmonary disease
Hepatic disease
Renal disease
Tumor location, n
EGJ
Non-EGJ
Tumor size (cm, mean ± SD)
Tumor stage*
I
II
III
IV

China stitch group (n = 20)

Mechanical suturing group (n = 21)

P value

59.0 ± 8.9

58.4 ± 7.7

0.799

13
7
24.5 ± 2.5

15
6
23.9 ± 3.7

0.986
0.875
0.646

2
18

2
19

0.956
0.921

14
4
2

15
5
1

0.943
0.936
0.867

8
1
1
1
2
0

6
3
2
0
1
1

0.248
0.687
0.587
0.536
0.687
0.432

16
4
4.8 ± 2.0

18
3
4.6 ± 1.8

0.777

0
4
14
2

2
3
15
1

0.163
0.458
0.421
0.687

EGJ = Esophagogastric junction. * Seventh edition of the Union for International Cancer Control TNM classification.
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2.2.5. The "China Stitch", a novel technique for
laparoscopic hand-sewn esophagojejunostomy (Video 1,
https://pan.baidu.com/s/1o3zl3AC8AACVsko6ne9B9Q
Serial number: kkr2).
After specimen collection, the esophageal stump was
removed by ultrasonic scalpel and taken as biopsy for
frozen-section examination.
The jejunum was disconnected 15 cm distal from
Treitz's ligament using the Endo-GIA stapler, the
mesentery was freed, and then the distal jejunum was
elevated to the esophageal hiatus above the colon.
If the resection margins were positive, the distal
esophagus was resected for frozen-section examination
again. Once a negative resection margin was confirmed,
an end-to-side esophagojejunostomy was performed.
1) Prepare an anastomotic stoma on the jejunal side.
Make a 3-cm incision 2 cm away from the jejunal stump,
and dissect the seromuscular layer. Lift the mucous
membrane from the seromuscular layer, and then remove
the mucous membrane (Figure 1).
2) Place one suture on the center of the posterior wall
of the esophagus and the center of the posterior wall of
the jejunum using 3-0 absorbable suture, tie a knot, and
fix the suture as a traction suture.
3) Place one suture on the center of the anterior wall
of the esophagus and the center of the anterior wall of the
jejunum using 3-0 absorbable suture, tie a knot, and fix
the suture as a traction suture (Figure 2).
4) The assistant pulls the traction sutures outwards
and turns the left wall of the anastomotic stoma into the
anterior wall. Place a continuous full-thickness suture on
the "anterior wall" using the right traction suture. Place 6
sutures in total about 1 cm apart, and tie a knot with the
left traction suture.
5) The assistant switches to the other traction suture.
The assistant pulls outwards, turning the right wall of
the anastomotic stoma into an anterior wall. Place a
continuous full-thickness suture on the "anterior wall"
using the right traction suture. Place 6 sutures in total
about 1 cm apart, and tie a knot with the left traction
suture. With this, full-thickness suturing of the esophagus
and jejunum is finished (Figure 3).
6) Use horizontal mattress sutures to continue
suturing the seromuscular layer of the "anterior wall"
with the right traction suture.
7) The assistant switches to the other traction suture.
The assistant pulls outwards again, turning the left wall
of the anastomotic stoma into an anterior wall. Use single
horizontal mattress sutures to suture the seromuscular
layer of the "anterior wall" with the right traction suture.
Once done, suturing of the seromuscular layer for
anastomosis is done (Figure 4).
Afterwards, completed Roux-en-Y digestive
tract reconstruction using the Endo-GIA stapler,
performed side-to-side jejunojejunostomy at the
choledochopancreatic branch of the proximal jejunum

50 cm away from the esophagogastric anastomotic
stroma, and closed the joint opening. Lastly, closed the
mesenteric hiatus of the small intestine.
2.2.6. Postoperative X-ray radiography
Each patient underwent gastrointestinal radiography on
the second or third day post-operatively. Each patient
started drinking water after that and started eating the
next day.
2.2.7. Follow-up
All patients underwent follow-up on an outpatient basis
or by phone until June 2019. The follow-up included
the patient's oncologic prognosis and gastroscopy,
abdominal CT, tumor markers, and laboratory results.
The follow-up also included changes in body weight,
nutritional status, eating patterns, and the frequency of
meals, the occurrence of dysphagia, and the occurrence
of a burning sensation over the sternum and its severity.
3. Results
3.1. Surgery details
The 20 patients underwent esophagojejunostomy
via the "China stitch" and TLTG. The operating
time was 216.5 ± 24.9 (176-254) min, intracorporeal
suturing time was 44.4 ± 9.4 (26-41) min,
intraoperative bleeding was 141.2 ± 24.9 (130-160)
mL, and the number of resected lymph nodes was
23 ± 8 (14-33). Patients who underwent hand-sewn
esophagojejunostomy did not differ significantly
from those who underwent conventional mechanical
esophagojejunostomy (Table 2).
3.2. Postoperative details
Postoperative routine gastrointestinal imaging revealed
a case of anastomotic leakage, and a case of anastomotic
stenosis was found about 6 months postoperatively,
but there were no cases of postoperative hemorrhaging.
The patient with anastomotic leakage underwent
hand-sewn esophagojejunostomy since mechanical
esophagojejunostomy failed. As a result, the blood
supply to the anastomotic stoma was relatively poor.
A drainage tube was inserted across the anastomotic
stoma. Postoperative drainage was adequate without
any signs of infection. After a month of conservative
treatment, the drainage tube was gradually removed
and the patient was discharged (Figure 5). The patient
with anastomotic stenosis had a high anastomotic
stoma; the upper margin of the neoplasm was 1 cm
above the Z-line, and the resection line was about 4 cm
above the Z-line. Therefore, the anastomotic stoma was
under considerable tension. The patient experienced
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Figure 1. Prepare an anastomotic stoma on the jejunal side. A. Make a 3-cm incision 2 cm away from the jejunal stump, and dissect the
seromuscular layer. Lift the mucous membrane from the seromuscular layer. B. Remove the mucous membrane. C. Diagram of dissection of the
seromuscular layer and removal of the mucous membrane.

Figure 2. Place a fixation suture on the anterior and posterior walls. A. Place one suture on the center of the posterior wall of the esophagus
and the center of the posterior wall of the jejunal stoma using 3-0 absorbable suture, tie a knot, and fix the suture as a traction suture. Remove the
stump of the esophagus and perform a rapid frozen section pathological examination. B. Place one suture on the center of the anterior wall of the
esophagus and the center of the anterior wall of the jejunum using 3-0 absorbable suture, tie a knot, and fix the suture as another traction suture. C.
Diagram of the fixation sutures on the anterior and posterior walls.

Figure 3. Esophagojejunostomy with full-thickness sutures all in the anterior wall. A. The assistant pulls the traction suture outwards and
turns the left wall of the anastomotic stoma into an anterior wall. Place a continuous full-thickness suture on the “anterior wall” using the right
traction suture; place 6 sutures in total, and tie a knot with the left traction suture. B. The assistant switches to the other traction suture. The
assistant pulls outwards, turning the right wall of the anastomotic stoma into an anterior wall. Place a continuous full-thickness suture on the
“anterior wall” using the right traction suture. Place 6 sutures in total about 1 cm apart, and tie a knot with the left traction suture. With this, fullthickness suturing of the esophagus and jejunum is finished. C. Diagram of esophagojejunostomy with full-thickness sutures all in the anterior
wall. The solid line is the direction of pull that rotates the stoma 90 degrees, turning the left wall of the esophagus into an anterior wall. The
dashed line is the direction of pull to turn the right wall of the esophagus into an anterior wall.

Table 2. Surgical outcomes
Variables
Lymphadenectomy
D2 + no. 10
D2
Lymph nodes acquired
Total operating time (min, mean ± SD)
Reconstruction (min, mean ± SD)
Estimated blood loss (ml, mean ± SD)
Incision length (cm, mean ± SD)
Proximal margin (mm, mean ± SD)
Time to first ambulation (d, mean ± SD)
Time to first flatus (d, mean ± SD)
Time to resumption of liquids (d, mean ± SD)
Time to first liquid meal (d, mean ± SD)
Time to first soft meal (d, mean ± SD)
Postoperative hospitalization (d, mean ± SD)

China stitch group (n = 20)
3
17
23 ± 8
216.5 ± 24.9
44.4 ± 9.4
141.2 ± 24.9
6.6 ± 0.4
30.6 ± 16.4
2.6 ± 0.8
3.1 ± 0.8
3.1 ± 0.9
4.2 ± 1.2
5.9 ± 2.0
8.8 ± 5.0

www.biosciencetrends.com

Mechanical suturing group (n = 21)
2
19
24 ± 7
203.2 ± 30.5
40.1 ± 5.4
138.8 ± 79.9
7.2 ± 1.7
28.0 ± 19.4
3.0 ± 1.7
3.2 ± 0.7
3.3 ± 1.5
4.8 ± 2.8
6.5 ± 2.8
9.6 ± 3.9

P value
0.556
0.716
0.842
0.344
0.012
0.934
0.125
0.611
0.344
0.827
0.209
0.650
0.396
0.042
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Figure 4. Esophagojejunostomy with suturing of the seromuscular layer all in the anterior wall. A. The seromuscular layer of the "anterior
wall" is sutured with horizontal mattress sutures using the traction suture on the right. B. The assistant switches to the other traction suture. The
assistant pulls outwards again, turning the right wall of the anastomotic stoma into an anterior wall. The seromuscular layer of the "anterior wall"
is sutured with single horizontal mattress sutures using the traction suture on the right. Once done, suturing of the seromuscular layer is finished.

Figure 5. Imaging study of a patient suffering from anastomotic leakage. A. Gastroscopy revealed that the drainage tube crossed the
anastomotic stoma. B. A CT scan indicated that the anastomotic stoma was draining adequately. There was no fluid accumulation around the
anastomotic stoma.

Figure 6. Imaging study of a patient suffering from anastomotic stenosis. A. Anastomotic stenosis was evident during gastroscopy since the
gastroscope could not pass. B. A balloon expander was used to dilate the anastomotic stoma during gastroscopy. C. The anastomotic stoma after
balloon dilatation.

dysphagia symptoms 6 months postoperatively, and
examinations revealed anastomotic stenosis. This was
alleviated using endoscopic dilatation (Figure 6).
The patients' first passage of gas via the anus occurred
at 2.6 ± 0.8 days (1-3) postoperatively, first liquid intake
occurred 3.1 ± 0.8 (3-6) days postoperatively, and the
first intake of semi-liquid food occurred 4.2 ± 1.2 (4-8)
days postoperatively. The mean duration of postoperative
hospitalization was 8.8 ± 5.0 (9-13) days. Patients who
underwent hand-sewn esophagojejunostomy did not differ
from those who underwent conventional mechanical
esophagojejunostomy in terms of complications during or
after surgery. The mean follow-up was 15 (4-33) months
(Table 3).

4. Discussion
During most total gastrectomies, digestive tract
reconstruction is still performed laparoscope-assisted,
but total laparoscopic total gastrectomy has developed
rapidly over the past 10 years (9). Due to its technical
complexity, total laparoscopic esophagojejunostomy has
always been a major challenge in TLTG (10). Currently
there are no standard procedures for intracorporeal
esophagojejunostomy.
For a laparoscopic esophagojejunostomy, side-to-end
anastomosis can be performed with a circular stapler or
side-to-side anastomosis can be performed with an EndoGIA stapler, followed by suturing of the joint opening or
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Table 3. Comparison of complications
Variables
Intraoperative Complications
Splenic ischemia
Vessel bleeding
Liver laceration due to the retractor
Postoperative Complications*
No complications
Grade I
Grade II
Grade IIIa
Grade IIIb
Complications in detail
Anastomosis-related complications
Leakage
Stenosis
Bleeding
Intra-abdominal infection
Pancreatic fistula
Lymphatic fistula
Pneumonia
Wound infection
Overall
*

China stitch group (n = 20)

Mechanical suturing group (n = 21)

P value

0
0
0

0
1
1

0.956
0.943
0.943

18
0
6
1
0

17
1
6
0
1

0.553
0.943
0.932
0.952
0.943

2
1
1
0
3
0
0
3
1
7

3
1
2
0
4
1
1
2
0
8

0.758
0.956
0.913
0.956
0.843
0.943
0.943
0.812
0.943
0.714

According to the Clavien-Dindo classification.

delta-shaped anastomosis (11-14). Esophagojejunostomy
may also be performed using hand-sewn technique.
However, this procedure is used much less often than
other procedures in clinical practice because suturing
the seromuscular layer of the posterior wall is difficult
and a high level of suturing skill is required (7). The
purpose of the current study was to devise and attempt
a new hand-sewn technique for esophagojejunostomy.
Traction supplied by an assistant is used to turn both
the left and right walls of the esophagus into an anterior
wall, avoiding the difficulty of suturing a posterior wall.
The current authors look forward to the spread of this
procedure.
Anastomosis techniques using a circular stapler
include a manual technique, a purse-string technique,
Hiki's modified stapler anvil technique (15), a stapler
anvil (OrVilTM) inserted trans-orally (16), and use of
a reverse puncturing device (17). The rationale for
circular stapler anastomosis is similar to that for open
surgery, so it is easily understood by surgeons. The
OrVilTM technique or the reverse puncturing device
technique is most commonly used in clinical practice.
The OrVil TM technique facilitates a intracorporeal
circular stapling esophagojejunostomy using a stapler
anvil that is inserted trans-orally. This technique has
a significant advantage since it avoids the necessity
of placing the stapler anvil in the abdominal cavity in
the event of a high anastomotic plane. This technique
is relatively easy to master. Several advantages of this
technique are that purse-string sutures are not needed
and that the technique is simpler. A special device is not
needed to place the stapler anvil. However, the OrVilTM
was designed for insertion of the stapler anvil into the
esophagus via the oral cavity; this site is not aseptic, so

there is a risk of abdominal infection and oral cavity or
esophageal injury (16,18). Some statistical data have
indicated that the risk of postoperative anastomotic
stenosis after use of a circular stapler is about 2.8% (19).
In addition, expense has also limited the clinical use of
this technique.
Side-to-side anastomosis techniques using the
Endo-GIA stapler include the overlap method (11)
and functional end-to-end anastomosis (FEEA) (2022). These anastomosis techniques are less technically
complex. They can effectively prevent the occurrence of
anastomotic stenosis (23-26). However, the closure of
the joint opening with the Endo GIA makes the overlap
procedure easier but tends to cause stenosis. These
techniques cannot completely guarantee that resection
margins are negative, which runs counter to the surgical
principle of removing the neoplasm. When using such
a technique for reconstruction, the neoplasm should be
carefully defined pre- and intraoperatively. In addition,
both anastomosis techniques require a relatively long
esophageal stump and are performed at a relatively low
position. Thus, these techniques are limited to a benign
esophageal stump with adequate length.
The hand-sewn esophagojejunostomy technique
only using small instruments such as a needle
holder and grasping forceps had the advantage of
avoiding flaws related to use of large instruments.
The hand-sewn technique is less expensive than
mechanical reconstruction, and it does not require
a long esophageal stump, so this technique has
obvious advantages. Failed mechanical anastomosis
or anastomotic stenosis resulting in an esophageal
stump of insufficient length to complete mechanical
reconstruction present difficulties in clinical practice.
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Hand-sewn esophagojejunostomy might be the only
salvage technique that can be performed with a
short esophageal stump. However, this technique is
technically complex and takes longer for reconstruction
than other techniques, so it can sometimes only be
performed by an experienced surgeon. Therefore,
surgeons need more training and time to overcome
the learning curve. The "China stitch" hand-sewn
esophagojejunostomy technique reduces the difficulty
of manual reconstruction and the time needed to
perform anastomosis. It is also amenable to certain
unexpected situations that might occur during the use
of stapler. This was a retrospective observational study.
A new technique has been explored in order to reduce
operating time, to reduce the difficulty of procedure,
and to enable repeated pathological examination of
surgical margins.
It should be noted that this was a retrospective
observational study, without patients randomized
controlled in the two groups. There was probably
selection bias because the patients with cancer in
early stages or cancer located distal from the dentate
line were tended to underwent this hand-sewn
esophagojejunostomy technique when it started to be
performed. Randomized controlled trails with larger
series are important to evaluate its safety and effects
on short-term oncological prognosis compared with
mechanical esophagojejunostomy.

4.
5.

6.

7.

8.

9.

10.

5. Conclusion

11.

The "China stitch", a novel hand-sewn esophagojejunostomy
technique for total laparoscopic total gastrectomy,
is a cost-effective, safe, and effective method for
reconstruction.
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SUMMARY

Pneumonia associated with the 2019 novel coronavirus (2019-nCoV) is continuously and rapidly
circulating at present. No effective antiviral treatment has been verified thus far. We report here the
clinical characteristics and therapeutic procedure for four patients with mild or severe 2019-nCoV
pneumonia admitted to Shanghai Public Health Clinical Center. All the patients were given antiviral
treatment including lopinavir/ritonavir (Kaletra®), arbidol, and Shufeng Jiedu Capsule (SFJDC,
a traditional Chinese medicine) and other necessary support care. After treatment, three patients
gained significant improvement in pneumonia associated symptoms, two of whom were confirmed
2019-nCoV negative and discharged, and one of whom was virus negative at the first test. The
remaining patient with severe pneumonia had shown signs of improvement by the cutoff date for
data collection. Results obtained in the current study may provide clues for treatment of 2019-nCoV
pneumonia. The efficacy of antiviral treatment including lopinavir/ritonavir, arbidol, and SFJDC
warrants further verification in future study.
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1. Introduction
Coronaviruses mainly cause respiratory tract infections
and some strains have high infectivity and mortality
as well as heavy damage on public health, such as
severe acute respiratory syndrome (SARS) and Middle
East respiratory syndrome (MERS) (1). A pneumonia
associated with the 2019 novel coronavirus (2019nCoV) emerged in Wuhan, China in December, 2019
and has spread rapidly, with 24,324 confirmed cases in
mainland China as of February 4, 2020 (2,3). The most
common clinical presentation is fever, fatigue, and dry
cough and some patients present with nasal congestion,
runny nose, and diarrhea (4). In severe cases, dyspnea
usually occurs one week after the disease onset and
some patients can rapidly progress to acute respiratory
distress syndrome (ARDS), septic shock, refractory
metabolic acidosis, and coagulation disorders (4).
Thus far, there is no approved or verified effective
drugs specific to the virus (5). We report here that four
patients with mild or severe 2019-nCoV pneumonia
have been cured or have significant improvement

in their respiratory symptoms after treatment with
combined lopinavir/ritonavir (Kaletra®), arbidol, and
Shufeng Jiedu Capsule (SFJDC, a traditional Chinese
medicine) on the base of supportive care.
2. Methods
2.1. Patients
For this retrospective study, four patients were recruited
from January 21 to January 24, 2020 at Shanghai
Public Health Clinical Center, Shanghai, China, which
is a designated hospital for 2019-nCoV pneumonia.
All patients were diagnosed as having 2019-nCoV
pneumonia according to WHO interim guidance.
Informed consent to therapeutic regimen was obtained
from each patient prior to treatment.
2.2. Data collection
Epidemiological, demographic, clinical, laboratory,
management, and outcome data were collected through
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Table 1. Demographics, baseline characteristics, and clinical outcomes of 4 patients admitted to Shanghai Public Health
Clinical Center
Items
Age
Sex
Exposure history
Chronic medical illness
Days from illness onset to
diagnosis confirmation
Clinical outcome

Case 1

Case 2

Case 3

Case 4

32
Male
Recent travel to Wuhan
Fatty liver
11

19
Male
Resident of Wuhan
None
6

63
Male
Close contact with 2019-nCoV patient
None
1

63
Female
Recent travel to Wuhan
None
2

Discharged

Discharged

Remained in hospital

Remained in hospital

Table 2. Clinical characteristics at presentation and treatment of patients with 2019-nCoV pneumonia
Items
Signs and symptoms
Fever
Cough
Fatigue
Dizziness
Nasal congestion
Rhinorrhea
Constipation
Respiratory rate
Lung auscultation
Chest CT findings
Unilateral pneumonia
Bilateral pneumonia
Treatment
Oxygen therapy
Mechanical ventilation
Antibiotic treatment
Lopinavir/ritonavir/arbidol/SFJDC
Intravenous immunoglobulin therapy

Case 1

Case 2

Case 3

Case 4

Yes

Yes
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes
Yes
22/min
Rhonchi
(left lower lobe)

Yes

Yes
Yes
19/min
No rhonchi

26/min
Rhonchi
(right lower lobe)

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

a review of medical records. Clinical outcomes were
followed up until February 4, 2020. Laboratory
confirmation of 2019-CoV was done in Shanghai
Municipal Center for Disease Control and Prevention.
Throat-swab specimens from the upper respiratory
tract that were obtained from all patients at admission
were maintained in viral-transport medium. 2019nCoV was confirmed by real-time RT-PCR using the
same protocol described previously (6). All patients
were given chest computed tomography (CT) or chest
radiography.
3. Results and Discussion
3.1. Demographics and baseline characteristics
Four patients with 2019-nCoV are included in this
study, two of whom are under the age of 35 and the
other two are over the age of 60 (Table 1). All the
patients had epidemiologic linkage to areas with
community transmission of 2019-nCoV. Among
them, two patients (Case 1 and 4) had recent travel
history to Wuhan, one patient (case 2) is a student who
was ordinarily a resident in Wuhan and went back to

Yes
22/min
Rhonchi
(left lower lobe)
Yes
Yes
Yes
Yes
Yes
Yes

Shanghai for winter holiday, and one patient (Case
3) is the husband of a confirmed 2019-nCoV case. It
took 11 and 6 days from disease onset to confirmed
diagnosis for case 1 and case 2, while 1 and 2 days for
case 3 and case 4. Fatty liver was reported in the case 1.
No underlying medical conditions were reported in the
other three cases.
3.2. Clinical characteristics and laboratory assessment
On admission, the most common symptoms were
fever or history of fever, followed by cough, fatigue,
dizziness, nasal congestion, and rhinorrhea (Table
2). Diarrhea was not observed in all patients, on
the contrary, two of them were reported to have
constipation. Physical examination revealed increased
respiratory rate in three patients, one of whom had
tachypnea (26/min). Lung auscultation revealed
rhonchi in left or right lower lobe in three patients.
In all patients, there were marked abnormalities on
chest radiography; involvement of both lungs was
found by chest computerized tomography (CT) in
2 patients at presentation. Ground-glass opacities
and consolidation were the most common radiologic
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Table 3. Clinical laboratory results of patients with 2019-nCoV pneumonia
Variable

Blood, routine
Leucocytes
(×109 per L; normal range 3.5-9.5)
Neutrophils
(%; normal range 50-70)
Lymphocytes
(%; normal range 20-40)
Blood gas analysis
pH (normal range 7.35-7.45)
PCO2 (kPa, normal range 4.65-6.0)
PO2 (kPa, normal range 10.6-13.3)

Case 1

Case 2

Case 3

Case 4

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

Before
treatment

After
treatment

4.23

4.68

6.48

6.58

4.40

5.31

6.84

10.84

57.2

49.1

57.0

47.6

50.0

55.4

93

94

30.3

37.1

30.6

39.4

24.5

25.0

6.10

3.2

7.33
5.42
22.00

7.33
6.05
11.90

7.43
4.55
16.6

7.33
5.96
13.4

7.40
5.45
7.60

7.36
5.59
12.0

7.44
4.23
5.45

7.33
5.52
21.9

findings. On admission, leucocytes were in the normal
range in all the patients (Table 3). One patient (case
4) had neutrophils above the normal range, indicating
the existence of concurrent bacterial infection.
Lymphocytes were below the normal range in one
patient (case 4) and within the normal range in other
three patients. Blood gas analysis revealed that oxygen
pressure was below the normal range in two patients
(7.60 kPa in case 3 and 5.45 kPa in case 4) (Table
3). On the basis of the above results, two patients
(case 1 and 2) were diagnosed with mild pneumonia
and the other two patients (case 3 and 4) with severe
pneumonia.
3.3. Treatment and clinical outcomes
All patients received antiviral treatment, including
lopinavir/ritonavir (Kaletra®, lopinavir 400 mg/ritonavir
100 mg, q12h, po), arbidol (0.2 g, tid, po), and SFJDC
(2.08 g, tid, po). The duration of antiviral treatment
was 6-15 days. In addition, all patients were all given
antibiotic treatment and started on supplemental
oxygen, delivered by nasal cannula after admission to
hospital (Table 2).
Patient 1 was admitted to hospital on January 21,
2020 and thereafter received the above treatment.
On January 27, routine blood analysis revealed that
leucocytes and lymphocytes were increased, indicating
recovery and restoration of immune function (Table
3). On January 29, chest CT demonstrated bilateral
pneumonia with scattered multiple nodules, which was
obviously improved compared with that obtained on
January 21 (Figure 1). 2019-nCoV was twice negative
in throat-swab specimens from the upper respiratory
tract. The patient was free of fever, productive cough,
dyspnea, short breath, abdominal pain, and diarrhea,
and thus discharged on January 29, 2020.
Patient 2 was admitted to hospital on January 24,
2020 and then received the above mentioned treatment.
On January 28, routine blood analysis showed increased
count of leucocytes and lymphocytes (Table 3). Blood

Figure 1. Chest CTs of patient 1 obtained on January 21 (A) and
January 29 (B), 2020.

gas analysis revealed no obvious abnormity. On January
29, chest CT revealed unilateral pneumonia in the left
lobe, which was mildly improved compared with the
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images obtained on January 24 (Figure 2). Results
of two continuous 2019-nCoV tests were negative
for throat-swab specimens. Symptoms associated
with pneumonia had improved and the patient was
discharged on January 30, 2020.
Patient 3 was admitted to hospital on January 24,
2020 and thereafter received the above mentioned
treatment. The fever disappeared after one day of
treatment. On January 29, chest CT showed progressed
pneumonia in the right lobe (Figure 3). The treatment
was continuous and the pneumonia appearance
improved on February 1 as reflected by the CT

image (Figure 3). On February 3, blood gas analysis
demonstrated obviously increased oxygen pressure
compared with that at admission. The patient had
mild cough with white phlegm, and was free of fever,
dyspnea, short breath, abdominal pain, and diarrhea.
2019-nCoV test result was negative for the first time on
February 4, 2020. The patient remained in hospital for
the second virus test.
Patient 4 was admitted to hospital on January 22,
2020. In addition to the above mentioned treatments,
the patient was also given human seroalbumin and
γ-immunoglobulin. On January 31, the patient was
given an intubated ventilator-assisted breathing therapy
because of refractory low blood oxygen pressure.
Routine blood analysis on February 1 demonstrated the
percentages of neutrophils and lymphocytes were 94%
and 3.2%, respectively, which were comparable with
those at admission (Table 3). Chest radiograph on this

Figure 2. Chest CTs of patient 2 obtained on January 24 (A) and
January 29 (B), 2020.

Figure 3. Chest CTs of patient 3 obtained on January 24 (A) and
January 29 (B), and February 1 (C), 2020.

Figure 4. Posteroanterior chest radiographs of patient 4 obtained on January 31 (A), February 1 (B), February 2 (C), February 3 (D),
and February 5 (E), 2020.
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day demonstrated bilateral pneumonia, which improved
compared to the image obtained on January 31 (Figure
4). Chest radiograph on February 2 revealed further
mild improvement. On February 3, bilateral pneumonia
remained but the appearances of left lobe improved
and right lobe mildly worsened. On February 5, the
appearance of pneumonia improved compared with
the last image (Figure 4). The patient was still using
ventilators at data cutoff.
We report here the clinical characteristics and
therapeutic procedure for four patients with 2019CoV pneumonia receiving comprehensive therapy. The
antivirus treatment regimen includes lopinavir/ritonavir
(Kaletra®), arbidol, and SFJDC. By February 4, 2020,
two patients were confirmed 2019-nCoV negative and
one patient was virus-negative at the first test. Lopinavir/
ritonavir (Kaletra ®) is a human immunodeficiency
virus (HIV) medicine used in combination with other
medicines to treat adults and children over 14 days of
age who are infected with HIV-1 (7). It was revealed
that lopinavir/ritonavir among SARS-CoV patients
was associated with substantial clinical benefit (fewer
adverse clinical outcomes) (8). The combination of
lopinavir and ritonavir is currently a recommended
antivirus regimen in the latest version of Diagnosis
and Treatment of Pneumonia Caused by 2019-nCoV
(version 5) issued by National Health Commission
of the People's Republic of China (4). Arbidol is an
antiviral treatment for influenza infection used in Russia
and China (9). It was claimed that arbidol was effective
against 2019-nCoV at a concentration range of 10-30
μM in vitro (10). A randomized multicenter controlled
clinical trial of arbidol in patients with 2019-nCoV
(ChiCTR2000029573) has been initiated in China (11).
SFJDC is a traditional Chinese medicine for treatment
of influenza in China. This drug is also recommended
for treating 2019-nCoV infection in the latest version
of Diagnosis and Treatment of Pneumonia Caused by
2019-nCoV (version 5) (4).
In conclusion, two mild and two severe 2019nCoV pneumonia patients were given combined
Chinese and Western medicine treatment, three of
whom gained significant improvement in pneumonia
associated symptoms. The remaining patient with severe
pneumonia has shown signs of improvement by the
cutoff date for data collection. The efficacy of antiviral
treatment including lopinavir/ritonavir, arbidol, and
SFJDC warrants further verification in future study.
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SUMMARY

As of January 22, 2020, a total of 571 cases of the 2019-new coronavirus (2019-nCoV) have been
reported in 25 provinces (districts and cities) in China. At present, there is no vaccine or antiviral
treatment for human and animal coronavirus, so that identifying the drug treatment options as soon
as possible is critical for the response to the 2019-nCoV outbreak. Three general methods, which
include existing broad-spectrum antiviral drugs using standard assays, screening of a chemical
library containing many existing compounds or databases, and the redevelopment of new specific
drugs based on the genome and biophysical understanding of individual coronaviruses, are used
to discover the potential antiviral treatment of human pathogen coronavirus. Lopinavir /Ritonavir,
Nucleoside analogues, Neuraminidase inhibitors, Remdesivir, peptide (EK1), arbidol, RNA synthesis
inhibitors (such as TDF, 3TC), anti-inflammatory drugs (such as hormones and other molecules),
Chinese traditional medicine, such ShuFengJieDu Capsules and Lianhuaqingwen Capsule, could be
the drug treatment options for 2019-nCoV. However, the efficacy and safety of these drugs for 2019nCoV still need to be further confirmed by clinical experiments.
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As of January 22, 2020, a total of 571 cases of the 2019new coronavirus (2019-nCoV) have been reported in
25 provinces (districts and cities) in China (1). Among
them, 95 cases were serious and 17 cases died (all
from Hubei Province). WHO Collaborating Centre
for Infectious Disease Modelling estimated a total of
4,000 cases of 2019-nCoV in Wuhan City (uncertainty
range: 1,000-9,700) had onset of symptoms by 18th
January 2020 (the last reported onset date of any case)
(2). Identifying the drug treatment options as soon as
possible is critical for the response to the 2019-nCoV
outbreak (3).
At present, there is no vaccine or antiviral treatment
for human and animal coronavirus (COV). Because
of its key role in the virus cell receptor interaction, the
surface structure of spike glycoprotein(s) is particularly
important for the development of antivirals. Treatment
of such severe influenza still presents multiple
challenges. There are several general methods that could
be used to discover a potential antiviral treatment for the
human pathogen coronavirus.
The first one is to test the existing broad-spectrum
antiviral drugs by using standard assays, which have been
used to treat other viral infections (4). These methods can

measure the effects of these drugs on the cytopathy, viral
production and plaque formation of living cells and/or
pseudocoronaviruses. Examples of drugs identified using
this method include interferon I (IFN- alpha, beta, kappa,
lamda, epsilon, etc.) and interferon II (interferon gamma,
etc.). These drugs have obvious advantages, known
pharmacokinetic and pharmacodynamic properties,
side effects and drug regimens. However, they have no
specific anti coronavirus effect and may be related to
serious adverse reactions.
The second method involves the screening of a
chemical library containing many existing compounds
or databases, including information about transcription
characteristics in different cell lines (5). This method
can quickly and high-throughput screen many easily
obtained compounds, and then further evaluate them by
antiviral assay. Various drugs have been identified in
these drug reuse programs, including many drugs with
important physiological and/or immunological effects,
such as affecting neurotransmitter regulation, estrogen
receptor, kinase signal transduction, lipid or sterol
metabolism, protein processing and DNA synthesis or
repair.
The third approach involves the redevelopment of
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new specific drugs based on the genome and biophysical
understanding of individual coronaviruses (6). Examples
include siRNA molecules or inhibitors targeting
specific viral enzymes involved in the viral replication
cycle, mAb targeting host receptor, inhibitor of host
cell protease, inhibitor of host cell endocytosis virus,
human derived or humanized mAb targeting S1 RBD
and antiviral peptide targeting S2. Although most of
these drugs have anti coronavirus activity in vitro and/
or in vivo, their pharmacokinetic and pharmacodynamic
properties, as well as side effect characteristics, have yet
to be evaluated in animal and human trials. In addition,
development of these drugs can allow drugs to become
clinically useful treatment options, but it usually takes
several years to provide reliable treatment for patients.
The main drawback of this approach is that although
many of the identified drugs show anti-coronavirus
activity in vitro, most of them are not clinically useful
because they are associated with immunosuppression or
have a value of half the EC50 of anti-coronavirus, which
is significantly higher than the peak serum concentration
(Cmax) that can be achieved at the treatment dose.
In general, these three drug discovery methods are
usually used together during the emerging coronavirus
outbreak, and can be roughly divided into virus based
and host based treatment selection candidate drug
compounds.
For the current new coronavirus, according to
the guidelines (7), IFN- alpha (5 million U bid inh)
and lopinavir/ritonavir(400 mg/100 mg bid po) are
recommended as antiviral therapy. IFN- alpha is a broad
spectrum antiviral drug, which can be used to treat HBV.
Lopinavir is one kind of protease inhibitor used to treat
HIV infection, with ritonavir as a booster. Lopinavir and/
or lopinavir litonavir have anti coronavirus activity in
vitro. In Severe Acute Respiratory Syndrome (SARS)
treatment, Hong Kong scholars found that compared with
ribavirin alone, patients treated with lopinavir/ritonavir
and ribavirin had lower risk of acute respiratory distress
syndrome (ARDS) or death (8).
In addition, Nucleoside analogs may have multiple
mechanisms of action, including lethal mutagenesis,
specific or non specific chain termination, and inhibition
of nucleotide biosynthesis (9). Fabiravir and ribavirin
are representatives of nucleoside analogs, which
combined with fabiravir and oseltamivir in the treatment
of severe influenza is better than oseltamivir alone (10).
Besides, Remdesivir may be the best potential drug
for the treatment of 2019-nCoV. Animal experiments
showed that compared with the control group,
Remdesivir can effectively reduce the virus titer of
mice infected with Middle East Respiratory Syndrome
(Mers)-CoV, improve the lung tissue damage, and its
effect is better than that of the treatment group treated
with Lopinavir/Ritonavir combined with interferon-β
(11). The drug has completed the phase III clinical
trial for treatment of Ebola virus infection, and the

pharmacokinetics and safety for the human body have
relatively complete data (12). However, the efficacy
and safety of Remdesivir in patients with 2019-nCoV
infection still need to be further confirmed by clinical
research.
Neuraminidase inhibitors (NAIs) such as oral
oseltamivir, inhaled zanamivir, and intravenous
peramivir are recommended as antiviral treatment in
influenza (13). Oral oseltamivir has been widely used for
2019-nCoV or suspected cases in China hospitals. The
mainstay for patients is intiation of antiviral medication
as soon as possible after illness onset. It has shown
that neuraminidase inhibitors are effective as empirical
treatment in MERS-CoV infection (14), however, there
is no exact evidence that oseltamivir is effective in the
treatment of 2019-nCoV.
At present, some other types of drugs have been
found to be effective in vitro, such as fusion peptide
(EK1) (15), arbidol (16), RNA synthesis inhibitors
(such as TDF, 3TC) anti-inflammatory drugs (such
as hormones and other molecules), etc. In addition,
Chinese medicine, such as ShuFengJieDu Capsules and
Lianhuaqingwen Capsules, has also played a role in the
prevention and treatment of new respiratory infectious
diseases such as influenza A (H1N1) (17,18). However,
the efficacy and safety of these drugs in 2019-nCoV
need to be further confirmed by clinical experiments.
In general, there are no specific antiviral drugs or
vaccines for 2019-nCoV. All of the drug options come
from experience treating SARS, MERS or some other
new influenza virus previously. Active symptomatic
support remains key to treatment. These drugs above
would be helpful and the efficacy needs to be further
confirmed.
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SUMMARY

The coronavirus disease 2019 (COVID-19) virus is spreading rapidly, and scientists are endeavoring
to discover drugs for its efficacious treatment in China. Chloroquine phosphate, an old drug for
treatment of malaria, is shown to have apparent efficacy and acceptable safety against COVID-19
associated pneumonia in multicenter clinical trials conducted in China. The drug is recommended
to be included in the next version of the Guidelines for the Prevention, Diagnosis, and Treatment
of Pneumonia Caused by COVID-19 issued by the National Health Commission of the People's
Republic of China for treatment of COVID-19 infection in larger populations in the future.
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The coronavirus disease 2019 (COVID-19) virus,
emerged in December 2019, has spread rapidly,
with cases now confirmed in multiple countries. As
of February 16, 2020, the virus has caused 70,548
infections and 1,770 deaths in mainland China and 413
infections in Japan (1). A great deal of effort has been
made to find effective drugs against the virus in China (2).
On February 17, 2020, the State Council of China held
a news briefing indicating that chloroquine phosphate,
an old drug for treatment of malaria, had demonstrated
marked efficacy and acceptable safety in treating
COVID-19 associated pneumonia in multicenter clinical
trials conducted in China (3).
In the early in vitro studies, chloroquine was found
to block COVID-19 infection at low-micromolar
concentration, with a half-maximal effective
concentration (EC50) of 1.13 μM and a half-cytotoxic
concentration (CC50) greater than 100 μM (4). A number
of subsequent clinical trials (ChiCTR2000029939,
ChiCTR2000029935, ChiCTR2000029899,
ChiCTR2000029898, ChiCTR2000029868,
ChiCTR2000029837, ChiCTR2000029826,
ChiCTR2000029803, ChiCTR2000029762,
ChiCTR2000029761, ChiCTR2000029760,
ChiCTR2000029740, ChiCTR2000029609,
ChiCTR2000029559, and ChiCTR2000029542) have
been quickly conducted in China to test the efficacy
and safety of chloroquine or hydroxychloroquine in the
treatment of COVID-19 associated pneumonia in more

than 10 hospitals in Wuhan, Jingzhou, Guangzhou,
Beijing, Shanghai, Chongqing, and Ningbo (5). Thus far,
results from more than 100 patients have demonstrated
that chloroquine phosphate is superior to the control
treatment in inhibiting the exacerbation of pneumonia,
improving lung imaging findings, promoting a virusnegative conversion, and shortening the disease
course according to the news briefing. Severe adverse
reactions to chloroquine phosphate were not noted in
the aforementioned patients. Given these findings, a
conference was held on February 15, 2020; participants
including experts from government and regulatory
authorities and organizers of clinical trials reached
an agreement that chloroquine phosphate has potent
activity against COVID-19. The drug is recommended
for inclusion in the next version of the Guidelines for
the Prevention, Diagnosis, and Treatment of Pneumonia
Caused by COVID-19 issued by the National Health
Commission of the People's Republic of China.
Chloroquine is used to prevent and treat malaria
and is efficacious as an anti-inflammatory agent
for the treatment of rheumatoid arthritis and lupus
erythematosus. Studies revealed that it also has potential
broad-spectrum antiviral activities by increasing
endosomal pH required for virus/cell fusion, as well as
interfering with the glycosylation of cellular receptors of
SARS-CoV (6,7). The anti-viral and anti-inflammatory
activities of chloroquine may account for its potent
efficacy in treating patients with COVID-19 pneumonia.
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Chloroquine is a cheap and safe drug that has been used
for more than 70 years. In light of the urgent clinical
demand, chloroquine phosphate is recommended to treat
COVID-19 associated pneumonia in larger populations
in the future.
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