& frontiers | Research Topics

Social, clinical and economic
factors: Evidence-based
healthcare financing and
policy for cancer

prevention and therapy

Edited by
Xin Li, Aiqun Li, Xuefeng Xie and Hao Hu

Published in
Frontiers in Public Health



https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/research-topics/31522/social-clinical-and-economic-factors-evidence-based-healthcare-financing-and-policy-for-cancer-prevention-and-therapy
https://www.frontiersin.org/research-topics/31522/social-clinical-and-economic-factors-evidence-based-healthcare-financing-and-policy-for-cancer-prevention-and-therapy
https://www.frontiersin.org/research-topics/31522/social-clinical-and-economic-factors-evidence-based-healthcare-financing-and-policy-for-cancer-prevention-and-therapy
https://www.frontiersin.org/research-topics/31522/social-clinical-and-economic-factors-evidence-based-healthcare-financing-and-policy-for-cancer-prevention-and-therapy
https://www.frontiersin.org/research-topics/31522/social-clinical-and-economic-factors-evidence-based-healthcare-financing-and-policy-for-cancer-prevention-and-therapy

& frontiers | Research Topics

FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual
articles in this ebook is the property
of their respective authors or their
respective institutions or funders.
The copyright in graphics and images
within each article may be subject

to copyright of other parties. In both
cases this is subject to a license
granted to Frontiers.

The compilation of articles constituting
this ebook is the property of Frontiers.

Each article within this ebook, and the
ebook itself, are published under the
most recent version of the Creative
Commons CC-BY licence. The version
current at the date of publication of
this ebook is CC-BY 4.0. If the CC-BY
licence is updated, the licence granted
by Frontiers is automatically updated
to the new version.

When exercising any right under

the CC-BY licence, Frontiers must be
attributed as the original publisher
of the article or ebook, as applicable.

Authors have the responsibility of
ensuring that any graphics or other
materials which are the property of
others may be included in the CC-BY
licence, but this should be checked
before relying on the CC-BY licence
to reproduce those materials. Any
copyright notices relating to those
materials must be complied with.

Copyright and source
acknowledgement notices may not
be removed and must be displayed
in any copy, derivative work or partial
copy which includes the elements

in question.

All copyright, and all rights therein,
are protected by national and
international copyright laws. The
above represents a summary only.
For further information please read
Frontiers’ Conditions for Website Use
and Copyright Statement, and the
applicable CC-BY licence.

ISSN 1664-8714
ISBN 978-2-83252-065-9
DOI 10.3389/978-2-83252-065-9

Frontiers in Public Health

April 2023

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is
a pioneering approach to the world of academia, radically improving the way
scholarly research is managed. The grand vision of Frontiers is a world where
all people have an equal opportunity to seek, share and generate knowledge.
Frontiers provides immediate and permanent online open access to all its
publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-
access, online journals, promising a paradigm shift from the current review,
selection and dissemination processes in academic publishing. All Frontiers
journals are driven by researchers for researchers; therefore, they constitute
a service to the scholarly community. At the same time, the Frontiers journal
series operates on a revolutionary invention, the tiered publishing system,
initially addressing specific communities of scholars, and gradually climbing
up to broader public understanding, thus serving the interests of the lay
society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely
collaborative interactions between authors and review editors, who include
some of the world's best academicians. Research must be certified by peers
before entering a stream of knowledge that may eventually reach the public
- and shape society; therefore, Frontiers only applies the most rigorous

and unbiased reviews. Frontiers revolutionizes research publishing by freely
delivering the most outstanding research, evaluated with no bias from both
the academic and social point of view. By applying the most advanced
information technologies, Frontiers is catapulting scholarly publishing into

a new generation.

What are Frontiers Research Topics?

Frontiers Research Topics are very popular trademarks of the Frontiers
Jjournals series: they are collections of at least ten articles, all centered

on a particular subject. With their unique mix of varied contributions from
Original Research to Review Articles, Frontiers Research Topics unify the
most influential researchers, the latest key findings and historical advances
in a hot research area.

Find out more on how to host your own Frontiers Research Topic or
contribute to one as an author by contacting the Frontiers editorial office:
frontiersin.org/about/contact

1 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/
https://www.frontiersin.org/about/contact
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

& frontiers | Research Topics

Frontiers in Public Health

April 2023

Social, clinical and economic
factors: Evidence-based
healthcare financing and policy
for cancer prevention and therapy

Topic editors

Xin Li — Nanjing Medical University, China

Aigun Li — Icahn School of Medicine at Mount Sinai, United States
Xuefeng Xie — Anhui Medical University, China

Hao Hu — University of Macau, China

Citation

Li, X., Li, A., Xie, X., Hu, H., eds. (2023). Social, clinical and economic factors:
Evidence-based healthcare financing and policy for cancer prevention and therapy.
Lausanne: Frontiers Media SA. doi: 10.3389/978-2-83252-065-9

2 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/
http://doi.org/10.3389/978-2-83252-065-9

& frontiers | Research Topics

Table of
contents

Frontiers in Public Health

06

20

32

43

55

69

82

94

106

119

April 2023

Predicting Rural Women'’s Breast Cancer Screening Intention
in China: A PLS-SEM Approach Based on the Theory of
Planned Behavior

Yanjun Sun, Jiawei Yuan, Wugianhui Liu, Banghui Qin, Zhiging Hu,
Jianwei Li and Yuan He

Cost-Effectiveness Analysis of Five SysOtemic Treatments for
Unresectable Hepatocellular Carcinoma in China: An
Economic Evaluation Based on Network Meta-Analysis
Mingye Zhao, Xingming Pan, Yue Yin, Hongfei Hu, Jifu Wei,

Zhaoshi Bai and Wenxi Tang

Examining Primary Care Physicians’ Intention to Perform
Cervical Cancer Screening Services Using a Theory of
Planned Behavior: A Structural Equation Modeling Approach
Zhiging Hu, Yanjun Sun, Yuhao Ma, Kejin Chen, Ling Lv,

Lingling Wang and Yuan He

Predictive Factors for Acute Postoperative Pain After Open
Radical Gastrectomy for Gastric Cancer
Han Xie, Jingxuan Wei, Zhengliang Ma and Weihong Ge

Cost-Effectiveness of Nivolumab Immunotherapy vs.
Paclitaxel or Docetaxel Chemotherapy as Second-Line
Therapy in Advanced Esophageal Squamous Cell Carcinoma
in China

Ying-tao Lin, Tian-xiu Liu, Jian Chen, Chang Wang and Ying Chen

The Consistency Between the Chinese Essential Medicines
List and Treatment Guidelines—Taking Oncology Medicines
as an Example

Luyan Cheng, Caiyun Li, Xuefang Zhang, Yongfa Chen and
Jianzhou Yan

Economic Value of Fosaprepitant-Containing Regimen in the
Prevention of Chemotherapy-Induced Nausea and Vomiting
in China: Cost-Effectiveness and Budget Impact Analysis

Xinglu Xu, Yuwen Bao, Kai Xu, Zhuolin Zhang, Ningli Zhao and Xin Li

Degarelix vs. leuprorelin for the treatment of prostate cancer
in China: A cost-utility analysis

Jianzhou Yan, Caiyun Li, Xuefang Zhang, Luyan Cheng, Ruilin Ding
and Lingli Zhang

Trends in accessibility of negotiated targeted anti-cancer
medicines in Nanjing, China: An interrupted time series
analysis

Yanyan Liu, Huining Yi, Kexin Fang, Yuwen Bao and Xin Li

Cost-utility analysis of centrally inserted totally implanted
access port (PORT) vs. peripherally inserted central catheter
(PICC) in the oncology chemotherapy

Guoliang Shao, Xiaoying Zhou, Shaoya Zhang, Shuaijun Wu,

Yichen Dong and Zuojun Dong

3 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/

& frontiers | Research Topics

Frontiers in Public Health

126

136

147

163

175

186

195

204

217

229

April 2023

Socioeconomic inequality in health care use among cancer
patients in China: Evidence from the China health and
retirement longitudinal study

Huiru Zhang, Yu Fu, Mingsheng Chen and Lei Si

Economic evaluation of sintilimab plus chemotherapy vs.
pembrolizumab plus chemotherapy for the treatment of
first-line advanced or metastatic squamous NSCLC
Pingyu Chen, Xintian Wang, Shengwen Zhu, Hongchao Li,
Mingjun Rui, Yingcheng Wang, Haikui Sun and Aixia Ma

Breast and cervical cancer screening adherence in Jiangsu,
China: An ecological perspective

Yanjun Sun, Yuhao Ma, Menghan Cao, Zhiqing Hu, Wei Lin,
Mingsheng Chen and Yuan He

The impact of national centralized drug procurement on
health expenditures for lung cancer inpatients: A
difference-in-differences analysis in a large tertiary hospital
in China

Yuan-jin Zhang, Yan Ren, Quan Zheng, Jing Tan, Ming-hong Yao,
Yun-xiang Huang, Xia Zhang, Kang Zou, Shao-yang Zhao and Xin Sun

Economic evaluation of first-line nivolumab plus
cabozantinib for advanced renal cell carcinoma in China
Hao Wang, Ye Wang, Li Li, Han Zhou, Shang Lili, Liao Li, Shen Yike
and Ma Aixia

Trends in anti-HER2 drugs consumption and influencing
factors

Jie Liu, Xiaolei Zhang, Biao Wang, Huizhen Dai, Dahai Dou and
Wentong Fang

Economic evaluation of margetuximab vs. trastuzumab for
pretreated ERBB2-positive advanced breast cancer in the US
and China

Zhiyuan Tang, Xin Xu, Jie Gao, Ling Chen, Qiuyan Zhu, Jinli Wang,
Xiaoyu Yan, Bohua Chen and Yumei Zhu

Using 5 consecutive years of NICE guidance to describe the
characteristics and influencing factors on the economic
evaluation of orphan oncology drugs

Duan Shengnan, Lv Zixuan, Zhou Na, Zhu Weikai, Yi Yuanyuan,

Liu Jiasu and Yuan Ni

Cost analysis of implementing a vial-sharing strategy for
chemotherapy drugs using intelligent dispensing robots in a
tertiary Chinese hospital in Sichuan

Hui Liu, Linke Zou, Yujie Song and Junfeng Yan

Government drivers of breast cancer prevention: A
spatiotemporal analysis based on the association between
breast cancer and macro factors

Xiaodan Bai, Xiyu Zhang, Hongping Shi, Guihong Geng, Bing Wu,
Yonggqiang Lai, Wenjing Xiang, Yanjie Wang, Yu Cao, Baoguo Shi and
Ye Li

4 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/

& frontiers | Research Topics

Frontiers in Public Health

244

253

April 2023

Cost-effectiveness analysis of drug-eluting beads and
conventional transarterial chemoembolization in the
treatment of hepatocellular carcinoma

Guoliang Shao, Jingwen Wang, Xiaoying Zhou, Guojun Sun and
Zuojun Dong

Factors associated with health care utilization and
catastrophic health expenditure among cancer patients in
China: Evidence from the China health and retirement
longitudinal study

Penghong Deng, Yu Fu, Mingsheng Chen and Lei Si

5 frontiersin.org


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/

& frontiers | Frontiers in

ORIGINAL RESEARCH
published: 11 April 2022
doi: 10.3389/fpubh.2022.858788

OPEN ACCESS

Edited by:
Xuefeng Xie,
Anhui Medical University, China

Reviewed by:

Xunbing Shen,

Jiangxi University of Chinese
Medicine, China

Chun Xia,

Anhui Normal University, China

*Correspondence:
Yuan He
heyuan@njmu.edu.cn

Specialty section:

This article was submitted to
Health Economics,

a section of the journal
Frontiers in Public Health

Received: 20 January 2022
Accepted: 25 February 2022
Published: 11 April 2022

Citation:

Sun'Y, Yuan J, LiuW, Qin B, Hu Z, Li J
and He Y (2022) Predicting Rural
Women'’s Breast Cancer Screening
Intention in China: A PLS-SEM
Approach Based on the Theory of
Planned Behavior.

Front. Public Health 10:858788.

doi: 10.3389/foubh.2022.858788

Check for
updates

Predicting Rural Women'’s Breast
Cancer Screening Intention in China:
A PLS-SEM Approach Based on the
Theory of Planned Behavior

Yanjun Sun 2, Jiawei Yuan?®, Wuqianhui Liu*, Banghui Qin "2, Zhiqing Hu 2, Jianwei Li®
and Yuan He 2%

" Institute of Medical Humanities, Nanjing Medical University, Nanjing, China,  School of Marxism, Nanjing Medical University,
Nanjing, China, ® School of Health Policy and Management, Nanjing Medical University, Nanjing, China, * The First School of

Clinical Medicine, Nanjing Medical University, Nanjing, China, ° Department of Material and Child Health, Lianyungang Material
and Child Health Hospital, Lianyungang, China, 6 Research Center for Social Risk Management of Major Public Health Events
(Key Research Base of Philosophy and Social Sciences of Universities in Jiangsu), Nanjing Medical University, Nanjing, China

Background: It was reported that the incidence of breast cancer (BC) was the highest
among cancers worldwide. The breast cancer screening (BCS) program is regarded as
an effective preventive measure. However, rural women’s willingness to participate in the
BCS program is relatively low. To provide measures to prevent BC, it is necessary for the
government to identify the influencing factors of rural women’s BCS intention.

Methods: A cross-sectional study was conducted among 3,011 rural women by
a convenience sampling method through face-to-face interviews on a self-designed
questionnaire based on the theory of planned behavior (TPB). The partial least square
structural equation model (PLS-SEM) was conducted to determine the predictors of BCS
intention, and a multi-group analysis (MGA) of age was performed to identify if there were
differences in all hypotheses between different age groups.

Results: There were still rural women who have not been screened for BC in five years
(41.7%). The research model of rural women'’s intention to accept this prevention against
BC was rational. All of the hypotheses are supported. Especially, subjective norm (SN)
(B = 0.345, p < 0.001) is found to be the strongest predictor followed by the perceived
behavioral control 1 (PBC 1) (personal factors, including distance, transportation,
busyness, etc.) (B = 0.165, p < 0.001), attitude (B = 0.152, p < 0.001), past behavior
(PB) ( =0.150, p < 0.001), knowledge (8 = 0.121, p < 0.001), and perceived behavioral
control 2 (PBC 2) (pain and cultural-social factors including embarrassment from a
physician, etc.) (3 = 0.042, p < 0.05). The advocacy and education (A&E), medical level
and service attitude (ML&SA) of township health centers and village clinics can affect
behavior intention (BI) via attitude, SN, and PBC. The results of MGA of age indicate
that there are significant differences among rural women of different ages regarding the
relationship between A&E and PBC 2 (p < 0.01) and the effect of PB on Bl (p < 0.001).
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Conclusion: The TPB with the addition of PB, knowledge, ML&SA, and A&E can provide
the theoretical basis for the policy intervention that aims to enhance the rural women'’s
BCS willingness. MGA of age is conducive to promoting the implementation of the BCS
policy. The findings are of great significance to improve rural women'’s health levels.

Keywords: breast cancer screening intention (BCS intention), rural women, the theory of planned behavior (TPB),
the partial least square structural equation model (PLS-SEM), multi-group analysis (MGA)

INTRODUCTION

The previous studies suggested that breast cancer’s incidence
and mortality in developed countries have decreased obviously
in recent years, while the prevalence in developing countries
has increased gradually (1). According to the estimates of the
International Agency for Research on Cancer (IARC) on the
global burden of cancer in 2020, female breast cancer (BC)
was estimated to be the top of the 10 most common cancer
types (2). It was considered that female breast cancer was the
most commonly diagnosed cancer worldwide, which accounted
for 11.7% of the total newly diagnosed cancer cases. It also
showed 6.9% of the total cancer deaths, which ranked fifth (2).
The statistics from the National Cancer Registry showed that
the incidence of breast cancer among rural women was 79 per
100,000 in 2015 (3). The statistics from the National Health and
Family Planning Commission of PRC showed that the death rate
reached 6.48 per 100,000, ranking the 4th highest incidence of
all cancers among rural women in China (4). The past study also
demonstrated that poor women were more likely to develop BC
than those with higher family income and urban residence due
to the limited detection and screening facilities as well as fewer
opportunities to seek better medical treatment (5). It appears that
breast cancer has been a major public health problem globally,
especially among the rural women who deserve more attention.

However, the etiology of breast cancer is unclear now (6,
7). But a lot of studies have confirmed that early diagnosis
and treatment can reduce mortality significantly (7), and
screening services play a significant role in improving the early
diagnosis rate (8). According to studies in developed countries,
high coverage of breast cancer screening (BCS) can effectively
reduce mortality. For example, BCS was national coverage in
the United Kingdom in the mid-1990s with women over 50
using breast Xray every 3 years. Thus, the mortality among
patients with breast cancer aged 55~69 decreased by 1/3 (7).
In the United States, Australia, et al., the BCS program has
been a national policy and continues to be promoted (7).
The World Health Organization (WHO), International Union
Against Cancer (UICC), and the American Cancer Society (ACS)
have concluded that the BCS program is effective and is worth
promoting worldwide (7).

In China, BC was considered to be one of the leading
malignant tumors and the main cause of cancer death in women
below 45 years old in 2015 (3), and there was also an increasingly

Abbreviations: PB, past behavior; A&E, advocacy and education; ML&SA, medical
level and service attitude.

upward trend in the rates of age-standardized incidence and
mortality (3). Researchers predicted that there would be 2.5
million women aged 45-59 with BC by 2021 (9). The Chinese
government always attaches great importance to BCS, and rural
women’s BCS has been included in the major public health
services since 2009 (10). Unfortunately, even with free screening
services, rural women still lacked willingness to be engaged
in the screening, and the screening rate was not high (11). It
was demonstrated that the rate in China rural was lower than
it was in urban and far lower than it was in the developed
countries. For example, the BCS rate for rural of Jilin Province
only reached 9.09% in 2013 (12). Even in economically developed
regions, the screening rate was not satisfying either, only reaching
38.09% of Conghua District, Guangzhou (13) and 23.3% of
Wenling, Zhejiang in 2015 (14). The past research revealed that
the screening rate was 38.05% in rural, while 48.09% in urban
(15). As for developed countries, the BCS rate was 72.4% in the
United States in 2010 and more than 70% rural women have done
a screening for breast cancer and cervical cancer within 5 years
in the Netherlands (16). Hence, the enthusiasm of Chinese rural
women to undergo BCS urgently needs improvement.

In order to improve Chinese rural women’s screening
participation, the influencing factors of their BCS intention
should be emphasized when designing and implementing the
BCS program. However, few studies specifically focused on rural
women’s intention to BCS in China. Only a small number of
studies examined the factors that influence BCS behavior based
on socio-demographic characteristics, which are the education
level, monthly income, age, etc. (17). Most studies in China
did not draw on social psychological theories or behavioral
theories. Whereas, with the deepening of the research, academic
community has come to realize that screening is a healthy
behavior that requires long-term persistence and is affected by
multiple factors of the physical and social environment (7).
Therefore, it is urgent to conduct empirical studies to explain
and predict individual behavior of rural women’s BCS in China.
Subsequently, there were some studies that investigated the
personal health beliefs (18) and external environmental factors
(19, 20), such as the society or organizations. These studies were
generally based on social psychological models, including health
belief model (HBM) (18, 21) and the theory of rational behavior
(TRA) (21). But the views on health HBM emphasize more about
the influence of individual cognition on health behavior and
consider less about the social factors. The theory of planned
behavior (TPB) incorporates perceived behavioral control on the
basis of TRA (22). The structural model of TPB can measure
not only the internal factors but also the characterization of
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the social environment, and it has been proved to effectively
explain and predict the health prevention behavior and behavior
intention (23). It is widely used in the field of health prevention
behavior, including AIDS prevention (24), smoking interventions
(25), cervical cancer screening (26), etc. However, only a few
pieces of research evaluated breast self-examination and its
effective factors (27) and the role of educational intervention in
mammography screening based on TPB (28). Fewer pieces of
research evaluated the rural women’s breast screening intention
based on TPB.

Therefore, using a PLS-SEM approach based on the TPB,
this study aimed to predict the women’s BCS intention and to
analyze its influencing factors in rural China in order to promote
women’s health, and further research in this area from rural
women’s perspective is needed.

Theory of planned behavior is a social cognitive theory that
explains how attitude toward the behavior (AB), subjective norm
(SN), and perceived behavioral control (PBC) act on behavior
intention (BI) and then on actual behavior as shown in Figure 1
(29). In this model, attitude, SN, and PBC are independent and
pairwise. Accurate PBC can be used as an alternative measure
of actual control conditions to directly predict the possibility of
behavior occurrence (as illustrated in the dashed line in Figure 1)
(29). “Attitude toward the behavior (AB) refers to a person’s
general and stable tendency to perform a certain behavior
(29). The tendency often contains two separable components:
belief strength (b) and outcome evaluation (e), as shown in the
Equation (1) (22, 30) “AB o< Y _ bje;.”

(i means measurement project). SN is defined as individuals’
beliefs on the extent to which others would expect them to
perform a behavior (29). The measurement of SN also contains
two separable components, normative belief (n) and motivation
to comply (m), as shown in the Equation (2) (22, 30) “SN
> nim;” (i means measurement project). PBC refers to the
individuals’ perceptions of the controllability and ability to
perform a given behavior (29). The two separable components
to measure PBC are control beliefs (c) and perceived power
(p), which are shown in the Equation (3) (22, 30) “PBC «
> cipi” (i means measurement project). Ajzen (29) proposed that
the model can also accommodate any variables that effectively
explain and predict the behavior and the behavior intention when
studying a particular behavior in addition to three variables:
attitude, SN, and PBC. That is to say, we could add new variables
to this model on a reasonable basis, which could exert an impact
on the behavior belief and behavior.

Combined with the existing literature, the research hypotheses
and the model adopted in this study were developed based on
TPB, which is shown in Figure 2.

According to TPB, the more positive the rural women’s
attitude is, the higher intention they will have (29). A previous
study among rural women in Korea showed that lack of
awareness may lead to the low participation rate in BCS tests
(32). Additionally, Yan demonstrated that a negative attitude
toward health check-ups was one of the reasons why female
residents are less likely to be screened for BC in Macao (33).
Considering this, we assumed that:

H1: Attitude is positively associated with the rural women’s
BCS intention.

Based on TPB, the rural women’s discernment to be screened for
BC (PBC) can directly predict the occurrence of BCS (29). Past
studies demonstrated that encountered barriers, such as lack of
time, long geographic distance to primary health facilities, etc.,
probably affect BCS (34). Therefore, the closer the distance to the
township health centers or village clinics, the more convenient
traffic and women’s time resources, the stronger the PBC.
Another stream of research revealed that it is a taboo for Asian
women to show their breasts to others due to their traditional
culture (35). Besides, rural women refrained from participating
in BCS due to their ashamed and embarrassed reaction when
exposing their breasts to male physicians (35, 36). Women also
were impeded by the view that BCS is painful or uncomfortable
(34). Personal fear of doctors/examiners, hospitals, and health
facilities also exerted a negative impact on the women’s attitudes
toward BCS (19). That is to say, the less the embarrassment/fear,
during the breast cancer screening, the higher
the PBC score.

Based on the analysis above, we assumed that personal
factors (distance, transportation, busyness, et al.) named PBC
1, pain and cultural-social factors (e.g., embarrassment)
named PBC 2 both positively related to BCS for
rural women.

H2a-H2b: PBC 1 and PBC 2 are positively associated with
rural women’s BCS intention, respectively.

According to TPB, SN has an effect on BI (29). If the SN
varies, attitude and PBC will vary concordantly (29). It was
evident that lack of encouragement from family members and
physicians was one of the major inhibitors affecting women’s
decision on the BCS program (37). There was a significant
correlation between lower social support and absence of BCS
(19). Studies indicated that the social support network from
women’s colleagues in the workplace, families, and friends
was important. Higher levels of social support networks lead
to more positive attitude toward preventive health care (36,
38, 39). A study of 154 non-governmental organizations from
35 countries revealed that community health workers and
local volunteers played a pivotal role in reducing women’s
discomfort and shyness while referring to breast health care
(40). The multiple responsibilities undertaken by women in
the workplace and at home, and the restriction of time urge
the working women to postpone their own affairs for the
sake of family members (37). Thus, it can be inferred that
rural women will have more time to undertake BCS if they
get more support and encouragement from their workplace
or families. Based on the discussion above, we developed the
following hypotheses:

H3a: SN is positively associated with the rural women’s
BCS intention.

H3b-H3d: SN also has an effect on rural women’s attitude
toward BCS, PBC1, and PBC2.

Many scholars have attempted to add new variables to the
theoretical model of TPB in order to improve the explanatory
power. The new variables included personality, behavior
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FIGURE 2 | The research hypotheses and research model. SN, subjective norm; PBC 1, perceived behavioral control 1; PBC 2, perceived behavioral control 2; BCS
intention, breast cancer screening intention; K, knowledge; PB, past behavior; A&E, advocacy and education; ML&SA, the medical level and service attitude. K, PB,
A&E, and ML&SA are added in the model as new variables; A&E and ML&SA belong to the supply-side factors.

experience, anticipated regret, and so on (41). According to
Ajzen’s view in 1991, we also added some new variables to
this model.

Initially, we added the knowledge of BC and BCS. Previous
studies found that cognitive and knowledge levels affected
women’s intention and behavior to receive BCS services
(42) or mammography screening (43). Insufficient knowledge
about BC made it less likely for women to engage in
BCS (33). Besides, insufficient knowledge was one of the
reasons for ignoring mammography (44). Therefore, we
hypothesized that:

H4a-H4b: Knowledge has a positive effect on BCS intention
and attitude.

Advocacy and education (A&E) also play an important role in
BCS. A number of research demonstrated that health education
interventions have been conducted, and health education is
considered one of the most important factors affecting public
health (45, 46). The study also suggested that advocates for
prevention could encourage women to become role models and
do advocacy for screening in their communities to build positive
community sentiment and shift social norms (47). Qin also
mentioned that the development of community health education
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can reduce the rejection or concerns (48). As a result, we
hypothesized that:

H5a-H5c: Advocacy and education (A&E) have an effect on
SN, PBC 1, and PBC 2.

Medical level and service attitude (ML&SA) could influence the
patients’” experience and satisfaction (49, 50). The higher degree
to which people satisfy with the recent medical experience, the
stronger their trust in health care system will be (51). That
is to say, high-level medical condition and excellent attitude
could bring professional reputation and credibility; thus, women
would receive more encouragement and social support from
their families and friends. Additionally, patients were more likely
to trust physicians who were employed by hospitals, which
had better medical equipment, medical level, service, etc. (52).
Therefore, we hypothesized:

Hé6a-H6b: The medical level and service attitude (ML&SA) of
township health centers and village clinics have an effect on SN
and PBC 2, respectively.

Previous research demonstrated that a bad experience in the past
was one of the top three barriers to BCS (53). It means a bad
experience may have a bad effect for rural women to be screened
for BC. The study which was conducted in China (Wu et al.)
suggested that past screening behavior could make women get
more suggestions from health care providers, which promoted
that SN plays an important role in the process of intention
formation (54). Usually, a person who has a good habit or a good
experience is more likely to perform the behavior and to comply
with the recommendations from stakeholders than those who
have not. The research also revealed that those who practiced
breast self-examination monthly had a lower level of barriers
than those who screened less frequently (55). Therefore, the study
hypotheses are as follows:

H7a-H7d: The past behavior experience (PB) is positively
associated with BCS intention, SN, PBC1, and PBC 2.

MATERIALS AND METHODS
Setting

A cross-sectional study was conducted in Jiangsu province.
The rural women were recruited by a convenience sampling
method between July and September, 2020. In the first stage,
considering their different economic development levels, we
selected 3 districts from 3 regions, respectively: Lianyungang,
which is located in Northern Jiangsu province; Yangzhou, which
is located in Central Jiangsu; and Nanjing, which is located in the
southern part of the province. In the second stage, by consulting
the experts, seven survey sites in rural areas were selected,
covering three districts for the present study, i.e., Donghai,
Haizhou, Guanyun in Lianyungang, Gaoyou, Tangwang in
Yangzhou and Qixia, Jiangning in Nanjing. In the third stage,
convenience sampling was used to recruit practitioners in the
seven survey sites.

Participants and Data Collection
The participants were involved if they were women living in a
rural area, more than 18 years old, and willing to participate

in this research. Rural women with intellectual disability or
language barrier who could not complete the questionnaires
were excluded to ensure the validity of investigation. In order
to improve the quality of the investigation, the questionnaire
forms were filled out by a face-to-face interview with the help of
trained and qualified investigators. Before obtaining answers, the
investigators had explained to each participant who was required
to fill out all the questions voluntarily and truthfully that the
investigation was anonymous and the collected data would be
only used in this study and kept completely confidential. The
participants could get a bottle of laundry detergent as a reward.
The price of it is 8 CNY.

The minimum sample size using PLS to measure models
should not be <10 times the number of items of the most
complex construct or the largest number of independent
variables influencing the dependent variable (56). In the model
of this study, the number of items of the most complex construct
is 10. Besides, Raosoft was used to calculate the sample size as
another way (57). According to the Sixth National Census in
China, there were about 15.74 million rural women in Jiangsu,
China (58). Therefore, the population size is estimated to be 15.74
million. The margin of error, confidence level, and the response
distribution were, respectively set as 5%, 95%, and 50%. Then, the
recommended sample size is 385.

Instruments and Measures

A self-made questionnaire was designed for data collection. A
pilot survey was carried out, and the questionnaire was modified
properly, which made the survey more reasonable and feasible
before the formal investigation. The final formal questionnaire
consisted of five parts (50 items in total). Part I: attitude and views
on BCS (28 items or 14 pairs in total); Part II: BCS intention
and past behavior (4 items in total); Part III: the current status
of township health centers or village clinics (5 items in total);
Part IV: the knowledge of BC (7 items in total); Part V: the
demographic characteristics of the participants (6 items in total).
Especially, 28 items of attitude and views on BCS were designed
to be 14 pairs, including attitude (3 pairs or 6 items), subjective
norm (5 pairs or 10 items), PBC 1 (3 pairs or 6 items), and PBC 2
(3 pairs or 6 items) to measure the two separable components
of these three variables, respectively, according to Ajzen’s TPB
questionnaire (31). The calculation equations are as follows. (1)
AB o )Y biej; (2) SN o ) njmy; (3) PBC o Y cip; (i means the
number of items measured) (22, 30).

The items of Part I, Part II, and Part III were scored on a
five-point Likert scale. The scores range from 1 to 5 points. For
example, women rated “saving cost of treatment” as the values
1 (“not at all important”), 2 (“not important”), 3 (“neutral”), 4
(“important”), and 5 (“very important”). Whereas, some items of
PBC 1 (Item 3) and PBC 2 (Item 1, Item 3, and Item 5) were
scored reversely. The items of Part IV were scored 1 if the choice
were right, and 0 otherwise. The questionnaire was regarded as
completed only if all the questions were answered. We substituted
the mean of the respondents in the same unit for the missing
data (59).

Frontiers in Public Health | www.frontiersin.org

10

April 2022 | Volume 10 | Article 858788


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Sun et al.

Rural Women’s BCS Intention

Data Analysis and Statistics

Data were recorded using Microsoft Excel. SPSS V.22.0 was used
to conduct the descriptive statistics and calculate the scores of
attitude, SN, and PBC according to Equations (1-3). Considering
the interrelationship on the rural women’s BCS intention and
the influence factors in this research model, the hypotheses were
performed by the partial least square structural equation model
(PLS-SEM) using Smart PLS 3.2.8. This is because it shows
a minimal restriction in sample size and residual distribution,
and there is no constraint on the model specification and data
distribution assumptions when it is used to analyze the complex
model with latent variables (60). Especially, it integrates two
methods of factor analysis and path analysis, which can be
used to simultaneously measure the measurement model and
the structure model and estimate the factor structure and the
relationship among various factors (61).

Relevant studies have found that ages were closely related
to BCS (62). It is meaningful to consider the age factor when
implementing and promoting the BCS program. In recent years,
the rural women’s upper age limitation of participating BCS
program was changed from 59 to 64 years (63). The policy poses
the same effects on the rural women who are below 35 years
old and who are above 64 years old. Therefore, the multi-group
analysis (MGA) of Group 1 (below 35 years old or above 64 years
old) and Group 2 (between 35 and 64 years old) was performed
to discover the differences by using Henseler's MGA and the
permutation method.

Ethics Approval

This study’s ethical admission was approved by the Ethics
Committee of Sir Run Run Hospital, Nanjing Medical University.
The grant number is 2019-SR-017. We obtained the oral
informed consent from each subject who participated in
the survey.

RESULTS

About 3,200 questionnaires were distributed and 3,050 were
returned. After removing the invalid questionnaire, 3,011 were
usable. The valid response rate was 94.1%.

Descriptive Statistics
The demographics and relevant characteristics of the
interviewers are shown in Table 1. The participants in Group
1(< 35 or > 64) and Group 2 (between 35-64) of BC account for
46.3% and 53.7%, respectively. The number of participants with
a secondary school degree is the highest (44.3%). The majority
of the participants are married or living with a common-law
partner (88.7%). The number of rural women who have access
to know about the BCS (68.4%) is more than those who have
not (31.6%). A total of 9 approaches to know about BCS in this
survey were as follows, by decreasing frequency: doctor, nurse or
health staff (n = 1,363), television (n = 989), Wechat (n = 935),
friends or a neighbor (n = 707), publicity column (n = 600),
handbooks or leaflets (n = 597), newspapers or magazines (n =
548), family members (n = 487), and broadcast (n = 309).

The scores range from 1 to 5 points except the items
of knowledge (1-7). Especially, according to the calculation

equations of TPB, the overall scores of attitude, SN, PBC1, and
PBC2 are on the scale of 1-25. As shown in Table 2, the mean
score of attitude (mean score, 19.621; SD, 4.164) revealed that
rural women were positive about early diagnosis and treatment
(mean score, 21.027; SD, 4.965), the effect on saving cost (mean
score, 19.352; SD, 5.652), and the outcome of screening (mean
score, 18.485; SD, 5.011). For the construct SN, the mean score
was 15.750, and the standard deviation was 4.197. The mean
score of exports’ effect was lowest (mean score, 12.763; SD, 6.292).
The mean scores of PBC 1 (mean score, 11.809; SD, 4.062) and
PBC 2 (mean score, 12.143; SD, 4.445) were not very optimistic,
especially the scores of times (mean score, 9.253; SD, 4.170) and
male physicians (mean score, 9.291; SD, 6.124). For A&E, the
mean score was 2.967, and standard deviation was 0.886. Totally,
68.2% of rural women never/hardly/seldom received A&E on
breast cancer. The mean score of ML&SA (mean score, 3.597;
SD, 0.653) was also <4. As for knowledge (mean score, 4.017; SD,
2.000), 36.8% rural women scored 0-3 points. The mean score of
PB was 2.394 (SD, 1.458). There were 1,256 rural women (41.7%
of 3,011 participations) who were not taking part in the BCS
program within the past 5 years. The mean score of rural women’s
behavior intention was 3.969 (SD, 0.782). There were still rural
women who “strongly disagree” or “disagree” or kept “neutral”
on “I plan/intend/will try to undertake BCS.” The ratio reached
27%, 19.3%, and 21.8%, respectively.

Evaluation of Measurement Model

As shown in Table 3, all factor loadings were significant at
p < 0.001 on its underlying construct, showing satisfactory
convergent validity. Meanwhile, Table4 illustrated that
Cronbach’s o > 0.600, which indicated sufficient internal
consistency or reliability, and that composite reliability was
adequate (64). The discriminant validity of the questionnaire
was assessed. The correlation matrix for each pair of constructs is
shown in Table 4. It is evident that the AVE square root of each
construct is higher than the absolute value of its correlation (64);
the cross-loadings show that all items loaded on their respective
constructs are higher than those on the other constructs, and
the cross-loadings differences are above the threshold of 0.10
(65). Finally, the HTMT ratio is below the threshold of 0.85 or
0.90 (66).

Evaluation of Structural Model

The model measurement results and hypothesis testing results
are shown in Figure 3. About 40.3% of variance in the intention
to BCS is explained: attitude is 25.3%, SN is 14%, PBC 1 is 19.6%,
and PBC 2 is 14.9%. In particular, the values of f 2 (0.02, 0.15, and
0.35) indicate small, medium, and large effects (67). All the values
of Q? are considerably above zero, and this finding supports the
model’s predictive relevance from an out-of-sample prediction
perspective (68). SRMR in this model is 0.073 (i.e., below 0.08)
(69), confirming the overall fit of this PLS path model.

The path coefficient (B) and t-value in Figure3 also
demonstrate that all of the hypotheses are supported. Of all the
factors affecting the intention to BCS, SN is found to be the
strongest predictor.

Furthermore, we found some specific indirect effects in
this model, as depicted in Table5. In addition to the
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TABLE 1 | Participant demographics and characteristics (n = 3,011).

Variable

Values

N (%)

Age

Education level

Family Income (per month)

Marital status

The ways to know about the screening

Group1: <35 or >64

Group2: between 35-64
llliteracy/primary school or below
Junior high school/ senior high school
Collegeand above

<2,000

2,000-5,000

5,000-10,000

>10,000

Never married

Married/ cohabitation
Divorced/separated/widowed
Have

1,393 (46.3%)
1,618 (53.7%)
562 (18.7%)
1,333 (44.3%)
1,116 (37.1%)
301 (10.0%)
1,008 (36.5%)
953 (31.6%)
659 (21.9%)
266 (8.8%)
2,670 (88.7%)
75 (2.5%)
2,059 (68.4%)

Don’t have

Total

952 (31.6%)
3,011 (100%)

TABLE 2 | Mean scores for every item (n = 3,011).

Construct Item Scale Mean + SD Construct Item Scale Mean + SD
Attitude 1-25 19.621 £ 4.164 ARE 1-5 2.967 + 0.886
Al 1-25 21.027 + 4.965 A&ET 1-5 2.978 + 0.985
A2 1-25 19.352 £+ 5.652 A&E2 1-5 2.955 £ 1.015
A3 1-25 18.485 £+ 5.011 ML&SA 1-5 3.697 £+ 0.653
SN 1-25 16.750 £+ 4.197 ML&SA1 1-5 3.607 £ 0.743
SN1 1-25 17.082 £ 5.205 ML&SA2 1-5 3.439 + 0.769
SN2 1-25 16.531 £ 5.083 ML&SA3 1-5 3.845 + 0.730
SN3 1-25 17.112 £ 4.965 BCS intention 1-5 3.969 + 0.782
SN4 1-25 15.261 £+ 5.425 BI1 1-5 3.895 + 0.871
SN5 1-25 12.763 £+ 6.292 BI2 1-5 4.031 + 0.791
PBC 1 1-25 11.809 + 4.062 BI3 1-5 3.981 +0.819
PBC1-1 1-25 12.761 £ 5.431
PBC1-2 1-25 9.2568 £ 4.170 Knowledge 1-7 4.017 £ 2.000
PBC1-3 1-25 13.414 £ 5.348
PBC 2 1-25 12.143 £+ 4.445 PB 1-5 2.394 £+ 1.458
PBC2-1 1-25 11.617 £ 5.437
PBC2-2 1-25 9.291 + 6.124
PBC2-3 1-25 15.521 £+ 5.968

SD, standard deviation; A1-A3, denote the three paired items used to measure the respondents’ attitudes; SN1-SN5, the five paired items used to measure the respondents’ SN;
PBC1-1-PBC1-3, the three paired items used to measure the respondents’ PBC 1, PBC2-1-PBC2-3, the three paired items used to measure the respondents’ PBC 2; A&ET-A&ES,
the three items used to measure the respondents’ views on AS&E; ML&SAT-ML&SAS, the three items used to measure the respondents’ views on ML&SA; BI1-BI3, the three items used

to measure the respondents’ BCS intention; PB, the past behavior within 5 years.

hypothesis put forward, we also found that SN, attitude,
PBC 1, and PBC 2 all played an intermediary role in
the model.

Meanwhile, we assessed the group difference in the multi-
group analysis (MGA) of age in Table6. Both Henseler’s
MGA and permutation method confirmed the significance
or non-significance of the differences in all results, which
strengthened the findings of this research. The output of MAG
reveals that there are significant differences between the two

age groups in regard to the effect of A&E on PBC2 (H5c¢)
(p < 0.01) and PB on BI (H7a) (p < 0.001). However, there
is no difference in other hypotheses according to the GMA
results. In the group of women whose age are between 35
and 64, PBC 2 have a positively effect on BI (H2b) (p <
0.05), while there is no significant influence of H2b in the
group of women whose age is below 35 or above 64 (p >
0.05). Similar results of H7b within these two groups are
also obtained.
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TABLE 3 | Factor loadings (n = 3,011).

Variables Items Factor loadings p-Value Variables Items Factor loadings p-Value
Attitude Al 0.815 0.000 PBC 2 PBC2-1 0.821 0.000
A2 0.773 0.000 PBC2-2 0.717 0.000
A3 0.807 0.000 PBC2-3 0.733 0.000
SN SN1 0.814 0.000 ARE A&E1 0.896 0.000
SN2 0.872 0.000 A&E2 0.875 0.000
SN3 0.881 0.000 ML&SA ML&SA1 0.882 0.000
SN4 0.776 0.000 ML&SA2 0.872 0.000
SN5 0.571 0.000 ML&SA3 0.866 0.000
PBC 1 PBC1-1 0.875 0.000 BCS intention BI1 0.938 0.000
PBC1-2 0.604 0.000 BI2 0.954 0.000
PBC1-3 0.907 0.000 BI3 0.946 0.000

AT1-A3, denote the three paired items used to measure the respondents’ attitudes; SN1-SN5, the five paired items used to measure the respondents’ SN; PBC1-1-PBC1-3, the
three paired items used to measure the respondents’ PBC 1; PBC2-1-PBC2-3, the three paired items used to measure the respondents’ PBC 2; A&ET-A&ES, the three items used
to measure the respondents’ views on A&E; ML&SAT-ML&SAS, the three items used to measure the respondents’ views on ML&SA; BI1-BI3, the three items used to measure the
respondents’ BCS intention.

TABLE 4 | Correlations among variables (n = 3,011).

o CR AVE Attitude BI ML&SA PBC1 PBC2 A&E SN
Attitude 0.719 0.729 0.637 0.798 0.487 0.231 0.291 0.328 0.179 0.642
B 0.941 0.942 0.895 0.408 0.946 0.302 0.467 0.374 0.378 0.615
ML&SA 0.846 0.906 0.763 0.184 0.270 0.873 0.414 0.322 0.466 0.399
PBC1 0.731 0.845 0.651 0.243 0.403 0.346 0.807 0.596 0.334 0.438
PBC2 0.636 0.802 0.575 0.234 0.298 0.241 0.412 0.759 0.180 0.397
ASE 0.725 0.879 0.784 0.129 0.310 0.365 0.265 0.117 0.885 0.340
SN 0.844 0.891 0.626 0.498 0.545 0.338 0.372 0.307 0.256 0.791

Bl, BCS intention; PBC1, perceived behavioral control 1; PBC2, perceived behavioral control 2; SN, subjective norm; ML&SA, the medical level and service attitude; ASE, advocacy
and education; CR, composite reliability; AVE, average variance extracted. The square roots of the AVE are shown on the diagonal and italicized elements in gray shade, above which
are the HTMT values and below which are the correlations between the construct’s values.

DISCUSSION This study revealed how various psychosocial factors,
including attitude, SN, PBC, and other external factors, such
In this study, we added four exogenous variables to the TPB a5 knowledge, past behavior, and supplier factors (A&E and
model, such as knowledge, past behavior, and supply-side factors  ML&SA), impact on BCS intention. It also provided evidence that
(A&E and ML&SA). The data are well in accordance with  TPB could well-explain and predict rural women’s BCS intention.
the theoretical predications. Firstly, the addition of variables A hypotheses, attitude, SN, PBC 1, PBC 2, knowledge, and PB
strengthened the explanatory power of the TPB model and  yyere positively related to the BCS intention, and they also played
further demonstrated the utility of TPB for prediction. Secondly,  an intermediary role between the relationship of A&E and BI,
health policy makers and interveners could get more information  ML&SA and BI. Besides, in the MGA of age, we found some
in the decision-making and in the intervention process and  sjgnificant differences between the two groups.
improve the intervention effect. Finally, extending variables The finding of this research confirmed the positive
into the TPB model, the findings in this paper demonstrate  relationship between attitude and rural women’s BSC intention,
that the original TPB model can be further developed and  which is consistent with the results of the similar studies on
applicable to other areas, particularly to those related to  ryral women in Korea (32) and female residents in Macao
public health. (33). Attitude also links other variables. Therefore, in order to
Although BC has the highest cancer incidence rate in the  improve willingness, we should constantly improve the attitude
world and BCS can prevent it effectively, most rural women in  of rural women toward BCS. It cannot be overemphasized
China, even in the economically well-developed area, had alower  that BCS is beneficial for the early diagnosis and treatment
willingness to be screened for BC (13-15). Our study supported  of cancer. Therefore, health institutions can provide lectures
this result. Our findings indicated that it is significant to explore o successful cases to rural women to make them realize the
the influencing factors of BI to BCS in rural China, especially the  jmportance of screening and early diagnosis. Meanwhile,
differences between the Group 1 and Group 2. the government could give the preferential policies to
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FIGURE 3 | A path diagram for the research model. B, path coefficient; *** p < 0.001, * p < 0.05; t, t-value; R?, coefficient of determination, which represents the
amount of explained variance of each endogenous latent variable; f 2, effect size; Q?, predictive relevance; PB, past behavior; Bl, behavior intention; PBC1, perceived
behavioral control 1; PBC2, perceived behavioral control 2; SN, subjective norm; K, knowledge; ML&SA, the medical level and service attitude; A&E, advocacy and
education; BCS intention, breast cancer screening intention.

conduct free screening for age-appropriate women, which
can improve the attitude toward BCS and further enhance the
behavioral intention.

In line with the results of Saudi (34), Korea (35), and Hong
Kong (36), lack of time, long geographic distance, painful and
uncomfortable experience during the examination, and other
factors are obstacles that rural women encountered. This result
can be possibly ascribed to the limited detection and screening
facilities in some areas (5). It is common for rural women in
China to hold a relatively conservative attitude toward their
bodies. Shang’s research held the opinion that examining bodies
by oneself or by others was regarded as inappropriate behavior
(70). These conservative social norms may help explain why
Chinese rural women’s feelings of embarrassment or shyness
become the key barriers to be screened for BC in this study,
and the result is also consistent with the past results of Im’s
(35). As a result, rural women must overcome some difficulties
when they participate in BCS. Besides, the same thing as attitude
is that PBC also is linked to other variables. Therefore, in
order to improve women’s BCS intention, we need to reduce
the hindering factors and facilitate the promoting factors of
BCS intention in rural women. Firstly, rural women could

be organized to go to the hospitals or clinics for BCS. It
is, maybe, a good way to implement an appointment system
to reduce transportation and time costs. Next, in order to
decrease bad feelings, we could show the screening process and
the use of equipment in the form of an animated short film
to improve rural women’s understanding. Besides, it may be
useful to increase the number of female physicians in order
to reduce the embarrassment of being examined. Furthermore,
we could conduct psychological counseling on embarrassment
and fear.

At the same time, when designing various interventions to
reduce embarrassment and fear and to increase a BCS rate,
ML&SA, which is a positive influence factor of PBC, is closely
related to the patient feelings and also needs to be considered.
In this study, ML&SA can positively affect SN and PBC 2,
and it can also influence BI through attitude, SN, and PBC
1. The following suggestions could be referred: (I) The health
authority should make a regular screening training for physicians
in the health center to improve their screening ability. The
better the screening level of medical staff is, the fewer feelings
of fear and pain. (II) The government could cooperate with
social institutions to increase the funding of primary healthcare
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TABLE 5 | Specific indirect effects (0 = 3,011).

Path Path coefficient (8) t-Value P
1 ML&SA -> SN -> A -> Bl 0.02 7.132 0.000
2 K-> A-> Bl 0.012 4.042 0.000
3 A&E -> SN -> A 0.059 5.596 0.000
4 A&E -> SN -> Bl 0.042 5.254 0.000
5 PB -> SN -> PBC2 -> Bl 0.001 2.186 0.029
6 A&E -> SN -> PBC2 -> Bl 0.001 2.293 0.022
7 SN -> PBC1 -> Bl 0.051 8.287 0.000
8 ML&SA -> SN -> PBC2 -> Bl 0.003 2.522 0.012
9 SN -> A-> Bl 0.074 8.089 0.000
10 ML&SA -> SN -> PBCH 0.085 10.202 0.000
11 A&E -> SN -> A -> Bl 0.009 4.657 0.000
12 PB -> PBC1 -> Bl 0.03 6.995 0.000
13 ML&SA -> SN -> PBC2 0.065 9.182 0.000
14 PB-> SN -> Bl 0.029 4.483 0.000
15 A&E -> PBC2 -> Bl —0.003 2132 0.033
16 ML&SA -> PBC2 -> Bl 0.006 2.419 0.016
17 ML&SA -> SN -> A 0.133 13.062 0.000
18 ML&SA -> SN -> PBC1 -> Bl 0.014 6.905 0.000
19 PB-> SN -> PBC1 -> Bl 0.004 4.031 0.000
20 ML&SA -> SN -> Bl 0.095 11.251 0.000
21 PB -> SN -> PBC1 0.026 4.424 0.000
22 PB -> PBC2 -> Bl 0.009 2.517 0.012
23 PB -> SN -> PBC2 0.02 4.221 0.000
24 A&E -> SN -> PBC1 -> Bl 0.006 4.675 0.000
25 SN -> PBC2 -> Bl 0.01 2.556 0.011
26 A&E -> SN -> PBC2 0.029 5.073 0.000
27 A&E -> SN -> PBC1 0.038 5.406 0.000
28 PB->SN-> A 0.041 4.52 0.000
29 PB->SN->A-> Bl 0.006 3.965 0.000
30 A&E -> PBC1 -> Bl 0.019 4.804 0.000

PB, past behavior; Bl, BCS intention; PBC1, perceived behavioral control 1; PBC2, perceived behavioral control 2; SN, subjective norm; A, attitude; K, knowledge; ML&SA, the medical

level and service attitude; A&E, advocacy and education.

infrastructure. They should further improve the software and
hardware and promote the upgrading of village clinics’ screening
facilities. (III) All healthcare physicians should respect and
protect women’s privacy during BCS. In turn, the rural women
will show less embarrassment.

Mass media, relatives, friends, and healthcare providers are
the main primary information sources in China (71), and
are the widely used approaches for rural women to know
about BCS in this study. The results of this study show that
A&E, one of the supply-side factors, has positive effects on
SN and PBC 1, which means that A&E plays an important
role in obtaining social support and reducing the obstacles
of the distance, transportation, busyness, etc. Furthermore,
it can affect BI through attitude, SN, PBC 1, and PBC 2.
However, 68.2% of rural women selected “never” or “hardly”
or “seldom” with regard to the item “How often do you
receive A&E on breast cancer.” A systematic review of cancer
screening interventions among Asian women had the view that
it was ineffective to perform the print materials and media

campaigns alone (72). Therefore, given our research findings,
more intervention approaches should be taken to improve
the efficacy of A&E, such as television, WeChat, publicity
columns, brochures or leaflets, newspapers or magazines, and
broadcast. This result also shows that A&E has negative effects
on PBC 2, and this is not exactly unexpected. A&E might
publicize the harm of breast cancer and increase rural women’s
screening intention, but it could also increase the exposure of
the screening process. Thus, they may feel more embarrassed,
especially with the male physician’s involvement. Hence, A&E
should provide positive psychological support and improve the
education system. Privacy protection deserves a special attention.
Besides, in this study, 66.7% of rural women “never” or “hardly”
or “seldom” are advised to participate in the BCS by the
physicians, which demonstrates again that healthcare physicians
do not play a crucial part in the A&E. Considering that, it
is necessary to collaborate with SN, e.g., healthcare providers,
healthcare physicians, relatives or friends, to expand the influence
of A&E.
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TABLE 6 | Assessment of group difference in age (n = 3,011).

Hypotheses Path coefficient (B) t-Value Path coefficient differences P Supported
Group 1: Group 2: Group 1: Group 2: Henseler MGA Permutation
<35/>64 between <35/>64 between
35-64 35-64
H1 0.177*** 0.128** 6.641 5.244 0.049 0.174 0.189 No/No
H2a 0.172"** 0.164*** 6.879 7.187 0.008 0.821 0.833 No/No
H2b 0.051 0.045* 1.955 2.211 0.005 0.876 0.873 No/No
H3a 0.354*** 0.334*** 13.204 12.577 0.02 0.606 0.612 No/No
H3b 0.461** 0.51*** 21.298 27.307 —0.049 0.086 0.097 No/No
H3c 0.296"* 0.331*** 11.678 13.129 —0.035 0.333 0.336 No/No
H3d 0.23** 0.271** 7.159 10.19 —0.041 0.321 0.324 No/No
H4a 0.094*** 0.125"* 4.151 6.695 —0.08 0.305 0.296 No/No
H4b 0.091*** 0.061** 3.842 2.776 0.031 0.341 0.358 No/No
H5a 0.130"** 0.114*** 4.182 3.830 0.016 0.712 0.732 No/No
H5b 0.155"** 0.089"* 5.198 3.225 0.066 0.106 0.108 No/No
H5¢ 0.005** —0.127*** 0.158 4.338 0.132 0.002 0.003 Yes/Yes
H6a 0.271** 0.277*** 9.317 11.591 —0.006 0.874 0.865 No/No
Heéb 0.127*** 0.127*** 4.183 4.684 0.000 0.997 0.996 No/No
H7a 0.097** 0.200"** 4.704 10.857 —-0.108 0.000 0.000 Yes/Yes
H7b 0.051 0.119* 1.950 4.760 —0.068 0.06 0.073 No/No
H7¢c 0.141* 0.134*** 5.358 5.435 0.007 0.852 0.846 No/No
H7d 0.181** 0.147*** 6.075 5.905 0.033 0.388 0.387 No/No

w5 <0.001, ** p < 0.07,* p < 0.05.

In this study, SN is the strongest predictor of rural women’s
screening intention. SN is positively related to the rural women’s
BCS intention, which is similar to the existing research results
of Parsa (37) and Jensen (19). Besides, it also has positive
effects on rural women’s attitude toward BCS, PBC 1, and
PBC 2, which are consistent with the TPB model and similar
to previous studies (36, 38, 39). Hence, it is necessary for
the government to encourage the stakeholders to fully support
rural women to conduct BCS. Family members and good
friends should give psychological comfort and support to
reduce the obstruction of PBC. Primary care physicians in
the clinic and experts could introduce the relevant knowledge
and importance of BCS to rural women. Beyond that, as a
hub in the research model, SN combines other influencing
factors (e.g., A&E, ML&SA, PB) and plays an intermediary
role. Therefore, it is useful that rural women who have been
screened in the past talk about their experience in the A&E
program. For rural women who have never participated in
screening, it is also beneficial for them to be familiar with the
screening process. These ways can make rural women aware of
the necessity for screening and follow the doctor’s advice for
timely screening.

The result in this study shows that having sufficient knowledge
about breast cancer has a positive effect on rural women’s
BCS intention and attitudes toward BCS, which is consistent
with the studies of Ana (44), Coyne (42), Berry (43), and
Yan (33). Knowledge also influences BCS intention through
attitude. The past research reported that lack of knowledge may
prevent women from identifying the main symptoms of the

disease and consequently lead to the neglect of the disease,
which can result in a delay of detection (5, 73). Moreover,
44% of participants who get a score of 0 in the item “Which
preventive measures can early detect breast cancer lesions.” This
result indicates that rural women’s knowledge is insufficient and
the prevention awareness of BC is unsatisfying. The relevant
study also revealed that poor knowledge about BCS contributes
to a negative attitude (54). In a certain sense, many rural
women do not believe that they are at risk of BC. Authorities
should strengthen the popularization of knowledge about BCS,
such as lectures and videos, to help rural women learn breast
examination methods. We should also encourage rural women
to accept regular physical examination, including breast self-
examination and physical diagnosis by physicians or professional
nurses every year. Breast examination of different age groups
should be taken additionally.

Past behavior is also positively associated with BCS intention.
We also found that PB has a positive effect on SN, PBC 1, and
PBC2 directly. It also indirectly affects BCS intention through
SN, PBC 1, and PBC 2. A recent review has reported that
women who have been screened for BC have more opportunities
to get suggestions about the prevention of breast cancer from
the physicians (54). Enhanced communication between doctors
and rural women can encourage rural women to follow the
doctor’s advice and get screened. Rural women who have
done screening are also better aware of the screening process,
which can reduce their fear. This study reported that 41.7% of
3,011 participations were not taking part in the BCS program
within the past 5 years. As a result, we should give more
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encouragement to those rural women who had never been
screened for BC.

The output of MAG reveals that there are significant
differences between Group 1 (<35 or >64) and Group 2 (between
35-64) in regard to the relationship between A&E and PBC2.
Especially, the effects of both groups are significant, but signs
of the path coeflicients are opposite: “+” for Group 1; “-” for
Group 2. We figured out a possible reason. As A&E about BC-
free screening program mainly targeted on rural women between
35 and 64 years old, they believe that A&E might lead to more and
more people knowing that they will attend the screening, which
would make them apprehensive and embarrassed. The MGA
results also reveal that there is a significant difference between
the two groups in the effect of PB on BCS intention, and the path
coefficient of Group 2 is higher than that of Group 1. Besides, PB
has a positive effect on SN for the rural women who are in Group
2, but it has no significant impact for the rural women who are in
the Group 1. According to the results of MGA, in Group 2, PBC
2 has a positive effect on BI, despite little significant influence
in the other group. It can be deduced that the respondents
who were in Group 2 were more sensitive than those women
who were in Group 1 on embarrassment, fear, and pain. In
summary, the rural women in Group 2 were more susceptible to
the practical behavior and practical experience from themselves
or primary care physicians, while those rural women in Group
1 were more susceptible to advocacy and education. Therefore,
the differences in the different stages of age could be considered
in designing policy inventions. We should pay special attention
to Group 2. For instance, township health centers and village
clinics should schedule more female physicians and improve the
healthcare physicians’ screening experience. Medical institutions
should publicize cancer screening among rural women through
lectures or other ways for the rural women in Group 1, while, for
the rural women in Group 2, the past experience and behavior
of participating in screening should be emphasized, and their
privacy should also be protected.

In this study, by multi-stage stratified sample method, we are
concerned with the influencing factors of BCS intention of these
women who are living in rural areas with different economic
development levels in Jiangsu, China. Therefore, the participants
of this study were representatives of rural women groups.
Considering differences in economic development levels, our
study results can be generalized to other rural areas across China.
We have to acknowledge that there are still some limitations to
this study. First, this study collected information in the form of
a self-filled questionnaire. Therefore, an inaccurate estimation
of BCS and recall bias were unavoidable. Second, our data
came from a sample of rural women of some areas in Jiangsu
Province, limiting generalizability to the urban area. Third, we
could not judge causal inferences between TPB factors and actual
screening behavior due to the cross-sectional study method,
which did not control all possible confounding variables. Future
studies should test the causal relationship by a research design of
prospective control.

CONCLUSION

In this study, we investigated the influencing factors of Chinese
rural women’s BCS intention by a PLS-SEM approach based
on TPB and proposed some intervention measures. Among
all the factors affecting the intention to BCS, SN is found
to be the strongest predictor, followed by PBC 1, attitude,
PB, knowledge, and PBC 2. A&E and ML&SA can affect BI
through attitude, SN, and PBC. The results of MGA of age
indicated that there are significant differences in different path
coefficients. The findings of this study provided a theoretical basis
for the implementation of intervention measures to enhance
rural women’s BCS willingness, which is of great significance to
improve rural women’s health levels.
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Background and Obijective: Unresectable hepatocellular carcinoma (UHCC) is the
main histological subtype of liver cancer and causes a great disease burden in China.
We aimed to evaluate the cost-effectiveness of five first-line systemic treatments
newly approved in the Chinese market for the treatment of uHCC, namely, sorafenib,
lenvatinib, donafenib, sintilimab plus bevacizumab (D + A), and atezolizumab plus
bevacizumab (T + A) from the perspective of China’s healthcare system, to provide a
basis for decision-making.

Methods: We constructed a network meta-analysis of 4 clinical trials and used fractional
polynomial models to indirectly compare the effectiveness of treatments. The partitioned
survival model was used for cost-effectiveness analysis. Primary model outcomes
included the costs in US dollars and health outcomes in quality-adjusted life-years
(QALYs) and the incremental cost-effectiveness ratio (ICER) under a wilingness-to-pay
threshold of $33,521 (3 times the per capita gross domestic product in China) per
QALY. We performed deterministic and probabilistic sensitivity analyses to investigate
the robustness. To test the effect of active treatment duration on the conclusions, we
performed a scenario analysis.

Results: Compared with sorafenib, lenvatinib, donafenib, D + A, and T 4+ A regimens, it
yielded an increase of 0.25, 0.30, 0.95, and 1.46 life-years, respectively. Correspondingly,
these four therapies yielded an additional 0.16, 0.19, 0.51, and 0.86 QALYs and all
four ICERs, $40,667.92/QALY gained, $27,630.63/QALY gained, $51,877.36/QALY
gained, and $130,508.44/QALY gained, were higher than $33,521 except for donafenib.
T + A was the most effective treatment and donafenib was the most economical
option. Sensitivity and scenario analysis results showed that the base-case analysis was
highly reliable.
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Zhao et al. Model Survival and Progression Estimates
Conclusion: Although combination therapy could greatly improve patients with uHCC
survival benefits, under the current WTP, donafenib is still the most economical option.
Keywords: unresectable hepatocellular carcinoma, partitioned survival, cost-effectiveness analysis, fractional
polynomial, network meta-analysis

INTRODUCTION significantly higher than the OS of those who received the

The 2020 Global Cancer Burden Report released by the WHO
International Agency for Research on Cancer stated that liver
cancer accounts for 8.3% of cancer-related deaths and is the third
leading cause of cancer deaths worldwide (1). Hepatocellular
carcinoma (HCC) is the main histological subtype of liver cancer,
accounting for approximately 90% of cases of primary hepatic
carcinoma (2, 3). Study has shown that the incidence of HCC
in China is 35/100,000 population and the burden of disease in
China accounts for ~50% of the global burden (4). A survey
and analysis of patients with liver cancer in 13 provinces and
cities from 2012 to 2014 showed that the average annual direct
medical costs for each case were ¥44,850 (5), which represents
a major social and economic burden. Although in early stages,
the disease can be cured by resection, liver transplantation, or
ablation, most patients present with unresectable hepatocellular
carcinoma (uHCC) and have a poor prognosis (6-8).

The conventional treatment regimens of uHCC are mainly
chemotherapy and radiotherapy (9). Sorafenib is the first
molecularly targeted drug to systematically treat uHCC (10),
which was approved by the United States Food and Drug
Administration (FDA) for the treatment of advanced uHCC
in 2007 and it was the sole targeted drug approved by the
FDA in the following 10 years. With the subsequent advent
of more molecularly targeted drugs, survival in patients with
uHCC has been greatly extended. These drugs include those for
first-line treatment, such as lenvatinib and donafenib, and drugs
for the second-line treatment such as regorafenib, cabozantinib,
apatinib, and ramucirumab. The results of analysis for the
Chinese population in the REFLECT trial (11, 12) showed
that compared with sorafenib, lenvatinib significantly increased
patients’ overall survival (OS) and progression-free survival
(PFS) and increase objective response rate (ORR) by 18%;
therefore, it is currently the first choice for increasingly more
clinical experts. Chinese subgroup data of the IMbravel50 trial
in 2019 (13, 14) showed that the “T + A’ regimen [PD-
L1 inhibitor atezolizumab (T) combined with the vascular
endothelial growth factor (VEGF) inhibitor bevacizumab (A)]
increased ORR greatly, and the median OS was more than
double that of the sorafenib regimen. Based on the published
14-month data of the phase II/III ORIENT-32 clinical trial
(15) in Chinese patients with uHCC, the ORR of sintilimab
(D) plus bevacizumab (hereinafter referred to as the “D +
A regimen) was 16% higher than that of the sorafenib
regimen, and the OR and PES rates were 0.65 and 0.53,
respectively. The results of the phase II/III ZGDH3 trial (16)
investigating donafenib and sorafenib in first-line treatment
of advanced HCC in the Chinese population showed that
the OS of patients who received the donafenib regimen was

sorafenib regimen.

The above clinical trial protocols have been approved for
liver cancer in China and the control groups are treated with
sorafenib. Sorafenib and lenvatinib were approved in 2008 and
2017 and were included in the catalog of medical insurance
category B drugs in 2017 and 2021, respectively. Both the D +
A and donafenib regimens were approved in 2021 and have been
included in the catalog of medical insurance drugs recently. T +
A was approved in 2020, but it is the only treatment that has
not been covered by medical insurance so far. In the first two
quarters of 2021, according to sales data of public hospitals in
20 key Chinese cities, namely, Beijing, Nanjing, and Shanghai,
sales (17) of sorafenib, lenvatinib, and atezolizumab totaled ¥124,
¥108, and ¥16 million, respectively; sales data for sintilimab and
donafenib are unavailable.

At present, there are no studies on the cost-effectiveness
of donafenib and D + A in the treatment of advanced
hepatocarcinoma and no studies comparing the cost-
effectiveness of T + A, D + A, donafenib, and lenvatinib
in pairs or groups. The survival data of the IMbravel50 and
RELFECT trials have been updated; furthermore, prices of some
drugs have dropped sharply after a new round of healthcare talks.
Hence, we used updated Chinese subgroup data and the latest
drug prices to re-evaluate the cost-effectiveness of lenvatinib and
T + A vs. sorafenib, and drugs for first-line treatment in the
above five regimens were compared in groups to provide a basis
for decision-making.

MATERIALS AND METHODS

Model Structure

In this study, a partitioned survival model was used to simulate
the survival status of patients with uHCC in different periods
under various treatments, namely, PFS, progressive disease (PD),
and death. The longest simulation period was 10 years, which
simulated 97% of the deaths in all groups, about life-long time
for advanced liver cancer, and the cycle length was 1 month.
Microsoft Excel 2019 was used for model building.

Our target population was patients with uHCC receiving first-
line treatments in China. To determine the most cost-effective
first-line systemic treatment regimen for uHCC in this study, we
compared five regimens approved in China: (1) sorafenib, (2)
lenvatinib, (3) donafenib, (4) atezolizumab plus bevacizumab (T
+ A), and (5) sintilimab plus bevacizumab (D + A). Figure 1
shows the tree diagram and bubble diagram. Patients would be
treated with second-line therapy when their disease progressed,
which mainly included tyrosine kinase inhibitor (TKI) therapy
(18, 19), immunotherapy (20), and best supportive care (BSC).
Furthermore, we assumed that all the patients received BSC 3

Frontiers in Public Health | www.frontiersin.org

21

April 2022 | Volume 10 | Article 869960


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Zhao et al.

Model Survival and Progression Estimates

Sorafenib
» P -
Donafenib
P
Unresectable HCC
5 Lenvatinib P L
D+A
[
T+A
L P i
sintiimab plus bevacizumab; T + A, atezolizumab plus bevacizumab).

FIGURE 1 | Model structure of a decision tree combining the partitioned survival model. (HCC, hepatocellular carcinoma; P, progression-free survival; D + A,
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months before they died in the base-case analysis. A detailed
description of the survival model selection was shown in
Supplementary Method in the supplement.

Clinical Data

We used Chinese subgroup data from the IMbravel50 trial (13),
REFLECT trial (11), ORIENT-32 trial (15), and ZGDH3 trial (16)
to explore the cost-effectiveness of sorafenib, lenvatinib, T + A,
D + A, and donafenib in the treatment of uHCC. The PES curve
of the IMbravel50 Chinese subgroup covered only 16 months of
observation and the hazard ratio (HR) of this subgroup was 0.60,
which was very close to the HR of the global population (0.59)
(14). Therefore, it was assumed that the Chinese subgroup and
the treatment group in the total population had the same level
of improved PFS relative to the control group; the updated PFS
curve of the total population of the IMbravel50 trial was used
to replace the PFS curve of the Chinese subgroup. The detailed
information of each trial is shown in Supplementary Table 1 in
the supplement. The baseline characteristics (namely, age, sex
ratio, ethnicity, and indications) of patients in the four trials were
basically the same and comparable. The original PFS and OS
curves of the four groups are shown in Supplementary Figure 1
in the supplement. The overall quality of the included literature
was high, but there was a risk of bias in blinded selection, more
details are given in Supplementary Figure 2.

Model Survival and Progression Estimates

We used GetData Graph Digitizer (version 2.26) to extract
survival data from PFS and OS curves. Guyots method was
used to reconstruct individual patient data (21), which is the
most accurate data reproduction method currently known for
cases in which individual patient data are not available (22).
To indirectly compare different regimens and get time-varying
HR, we fitted a series of first-order fractional polynomial (FP)
models with power parameters —2, —1, —0.5, 0, 0.5, 1, 2,
and 3, which included common survival distributions, such as
Jansen (23). The calculation formula of time-varying HR is
presented in Equations 1, 2, dy and d; are two key parameters
for calculating HR. The log cumulative hazards plots of each

trial were used to examine the proportional hazards hypothesis
over time. The deviance information criterion (DIC) was used
to assess model fit and choose the best model (24, 25). The
filtered models were checked by the corresponding survival
curves finally. Fixed-effect Bayesian models were used to estimate
treatment effects via Markov chain Monte Carlo algorithms.
Non-informative priors were used to allow the observed trial
data to explain effect estimates. We used the R (version 4.1.0),
with 3 parallel Markov chains consisting of 100,000 samples
after a 10,000 samples burn-in. Finally, we chose the first-
order FP model (power parameter = —2) for both OS and
PES, more details are shown in Table 1, the fitted curves are
given in Supplementary Figure 4. For PFS, we did not consider
the first-order FP model (power parameter 1) that had
smaller DIC as the fitted survival curve violated the clinical
reality distinctly judged by clinical experts. Log cumulative
hazards plots that showed non-proportional hazards are given in
Supplementary Figure 3, OS and PFS curves fitted by all first-
order FP models are shown in Supplementary Figure 5. The
goodness-of-fit results are shown in Supplementary Table 2 in
the supplement. Life-years of all regimens calculated by NMA are
given in Table 2.

Lu(h(t)) = Bo + B P, with t° = log(t) (1)

Ln(HR13) = Ln(h(t))1 — Ln(h(t)),
= (Bro — B20) + (Bu1 — B21)* ¥ = do + dit (2)

We derived the expected survival curves for lenvatinib,
donafenib, D + A, and T 4+ A by applying the hazard ratios
to the reference survival curve. The OS and PES curves of
sorafenib as a reference were derived from the ZGDH3 trail
(16), in which OS and PFS curves are the most mature,
respectively, the data maturity of OS and PFS was more than
88 and 95%. These data points were then used to fit the
following parametric survival functions: Weibull, log-normal,
log-logistic, exponential, gamma, and Gompertz models. The
eligible survival function was chosen based on the lowest value
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TABLE 1 | Model parameters.

Item Mean (range) Distribution Sources
Clinical input
Survival model for sorafenib

Theta for OS 2.40 (2.29-2.50) Uniform Lognormal survival model

Sigma for OS 0.95 (0.87-1.04) Uniform

Theta for PFS 1.34 (1.25-1.42) Uniform

Sigma for PFS 0.77 (0.71-0.84) uniform
Parameters for FP model: OS

do: lenvatinib vs. sorafenib® —0.15 (—0.45-0.15) Uniform NMA

dy: lenvatinib vs. sorafenib® —1.60 (—3.72-0.02) Uniform

do: donafenib vs. sorafenib® —0.18 (—-0.37-0.01) Uniform

dy: donafenib vs. sorafenib® —0.17 (—1.39-0.99) Uniform

do: D+A vs. sorafenib® —0.68 (—1.13- —0.22) Uniform

dq:D4A vs. sorafenib® —0.27 (—2.35-1.78) Uniform

do: T+A vs. sorafenib® —0.48 (—0.8- —-0.16) Uniform

dy: T+A vs. sorafenib® —0.28 (—1.59-1.17) Uniform
Parameters for FP model:PFS

do: lenvatinib vs. sorafenib® —0.21 (—-0.54-0.13) Uniform NMA

ds: lenvatinib vs. sorafenib® —0.80 (—1.45- —-0.17) Uniform

do: donafenib vs. sorafenib® —0.35 (—0.58- —0.12) Uniform

dy: donafenib vs. sorafenib® 0.66 (0.22-1.11) Uniform

do: D+A vs. sorafenib® —0.51 (-0.77- —0.24) Uniform

d;:D4A vs. sorafenib® —0.04 (—0.57-0.50) Uniform

do: THA vs. sorafenib® —0.35 (—0.64- —0.05) Uniform

di: T+A vs. sorafenib® —1.63 (—2.26- —1.02) Uniform
Regorafenib reduction rate 0.38 (0.36-0.40) Beta (26)
Sorafenib reduction rate 0.37 (0.35-0.39) Beta (13)
Lenvatinib reduction rate 0.23 (0.22-0.24) Beta (11)
Donafenib reduction rate 0.23 (0.22-0.24) Beta Assumed
Sorafenib administration frequency 0.90 (0.86-0.95) Beta (11)
D+A administration frequency 0.93 (0.88-0.98) Beta (15)
Lenvatinib administration frequency 0.92 (0.87-0.96) Beta (11)
T+A administration frequency 0.95 (0.90-1.00) Beta (13)
Donafenib administration frequency 0.92 (0.87-0.96) Beta Assumed
Regorafenib administration frequency 0.90 (0.86-0.95) Beta (26)
Tislelizumab administration frequency 0.95 (0.90-1.00) Beta Assumed
Probability of grade 1-2 adverse reactions in D+A 0.44 (0.42-0.46) Beta (15)
Probability of grade 3 or above adverse reactions in D-+A 0.55 (0.52-0.58) Beta (15)
Probability of grade 1-2 adverse reactions in sorafenib 0.50 (0.47-0.52) Beta (11,18, 15)
Probability of grade 3 or above adverse reactions in sorafenib 0.67 (0.63-0.70) Beta (11,18, 15)
Probability of grade 1-2 adverse reactions in T+A 0.39 (0.37-0.41) Beta (13)
Probability of grade 3 or above adverse reactions in T+A 0.59 (0.56-0.62) Beta (13)
Probability of grade 1-2 adverse reactions in lenvatinib 0.34 (0.32-0.36) Beta (11)
Probability of grade 3 or above adverse reactions in lenvatinib 0.63 (0.60-0.66) Beta (11)
Probability of grade 1-2 adverse reactions in donafenib 0.42 (0.34-0.51) Beta (16)
Probability of grade 3 or above adverse reactions in donafenib 0.57 (0.46-0.67) Beta (16)
Probability of grade 1-2 adverse reactions in regorafenib 0.33 (0.31-0.35) Beta (26)
Probability of grade 3 or above adverse reactions in regorafenib 0.67 (0.64-0.70) Beta (26)
Continuing to use the original drug after progression with T+A 0.18 (0.17-0.19) Beta (13)
Continuing to use targeted treatment after progression with T+A 0.32 (0.31-0.34) Beta (13)

(Continued)
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TABLE 1 | Continued

Item Mean (range) Distribution Sources
Using Best Support Care after progression with T+A/D+A 0.50 (0.48-0.53) Beta (13)
Continuing to use targeted treatment after progression with D+A 0.50 (0.48-0.53) Beta Assumed
Continuing to use the original drug after progression with 0.03 (0.029-0.032) Beta (13)
lenvatinib/sorafenib/donafenib

Continuing to use targeted treatment after progression with 0.33 (0.31-0.34) Beta (13)
lenvatinib/sorafenib/donafenib

Continuing to use Tislelizumab after progression with 0.26 (0.25-0.27) Beta (13)
lenvatinib/sorafenib/donafenib

Using Best Support Care after progression with 0.38 (0.35-0.41) Beta (13)
lenvatinib/sorafenib/donafenib

Cost ($)

Sorafenib per 12,000 mg (Bayer AG, 200 mg, twice a day) 879.11 (703.29-879.11) Gamma Local market?
Atezolizumab per 1,200 mg (Roche, 1,200 mg, administration once 5,058.76 (4,047.01-5,058.76) Gamma Local market?
every 3 weeks)

Lenvatinib per 120 mg (PATHEONINC, 12 mg/day, body weight>60kg; 499.71 (399.77-499.71) Gamma Local market?
8 mg/day, body weight<60 kg)

Sintilimab per 100 mg (Innovent Biologics, 1,200 mg, administration 166.57 (133.26-166.57) Gamma Local market?
once every 3 weeks)

Donafenib per 4,000 mg (Zelgen Biopharmaceuticals, 200 mg, twice a 399.77 (319.82-399.77) Gamma Local market?
day)

Bevacizumab per 100 mg (T+A group, Roche, 156 mg/kg, 231.34 (185.08-231.34) Gamma Local market?
administration once every 3 weeks)

Bevacizumab per 100 mg (D+A group, Innovent Biologics, 156 mg/kg, 176.75(141.40-176.75) Gamma Local market?
administration once every 3 weeks)

Regorafenib per 1,120 mg (Bayer AG, 160 mg/day, 3 weeks of 744.85 (372.43-744.85) Gamma Local market?
medications, then discontinuing for 1 week)

Tislelizumab per 100 mg (BeiGene, 200 mg intravenously every 3 223.63 (178.91-223.63) Gamma Local market?
weeks)

Best support care per month 265.08 (212.06-318.10) Gamma 27)
Hospice care cost per patient 1,839 (1,5619-2,279) Gamma (28)
Cost of follow-up and monitoring per month in PFS® 114 (86-143) Gamma (28)
Cost of follow-up and monitoring per month in PD® 210 (157-262) gamma (28)
Cost for treatment of adverse reactions of sorafenib 45.6 (36.5-54.8) Gamma (11,18, 15, 18)
Cost for treatment of adverse reactions of D+A 94.2 (75.4-113.1) Gamma (15, 18)
Cost for treatment of adverse reactions of T+A 47.0 (37.6-56.4) Gamma (13, 18)
Cost for treatment of adverse reactions of lenvatinib 96.5 (77.2-115.8) Gamma (11,18)
Cost for treatment of adverse reactions of donafenib 48.10 (38.48-57.72) Gamma (16, 18)
Cost for treatment of adverse reactions of regorafenib 64.3 (61.5-77.2) Gamma (18, 26)
Utilities

PFS status utility without adverse reactions 0.76 (0.61-0.91) Beta (18, 28, 29)
PD status utility without adverse reactions 0.68 (0.54-0.82) Beta (18, 28, 29)
Negative utility of Grade 1-2 adverse reactions 0.01 (0.01-0.02) Beta (18, 28, 29)
Negative utility of Grade 3 and above adverse reactions 0.16 (0.11-0.20) Beta (18, 28, 29)
Other

Discount 0.05 (0.00-0.08) Beta (30)

aAs of December 2021.

bHR-related parameter, more details see Equation 2.
¢Assumed be the same in five treatment groups.

D + A, sintilimab plus bevacizumab; T + A, atezolizumab plus bevacizumab, PD, progressed disease; PFS, progression-free survival; AE, adverse effects; FF, fractional polynomial; sd,

standard deviation.

of the Akaike information criterion (AIC) and visual inspection.
The final functions of the sorafenib were log-normal distribution
for both the OS and PFS. The log-logistic distribution that
had a little lower AIC than the log-normal distribution was

judged by clinical experts to have unreasonably fat tails, more
details are shown in Table1 and Supplementary Figure 6 in
the supplement. The goodness-of-fit results are shown in
Supplementary Table 3.
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TABLE 2 | Results of base-case analysis and scenario analysis.

Drug Total Only PFS Total Only PFS
Cost Utility Life-years Cost Utility Life-years ICER ICER ICER ICER (D+A ICER ICER ICER ICER (D+A
(QALY) (QALY) (Sorafenib (Lenvatinib (Donafenib asa (Sorafenib (Lenvatinib (Donafenib asa
asa asa asa reference asa asa asa reference

reference reference reference standard) reference reference reference standard)
standard) standard) standard) standard) standard) standard)

Base-case analysis

Sorafenib 16,614.86 0.91 1.38 4,073.32 0.28 0.39 / / / / / / / /

Donafenib® 21,937.99 1.1 1.68 7,740.16 0.41 0.54 27,630.63 / / / 29,735.63 / / /

Lenvatinib 23,053.83 1.07 1.63 8,611.27 0.36 0.49 40,667.92  Dominated / / 60,084.66  Dominated / /

D+A 43,195.21 1.42 2.33 18,312.20 0.42 0.58 51,877.36  66,487.88  56,890.35 / 100,367.32 569,830.35 146,227.70 /

TH+AP 129,281.72 1.77 2.84 71,551.54 0.49 0.67 130,508.44 160,062.01 150,686.12 245,314.77 330,391.06 788,547.23 489,002.93 853,608.32

Scenario analysis

Sorafenib? 19,183.66 0.91 1.38 4,073.32 0.28 0.39 / / / / / / / /

Donafenib® 24,552.34 1.1 1.68 7,740.16 0.41 0.54 27,867.07 / / / 29,735.63 / / /

Lenvatinib 25,719.93 1.07 1.63 8,611.27 0.36 0.49 41,282.54  Dominated / / 60,084.66  Dominated / /

D+A 46,355.21 1.42 2.33 18,312.20 0.42 0.58 53,031.48  68,194.54  58,285.35 / 100,367.32 569,830.35 146,226.70 /

T+AP 136,163.95 1.77 2.84 71,5651.54 0.49 0.67 135,504.93 166,425.92 156,666.76 255,921.76 330,391.06 788,547.23 489,002.93 853,608.32

4|ndicates the best cost-effectiveness (willing to pay = three times per capita gross domestic product).

bindicates the best clinical effect.

PFS, progression-free survival, ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; D + A, sintilimab plus bevacizumab;, T + A, atezolizumab plus bevacizumab.
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Costs and Utilities

The utility calculated using the EuroQol-5D scale was used to
calculate the incremental cost-effectiveness ratio (ICER). The
utility of patients with uHCC in PFS and PD states were 0.76
and 0.68, respectively, which were derived from cost-effectiveness
analyses considering Chinese patients with uHCC (18, 28); the
negative utility of grades 1-2 adverse reactions was 0.01, and
grade 3 and above adverse reactions was 0.16 (28, 29).

In this study, from a health system perspective, only the
direct costs of disease treatment, namely, drug costs, follow-up
cost, monitoring cost, hospice care cost, and costs for treatment
of grades 3-4 adverse reactions were considered. In addition,
we assumed that the body weight of a patient was 60kg;
medication information is shown in Table 1. Prices for sorafenib,
lenvatinib, donafenib, D 4+ A, and T + A were derived from the
latest local public bid-winning price (by the end of December
2021). Cost of follow-up and monitoring in PFS or PD were
obtained from published literature (28). Specifically, follow-up
costs included CT examination, blood test, urinalysis, and blood
biochemical examination; costs of monitoring included diagnosis
fee, injection fee, nursing fee, and bed fee, more details are given
in Table 1.

When calculating costs, the administration frequency,
reduction rate, and incidence of adverse drug reactions were
considered. The administration frequency of each drug was
obtained from the clinical trials, but administration frequency
data of tislelizumab in Chinese populations were unavailable.
According to the characteristics of its mechanism of action
and the occurrence of adverse reactions, we assumed that the
administration frequency of tislelizumab was consistent with
that of atezolizumab. When an adverse drug reaction occurred,
the drug dose would be reduced by half in addition to drug
withdrawal. The rates of drug reduction were from the clinical
data; the incidences of grade 3 adverse reactions for each drug
and the average treatment cost per time are shown in Table 1.
Assuming that all the adverse reactions occurred in the first
cycle (29) and costs of adverse reactions were derived from
literature (18), more details of adverse reaction costs for each
drug are available in Supplementary Table 4. Hospice care cost
was obtained from a cost-effectiveness analysis in China (28).
More details are shown in Table 1. All the costs are expressed in
US dollars ($1 = ¥6.4838).

Cost-Effectiveness Analysis

In this study, cost and utility were discounted and the annual
discount rate was 5%, according to Guidelines for Evaluation of
Chinese Pharmacoeconomics (30). The effectiveness index was
life-years and quality-adjusted life-years (QALYs). The ICER and
incremental net monetary benefit (INMB) were used to compare
the cost-effectiveness of the treatment regimens. According to
WHO recommendations, the ICER threshold for this study,
or willingness to pay (WTP), was 3 times per capita gross
domestic product in China in 2020, namely, $33,521. INMB >0
means economical, the calculation method of INMB is shown in
Equation 3.

INMB = WTP* (E, — E;) + (C, — C}) (3)

Sensitivity Analysis and Scenario Analysis
We performed a one-way sensitivity analysis to explore the cost-
effectiveness of each regimen when parameters changed between
the upper and lower limits and a cyclone graph was plotted
to depict the analysis results, INMB was used as a measure
of economic efficiency. Monte Carlo simulation was performed
for 10,000 iterations and we conducted probabilistic sensitivity
analysis (PSA). We used scatter plots and cost-effectiveness
acceptability curves (CEACs) to analyze the cost-effectiveness for
each regimen with WTP of different values.

In scenario analysis, we considered patients with uHCC would
active treatment until death, which was adopted by similar
studies (28, 29).

RESULTS

Base-Case Analysis Results

After simulation to the endpoint, the cumulative OS time
limit, effectiveness, and cost-effectiveness of the five treatment
regimens (sorafenib, lenvatinib, donafenib, D + A, and T + A)
were obtained, as shown in Table 2. In terms of effectiveness,
compared with OS under the sorafenib regimen, patients who
received the lenvatinib, donafenib, D + A, and T + A regimens
showed an increase of 0.25, 0.30, 0.95, and 1.46 life-years,
and a corresponding increase of 0.16, 0.19, 0.51, and 0.86
QALYs. T + A had the best effectiveness both in the OS
and PFS states. In terms of cost-effectiveness, for OS, the
ICERs of lenvatinib, donafenib, D + A, and T 4+ A compared
with sorafenib were $40,667.92/QALY gained, $27,630.63/QALY
gained, $51,887.36/QALY gained, and $130,508.44/QALY gained,
respectively, all were more than $33,521 except for donafenib,
thus donafenib was the most economical regimen for patients
with uHCC in China.

Sensitivity Analysis

One-Way Sensitivity Analysis

Taking $33,521 as the threshold of WTP, we used INMB to
measure economic efficiency. Figures 2A-] are the cyclone
diagrams of different treatment regimens. As shown in Figure 2,
HR-related parameters and utilities for PD and PFS states, drug
prices had the greatest impacts on INMB. Cost-effectiveness
conclusions of donafenib compared with sorafenib were affected
by HR vs. sorafenib; when the price dropped and OS HRs
improved, lenvatinib was likely to be cost-effective compared
with sorafenib, and lenvatinib had a chance to be the most
effective regimen when the OS HRs of lenvatinib and donafenib
vs. sorafenib changed. When other parameters fluctuated in the
upper and lower limits, the research results were consistent
with the base-case analysis, indicating that our base-case analysis
results were relatively stable as a whole.

Probabilistic Sensitivity Analysis

The results of PSA are shown in Figure 3. The results showed
that, under the chosen WTP, the probabilities that lenvatinib,
donafenib, D 4 A, and T + A had economic advantages over
sorafenib were 31.91, 69.21, 3.44, and 0.00%, respectively.
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FIGURE 2 | One-way sensitivity analysis chart. (C_AT, unit price of atezolizumab; C_BED, unit price of bevacizumab (D + A group); C_BEA, unit price of bevacizumab
(T + A group); C_DO, unit price of donafenib; C_LE, unit price of lenvatinib; C_RE, unit price of regorafenib; C_SF, unit price of sorafenib; DR_IinAT, dosage density of T
+ A; DR_InLE, dosage density of lenvatinib; DR_InSIN, dosage density of D + A; dO_os_das, OS HR (D + A vs sorafenib); d0_os_ds, OS HR (donafenib vs
sorafenib);d0_os_ls, OS HR (lenvatinib vs sorafenib); d0_os_ts, OS HR (T + A vs sorafenib); dO_pfs_das, PFS HR (D + A vs sorafenib); dO_pfs_ds, PFS HR (donafenib
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FIGURE 2 | vs sorafenib); d0_pfs_ts, PFS HR (T + A vs sorafenib); ME_SOS, theta for lognormal model of OS (sorafenib); ME_SPFS, theta for lognormal model of
PFS (sorafenib); SD_SOS, sigma for lognormal model of OS (sorafenib); SD_SPFS, sigma for lognormal model of PFS (sorafenib); SE_DOR, probability of TKls therapy
after donafenib progression; SE_LER, probability of TKls therapy after levatinib progression; SE_SINR, probability of TKIls therapy after D + A progression; SE_SORR,
probability of TKls therapy after sorafenib progression; U_PFS, utility for PFS; U_PD, utility for PD).
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FIGURE 3 | Base-case probabilistic sensitivity analysis: scatter plot (10,000 iterations).

Figure 4 depicts the CEAC, which showed that when using a
range of WTP thresholds of $0-27,600/QALY gained, sorafenib
was always the most economical option; when WTP was in
the range $27,600-66,500, donafenib was the most economical
option; when WTP was in the range $66,500-245,300, D + A was
the most economical option; and when WTP exceeded $245,300,
T + A was the most economical option. Taking the threshold
level in China today into account, donafenib was currently the
most cost-effective option.

Scenario Analysis Results

The results of each scenario analysis are shown in Table 2.
Assuming active treatment continued until death, the ICERs
of lenvatinib, donafenib, D + A, and T 4+ A compared
with sorafenib were $41,282.54/QALY, $27,867.07/QALY,
$53,031.48/QALY, and $135,504.93/QALY, respectively. Overall,
the results of scenario analysis were consistent with the
conclusions of the base-case analysis, verifying the robustness
of the conclusions of the base-case analysis. The scatter
plot and CEAC are given in Supplementary Figure7 in
the supplement.

DISCUSSION

In this study, we explored the cost and effect of sorafenib,
lenvatinib, donafenib, D + A, and T + A in the treatment of
uHCC. The final result showed that the T + A regimen was
the most effective and the ranking of cost-effectiveness was as
follows: donafenib > sorafenib > lenvatinib > D + A > T +
A. Both the deterministic sensitivity analysis and PSA proved the
robustness of the results. The scenario analysis showed that active
treatment duration would not affect the conclusion.

To date, several articles have evaluated the cost-effectiveness
of lenvatinib and sorafenib and T+A and sorafenib in the
treatment of patients with uHCC in China. Wen et al. (18)
and Hou and Wu (28) evaluated the cost-effectiveness of T
+ A and sorafenib from the perspective of the healthcare
system in China and the conclusions were consistent with those
of this study. Cai et al. (31) confirmed that lenvatinib was
economical compared to sorafenib when considered donations.
Relevant literature outside of China (29, 32-34) showed that
ICERs of lenvatinib and T + A compared with sorafenib were
significantly higher than the threshold in China, which indicated
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FIGURE 4 | Base-case probabilistic sensitivity analysis: cost-effectiveness acceptability curve (10,000 iterations).

that lenvatinib and T + A were not more cost-effective than
sorafenib in China.

Donafenib has listed in 2021 and was included in the
latest medical insurance list. The ZGDH3 trial (16) showed
that donafenib improved OS and PFS survival compared with
sorafenib, and the price of donafenib dropped by 69% recently,
so donafenib was economical compared to other targeted drugs,
namely, sorafenib and lenvatinib. Immunosuppressive agents
tend to be more expensive, such as atezolizumab and sintilimab
combined with VEGF inhibitor. Furthermore, while these drugs
prolonged survival (13, 15), they also caused a great economic
burden of disease, which may be another reason why combined
therapies were not economical. Given that the threshold level
will not change much in the next few years, assuming that it
remains unchanged, it is expected that the price of D + A drops
by 64% and the price of T 4+ A drops by 81%, which will be more
cost-effective than donafenib at the current price level.

With no direct randomized controlled trials between groups
of drugs, indirect comparisons are necessary. Most previous
studies (18, 29, 32-38) have used a common control drug as a
bridge and adopted the constant HR assumption. This method
requires that the KM curves of the test group and control
group obey the assumption of equal proportions. However, the
survival curves of drugs (11, 13, 15, 16, 39-43) do not obey the
above assumptions usually. Jansen et al. (23) developed fractional
polynomials based on non-proportional hazards, and (network)
meta-analysis of survival data with models where the treatment
effect is represented with several parameters using fractional

polynomials can be more closely fitted to the available data than
meta-analysis based on the constant hazard ratio. The 4 trials
included in this study were all verified to be non-proportional
hazards ratios; hence, the FP model based on non-proportional
hazards was used.

When the disease progresses, patients may choose a variety
of second-line treatments, and the survival time in the PD
state is not uniform, which makes the calculation of the
treatment cost of PD status very difficult. Similar economic
evaluation studies (28, 29) directly chose the average cost
of second-line treatment from other research, which ignored
the heterogeneity of patients in different studies and also did
not reflect the target patients’ survival status in PD state
well. In our studies, we carefully considered the patients
subsequent treatment options and calculated the cost during
PD state based on the patient’s selected treatment options and
survival status.

To the best of our knowledge, it is the first cost-effectiveness
analysis of donafenib and D + A in the treatment of uHCC, and
the efficacy and cost-effectiveness of first-line treatment of uHCC
approved in China were compared in groups for the first time.
This study is important for patients, clinicians, and payers, given
the uncertainty about the optimal treatment for uHCC, which
causes serious morbidity and mortality in China. Furthermore,
our cost-effectiveness analysis can inform value-based decision-
making for health systems. In addition, we closely modeled the
observed the Kaplan-Meier curves and constructed a network
meta-analysis based on the FP model with which time-varying
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HRs were calculated. This analysis is necessary given that non-
proportional hazards were detected in the chosen trials, which
has not been addressed by previous reviews (35-38).

However, owing to the lack of direct comparisons of survival
data among drugs, uncertainty remains in the results. In
addition, owing to a lack of individual data, we assumed
that bodyweight is 60kg and that adverse reactions occur in
the first cycle, which affects the calculation of the cost and
utility to a certain extent. Regarding the choice of treatment
regimens after disease progression, there is no real-world
evidence, so the best hypothesis was put forth according to
actual clinical applications. Finally, costs and utilities came
from different groups, contributing to the bias of results to
some extent.

CONCLUSION

In this study, we showed that the effectiveness during the
OS period was ranked as follows: T + A > D + A >
donafenib > lenvatinib > sorafenib and the ranking of cost-
effectiveness was as follows: donafenib > sorafenib > lenvatinib
> D + A > T + A. Although combination therapies
(D4 Aand T + A) have greatly improved the survival benefit
of patients, donafenib is still the most economical option for
patients with uHCC due to its low price. It is expected that
these regimens may be more widely adopted when the price
of these drugs drops and the WTP threshold increases in
the future.
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Background: Promoting cervical cancer screening (CCS) is undoubtedly effective
in combating severe public health problems in developing countries, but there are
challenges to its implementation. Understanding the factors influencing primary care
physicians’ intentions to provide CCSs to rural women is crucial for the future
implementation of screening programs. The aim of this study was to assess the intentions
of primary care physicians to provide cervical cancer screening services (CCSSs) to rural
women and their determinants.

Methods: This cross-sectional study included 1,308 primary care physicians in rural
primary health care, and the data collection tool was developed based on the theory
of planned behavior (TPB), which included demographic characteristics, the basic
constructs of TPB, and the degree of knowledge of CCSSs as an extended variable
of the TPB model. Structural equation modeling was used to analyze the relationships
between each factor.

Results: Pathway analysis found that TPB is an appropriate theoretical basis for
predicting primary care physicians’ intent to provide CCSSs (x2/df = 2.234 < 3,
RMSEA = 0.035, and SRMR = 0.034). Meanwhile, the structural equation model
showed that attitude (3 = 0.251, p < 0.001), subjective norm (3 = 0.311, p < 0.001),
perceived behavioral control (3 = 0.162, p < 0.001), and knowledge level (3 = 0.152, p
< 0.01) positively predicted primary care physicians’ intention to provide CCSSs.

Conclusions: TPB model, with the addition of knowledge, was useful in predicting
primary care physicians’ intention to provide CCSSs for rural Chinese women. The
findings of this study provide a reference for the government and hospitals to develop
strategies to improve the intent of primary care physicians to provide CCSSs.

Keywords: cervical cancer, primary care physicians, theory of planned behavior (TPB), intention, structural
equation modeling
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INTRODUCTION

Cervical cancer is one of the two most common cancers with
high mortality rates, and it has the second-highest incidence
globally among female malignant tumors, only behind breast
cancer (1, 2). According to the World Health Organization, most
new cases of cervical cancer occur in developing countries, with
limited global medical resources (3, 4). As the largest developing
country with a large population, China has an enormous cervical
cancer burden and disparities between different regions. Research
has shown that in 2012, there were about 61,691 new cases
of cervical cancer in China, and this number will continue to
reach 93,500 by 2030 if the situation does not improve (5). As
stated by the International Agency for Research on Cancer, the
cervical cancer screening (CCS) program is an effective strategy
to address its incidence and mortality (6, 7), and the prevalence of
cervical cancer in developed countries has significantly decreased
with well-established screening programs (8, 9). Since 2009,
the Government of China has launched NCCSPRA, a free
National Cervical Cancer Screening Program in Rural Areas,
which provides free cervical cancer screening services (CCSSs)
to rural women aged 35 to 64. Despite the initiatives taken by the
Chinese government, there were still many women in rural China
who were either underscreened or never examined. Research
conducted in 2011 found that the CCS rate in China was only
21.4% (10), which is significantly lower than in Finland (79.2%)
(11) and Spain (65.6%) (12). Without appropriate action, cervical
cancer continues to be a serious health concern that threatens the
health and lives of rural Chinese women.

During the implementation of the screening program,
rural women’s general perceptions of CCS and their actual
screening behavior can be changed by primary care physicians
(13). Several studies (14, 15) have found that suggestions from
primary care physicians can promote women’s participation
in cancer screening. One study (16) found that physician
recommendations are an important predictor of patient
mammography use; Grady (17) suggested that women would be
more willing to participate in breast cancer screening programs
with physicians’ encouragement. The participation of Chinese
women in a quantitative study (18) indicated that none of them
had received any suggestions or information on the CCS from
primary care physicians, hindering their participation in the
CCS. All these studies have demonstrated the need to explore
primary care physicians’ intentions to provide CCSSs to rural
women. However, most previous studies (19, 20) have focused
on women’s intention in CCS and few have addressed the factors
that influence screening services provided by primary care
physicians. Therefore, it is necessary to investigate the predictors
of intention to provide CCSSs among primary care physicians in
rural areas.

Ajzen’s theory of planned behavior (TPB) (21) is a widely
used social cognitive theory. TPB has been successfully used in
different populations (22, 23), especially among primary care
physicians, to understand the potential motivations for behavior.
For example, Guibo (24) demonstrated the TPB’s ability to
understand the intention of Spanish nurses to use physical
restraints, and Rich’s research (25) revealed the efficacy of TPB in

explaining medical physicians’ behaviors. All of these studies have
supported the utility of TPB in exploring the factors associated
with behavioral intention among primary care physicians.
Meanwhile, evidence-based research and meta-analyses (26, 27)
have shown that TPB has more accurately defined constructs and
greater explanatory power than other psychological theories or
models such as HBM and TRA; therefore, in this study, it was
hypothesized that the TPB could be a fundamental framework for
identifying key determinants of providing CCS behavior among
primary care physicians who have worked in rural areas in
China. The results of the current study are expected to provide
useful suggestions for improving CCS intent among primary
care physicians, and policy recommendations for CCS program
implementation can be developed based on the findings.

RESEARCH MODEL AND HYPOTHESIS
DEVELOPMENT

A research model and related hypotheses (Figurel) were
developed based on the TPB and existing literature. According
to the TPB (21), the intention is the proximal psychological
predictor of individual behavior and is determined by attitude
toward behavior (AB), subjective norms (SN), and perceived
behavior control (PBC). Attitude toward behavior (in this case,
primary care physicians’ behavior of providing CCSSs) refers
to the degree to which a person has a favorable or unfavorable
evaluation of its performance (21), and is shaped by two
components: behavioral beliefs (b) and outcome evaluation (e) of
the behavior, which can be expressed by the following equation:
AB = ) bje; (i refers to the measurement project) (21, 28).
SN refers to an individual’s estimation of the attitude toward
the behavior of their significant others. Similar to AB, SN is
also determined by two distinct factors: normative beliefs (n)
and motivation to comply (m) with normative beliefs, and the
equation to evaluate SN is as follows: SN = Y n;m; (i means
the measurement project) (21, 28). PBC refers to the degree
of acceptance of an individual’s perception of the performance
of the behavior and includes control beliefs (c) and perceived
power (p), as shown in the equation: PBC = ) ¢;p; (i means the
measurement project) (21, 28). The research model is virtualized
in Figure 2.

In this study, AB referred to primary care physicians
evaluation of the CCSSs outcomes. As recognized in TPB,
AB is the most significant indicator of BI (21), and several
previous studies have shown that attitude plays an important
role in predicting primary care physicians’ intention to provide
medical services. A study conducted by Kim et al. (29) showed
that attitude was a determinant of nurses’ intention to provide
medical care for SARS patients. At the same time, research
conducted by Galaviz et al. (30) found that Mexican physicians’
attitudes affect their intentions to prescribe physical activity
(PA). Based on the TBP model and prior studies, the following
hypothesis was proposed:

Hypothesis 1: Attitude is positively associated with primary care
physicians’ intention to provide CCSSs
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FIGURE 2 | A Structural model of the theory of planned behavior.
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In the present study, SN arises from the perception of primary
care physicians as to whether their leaders, peers, and patients
are applying the idea that they should provide CCSSs to rural
women. In the TPB model (21), SN affects an individual’s BI
and is associated with AB and PBC. In a recent study, Nantha
et al. (31) found that subjective norms can affect primary
care physicians’ intention to provide sick leave to patients.
Herbert et al. (32) applied the TPB model in the context of
clinical service behavior, indicating that physicians’ intention to
provide medication therapy management services (MTMS) was
affected by their opinions on this service. Moreover, the opinion
of colleagues on CCSSs can change the attitudes of primary
care physicians. Administrators, policymakers, and the general
public’s acceptance of CCSSs can help them remove barriers
to providing CCSSs for rural women. Therefore, the following
hypothesis was proposed:

Hypothesis 2: Subjective norm is positively associated with
primary care physicians’ intention to provide CCSSs.
Hypothesis 2a: Subjective norm affects primary care physicians’
attitude toward CCSSs.

Hypothesis 2b: Subjective norm affects primary care physicians’
PBC of providing CCSSs.

The current study referred to the ease of providing CS services
by a primary care physician. According to the TPB model, PBC
affects BI (21). Previous research (33) has demonstrated that
PBC is an indicator of physicians’ intentions to provide clinical
pharmacy services. A similar result was found in a study by
Frankfurter et al. (34) and Liu et al. (35). Based on previous
literature, we formulated the following hypothesis:

Hypothesis 3: PBC is positively associated with primary care
physicians’ intention to provide CCSSs

Studies (36, 37) have shown that the predictive utility of TPB
can be increased by adding new variables such as knowledge
level. General knowledge has been identified as a potential
predictor of primary care physicians intention to provide clinical
services. On one hand, several studies (38, 39) have shown
that knowledge about cancer screening was significantly and
positively associated with primary care physicians intention
to provide CCSSs, and research on the application of TPB
(40, 41) also revealed a link between knowledge and PBC. On
the other hand, physicians who have sufficient CCS knowledge
are more likely to understand the benefits of CCSSs and
would have a more positive attitude toward CCSSs. Studies
(42) have also found an association between knowledge and
attitudes. Moreover, since the classification of medical and
financial resources existed in different regions, lack of knowledge
has become a common problem that makes it harder for
primary care physicians to provide CCSSs (43). Subsequently,
we added the knowledge level to the research model, which
may have a potential effect on primary care physicians’ BI
and PBC of providing CCSSs, and the following hypotheses
were posited:

Hypothesis 4: knowledge of CCSSs has a positive impact on
primary care physicians’ intention to provide CCSSs.

Hypothesis 4a: knowledge of CCSSs is positively associated with
primary care physicians’ PBC.

Hypothesis 4b: knowledge of CCSSs is positively associated with
the attitudes of primary care physicians.

METHODS

Sampling and Data Collection

In this cross-sectional study, multi-stage stratified sampling was
carried out to select samples in rural areas of Jiangsu. In the
first stage, six (Lianyungang, Yancheng, Yangzhou, Nanjing,
Changzhou, and Wuxi) out of 13 cities in Jiangsu province were
selected based on location and level of economic development.
Two counties from each selected district and two towns from
each selected county were then randomly chosen. Thus, 26 towns
were selected for this study. A convenience sampling method was
used to select participants in the 26 towns, who were primary
care physicians working in public health care institutions. Those
who were either sick or incapable of responding were excluded
from this study. The minimum sample size was computed
using Raosoft (www.raosoft.cpm/samplesize.html) (44) with a
confidence level of 95%, margin of error of 5%, and a response
distribution of 50%; the recommended sample size was 384. All
data were collected between March 30 and June 1st, 2020.

Questionnaire

The questionnaire was adapted from the TPB model (21) and
previous studies (28, 30, 45). To compile the questionnaire,
first, several in-depth interviews based on the literature and the
TPB model were conducted with rural primary care physicians
who worked in different areas to explore the specific attitude,
subjective norms, PBC, and intentions toward CCSSs. A pilot
study was also conducted to evaluate the cultural sensitivity of
the questionnaires, and a small group of people (including several
experts and 30 primary care physicians) were asked to complete
and assess the entire questionnaire. Each participant was also
expected to revise the wording, phrasing, and overall construct.
Based on the participants’ feedback, a few modifications were
made to improve the instruments’ validity and reliability. Two
measurements were included in the formal survey instrument:
the sociodemographic characteristics of primary care physicians
(e.g., gender, monthly income, level of education) and the
CCSSs behavior intention questionnaire. The latter contained
five subscales: attitude toward CCSSs (six items), SN (six
items), PBC (eight items), behavioral intention to provide CCSSs
(three items), and knowledge level of CCSSs (five items). The
questionnaire was constructed as follows:

Attitude Subscale

The attitude was evaluated by multiplying two components:
behavioral belief and outcome evaluation. There were three
items that were used to measure behavioral beliefs (e.g., “I
think providing CCSSs for rural women can save the cancer
treatment costs”) with a five-point rating scale ranging from 1
(strongly disagree) to 5 (strongly agree). Other items were used
to evaluate outcomes; for example, the item “I think saving the
cancer treatment costs is” was followed by a rating scale ranging
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from 1 (not necessary at all) to 5 (very necessary). The overall
attitude score was calculated by computing behavioral beliefs
with the outcome evaluation, and a higher score indicated that
primary care physicians had a more positive attitude toward
performing CCSSs.

Subjective Norm Subscale

The SN was calculated by multiplying the products of “normative
beliefs” and “motivation to comply”. Normative beliefs were
measured by three items (e.g., “I think that most of my
colleagues support me to provide CCSSs”), with a five-point
rating scale ranging from 1 (strongly disagree) to 5 (strongly
agree) as response options. Three items were used to evaluate the
physician’s motivation to comply (e.g., “Overall, I usually follow
the suggestions given by my peers”) with a five-point rating scale
ranging from 1 (strongly disagree) to 5 (strongly agree). After
multiplying these two products, it was found that higher scores
were closely associated with a higher SN.

Perceived Behavioral Control Subscale

According to the TPB model, the PBC subscale is measured
by multiplying two components: controlled belief and perceived
control. Three items were used to examine the control belief (e.g.,
“I think, the equipment of our hospital is”) and the response
options ranged from 1 (don’t have it at all) to 5 (very sufficient).
Perceived control was also evaluated by three items (e.g., the
item “I think, lacking equipment will make my CCS work”). A
response scale ranging from 1 (very difficult) to 5 (not difficult at
all) was the response option for the perceived control items. After
multiplying these two components, it was concluded that the
higher the scores, the higher the PBC of primary care physicians
in performing CCSSs.

Behavior Intention Subscale

BI toward CCSSs was measured by three items, such as “I plan
to provide CCSSs,” “I am willing to provide CCSSs” and “I try to
provide the CCSSs,” the response scale ranging from 1 (strongly
disagree) to 5 (strongly agree) with higher scores indicating that
physicians have greater intention to engage in CCS program.

Knowledge Subscale

Five questions were designed to evaluate primary care physicians’
knowledge level of CCSSs, including potential risk factors,
screening methods and symptoms of cervical cancer. A two-
dimensional scale was used in these questions (right = 1, wrong
= 0), with possible overall scores ranging from 0-5. Higher scores
indicated that primary care physicians had sufficient knowledge
about CCS.

Data and Statistical Analysis

The hypothesis model was analyzed by structural equation
modeling (SEM) using Amos version 23.0 (IBM SPSS Amos,
Armonk, NY, USA), which is a sophisticated statistical technique
suitable for theoretical testing and has been widely applied
in various scientific fields. First, exploratory factor analysis
(EFA) was conducted using principal axis factor (PAF) analysis,
and all data were screened by Kaiser-Meyer-Olkin (KMO)
test of sampling adequacy and Bartlett’s test of sphericity.

Second, confirmatory factor analysis (CFA) was performed
to conduct a satisfactory measurement model, and construct
validity, convergent validity, and discriminant validity were
evaluated to test whether the samples matched the theoretical
model. Third, SEM was used to analyze the hypothesized
research model and relationships among the variables. The
fit indices for the model included the chi-square value of
minimum sample/degree of freedom (CMID/DF), root mean
square residual (RMR), standardized RMR (SRMR), root mean
square error of approximation (RMSER), normed fit index (NFI),
comparative fit index (CFI), and Tucker-Lewis index (TLI). The
model was considered suitable for the samples as long as the
following thresholds were met: ¥2/df < 3, CFI > 0.90, NFI >
0.90, TLI > 0.90, SRMR < 0.08, and RMSEA < 0.05 (46).

Ethics Approval

This study was approved by the Ethics Committee of Sir Run
Run Hospital, Nanjing Medical University. The grant number is
2019-SR-017. All participants provided verbal informed consent.

RESULTS

Participants’ Profile

In total, 1,308 primary care physicians were asked to complete
a self-assessed questionnaire. After removing the invalid and
incomplete responses, 1,120 valid questionnaires were finally
obtained (valid response rate, 85.6%). As recommended by
Bagozzi and Yi (47), the number that was used was considered
adequate for further SEM analysis. The demographic profile
of respondents is presented in Table 1. Most primary care
physicians (91.3%) were women, whereas only 8.7% were men.
Income differences among primary care physicians were evident:
approximately 407 (36.2%) primary care physicians’ salary was
3,000-5,000 RMB, 475 (42.4%) were paid 5,000-8,000 RMB,
and only 11% received over 8,000 RMB per month. In terms
of years of practice, primary care physicians’ duration of work
experience was long; approximately 45.8% of them had worked
in hospitals for 20 years or more. A total of 475 (62.6%)
primary care physicians had an undergraduate degree, indicating
a high level of education. Almost half (43.7%) were employed
in township health centers and 6.3% in rural maternal and child
health centers.

Descriptive Analysis

The participants in this study showed a relatively positive attitude
toward providing CCSSs to rural women; the average mean score
of the three items used to evaluate the attitude of primary care
physicians was 19.27 4= 4.45, with a positive response rate of 83%.
For the variable SN, the average mean score was 17.76 & 3.99, and
the average positive response rate was 81.8%, both lower than the
variable attitude, indicating that the participants in this study did
not feel very well-supported when doing the CCS work. Among
the TPB key variables, primary care physicians scored the lowest
for the PBC variable (average mean = 12.11 + 3.62, positive
responses = 16.7%), meaning that the resources available to the
participants were insufficient to enable them to provide CCSSs
to rural women. The participants in the study showed a strong
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TABLE 1 | Demographics and relevant characteristics of participants (h=1120).

TABLE 2 | Convergent validity test (n = 560).

Demographic variables Frequency (N)  Percentage (%) Variables Factor loading CR AVE
Gender AB AB1 0.642 0.837 0.635
Male 97 8.7 AB2 0.873
Female 1023 91.3 AB3 0.854
Monthly income (RMB) Subjective norm SN1 0.833 0.744 0.897
<3000 115 10.3 SN2 0.888
3000-5000 407 36.3 SN3 0.864
5000-8000 475 42.4 Perceived behavioral control PBC1 0.732 0.803 0.508
>8000 123 11 PBC2 0.771
Year of practice PBC3 0.755
3orless 62 5.5 PBC4 0.577
4-10 218 19.5 Behavior intention BI 0.840 0.891 0.733
11-20 316 28.2 BI2 0.940
>20 513 45.8 BI3 0.781
Level of Education ) ) o . )
AB, attitude toward behavior; SN, subjective norm; PBC, perceived behavior control;
Master 20 1.8 BI, behavior.
Bachelor 701 62.6
Associate degree 313 27.9
Others 86 77 TABLE 3 | Discriminant validity test (n = 560).
Type of hospital Variable Attitude SN PBC BI
Township Health Center 489 43.7
Village clinic 65 5.8 Attitude 0.797
Rural Community Health Center 407 36.3 SN 0.651* 0.866
Rural Maternal and Child Health Center 70 6.3 PBC 0.248" 0.3357* 0.713
Other 89 7.9 Bl 0.506"* 0.512"** 0.417** 0.856

intention to provide CCSSs to rural women, with an average
mean score of 4.14 £ 0.59 (with a possible score ranging from
0-5) and an average positive response rate of 79.2%. In terms of
knowledge level, the primary care physicians in this study showed
a satisfactory level of knowledge of CCSSs, with an average mean
score of 3.85 &= 1.11 (with a possible score ranging from 0-5), and
approximately 67.5% of the total knowledge score for primary
care physicians reached a minimum of 4. The question regarding
initial screening methods of CCS had the lowest correct ratio;
only 47.8% of primary care physicians answered it correctly.

Instrument Reliability and Validity

In this study, half (N=560) of the original data were used
for exploratory factor analysis (EFA). The KMO test and the
Bartlett sphericity test were performed to determine whether the
questionnaire was suitable for factor analysis. Results suggested
that KMO = 0.855 > 0.7, with a significant Bartlett test of
sphericity (p < 0.001) was suitable for the validity estimate
(48). The maximum variance method was used to rotate all
TPB factors (including attitude, SN, PBC, and BI), and the
results showed that all factor eigenvalues were > 1 and the
factor load for each item was > 0.5, indicating that the scale
of the four-factor questionnaire can be well-explained by the
measurement items. These four factors explained 19.849, 19.158,
18.298, and 17.517% of the variation, respectively, and the
cumulative variance contribution rate was 74.823%.

SN, subjective norm; PBC, perceived behavioral control; Bl, behavior intention.
Diagonals (in bold) represent the square root of the AVE. ***p < 0.001.

Based on the sample of 560, the CFA was conducted to
analyze the measurement model. The fit indices of the TPB model
were as follows: ¥2/df = 1.692 < 3, RMSEA = 0.035 < 0.05,
SRMR = 0.030 < 0.08, CFI = 0.990 > 0.9, TLI = 0.986 > 0.9
and NFI = 0.975 > 0.9, all of these indices were acceptable.
The factor loadings of all items exceeded the recommended
threshold of 0.5 for convergent validity (49), and the CR
and AVE of each construct also exceeded the recommended
threshold of 0.7 and 0.5 (50), respectively (Table 2). In addition,
discriminant validity was found to be acceptable when the AVE
of each construct exceeded the absolute correlation value for that
construct (49) (Table 3).

Test of Structural Equation Model

As the TPB based measurement model was accepted, the final
model was built on the basis of the TPB variables and the
knowledge factor for cervical cancer. The fit parameters for the
extended model are as follows: x2/df = 2.234 < 3, RMSEA =
0.033 < 0.05, SRMR = 0.034 < 0.08, CFI = 0.981 > 0.9, TLI
= 0.978 > 0.9 and NFI = 0.967 > 0.9. All indices fall within
the appropriate range, indicating a good fit between the data and
the theoretical model. A final structural model with the estimated
standardized coefficients is shown in Figure 3, and the estimation
results of the hypotheses presented in Table 4 show that they were
all supported. As indicated by the results, an attitude in favor of
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FIGURE 3 | The Results of SEM analysis (n = 1,120). AB, attitude toward behavior; SN, subjective norm; PBC, perceived behavioral control; Bl, behavior intention;

TABLE 4 | Results of structural equation modeling analysis.

The hypothesis (H) S.E. C.R. Estimate P Supported
H1:Behavior intention < Attitude 0.005 6.384 0.251 e Yes
H2:Behavior intention < Subjective norm 0.006 7.564 0.311 e Yes
H2a:Attitude < Subjective norm 0.035 19.876 0.630 e Yes
H2b:Perceived behavior control <— Subjective norm 0.017 8.858 0.309 o Yes
H3:Behavior intention < Perceived behavior control 0.012 3.802 0.162 o Yes
H4:Behavior intention «<— Knowledge 0.256 3.018 0.152 e Yes
H4a:Perceived behavior control < Knowledge 1.487 6.010 0.510 o Yes
H4b:Attitude < Knowledge 1.448 2.968 0.109 e Yes

*p < 0.01, **p < 0.001.

CCS was associated with higher intentions to provide CCSSs (
= 0.251, p < 0.001); SN of providing CCSSs was significantly
associated with primary care physicians’ intentions (8 = 0.311,
p < 0.001), attitude (f = 0.630, p < 0.001), and PBC (B = 0.309,
p < 0.001), and greater PBC was linked to a higher intention to
provide CCSSs (p = 0.162, p < 0.001). The knowledge level of
CCS was significantly and positively associated with primary care
physicians’ BI to provide CCSSs (p = 0.152, p < 0.01), as well as

a predictor of attitude (8 = 0.109, p < 0.01) and PBC (8 = 0.510,
p < 0.001).

Test of Indirect Effect

Each variable was also tested for its direct, indirect, and total
effects. As presented in Table 5, the primary care physicians’
SN impacted their behavioral intention to provide CCSSs
directly and indirectly through attitude and PBC, with a total
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TABLE 5 | Results of direct and indirect analysis.

Path (effects from X to Y) Direct Indirect Total
Effect Effect Effect

Bebavior intention < Attitude 0.251 0.000 0.251

Behavior intention «<— Subjective nrom 0.311 0.208 0.520

Behavior intention <« Perceived behavior 0.162 0.000 0.162

control

Behavior intention < Knowledge 0.152 0.110 0.262

standardized effect of 0.52. The knowledge level about CCSSs
not only affected BI directly but also had a negligible effect on
BI indirectly through PBC and attitude (standardized indirect
effect = 0.11). Among all variables, SN had the largest effect on
behavioral intention to provide CCSSs, with a standardized direct
effect of 0.31, followed by attitude, PBC, and related knowledge.

DISCUSSION

This study examined the complicated predictors of primary care
physicians’ intention of providing CCSSs to rural women. In
accordance with the hypotheses based on the TPB and earlier
studies, the result of the path analysis test ascertained that
primary care physicians’ attitude, SN, PBC and knowledge level
can all positively affect their intention to perform the CCSSs. This
finding indicates that a primary care physician with a favorable
attitude, support from significant others, higher perceived power
to control the barriers to screening, and sufficient screening
knowledge would also have a stronger intent to provide CCSSs
to rural women. This finding was consistent with prior TPB-
based studies conducted in Saudi Arabia (51), Finland (52), and
China (53). This is the first known study to use a theoretical
model to assess primary health care physicians’ intention to
perform CCSSs.

In general, primary care physicians in this study showed a
strong intention to provide CCSSs, with an average positive
intention rate of 79.2%. The high intention of primary care
physicians to provide CCSSs in this study may be due to the new
healthcare reform initiated in 2009 by the Chinese government,
which aimed at improving the primary care workforce. Research
(54) has shown that the primary care system, particularly the
maternal and child health system, has since been strengthened.
Meanwhile, in 2009, the Chinese government launched the
NCCSPRA to provide free CCSSs to eligible rural women.
At the same time, some municipal authorities have started to
fund and organize local screening projects, and many primary
care physicians have since been organized and trained. In
addition, most of the participants in this study were women,
which is consistent with some previous studies (55, 56) that
indicated that CCSSs were still primarily conducted by female
physicians. This was partly due to the embarrassment that rural
women experienced when facing male physicians during cervical
cancer screening.

The attitude toward CCSSs was positively and significantly
related to the BI to execute this behavior. A similar finding

was revealed by Heena et al. (57) that the health professionals’
attitudes toward breast cancer screening can positively influence
their decision to adopt this method. Moreover, some researchers
(58, 59) have considered AB to be a strong predictor
of BI in the TPB model; thus, this may be an effective
approach to focus on the benefits of performing CCSSs
among primary care physicians. Based on the results of this
survey, positive beliefs such as cost savings due to CCSSs,
a sense of self-fulfillment and satisfaction were significant
motivators for the intention to provide CCSSs. This could
be explained by Maslow’s hierarchy of needs theory (60),
which stipulates that everyone has a desire to be respected.
Primary care physicians also need to perceive recognition and
a sense of contribution when performing CCSSs. Therefore,
strategies should emphasize the positive outcomes of CCSSs
work. For example, publicizing successful CCSSs cases and
providing financial and material rewards can motivate primary
care physicians.

The SN was a fairly good predictor of primary care physicians’
intent to provide CCSSs, suggesting that primary care physicians
who had a stronger intention to perform screenings work had
the support of their colleagues, patients, and leaders. Meanwhile,
the SN can not only have a direct effect on the BI to provide
CCSSs but can also affect BI through AB and the PBC. This means
that support from significant others will ensure that primary care
physicians have a more positive attitude toward CCSSs and feel
more confident in their CCSSs work. This finding was consistent
with some previous studies, research done in Kenya (61) revealed
that subjective norms accounted for the greatest variance in
primary care physician examination behavior. Galaviz et al. (30)
suggested that Mexican physicians’ intention to prescribe PA is
primarily influenced by their subjective norms of this behavior.
This research is somewhat different from a Canadian study
(62) that found no significant association between SN and BI
in Canadian nurses, perhaps because there is a sociocultural
difference between the two countries, and strong social support
and less individualism can make Chinese primary care physicians
value their family and colleagues’ opinions. Among SN, approval
from leaders, peers, and patients was a significant determinant
of primary care physicians’ intentions. Therefore, it is desirable
for hospitals to establish an enabling environment in which
the implementation of CCSSs is encouraged. Bulletin boards
and related cultural products that highlight the advantages of
CCSSs can be used to create an ideal atmosphere. It is also
important to create a harmonious atmosphere between primary
care physicians and rural women. Research (19) has shown that
due to poor communication, some rural women in China have
negative and distrustful perceptions of primary care physicians
and often feel uncomfortable in medical facilities, which may
explain the low screening rate among rural Chinese women.
Therefore, it is essential that hospitals provide appropriate
training to primary care physicians in communicating skills with
patients. The government should also take initiatives to improve
public awareness of support and participation in CCSSs. In
addition, supervisors and senior physicians who accept CCSSs
can play an exemplary and prominent role for other primary
care physicians.
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According to the TPB, PBC was a crucial factor in predicting
BI, indicating that lack of time, equipment, and skill training
would be a barrier for primary care physicians to perform CCS
for rural women. The results of this study concur with several
current and past studies (52, 63). Given the disparities in financial
and medical resources between urban and rural regions in China,
primary care facilities, especially in resource-poor areas, have
long been unable to attract and retain experienced, high-quality
physicians. Participants in this study scored the lowest in the
PBC variable, which revealed that primary care physicians in
rural areas still face barriers in their screening work, that can
prevent them, as primary care physicians, from performing
CCSSs. Research has shown that the majority of rural hospitals
do not have sufficient resources and funding to organize CCS
for rural women. According to the NCWCH (5), at the county
level in China, 41.7% of maternal and children health (MCH)
facilities are either in deficit or in a state of a balanced budget,
and only 7.2% have equipment for pathological examination. In
addition, lack of time, equipment, and skill training has been
identified as the main barrier for physicians to provide medical
services in Mexico (30), Brazil (64), Canada (65), and Europe
(66), posing significant barriers for primary care physicians to
provide rural women with qualified CCSSs. Thus, PBC may
be a significant predictor of medical services in developed and
developing countries. The health authority equipping primary
care physicians with the skills and resources on CCSSs would
provide a pathway to improve their CCSSs delivery behaviors.
Also, an expert panel can be established to assist primary care
physicians in resolving CCS problems.

Knowledge of CCSSs was significantly associated with primary
care physicians’ intentions. It was also a predictor of their
attitudes toward PBC. The results of this study indicate that
physicians who have more knowledge about CCSSs would
have more PBC and a more positive attitude toward CCSSs,
as well as greater intent to provide CCSSs to rural women.
Overall, primary care physicians in this study demonstrated an
adequate level of knowledge about CCSSs. This may be due
to the high level of education and lengthy work experience
of the participants in this study. Research has revealed that
physicians with higher education levels would also have a higher
level of knowledge about medical services (39); 64.4% of the
primary care physicians in this study had an undergraduate
degree or higher. Although the overall level of knowledge in
this study was high, there were still some troubling findings:
only 47.8% of primary care physicians correctly answered the
questions regarding CCS initial screening methods; if primary
care physicians lack sufficient knowledge of screening methods,
they may give improper advice to women seeking CCSSs.
These results demonstrate the importance of improving the
knowledge level of primary care physicians, which can be
done by providing clinical guidelines regarding CCSSs. Regular
lectures and enhanced medical education are also worth pursuing
strategies to improve the intentions of primary care physicians to
provide CCSSs.

This study had several limitations. First, as this was
a cross-sectional study, it was not possible to assess the
causal relationships among different factors. More rigorous

experiments relating to the intentions of primary care physicians
are therefore expected in the future. Second, primary care
physicians had a positive attitude toward CCSSs, which may
have been caused by social desirability bias. Future research
should seek more reliable measures of their attitudes. Third,
the study measured the BI of primary care physicians to
provide CCSSs rather than actual behavior. While the BI is an
important predictor of an individual’s behavior, a physician’s BI
may not necessarily reflect actual CCSSs” behavior. Therefore,
primary care physicians’ actual behaviors in providing CCSSs
should be measured in future studies. The main strength
of this study was the large sample size (n = 1,120) and
the strong theoretical basis employed. The findings of this
study also fill a gap in the literature on the intentions of
primary care physicians to provide CCSSs to rural women,
which can be used as a reference for future management
and intervention.

CONCLUSION

This study provided support for the efficacy of TPB and
its potential constructs to test predictors of CCS behavior
among primary care physicians in rural China. The study
concluded that AB, SN, PBC, and knowledge level could be
potential determinants in explaining and predicting primary care
physicians’ intention to provide CCSSs. SN was the strongest
predictor of primary care physicians’ BI. It can not only affect
BI directly but also via AB and PBGC; thus, it is important that
hospitals provide a supportive environment for primary care
physicians. Some promising strategies should also be introduced
that focus on educating primary care physicians about the value
of CCSSs and helping them eliminate barriers to the delivery
of CCSSs.
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Background: Pain has become an important factor in evaluating patients’ quality of life
and clinical treatment. For gastric cancer (GC) patients, open radical gastrectomy (OG)
causes significant trauma to the body, increases patients’ pain after operation, and delays
early recovery. The aim of this study was to investigate the predictive factors of acute pain
after OG within postoperative 72 h.

Methods: From March 2020 to September 2021, 307 patients who underwent OG
were included in the study in Nanjing Drum Tower Hospital. The predictors included
demographic predictors, pathological data, surgical predictors, and intraoperative
predictors. The pain scores at 12, 24, 48, and 72 h after operation were evaluated by
numeric rating scale (NRS). The predictors of acute pain were determined by univariate
and multivariate analysis.

Results: The average pain score (NRS) of patients showed a downward trend over time
within 72 h after OG. Multivariate analysis indicated that total gastrectomy (OR 1.823,
95% Cl 1.094-3.040, P < 0.05), AJCC TNM stage (Il) (OR.232, 95% CI 0.062-0.872,
P < 0.05), AJCC TNM stage(lll) (OR.185, 95% Cl 0.049-0.698, P < 0.05), BMI (kg/m?)
(OR1.75,95% CI 1.029-2.976, P < 0.05), distant metastasis (OR 3.054, 95% CI 1.019-
9.155, P < 0.05), intraoperative transfusion (OR 2.246, 95% CI 1.267-3.982, P < 0.01)
were significant predictive factors for acute pain after OG.

Conclusion: Reasonable postoperative acute pain control was the prerequisite for
accelerating the postoperative rehabilitation of patients. In order to reduce the occurrence
of excessive or insufficient analgesia, it was necessary for patients who underwent OG
to formulate appropriate analgesics according to risk factors.

Keywords: gastric cancer, surgery, postoperative, acute pain, predictor
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Predictive Pain Factors After OG

INTRODUCTION

Gastric cancer (GC) is a common malignant tumor of the
digestive system, posing a significant risk to human health.
According to global cancer statistics, GC has the fifth-highest
incidence rate, and was the third leading cause of cancer
deaths (1). The only hope for curing cancer stomach was
radical gastrectomy (2). Depending on the tumor’s location,
it could remove all or part of the stomach. According to the
classification of surgical methods, radical gastrectomy could be
mainly divided into laparoscopic radical gastrectomy (LRG) and
OG. LRG has developed rapidly since Kitano reported it for
early GC in 1994 and has many advantages, including reducing
bleeding, alleviating pain, and accelerating recovery (3-6). The
therapeutic effect of LRG in patients with GC was increasingly
prominent, especially for patients with early GC. The incidence
of postoperative complications was lower, and the prognosis
was better than OG (7, 8). However, for patients with advanced
GC, clinical application’s therapeutic effect and safety were still
controversial. Moreover, surgery cost is relatively high because
of high requirements for the technical level of equipment and
physicians. The effectiveness and safety of LRG have also become
the focus of clinicians and patients. Studies have shown that OG
is safer when enlarged lymph nodes (ESLNs) are >2.5cm (9).
OG could effectively remove the lesions of patients and remove
the surrounding lymph nodes as much as possible to improve the
prognosis of patients and the survival rate of patients. However,
it causes great trauma to the body, which increases the patients’
pain invisibly. Moderate to severe postoperative acute pain could
cause a strong stress response in patients, leading to decreased
immune function, and a greater risk of postoperative tumor
recurrence and metastasis, which directly and indirectly affects
the prognosis (10).

Therefore, the study of factors affecting postoperative
acute pain has important clinical significance for optimizing
postoperative acute pain management (11). Doctors, nurses,
and pharmacists need to understand the influencing factors of
postoperative analgesic effect of the operation, intervene with
these factors, and formulate individualized analgesic schemes, so
as to reduce the occurrence of excessive or insufficient analgesia.
In this article, 307 patients with GC after OG were followed up,
and the factors that may affect the postoperative analgesic effect
were analyzed, so as to provide reference for the formulation of
postoperative analgesic scheme.

METHODS

Patient and Public Involvement
This study was a retrospective single-center real-world study
without any intervention in the treatment. This study was

Abbreviations: AJCC, American Joint Committee on Cancer; ASA, American
Society of Anesthesiologists physical status; CRP, C-reactive protein; ESLNs,
Enlarged lymph nodes; GC, Gastric cancer; GPCR, G protein-coupled receptors;
LRG, Laparoscopic radical gastrectomy; NMDA, N-methyl-D-aspartic acid; NRS,
Numerical rating scale; OG, Open radical gastrectomy; PCA, Patient-controlled
intravenous analgesia; TCI, Target-controlled infusion; TNM, Tumor node
metastasis; WHO, World health organization.

approved by the Ethics Committee of Nanjing Drum Tower
Hospital, and the Ethics Committee agreed to waive the informed
consent. GC patients who underwent OG at Nanjing Drum
Tower Hospital from March 2020 to September 2021 were
reviewed. Patients who met the following eligibility criteria
were included: diagnosis of primary GC and accepted OG. All
participants were Han Chinese. Patients with these conditions
were excluded: remnant GC, history of other malignant tumors,
quitting operation, and incomplete data.

Perioperative Anesthesia and Surgical

Procedure

All the research predictors were from patients who were
anesthetized by the same team of anesthesiologists and operated
by the same team of physicians. All patients underwent general
anesthesia and OG.

Anesthesia information: All patients underwent total
intravenous anesthesia. No premedication. The intravenous
infusion pathway was established after the patient reached the
operating room. Anesthesia was induced with midazolam (0.1
mg/kg), etomidate (0.2 mg/kg), cisatracurium besylate (0.4
mg/kg), and sufentanil (0.4 mg/kg). Target-controlled infusion
(TCI) pump was used to maintain anesthesia with a target blood
concentration of 4~6 mg/mL propofol; some patients were given
patient-controlled intravenous analgesia (PCA) after surgery.

All patients underwent OG. The patients were placed in the
supine position as the surgical position and subjected to general
anesthesia. The abdominal region of the patients was routinely
disinfected. The 15-20 cm around the navel in the middle of
the upper abdomen was taken as the surgical incision. The
subcutaneous tissue of the patients was stripped layer by layer
to expose the lesions. The anatomical position of the organs
in the abdominal cavity was carefully explored. The ultrasonic
knife was used to complete the operation of gastric dissociation.
The operator should strictly abide by the principle of tumor-
free operation. At the same time, the corresponding lymph tissue
should be cleaned according to the specific position of the tumor
tissue. After the operation, the bleeding was completely stopped,
and the abdominal cavity was thoroughly rinsed with sterile
distilled water. The incision was sutured after the operation
and covered with sterile dressing. Finally, the drainage tube was
placed on the abdominal wall.

Postoperative Analgesia

Postoperative patients received standard postoperative analgesia.
PCA was given 10 min before the end of the operation. Fentanyl
(adult: 15-20 mg/kg) was continuously infused, dexamethasone
10 mg, ondansetron 8 mg, diluted with normal saline, and the
total volume was 100 ml. Dexamethasone and ondansetron
prevent nausea or vomiting. The program was used for
continuous infusion of background speed of 2 mL/h, a bolus
dose of 0.5mL, and lock for 15 min. Flurbiprofen axetil (50 mg
b.i.d), parecoxib (40mg b.i.d), or dezocine (10mg b.i.d) as
analgesics alleviate inflammation. If the patient complained of
unbearable pain, intravenous pethidine was used as a rescue
analgesic needed.
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Pain Intensity Measurement

Pain monitoring during hospitalization. The measurements were
assessed using the American Society of Pain Guidelines for
Postoperative Pain Management and the Chinese Society of
Anesthesia Guidelines for Postoperative Pain Management. Pain
measurement was performed at multiple time points (12, 24,
48, 72 h after operation) after the operation. The pain intensity
was measured by NRS. NRS pain intensity score ranged from
0 to 10, 0 was painless, 10 was the most painful. Due to the
implementation of postoperative acute pain management in our
hospital, only 29.3% of patients after OG with NRS score >3
under the joint action of medical care and pharmacists. NRS =
3 as the cut-off value was not suitable for this study. Therefore,
the NRS < 2 was classified as a good analgesic effect (no
pain), NRS > 2 was classified as a poor analgesic effect (pain).
Evaluating and recording NRS scores at multiple time points.
Postoperative vomiting was recorded during follow-up. All the
administrations were completed by the same postoperative acute
pain management team composed of trained pharmacists.

Predictors
The  predictors  included  demographic  predictors,
pathological data, surgical predictors, and intraoperative

predictors. We collected the participants’ age, gender, BMI,
diabetes, hypertension, previous abdominal surgery, pre-
operative hemoglobin (g/L), pre-operative albumin (g/L),
carcinoembryonic antigen, and pre-operative chemo- or radio-
therapy before operation. We also recorded intraoperative
information, such as American Society of Anesthesiologists
physical status (ASA) score, total gastrectomy, or not
intraoperative blood loss (ml), intraoperative fentanyl dosage
(mg), intraoperative dexmedetomidine dosage (mg), and
duration of operation (min). According to postoperative
pathological data, we recorded tumor location, tumor size (cm),
Lauren’s histology, pathological grading, lymph node metastasis,
depth of invasion, distant metastasis, lymphovascular invasion,
and perineural invasion. Pathologic staging was evaluated
according to the 8th American Joint Committee on Cancer
(AJCC) staging system of GC.

Statistics Analysis
IBM SPSS Statistics software (version 25.0; Chicago, IL) was
used for statistical analysis. All continuous predictors were
expressed by mean & SD or median and quartiles (25th, 75th).
All classification predictors were represented by percentages.
According to the distribution characteristics of data, Student
t test or Mann- Whitney U test was used for univariate analysis
to evaluate the related factors of patients. Categorical predictors
were analyzed using the chi-squared test. In order to determine
the risk factors for predicting poor analgesic effect, binary logistic
regression was performed for multivariate analysis. Values of P <
0.05 were considered statistically significant.

RESULTS

A total of 354 patients were close to participate in this study. 15
patients with gastric stump cancer, 10 patients who abandoned

Gastric cancer patients following open radical
gastrectomy at Nanjing Drum Tower Hospital
from March 2020 to September 2021
(n=354)

Gastric stump cancer
(exclude n=15)

n=339

Quitting operation
(exclede n=10)

n=329

Combined with other
malignant tumor
history
(exclude n=14)

n=315

Incomplete data
(exclude n=8)

A 4

Included in study
(n=307)

FIGURE 1 | Research flowchart. A total of 307 patients were included in this
study.

surgery, 14 patients with other malignant tumor histories, and 8
patients who had incomplete data were excluded from the study.
Therefore, 307 patients were available for analysis (Figure 1).

Descriptive Statistics

Demographics information, underlying diseases, data on surgery,
and ASA classification were collected by researchers. Descriptive
statistics for the patient characteristics are presented in Table 1.
The mean patient age was 76.97 % 9.80 years old, and 70 of the
patients (22.8%) were female; 183 (59.6%) GC patients received
total gastrectomy; 117 (38.1%) patients had hypertension; 46
(15.0%) patients had diabetes. Within 72h after operation, a
total of 197 (64.3%) patients suffered pain (NRS > 2). PCA was
provided for 21 (6.8%) patients for postoperative analgesia. For
all patients, the average pain score changes at 24, 48, and 72h
after the operation are shown in Figure 2.

Univariate Analysis

Our study assessed the pain scores at 24, 48, and 72h
after surgery. Table2 showed the data analysis results. At
postoperative 24 h, whether total gastrectomy was performed
or not (P < 0.05), and AJCC TNM stage (P < 0.05) was
related to postoperative acute pain after OG. At postoperative
48h, BMI (P < 0.01), diabetes (P < 0.05), hypertension
(P < 0.05), Lauren’s histology (P < 0.05), intraoperative
blood loss (P < 0.05), and duration of operation (P < 0.05)
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TABLE 1 | Patient characteristics.

Postoperative NRS at 24 h

Postoperative NRS at 48 h

Postoperative NRS at 72 h

Predictors Results NRS < 2 NRS > 2 NRS < 2 NRS > 2 NRS < 2 NRS > 2
(n = 307)
Number of scores 110 197 191 116 151 156
recorded (35.8%) (64.3%) (62.2%) (37.8%) (49.2%) (50.8%)
Age, years 65.97 + 9.80 66.69 + 9.25 65.57 + 10.09 66.33 + 9.64 65.39 + 10.06 66.03 + 9.98 65.92 + 9.66
Gender, n (%)
Female 70 20 50 46 24 30 40
(22.8%) (18.2%) (25.4%) (24.1%) (20.7%) (19.9%) (25.6%)
Male 237 90 147 145 92 121 116
(77.2%) (81.8%) (74.6%) (75.9%) (79.3%) (80.1%) (74.4%)
BMI, kg/m?
<21 80 29 51 40 40 31 49
(26.1%) (26.2%) (25.9%) (20.9%) (34.5%) (20.5%) (31.4%)
>21 227 81 146 151 76 120 107
(73.9%) (73.6%) (74.1%) (79.1%) (65.5%) (79.5%) (47.1%)
Diabetes
No 261 90 171 155 106 122 139
(85.0%) (81.8%) (86.8%) (81.2%) (91.4%) (80.8%) (89.1%)
Yes 46 20 26 36 10 29 17
(15.0%) (18.2%) (13.2%) (18.8%) (8.6%) (19.2%) (10.9%)
Hypertension
No 190 68 122 116 74 85 105
(61.9%) (61.8%) (61.9%) (60.7%) (63.8%) (56.3%) (67.3%)
Yes 117 42 75 75 42 66 51
(38.1%) (38.2%) (38.1%) (39.3%) (36.2%) (43.7%) (32.7%)
Previous abdominal surgery
No 233 80 143 136 87 113 110
(72.6%) (72.7%) (72.6%) (71.2%) (75.0%) (74.8%) (70.5%)
Yes 84 30 54 55 29 38 46
(27.4%) (27.3%) (27.4%) (28.8%) (25.0%) (25.2%) (29.5%)
Pre-operative hemoglobin, g/L
<120 166 62 104 106 60 92 74
(54.1%) (56.4%) (52.8%) (565.5%) (561.7%) (60.9%) (47.4%)
>120 141 48 93 85 56 59 82
(45.9%) (43.6%) (47.2%) (44.5%) (48.3%) (39.1%) (562.6%)
Pre-operative albumin, g/L
<35 46 16 30 28 18 21 25
(15.0%) (14.5%) (15.2%) (14.7%) (15.5%) (13.9%) (16.0%)
>35 261 94 167 163 98 130 131
(85.0%) (85.5%) (84.8%) (85.3%) (84.5%) (86.1%) (84.0%)
Carcinoembryonic antigen
<0.5 68 22 46 43 25 38 30
(22.1%) (20.0%) (23.4%) (22.5%) (21.6%) (25.2%) (19.2%)
0.5-10 214 7 137 130 84 98 116
(69.7%) (70.0%) (69.5%) (68.1%) (72.4%) (64.9%) (74.4%)
>10 25 11 14 18 7 15 10
(8.1%) (10.0%) (7.1%) (9.4%) (6.0%) (9.9%) (6.4%)
Pre-operative chemo- or radio-therapy
No 294 105 189 182 112 147 147
(95.8%) (95.5%) (95.9%) (95.3%) (96.6%) (97.4%) (94.2%)
Yes 13 5 8 9 4 4 9
(4.2%) (4.5%) (4.1%) (4.7%) (3.4%) (2.6%) (5.8%)
(Continued)
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TABLE 1 | Continued

Postoperative NRS at 24 h

Postoperative NRS at 48 h

Postoperative NRS at 72 h

Tumor location

Upper 1/3 127 37 90 80 47 65 62
(41.4%) (33.6%) (45.7%) (41.9%) (40.5%) (43.0%) (89.7%)
Middle 1/3 72 31 41 50 22 37 35
(23.5%) (28.2%) (20.8%) (26.2%) (19.0%) (24.5%) (22.4%)
Lower 1/3 87 35 52 48 39 40 47
(28.3%) (31.8%) (26.4%) (25.1%) (33.6%) (26.5%) (30.1%)
2/3 or more 21 7 14 13 8 9 12
(6.8%) (6.4%) (7.1%) (6.8%) (6.9%) (6.0%) (7.7%)
Tumor size (cm)
<3 79 34 45 54 25 37 42
(25.7%) (30.9%) (22.8%) (28.3%) (21.6%) (24.5%) (26.9%)
3-6 149 51 98 92 57 76 73
(48.5%) (46.4%) (49.7%) (48.2%) (49.1%) (50.3%) (46.8%)
>6 79 25 54 45 34 38 41
(25.7%) (22.7%) (27.4%) (23.6%) (29.3%) (25.2%) (26.3%)
Lauren’s histology
Intestinal type 152 104 109 65 87 101 51
(49.5%) (68.9%) (69.9%) (59.1%) (44.2%) (52.9%) (44.0%)
Diffuse type 58 39 43 18 40 30 28
(18.9%) (25.8%) (27.6%) (16.4%) (20.3%) (15.7%) (24.1%)
Mixed type 97 8 4 27 70 60 37
(31.6%) (5.3%) (2.6%) (24.5%) (35.5%) (31.4%) (31.9%)
Pathological grading
Poorly differentiated 124 42 82 74 50 59 65
(40.4%) (38.2%) (41.6%) (38.7%) (43.1%) (39.1%) (41.7%)
Moderate 161 60 101 103 58 80 81
differentiated (52.4%) (54.4%) (51.3%) (563.9%) (50.0%) (563.0%) (51.9%)
Well differentiated 22 8 14 14 8 12 10
(7.2%) (7.3%) (7.1%) (7.3%) (6.9%) (7.9%) (6.4%)
Lymph node metastasis
NO 116 44 72 74 42 55 61
(37.8%) (40.0%) (36.5%) (88.7%) (36.2%) (36.4%) (39.1%)
N1 40 17 23 25 15 21 19
(13.0%) (15.5%) (11.7%) (13.1%) (12.9%) (13.9%) (12.2%)
N2 59 17 42 35 24 30 29
(19.2%) (15.5%) (21.3%) (18.3%) (20.7%) (19.9%) (18.6%)
N3 92 32 60 57 35 45 47
(30.0%) (29.1%) (80.5%) (29.8%) (30.2%) (29.8%) (80.1%)
Depth of invasion
T1-2 102 39 63 62 40 45 57
(33.2%) (35.5%) (82.0%) (82.5%) (34.5%) (29.8%) (36.5%)
T34 205 71 134 129 76 106 99
(66.8%) (64.5%) (68.0%) (67.5%) (65.5%) (70.2%) (63.5%)
Distant metastasis
No 290 107 183 182 108 139 151
(94.5%) (97.3%) (92.9%) (95.3%) (93.1%) (92.1%) (96.8%)
Yes 17 3 14 9 8 12 5
(5.5%) (2.7%) (7.1%) (4.7%) (6.9%) (7.9%) (8.2%)
Lymphovascular invasion
No 169 58 111 106 63 84 85
(565.0%) (52.7%) (56.3%) (565.5%) (54.3%) (55.6%) (54.5%)
Yes 138 52 86 85 53 67 71
(45.0%) (47.3%) (43.7%) (44.5%) (45.7%) (44.4%) (45.5%)
(Continued)

Frontiers in Public Health | www.frontiersin.org

47

June 2022 | Volume 10 | Article 907222


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Xie et al.

Predictive Pain Factors After OG

TABLE 1 | Continued

Postoperative NRS at 24 h

Postoperative NRS at 48 h

Postoperative NRS at 72 h

Perineural invasion

No 144 58 86 92 52 72 72
(46.9%) (52.7%) (43.7%) (48.2%) (44.8%) (47.7%) (46.2%)
Yes 163 52 111 99 64 79 84
(563.1%) (47.3%) (56.3%) (51.8%) (55.2%) (52.3%) (563.8%)
AJCC TNM stage
I 83 32 51 53 30 36 47
(27.0%) (29.1%) (25.9%) (27.7%) (25.9%) (23.8%) (30.1%)
Il 65 31 34 43 22 35 30
(21.2%) (28.2%) (17.3%) (22.5%) (19.0%) (23.2%) (19.2%)
Il 139 44 95 83 56 70 69
(45.3%) (40.0%) (48.2%) (43.5%) (48.3%) (46.4%) (44.2%)
v 20 3 17 12 8 10 10
(6.5%) (2.7%) (8.6%) (6.3%) (6.9%) (6.6%) (6.4%)
ASA score
I 20 6 14 11 9 i 9
(6.5%) (5.5%) (7.1%) (5.8%) (7.8%) (7.3%) (5.8%)
I 251 91 160 156 95 121 130
(81.8%) (82.7%) (81.2%) (81.7%) (81.9%) (80.1%) (83.3%)
v 35 13 22 24 11 18 17
(11.4%) (11.8%) (11.2%) (12.6%) (9.5%) (11.9%) (10.9%)
\Y 1 0 1 0 1 1 0
(0.3%) (0.0%) (0.5%) (0%) (0.9%) (0.7%) (0%)
Total gastrectomy
No 124 36 88 76 48 57 67
(40.4%) (32.7%) (44.7%) (39.8%) (41.4%) (37.7%) (42.9%)
Yes 183 74 109 115 68 94 89
(569.6%) (67.3%) (65.3%) (60.2%) (58.6%) (62.3%) (567.1%)
Intraoperative blood loss, ml
<100 15 8 7 13 2 8 7
(4.9%) (7.3%) (3.6%) (6.8%) (1.7%) (5.3%) (4.5%)
>100 292 102 190 178 114 143 149
(95.1%) (92.7%) (96.4%) (93.2%) (98.3%) (94.7%) (95.5%)
Intraoperative transfusion, ml
<100 240 82 158 147 93 108 132
(78.2%) (74.5%) (80.2%) (77.0%) (80.2%) (71.5%) (84.6%)
>100 67 28 39 44 23 43 24
(21.8%) (25.5%) (19.8%) (23.0%) (19.8%) (28.5%) (15.4%)
Intraoperative 0.63 £ 0.22 0.64 +0.21 0.62 +0.23 0.64 £ 0.21 0.60 £ 0.25 0.64+ 0.21 0.61+£0.24
fentanyl dosage, mg
Intraoperative 38.47 + 18.95 38.25 £ 21.71 38.59 £ 17.29 38.61 £ 18.97 38.23+ 19.02 39.69 £ 17.17 37.39 £+ 20.53
dexmedetomidine
dosage, mg
Duration of operation, min
<180 92 31 61 49 43 51 41
(30.0%) (28.2%) (66.3%) (25.7%) (37.1%) (33.8%) (26.3%)
>180 215 79 136 142 73 100 115
(70.0%) (71.8%) (44.3%) (74.3%) (62.9%) (66.2%) (73.7%)
Postoperative PCA
No 286 104 182 176 110 139 147
(93.2%) (94.5%) (92.4%) (92.1%) (94.8%) (92.1%) (94.2%)
Yes 21 6 15 15 6 12 9
(6.8%) (5.5%) (4.9%) (7.9%) (5.2%) (7.9%) (5.8%)
(Continued)
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TABLE 1 | Continued

Postoperative NRS at 24 h

Postoperative NRS at 48 h Postoperative NRS at 72 h

Preventive analgesia

No preventive 9 4 5
analgesia (2.9%) (3.6%) (2.5%)
Flurbiprofen axetil 123 38 85
(50mg b.i.d) (40.1%) (34.5%) (43.1%)
Parecixib (40 mg b.i.d) 29 13 16

(9.4%) (11.8%) (8.1%)
Dezocine (10 mg b.i.d) 146 55 91
(47.6%) (50.0%) (46.2%)

4 5 4 5
2.1%) (4.3%) (2.6%) (3.2%)
77 46 61 62
(40.3%) (39.7%) (40.4%) (39.7%)
21 8 13 16
(11.0%) (6.9%) (8.6%) (10.3%)
89 57 73 73
(46.6%) (49.1%) (48.3%) (46.8%)

Predictors are shown as mean + SD, median with median (25th, 75th) when appropriate.

ASA Classification, American Society of Anesthesiologists physical status; BMI, body mass index; NRS, Numerical Rating Scale; AJCC, American Joint Committee on Cancer; TNM,

Tumor Node Metastasis; PCA, Patient-controlled intravenous analgesia.
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FIGURE 2 | The average pain score (NRS) with time after operation at 12, 24, 48, and 72 h. Scatter plot with bar. The plot represented mean with SD. Color symbols
represented individual values. (NRS, Numerical Rating Scale).

were related to postoperative acute pain. At postoperative
72h, BMI (P < 0.05), diabetes (P < 0.05), pre-operative
hemoglobin (P < 0.05), intraoperative blood transfusion (P
< 0.01) were related to postoperative acute pain. BMI and
diabetes were both associated with postoperative acute pain
at 48 and 72h. In addition, there was a difference in the
patient sources between groups, but this difference did not
reach statistical significance. We used these predictors in the
multivariate analysis.

Multivariate Analysis

To determine the risk factors of pain after OG, binary logistic
regression was used to investigate the predictors that showed
a significant difference (P < 0.05) in the univariate analysis
(Table 3 and Figure 3). After 24 h post-operation, the significant

predictors included total gastrectomy (OR 1.823, 95% CI 1.094-
3.040, P < 0.05), AJCC TNM stage (II) (OR 0.232, 95% CI 0.062-
0.872, P < 0.05), and AJCC TNM stage (III) (OR 0.185, 95%
CI 0.049-0.698, P < 0.05). After operation 48 h, the significant
predictors included BMI (kg/mz) (OR 1.75, 95% CI 1.029-
2.976, P < 0.05). After operation 72 h, the significant predictors
included distant metastasis (OR 3.054, 95% CI 1.019-9.155,
P < 0.05), intraoperative transfusion (OR 2.246, 95% CI 1.267-
3.982, P < 0.01).

DISCUSSION

As one of the most common malignant tumors of the digestive
system, GC posed a serious threat to people’s lives and health
(12). The results of this study showed that the pain scores of
patients showed a downward trend over time within 72 h after
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TABLE 2 | Univariate analysis of predictive factors for pain within 72 h after OG.

Postoperative = Postoperative  Postoperative
NRS at 24 h NRS at48 h NRS at72 h
Predictors P value P value P value
Age, years 0.308 0.509 0.917
Gender, n (%) 0.149 0.492 0.228
BMI, kg/m? 0.928 0.009* 0.03*
Diabetes 0.241 0.015* 0.041*
Hypertension 0.985 0.592 0.047*
Previous abdominal 0.979 0.469 0.396
surgery
Pre-operative 0.547 0.520 0.018*
hemoglobin, g/L
Pre-operative 0.872 0.838 0.603
albumin, g/L
Carcinoembryonic 0.581 0.537 0.185
antigen
Pre-operative chemo- 0.841 0.594 0.175
or radio-therapy
Tumor location 0.179 0.325 0.792
Tumor size, cm 0.279 0.332 0.815
Lauren’s histology 0.457 0.040* 0.144
Pathological grading 0.838 0.752 0.820
Lymph node 0.512 0.953 0.942
metastasis
Depth of invasion 0.535 0.715 0.210
Distant metastasis 0.108 0.417 0.049*
Lymphovascular 0.541 0.839 0.841
invasion
Perineural invasion 0.127 0.570 0.789
AJCC TNM stage 0.028* 0.817 0.622
ASA score 0.744 0.392 0.603
Total gastrectomy 0.041* 0.783 0.353
Duration of operation, 0.610 0.034* 0.152
min
Intraoperative blood 0.147 0.045* 0.742
loss, ml
Intraoperative 0.250 0.509 0.005*
transfusion, ml
Postoperative PCA 0.472 0.367 0.450
Preventive analgesia 0.419 0.458 0.951
Intraoperative 0.280 0.860 0.288
fentanyl dosage, mg
Intraoperative 0.593 0.865 0.311
dexmedetomidine
dosage, mg

ASA Classification, American Society of Anesthesiologists physical status; BMI, body
mass index; NRS, Numerical Rating Scale; AJCC, American Joint Committee on Cancer;
TNM, Tumor Node Metastasis; PCA, Patient-controlled intravenous analgesia.

*P < 0.05.

surgery. However, the pain score at 72 h was slightly higher than
that at 48 h, which may be related to wound dressing change
and drainage tube removal. Some patients had a tolerance to
analgesics, and the withdrawal of PCA (48-72 h after surgery).
To determine independent predictors of pain after OG within
72h, we used binary logistic regression models after univariate

analysis. There were so many variables included in this study,
including demographics information, pathological data, and
surgical data. Univariate analysis was carried out to screen out
some variables which may be meaningful. And then binary
logistic regression analysis was performed on variables with
differences (P < 0.1). Binary logistic regression analysis used
backward conditional, eliminated non-local variables step by
step, and finally got 5 significant predictive factors (P < 0.05).
It could not only explain the correlation between variables
and postoperative acute pain after OG, but also reflect the
strength of the correlation through OR value. In this study,
total gastrectomy, AJCC TNM stage (I), BMI>21 kg/m?, distant
metastasis, intraoperative blood transfusion (>100 ml) were risk
factors for postoperative acute pain.

In our study, total gastrectomy or proximal or distal
gastrectomy was an important factor affecting postoperative
acute pain. Total gastrectomy had potential advantages in
improving the long-term survival rate and reducing the incidence
of residual GC (13). Compared with proximal or distal
gastrectomy, total gastrectomy had a longer operation time
and more intraoperative blood loss. Activated injury receptors
or immune cells released a large number of endogenous
inflammatory mediators (14). At the same time, injury
receptors expressed one or more cell surface receptors, such
as G protein-coupled receptors (GPCR) and N-methyl-D-
aspartic acid (NMDA). These receptors specifically recognized
the corresponding inflammatory mediators, enhancing the
excitability nerve fibers, and improving the sensitivity of
injury receptors to injurious stimuli (15). Laparoscopic distal
gastrectomy for TNM stage I-III GC had less blood loss, less
postoperative pain, and mild inflammatory response (16).

We found that BMI correlated with postoperative acute pain
(P = 0.039) after OG. Most studies from Asian Centers used
BMI value of 25 kg/m? as the critical value for dividing patients
into obesity, which was inconsistent with the current definition
of obesity by the WHO (17). In a meta-analysis, the effect of
obesity on the prognosis of GC after resection was studied, and
BMI > 30 was defined as obesity (18). Intraoperative blood
loss was reported in 4 studies and was lower in the non-obese
group, but the difference was not statistically significant (19-
22). Similarly, non-obese patients could be observed in wound
infection decreased trend, but this did not reach the level of
statistical significance (22). Excessive visceral fat wrapped in
the main blood vessels of the upper abdomen may affect the
recognition of the best anatomical plane, and the operation time
may be longer. Increased blood loss, increased risk of wound
infection, and prolonged operation time were potential factors
for postoperative acute pain.

Our study suggested that patients at different TNM stages
of cancer may respond differently to postoperative acute pain.
A retrospective study investigated the effect of postoperative
systemic inflammation on prognosis in patients with TNM
stage I GC, and suggested that early postoperative serum C-
reactive protein (CRP) level (cut-off value was 13.9 mg/dL)
could predict the long-term prognosis of radical gastrectomy
(23). Saito et al. evaluated the effect of CRP peak level on
prognosis in patients with advanced GC after radical gastrectomy
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TABLE 3 | Binary logistic regression analysis for outcome postoperative NRS at

24,48, 72h.
Outcome: NRS > 2 at postoperative 24 h
Predictors Model 1
OR (95% P value
Cl)
Total gastrectomy 1.823 0.021*
(1.094-
3.040)
AJCC TNM stage
| (reference)
Il 0.232 0.031*
(0.062—
0.872)
Il 0.185 0.013*
(0.049-
0.698)
% 0.369 0.128
(0.102-
1.332)
Outcome: NRS > 2 at postoperative 48 h
Predictors Model 2 Model 3
OR (95% P OR (95% P
Cl) Cl)
BMI, kg/m? 1.699 0.052 1.75 0.039*
(0.995- (1.029-
2.900) 2.976)
Duration of 1.565 0.090 1.587 0.078
operation, min (0.933- (0.95-
2.625) 2.652)
Diabetes 2.205 0.044* 2.09 0.057
(1.02— (0.977-
4.765) 4.473)
Lauren’s
histology
Intestinal type (reference)
Diffuse type 0.841 0.536
(0.487-
1.454)
Mixed type 1.658 0.202
(0.788-
3.081)
Intraoperative 0.223 0.056 0.234 0.062
blood loss, ml (0.048- (0.051-
1.042) 1.076)
Outcome: NRS > 2 at postoperative 72 h
Predictors Model 4 Model 5
OR (95% P OR (95% P
Cl) Cl)
BMI, kg/m? 1.663 0.071 1.697 0.054
(0.957- (0.992-
2.890) 2.905)
Diabetes 1.791 0.092 1.939 0.051
(0.909- (0.997-
3.5628) 3.771)
(Continued)

TABLE 3 | Continued

Outcome: NRS > 2 at postoperative 72 h

Predictors Model 4 Model 5
OR (95% P OR (95% P
Cl) )]
Hypertension 1.209 0.459
(0.732-
1.996)
Pre-operative 0.767 0.322
hemoglobin, g/L (0.454-
1.297)
Distant metastasis 2.821 0.066 3.054 0.046*
(0.932- (1.019-
8.535) 9.155)
Intraoperative 1.876 0.056 2.246 0.006*
transfusion, ml (0.983- (1.267-
3.581) 3.982)

BMI, body mass index; NRS, Numerical Rating Scale; AJCC, American Joint Committee
on Cancer; TNM, Tumor Node Metastasis.

*P < 0.05.

Explanation for models Binary logistic regression models 1,2,4 were constructed using
predictors found to be significant in the univariate analysis (p < 0.05). Models 3,5
were derived from models 2,4 respectively with non-significant predictors eliminated
in stepwise process called backward conditional. The resulting models include only
significant predictors (p < 0.05). The reported odds ratios (all significant ones are above
1) suggest that one unit increase in predictor score (or having categorical predictor) is
associated with increase odds of pain.

and identified CRP peak level (cut-off value was 12 mg/dL)
as an independent prognostic factor (24). CRP is synthesized
by the liver, mainly regulated by interleukin-6, and may
upregulate pro-inflammatory and anti-inflammatory cytokines
(25). Recently, some studies have shown that postoperative
systemic inflammation is significantly correlated with the
postoperative prognosis of cancer patients through evaluating
serum CRP level (25-27). The increase of postoperative CRP level
in patients with GC may predict the increase of inflammatory
level, and strong inflammatory response may cause serious
postoperative acute pain.

According to the 8th AJCC TNM classification system, no
matter the depth of tumor penetrating the gastric wall (T) and
the number and state of lymph nodes (N), distant metastasis is
divided into stage IV. Patients at the IV stage usually suffer from
a long and painful illness. Postoperative patients in our hospital
would use non-steroidal anti-inflammatory drugs combined with
opioids analgesia. Opioids play an analgesic effect by simulating
the physiological role of endogenous opioid peptides (28).
Patients with advanced GC faced low cholesterol levels due to
malnutrition. Low cholesterol levels may reduce the activity of
opioids (29). Studies have shown that patients with lung cancer
at low cholesterol levels need higher doses of opioids to achieve
the same level of pain control (30). Our study also confirmed that
patients with distant metastasis were more likely suffer acute pain
than patients with early GC after surgery.

In our study, blood transfusion was an independent predictor
of postoperative acute pain. Blood transfusion could save a
life in many cases but had a negative influence on immune
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Logistic Regression Models results
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FIGURE 3 | Binary logistic regression model results. (BMI, body mass index; NRS, Numerical Rating Scale; AJCC, American Joint Committee on Cancer; TNM,

Tumor Node Metastasis).
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regulation, postoperative infection, and tumor metastasis, and
recurrence (31). Immunomodulation of the innate and adaptive
immune system occurred after exposure of the recipient
to the many cell-bound and soluble antigens which were
expressed on viable and decaying cells in the transfusion (32).
Blood transfusion was associated with infectious complications
following gastrointestinal surgery (33). The activation of
inflammation during blood transfusion was closely related
to the severity of postoperative pain. A meta-analysis also

confirmed that the restrictive allogeneic blood transfusion
strategy could reduce the perioperative infection rate without
increasing the incidence of complications such as cardiac events
or mortality (34). Retrospective analysis of a single central
database also confirmed that perioperative blood transfusion was
independently associated with poor prognosis in patients with
GC (35).

Our study also had some limitations. We only evaluated and
explored the possible factors affecting pain within 72h after
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surgery. There was no study on the influencing factors of pain 3
days and long-term after surgery. At the same time, our research
was limited to OG, and there was no study on the influencing
factors of pain after LRG and robotic radical gastrectomy for
GC. In addition, postoperative acute pain was affected by genetic
polymorphism related to pharmacokinetics, pharmacodynamics
of analgesics (36) and psychology, and we had not studied these
influencing factors.

Pain has become an important factor in evaluating patients’
quality of life and clinical treatment. Medical staff should predict
the influencing factors of postoperative acute pain, formulate
reasonable analgesic schemes, and reduce the occurrence
of excessive analgesia and insufficient analgesia. Reasonable
postoperative pain control was the prerequisite for accelerating
the postoperative rehabilitation of patients.

Total gastrectomy, AJCC TNM stage (I), BMI (>21, kg/mz),
distant metastasis, and intraoperative transfusion (>100ml)
were significantly associated with pain after OG within
postoperative 72h. To reduce the occurrence of excessive
analgesia and insufficient analgesia, formulating appropriate
analgesics according to these risk factors was necessary for
patients who underwent OG.
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This study aimed to evaluate and compare nivolumab’s cost-effectiveness with
chemotherapy in patients with advanced esophageal squamous cell carcinoma from
the Chinese healthcare system perspective. To this end, the researchers utilized a
partitioned survival model with three mutually exclusive health stages. The characteristics
of the patients used as inclusion and exclusion criteria in this model were the same
as those used for patients with advanced esophageal squamous cell carcinoma in the
ATTRACTION-3 study. The ATTRACTION-3 trial, which took place between January 7,
2016 and November 12, 2018, also yielded important clinical data. Data on medical
and economic preferences were collected from real-world clinical practices. Costs,
quality-adjusted life years, and incremental cost-effectiveness ratio were calculated for
the two therapy options. The model uncertainty was investigated using a deterministic
and probabilistic sensitivity analysis. When compared to chemotherapy, nivolumab was
linked with an increase of 0.28 quality-adjusted life years with an increased cost of US$
36,956.81 per patient in the base case analysis of a hypothetical sample of 419 patients.
The incremental cost-effectiveness ratio in the deterministic sensitivity analysis was US$
132,029.46/quality-adjusted life year, with a 48.02% probability of being cost-effective
at wilingness-to-pay thresholds of US$ 132,029.22/quality-adjusted life year. The
incremental cost-effectiveness ratio remained greater than US$ 80,000/quality-adjusted
life year in the deterministic sensitivity analyses. To be more cost-effective and remain
below the threshold of 37,653 US$/quality-adjusted life year, which the Chinese
population can afford, nivolumab’s price would have to be lowered sharply by 53.50%.
Nivolumab is clinically beneficial but not cost-effective when compared to chemotherapy.
A substantial reduction in nivolumab’s drug acquisition cost would be necessary to make
it cost-effective for immunotherapy.

Keywords: cost-effectiveness, partitioned survival model, therapy, drug acquisition cost, esophageal squamous
cell carcinoma
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INTRODUCTION

Esophageal cancer is one of the seven major malignant tumors
worldwide and is the sixth leading cause of mortality among all
malignancies (1, 2). Esophageal cancer incidence, prevalence, and
histological type vary among geographic regions. For instance,
North America and Western Europe have the highest rates of
esophageal cancer, (3, 4) where its most common subtype is
adenocarcinoma. Meanwhile, in Asia, including China, Japan,
and Korea, esophageal squamous cell carcinoma (ESCC) is more
common (5, 6). Advanced esophageal cancer is a rapidly fatal
disease (7). Approximately 40% of patients with esophageal
cancer are diagnosed when the disease is advanced, and the
median survival time is 8-10 months. The 5-year survival
rate is predicted to be below 5%. Furthermore, patients with
advanced esophageal cancer have limited options for second-line
treatments, (8, 9) with no accepted standard of care, although
paclitaxel, docetaxel, or irinotecan are used (10-12). Publications
summarizing data from retrospective analyses have reported that
the median survival and overall response rate are comparable
among paclitaxel, docetaxel, and irinotecan (13-15). In addition,
Nivolumab, an anti-programmed death 1 (PD-1) inhibitor, has
shown antitumor activity in patients with advanced esophageal
cancer (16, 17). ATTRACTION-3, (18) a published clinical trial
of nivolumab, reported clinical efficacy of treatment in terms of
longer overall survival (OS) compared with chemotherapy using
paclitaxel or docetaxel.

Recently, given their antitumor activity, PD-1 inhibitors are
being used in the treatment of several types of squamous cell
tumors (19-21). This treatment comes at a high cost and
increases patients’ financial burden (22). Though a therapy’s
clinical effectiveness is desirable, its economic cost is an
important consideration for healthcare policymakers while
selecting treatment options. If the cost of PD-1 inhibitors is
high, it may outweigh the benefit of their antitumor effect.
Based on the ATTRACTION-3 trial data, our study attempted
to assess the cost-effectiveness of nivolumab immunotherapy
and paclitaxel/docetaxel chemotherapy treatment alternatives by
measuring and comparing therapy costs and effectiveness from
the perspective of the Chinese society.

MATERIALS AND METHODS

Target Population

This study was conducted at Fujian Medical University Cancer
Hospital, Fuzhou, China. The study was designed by referring to
the International Council for Harmonization E6 guidelines for
Good Clinical Practice, the Declaration of Helsinki principles,
and applicable laws and regulations. The reporting criteria
of the Consolidated Health Economic Evaluation Reporting
Standards were followed when writing the economic evaluation
section (23).

Abbreviations: ESCC, esophageal squamous cell carcinoma; PD-1 inhibitor, anti-
programmed death 1; PD stage, progressive disease; QALYs, quality-adjusted
life years; ICER, incremental cost-effectiveness ratio; AE, adverse events; PFS,
progression-free survival; OS, overall survival; WTP, willingness-to-pay.

The target population in the model was the same as that
used in the ATTRACTION-3 clinical trial. The ATTRACTION-
3 trial is a global, multicenter, randomized, open-label, phase 3
study. The trial covered 90 cancer centers and hospitals across
Asia, North America, and Western Europe. A total of 419
patients were recruited for this study, who received at least one
cycle of the assigned therapy. From the 419 patients, 210 were
assigned to receive nivolumab and 209 to receive chemotherapy
(144 and 65 patients were assigned to receive paclitaxel and
docetaxel, respectively). Patients included in the study were at
least 20 years old and diagnosed with unresectable esophageal
cancer, either squamous or adenosquamous cell carcinoma. The
diagnoses were confirmed by histological or cytological features.
At least one measurable lesion should have been present (a
major resected lesion in the cervical or thoracic esophagus or
at the esophagogastric junction). They should have had tumor
progression or recurrence after the first-line treatment (including
chemoradiotherapy). Other inclusion criteria were: a 0-1 Eastern
Cooperative Oncology Group performance status and adequate
organ function. The treatment continued until any of the
following events occurred: disease progression as defined by the
Response Evaluation Criteria in Solid Tumors version 1.1, the
occurrence of unacceptable toxicity levels, patient withdrawal, or
at the investigator’s discretion.

Model Construction

The cost-effectiveness of treatment with nivolumab and
chemotherapy with paclitaxel or docetaxel was assessed using a
partitioned survival model (24) based on the ATTRACTION-3
trial data. This model has often been used in testing medical costs
and efficacy outcomes of metastatic oncology modeling (25-28).
The model has three mutually exclusive health stages (Figure 1):
progression-free stage (patient entered until disease progression
occurred), progressive disease (PD) stage (patient was alive after
the disease progression began), and terminal stage. The length of
each model cycle was defined as 60 days, and the time horizon
was assessed at 36 months in our model, which matched the
actual progress of the ATTRACTION-3 trial. The model’s key
output variables were cost, quality-adjusted life years (QALYs),
and incremental cost-effectiveness ratio (ICER).

Cost

In our model, clinical costs were considered, including
drug acquisition, laboratory tests, radiologic images, drug
administration, disease progression visits, treatment-related
adverse events (AE), and terminal costs. These costs were direct
costs, which were converted to US$ at the rates prevailing in
November 2021. The data on costs were collected from the
National Health Commission of China, Fujian Provincial Health
Commission, National Comprehensive Cancer Network Clinical
Practice Guidelines in Oncology, and expert consensus.

The administered doses of nivolumab and chemotherapy were
included in the drug acquisition cost. The evaluated drugs in
the model included nivolumab (Bristol-Myers Squibb), paclitaxel
(Bristol-Myers Squibb), and docetaxel (Aventis Pharma S. A.).
The listed drug prices, obtained from the National Health
Commission of the People’s Republic of China in 2021, were
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FIGURE 1 | Transition dagram for partitioned survival model health outcomes.

nivolumab at US$ 718 per 4 ml: 40 mg and US$ 1, 448 per 10 ml:
100 mg; paclitaxel at US$ 77 per 5 ml: 30 mg; and docetaxel at US$
142 per 0.5 ml: 20 mg. The dosing frequency and intensity were
based on the ATTRACTION-3 trial’s published data. Nivolumab’s
dose, administered intravenously, was 240 milligrams on day
1 of each 2-week treatment cycle (each treatment cycle lasted
6 weeks). Chemotherapy was administered with a dose of 100
mg/m” of paclitaxel on day 1 of each 1-week cycle (6 weeks per
cycle followed by 1 week off) or with a dose of 75 mg/m? of
docetaxel on day 1 of each 3-week cycle (each treatment cycle
was 3 weeks). Since body surface area was not reported in the
ATTRACTION-3 trial, we assumed a body surface area of 1.71
m? to calculate the doses of paclitaxel and docetaxel. This body
surface area was based on a mean height of 1.64 m and a mean
bodyweight of 64 kg, which were the mean values of the Chinese
population in 2020, as published by the National Bureau of
Statistics of the People’s Republic of China. Therefore, the dose
of nivolumab was set at 240 mg. The mean doses of paclitaxel and
docetaxel per patient in the chemotherapy group were 115 and
275 mg, respectively. The cost was determined at the patient level
for all vials.

The standard charges of the Fujian Provincial Health
Commission in 2021 were used to compute the expenses of
laboratory testing, radiologic imaging, medicine administration,
disease progression visits, and AE-related costs. Terminal costs
were estimated according to the relevant legal interpretations
of the Supreme People’s Court in trials of personal injury
compensation cases (29).

Laboratory tests and radiologic imaging costs assumed that
the schedule of assessments in typical clinical trials was followed
while performing these tests. Therefore, all laboratory tests and
radiologic images in our model were not assumed to have been
performed at the onset of treatment (first day of each model
cycle). The costs of these laboratory tests and radiologic imaging
were accounted for whenever they were performed as required
by the treatment duration, histology, and time horizon. From
28 days before the baseline until the completion of treatment,
the 12-lead electrocardiogram, Hepatitis B virus and Hepatitis C
virus serology, hematology, serum chemistry, coagulation tests,

urinalysis, thyroid function, tumor assessment, and pulmonary
function test were conducted. Hematology, serum chemistry,
12-lead electrocardiogram, coagulation, and urinalysis were
performed within 14 days before the baseline. These tests
were repeated and reviewed before nivolumab, paclitaxel, or
docetaxel administration. Hepatitis B virus and Hepatitis C
virus serology tests, including Hepatitis B surface antigen,
Hepatitis B core antibody, and Hepatitis C virus antibodies,
were performed within 14 days of the baseline. Patients who
were Hepatitis B surface antigen-positive were not enrolled
until further definite testing with Hepatitis B virus DNA titers
showed a satisfactory protective level of anti-HBs. Pulmonary
function tests, including spirometry and assessment of diffusion
capacity, were performed within 28 days of the baseline to
determine enrollment suitability. Thyroid function tests were
performed within 7 days of the baseline to determine the levels
of free triiodothyronine, free thyroxine, and thyroid stimulating
hormone, and were repeated three times and each time the drug
was administered intravenously thereafter (nivolumab, 6 weeks;
paclitaxel, 3 weeks; docetaxel, 9 weeks). Tumor assessments
were performed using contrast-enhanced computed tomography
scans of the neck, chest, and abdomen within 28 days of the
baseline, every 6 weeks for 1 year, and every 12 weeks thereafter,
until disease progression or death, whichever occurred first. For
patients who could not be subjected to computed tomography
because of contrast dye allergies, magnetic resonance imaging
was used. For each patient, the same radiographic procedure was
used throughout the study.

For nivolumab and chemotherapy, drug administration
expenses were examined separately, including preventative
medicine, hospitalization, nursing, and drug infusion
expenditures. Patients in both arms of the trial were assumed to
be routinely monitored until death, and medical examination
and visit expenditures were expected to be incurred when disease
progression occurred. Terminal costs were allocated when a
patient died; the costs for these services were assumed to be
equal in both arms. The one-time cost of a funeral by burial
was characterized as the terminal cost. Our model included
the >3-grade treatment related to AE, as reported in the
ATTRACTION-3 trial. The related treatment cost calculations
for the nivolumab group were derived from the National
Comprehensive Cancer Network Clinical Practice Guidelines in
Oncology: Management of Immunotherapy-Related Toxicities
Version 4.2021 (30). The treatment cost for the chemotherapy
group was based on the expert consensus of clinical practitioners.

Utility Scores

The ATTRACTION-3 trial did not report the utility scores.
Various scholars have used the reported quality-of-life data as
utility scores for cost-effectiveness analyses regarding esophageal
cancer treatment (31-37). There may be considerable uncertainty
regarding ESCC’s impact on QALYs, especially given the current
uncertainty in published reports regarding the value for utility
score assessment. The only realistic assumption supported
by these published reports and current practices is that the
utility scores in second-line esophageal cancer treatment would
eventually decline as the disease progressed to death (38-40).
This is because decreased functioning or worsening symptoms
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TABLE 1 | Key input parameters to our model and ranges of the sensitivity analyses.

Input parameters Base case value Lower Upper Distribution Source
bound bound

Clinical input
PFS survival model of nivolumab Nivolumab PFS - - Fixed in ATTRACTION-3 trial

survival data model
PFS survival model of chemotherapy Chemotherapy - - Fixed in ATTRACTION-3 trial

PFS survival data model
OS survival model of nivolumab Nivolumab OS - - Fixed in ATTRACTION-3 trial

survival data model
OS survival model of chemotherapy Chemotherapy OS - - Fixed in ATTRACTION-3 trial

survival data model
Utility input
PFS 0.74 0.59 0.89 Beta (34, 37)
PD 0.58 0.46 0.70 Beta (34, 37)
Drug acquisition
Nivolumab (Bristol-Myers Squibb) per 240mg  $3,614.08 $2,891.26 $4,336.90 Gamma National Health Commission of China
Docetaxel (Bristol-Myers Squibb) per 20 mg $997.19 $797.75 $1,196.63 Gamma National Health Commission of China
paclitaxel (Aventis Pharma S A) per 40 mg $459.60 $367.68 $551.52 Gamma National Health Commission of China
Drug administration Gamma
Preventive medication per administered $93.93 $75.14 $112.72 Gamma Local medical data
intravenously
Infusion fee per administered intravenously $1.86 $1.49 $2.23 Gamma Local medical data
Hospitalization fee per administered $39.14 $31.31 $46.97 Gamma Local medical data
intravenously
Laboratory tests and scans
ECG $4.23 $3.38 $5.07 Gamma Fujian Provincial Health Commission, (18, 43)
Hematology $3.91 $3.13 $4.70 Gamma Fujian Provincial Health Commission, (18, 43)
Serum chemistry $28.18 $22.54 $33.81 Gamma Fujian Provincial Health Commission, (18, 43)
Urinalysis $4.70 $3.76 $5.64 Gamma Fujian Provincial Health Commission, (18, 43)
Coagulation parameters $10.42 $8.34 $12.50 Gamma Fujian Provincial Health Commission, (18)
Thyroid function $23.48 $18.79 $28.18 Gamma Fujian Provincial Health Commission, (18, 43)
Pulmonary function tests $61.05 $48.84 $73.26 Gamma Fujian Provincial Health Commission, (18)
HBV and HCV serology $11.28 $11.28 $19.12 Gamma Fujian Provincial Health Commission, (18)
HBV DNA $23.64 $23.64 $62.78 Gamma Fujian Provincial Health Commission, (18)
Radiologic images $435.58 $234.82 $919.69 Gamma Fujian Provincial Health Commission, (18, 43)
Treatment-emergent AE (grade 3-5) in
nivolumab group
Rash $80.00 $60.00 $100.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Diarrhea $14,000.00 $8,000.00 $20,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Decreased appetite $825.00 $150.00 $1,500.00  Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Stomatitis $2,550.00 $100.00 $5,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Nausea $800.00 $100.00 $1,500.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Arthralgia $350.00 $100.00 $600.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Neutrophil count decreased $1,575.00 $150.00 $3,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Anemia $5,500.00 $1,000.00 $10,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
White blood cell count decreased $1,575.00 $150.00 $3,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Neutropenia $1,575.00 $150.00 $3,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Peripheral sensory neuropathy $15,000.00 $10,000.00 $20,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Febrile neutropenia $2,650.00 $300.00 $5,000.00 Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Neuropathy peripheral $15,000.00 $10,000.00 $20,000.00  Gamma NCCN Clinical Practice Guidelines in Oncology (30)
Treatment-emergent AE (grade 3-5) in
chemotherapy group
Rash $35.00 $20.00 $50.00 Gamma Expert consensus of clinical practices
Diarrhea $312.50 $25.00 $600.00 Gamma Expert consensus of clinical practices

(Continued)
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TABLE 1 | Continued

Input parameters Base case value Lower Upper Distribution Source
bound bound

Decreased appetite $825.00 $150.00 $1,500.00 Gamma Expert consensus of clinical practices, (35)

Stomatitis $125.00 $50.00 $200.00 Gamma Expert consensus on the diagnosis and prevention
of acute oral mucositis caused by antitumor
therapy

Nausea $350.00 $100.00 $600.00 Gamma CSCO guidelines for the prevention and treatment
of antitumor treatment-related nausea and
vomiting, (35)

Arthralgia $0.00 $0.00 $0.00 Gamma Expert consensus of clinical practices

Neutrophil count decreased $1,575.00 $150.00 $3,000.00  Gamma Expert consensus on the diagnosis and treatment
of neutropenia caused by tumor chemotherapy,
@7

Anemia $275.00 $50.00 $500.00 Gamma CSCO clinical practice guidelines for
tumor-associated anemia, (34)

White blood cell count decreased $1,575.00 $150.00 $3,000.00 Gamma Expert consensus on the diagnosis and treatment
of neutropenia caused by tumor chemotherapy,
(44)

Neutropenia $1,575.00 $150.00 $3,000.00 Gamma Expert consensus on the diagnosis and treatment
of neutropenia caused by tumor chemotherapy,
(45)

Peripheral sensory neuropathy $25.00 $0.00 $50.00 Gamma ASCO clinical practice guidelines, (43)

Febrile neutropenia $2,650.00 $300.00 $5,000.00 Gamma Expert consensus on the diagnosis and treatment
of neutropenia caused by tumor chemotherapy,
37)

Neuropathy peripheral $25.00 $0.00 $50.00 Gamma ASCO clinical practice guidelines

Terminal cost

Expenditure on funeral $4,517.85 $3,614.28 $5,421.42 Gamma Local data

Discount rate 0.05 0 0.08 Fixed in (46)

model

OS, overall survival; PFS, progression-free survival;, PD, progressive disease; AE, adverse events; NCCN, National Comprehensive Cancer Network; ASCO, American Society of Clinical

Oncology; CSCO, Chinese Society of Clinical Oncology.

during and after second-line treatment is inevitable (41).
Therefore, in our model, we assumed the utility score to decline
linearly from progression-free survival (PES) to the point of PD
and then to the point of death. The utility score was determined
to be 0.74 in PFS and 0.58 in PD (34, 37). Mortality’s utility score
was 0.

Sensitivity Analyses

A deterministic sensitivity analysis (31, 42) was conducted by
adjusting all the model’s input parameters. Table 1 presents
characteristics of the model’s costs and outcome parameters.
Table 2 presents laboratory tests, scans, and >3 grade treatment-
emergent AE costs and treatment details. The discount rate for
both costs and health outcomes was 5% per year, range from
0 to 8% (46). Cost of HBV and HCV serology, HBV DNA,
radiologic images, and >grade 3 AE-related costs were based on
the clinical practices estimation for value range, other parameters
were changed by 20% in both directions. When one of the
input parameters was altered, the others remained unchanged.
A probabilistic sensitivity analysis was executed using a Monte
Carlo simulation (34, 47). A total of 10,000 simulated iterations
were run. Each time, a random sample was taken from the
distributions of all the parameters. The parameter categories

were used to make assumptions about distributions, the cost
parameters were assumed to Gamma distribution, and utility
parameters were assumed to Beta distribution (48).

Statistical Analysis

In our model, the cost and health outcomes of the three mutually
exclusive health states, as well as deterministic and probabilistic
sensitivity analyses, were computed using Excel 2016. The clinical
efficacy and safety data of second-line therapy for advanced
ESCC were obtained from the ATTRACTION-3 trial. In the
ATTRACTION-3 trial, statistical analyses were completed using
SAS 9.4. OS and PFS were estimated using the Kaplan-Meier
method, with a two-sided, 0.05 significance level, log-rank test.
We performed a survival analysis similar to the ATTRACTION-
3 trial for estimating the survival curve. Statistical analyses were
undertaken using SPSS 26.0. OS was estimated using the Kaplan-
Meier method, with a two-sided, 0.05 significance level, log-rank
test. Further, PFS was estimated using the life table method.

RESULTS

Base-Care Analysis
The median OS in the ATTRACTION-3 study was 10.9 months
for the nivolumab group and 8.4 months for the chemotherapy
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TABLE 2 | Laboratory tests, scans and treatment-emergent grade3-5 AE details.

Input parameters

Test/scans/treatment details

Source

Laboratory tests and scans
ECG
Hematology

Serum chemistry

Urinalysis

Coagulation parameters

Thyroid function

Pulmonary function tests

HBV and HCV serology

HBV DNA

Radiologic images
Treatment-emergent AE (grade
3-5) in nivolumab group

Rash

Diarrhea

Decreased appetite
Stomatitis

Nausea

Arthralgia

Neutrophil count decreased

Anemia

White blood cell count decreased
Neutropenia
Peripheral sensory neuropathy

Febrile neutropenia
Neuropathy peripheral

Treatment-emergent AE (grade
3-5) in chemotherapy group

Rash

Diarrhea
Decreased appetite
Stomatitis

Nausea

Arthralgia

Neutrophil count decreased

Anemia

12-lead ECG

Red blood cell count, hemoglobin, platelet count, auto-cell count,
neutrophil count, lymphocyte count

ALT, AST, GGT, total bilirubin, direct bilirubin, AKP, blood urea nitrogen or
urea (preferably blood urea nitrogen>, total protein, albumin, creatine,
blood sugar, lactate dehydrogenase, K + ~ Na +, Ca2+, Mg2+, Cl-

White blood cells, red blood cells, urine protein

APTT, PT, FIB, TT, INR

TSH, FT3 and FT4

Spirometry and assessment of diffusion capacity

HBsAg, HBcAb, and HCV antibody

HBV DNA

Contrast-enhanced CT or MRI for neck, chest, and abdomen

Gilucocorticoid therapy, supplemented with proton pump inhibitors to
prevent gastrointestinal reactions

1. Perform blood routine, liver and kidney function, electrolytes, stool
routine, stool culture, thyroid function, abdominal and pelvic enhanced CT,
colonoscopy, etc. 2. Nutritional support 3. Glucocorticoid therapy, if
glucocorticoid therapy is invalid within 48 h or worsening, consider adding
infliximab while continuing to use glucocorticoids

Megestrol, nutritional support
Mouthwash, anti-infection, nutritional support
Antiemetic treatment, nutritional support

Glucocorticoid therapy, if glucocorticoid therapy fails, other
immunosuppressive drugs such as infliximab, methotrexate, sulfasalazine,
or leflunomide may be considered

G-CSF

Blood transfusion, glucocorticoid therapy, if glucocorticoid therapy fails,
immunosuppressant can be given

G-CSF
G-CSF

Close monitoring of neurological symptoms and respiratory function;
immunoglobulin or plasma exchange; glucocorticoid therapy

G-CSF; antibiotics
Close monitoring of neurological symptoms and respiratory function;
immunoglobulin or plasma exchange; glucocorticoid therapy

Dexamethasone, antihistamines

Anti-diarrheal treatment

Megestrol, nutritional support

Mouthwash, anti-infective treatment if necessary

Antiemetic treatment

/

G-CSF

Iron supplementation, blood transfusion therapy

Fujian Provincial Health Commission, (18, 43)
Fujian Provincial Health Commission, (18, 43)

Fujian Provincial Health Commission, (18, 43)

Fujian Provincial Health Commission, (18, 43)
Fujian Provincial Health Commission, (18)

Fujian Provincial Health Commission, (18, 43)
18)
18)
18)

Fujian Provincial Health Commission, (18, 43)

Fujian Provincial Health Commission,

(
(
(
Fujian Provincial Health Commission, (
(
Fujian Provincial Health Commission, (

(

NCCN Clinical Practice Guidelines in Oncology (30)

NCCN Clinical Practice Guidelines in Oncology (30)

NCCN Clinical Practice Guidelines in Oncology (30
30
30,
NCCN Clinical Practice Guidelines in Oncology (30,

NCCN Clinical Practice Guidelines in Oncology

(30)
(30)
NCCN Clinical Practice Guidelines in Oncology (30)
(30)

NCCN Clinical Practice Guidelines in Oncology (30)
NCCN Clinical Practice Guidelines in Oncology (30)

NCCN Clinical Practice Guidelines in Oncology (30)
NCCN Clinical Practice Guidelines in Oncology (30)
NCCN Clinical Practice Guidelines in Oncology (30)

NCCN Clinical Practice Guidelines in Oncology (30)
NCCN Clinical Practice Guidelines in Oncology (30)

Expert consensus of clinical practices

Expert consensus of clinical practices

Expert consensus of clinical practices, (35)

Expert consensus on the diagnosis and prevention
of acute oral mucositis caused by antitumor therapy
CSCO guidelines for the prevention and treatment
of antitumor treatment-related nausea and vomiting,
(35)

Expert consensus of clinical practices

Expert consensus on the diagnosis and treatment of
neutropenia caused by tumor chemotherapy, (37)
CSCO clinical practice guidelines for
tumor-associated anemia, (34)

(Continued)
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TABLE 2 | Continued

Input parameters

Test/scans/treatment details

Source

White blood cell count decreased

Neutropenia

Peripheral sensory neuropathy
Febrile neutropenia

Neuropathy peripheral

G-CSF

G-CSF

Nutritional nerve therapy
G-CSF; antibiotics

Nutritional nerve therapy

Expert consensus on the diagnosis and treatment of
neutropenia caused by tumor chemotherapy, (44)

Expert consensus on the diagnosis and treatment of
neutropenia caused by tumor chemotherapy, (45)

ASCO clinical practice guidelines, (43)

Expert consensus on the diagnosis and treatment of
neutropenia caused by tumor chemotherapy, (37)

ASCO clinical practice guidelines

ECG, electrocardiogram; HBV, hepatitis B virus, HCV, hepatitis C virus; DNA, deoxyribonucleic acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma
glutamyl transpeptidase; AKR, alkaline phosphatase; APTT, activated partial thromboplastin time; PT, prothrombin time; FIB, fibrinogen; TT, thrombin time; INR, international standard
ratio; TSH, thyroid stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine; CT, computed tomography; MRI, magnetic resonance imaging.; AE, adverse events; G-GSF,
granuTocyte colony-stimuTating factor; NCCN, National Comprehensive Cancer Network; ASCO, American Society of Clinical Oncology; CSCO, Chinese Society of Clinical Oncology.

[

0.9

L

b Chemotherapy

0.8

0.7

0.6

0.5

Overall survival

0.4

0.3

0.2

0.1

Median overall survival, months

Stratified log-rank

10 (8.06-11.94)
P=0.019

8 (6.67-9.33)

——Nivolumab

Chemotherapy

10 14 16

FIGURE 2 | Estimated overall survival curve for the ATTRACTION-3 trial.
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group (stratified log-rank, P = 0.019) up to the data cut-off
point (November 12, 2018). The median PFS in the nivolumab
group was 1.7 months, compared to 3.4 months in the paclitaxel
or docetaxel treatment group. The ATTRACTION-3 trial also
reported details of the survival rate. The 12-month OS in
the nivolumab group was 47%, compared to 34% in the
chemotherapy group. The 18-month OS in the nivolumab group
was 31%, while that in the chemotherapy group was 21%. The 6-
month PFS in the nivolumab group was 24%, compared to 17%
in the chemotherapy group. The 12-month PFS in the nivolumab
group was 12%, while that in the chemotherapy group was 7%.
Our model simulated a hypothetical sample of 419 patients.
The model’s survival analysis results were remarkably close to
the actual clinical trial data. The median OS in the model
was 10 months for nivolumab and 8 months for chemotherapy
(stratified log-rank, P = 0.019) (Figure 2). The nivolumab group
had a PES rate of 1.92 months, compared to 3.89 months in the

chemotherapy group (Figure 3). Furthermore, the survival rate
statistics were remarkably similar to the actual clinical study data.
The 12-month OS in the nivolumab group was 46.9%, compared
to 34.4% in the chemotherapy group. The 18-month OS rate was
30.5% in the nivolumab group and 20.7% in the chemotherapy
group. The 6-month PFS was 24.3% in the nivolumab group,
while it was 17.7% in the chemotherapy group. The 12-month
PFS was 11.9% in the nivolumab group, while it was 7.6% in the
chemotherapy group.

During the 3-year study period, nivolumab immunotherapy’s
cost was US$ 57,624.92 and exceeded paclitaxel/docetaxel
chemotherapy’s cost of US$ 20,668.11, by US$ 36,956.81.
Interestingly, out of this incremental cost, that of drug
acquisition was US$ 39,467.00, which exceeded the total
incremental cost (US$ 36,956.81). Besides, in the PD stage,
the nivolumab group’s cost per patient was US$ 45, higher
than that of the chemotherapy group, despite the fact
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TABLE 3 | Results of our model.

Results Nivolumab group Chemotherapy group
Total costs $57,624.92 $20,668.11
QALYs 0.80 0.52

ICER, $/QALYs $132,029.46 -

QALYs, quality-adjusted life-years; ICER, incremental cost-effectiveness ratio.

that the costs of nivolumab treatment were lower than
those of paclitaxel/docetaxel chemotherapy in terms of drug
administration, laboratory tests, radiologic images, terminal,
and treatment-related AEs. Nivolumab immunotherapy resulted
in an improvement of 0.28 QALY (0.80 vs. 0.52) per patient
compared with paclitaxel/docetaxel chemotherapy. The ICER for
the nivolumab group vs. the chemotherapy group was estimated
to be US$ 132,029.46/QALY (Table 3).

Sensitivity Analyses

Deterministic Sensitivity Analyses

The findings of the one-way deterministic sensitivity analyses
revealed that the model was most sensitive to the nivolumab
group’s survival time. The model was heavily influenced by
the following parameters: chemotherapy group survival time,
nivolumab group medication acquisition cost, and utility scores.
The top 10 most influencing parameters are presented in a
tornado diagram (Figure 4). The ICER of nivolumab did not
decrease below US$ 80,000/QALY despite the varied ranges
for each variable. Nivolumab’s drug acquisition must be cut
by 53.50% to obtain a more favorable cost-effectiveness under
the threshold cost of US$ 37,623.39/QALY, which the Chinese
populace can afford.

Probabilistic Sensitivity Analyses

The World Health Organization places the willingness-to-pay
(WTP) threshold at three times the GDP per capita (49). In 2021,
the GDP per capita of the Chinese population was US$ 12,551,
making the WTP threshold US$ 37,653/QALY. The Monte Carlo
probabilistic sensitivity analyses revealed that the probability
of nivolumab immunotherapy not being a cost-effective option
when compared with paclitaxel/docetaxel chemotherapy at a
WTP threshold of US$ 37,653/QALY. When the WTP threshold
changed to US$ 132,029.22/QALY, the closest number to
132,029.46/QALY in simulated iterations, the probability of
nivolumab immunotherapy being cost-effective when compared
with paclitaxel/docetaxel chemotherapy increased to 48.02%
(Figures 5, 6).

DISCUSSION

The costs associated with healthcare have become one of the
world’s most serious issues. Many scholars have developed
healthcare economic evaluation models to assess the economic
effects of immunotherapeutic inhibitors in antineoplastic
therapy. These models all agree that in order for a therapy
to be cost-effective, it must have two crucial characteristics: a
lower cost and a higher effectiveness (50). This expectation was
represented as extra cost and incremental QALYs in this study.
Nivolumab immunotherapeutic inhibitors had a greater survival
rate in advanced ESCC treatment than paclitaxel/docetaxel
chemotherapy, however, they would also increase healthcare
costs dramatically. Nivolumab costs US$ 132,029.46 for every
extra QALY achieved when compared to chemotherapy. From
the Chinese healthcare system perspective, this may not be a
cost-effective treatment option. At the WTP threshold of US$
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132,029.22/QALY, the probabilistic sensitivity analysis revealed
that nivolumab was not an economical alternative, with only a
48.02% chance of becoming cost-effective. Moreover, when the
WTP threshold changed to US$ 37,544.52/QALY, the probability
declined to 0.07%. The ICER of US$ 37,544.52/QALY is nearly
the World Health Organization’s recommended threshold
in 2021. These findings indicate that nivolumab is in effect
not a value second-line therapeutic modality in China for
advanced ESCC.

Advanced ESCC is a fast and fatal disease. Even with
immunotherapy, patients’ quality of life suffers due to their
dismal prognosis (41). The patients’ lives end and their families
descend into poverty due to the cost of treating the illness.
What makes nivolumab less cost-effective than chemotherapy?
Surprisingly, we found that the incremental cost of nivolumab
(US$ 39,467.00) was higher than the total incremental cost of
its use (US$ 36,956.81). This means that nivolumab acquisition
is much costlier than chemotherapy; reducing this immune
inhibitor’s price can significantly improve the cost-effectiveness
of its use. This finding was supported by the one-way
sensitivity analyses. After nivolumab group’s survival time and
chemotherapy group’s survival time, the drug acquisition cost
of the nivolumab group was the third parameter that had the

greatest impact on our model. Although the price of nivolumab
in China is cheaper than in some other countries, it must decline
by 53.50% to meet the WTP threshold, which is approximately
three times the Chinese population’s GDP per capita.

Can nivolumab become cost-effective by improving patients’
survival time? Whether nivolumab would achieve cost-
effectiveness by extending patients’ survival time sufficiently
so that the cost gap between nivolumab and chemotherapy
would be recovered during long-term treatment is unknown.
In such cases, PD-1 immunotherapy can provide both clinical
and financial benefits in the form of prolonged survival and
improved quality of life. An additional two clinical trials
[KEYNOTE-181 (51) and ESCORT (52)] also demonstrated that
PD-1 inhibitors would improve clinical efficacy in comparison
to chemotherapy in advanced ESCC treatment. However, if
medical cost is constant, such improvement is not enough to
make PD-1 inhibitors more cost-effective than chemotherapy.
One-way sensitivity evaluations in our model revealed that if
nivolumab becomes a more cost-effective therapy alternative
than chemotherapy, the survival time of the nivolumab group
would have to be prolonged two additional times. In that case,
ICER would achieve US$ 34,148.47/QALY, which is less than
three times the Chinese population’s GDP per capita. Although
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similar to the ATTRACTION-3 trial, these two studies found
that patients who received PD-1 inhibitors had prolonged
survival time than those who received chemotherapy. However,
the improvement in survival time as a result of PD-1 inhibitors
for advanced ESCC immunotherapy was insufficient. The
KEYNOTE-181 trial on 628 patients, comparing pembrolizumab
with paclitaxel/docetaxel/irinotecan chemotherapy, showed that
the median OS of pembrolizumab (9.3 months) was longer
than that of chemotherapy (6.7 months); however, the median
PES at 2.6 months was shorter than 3.0 months in the case
of chemotherapy. The ESCORT trial of camrelizumab and
docetaxel/irinotecan chemotherapy on 448 patients reported
that the median OS with camrelizumab (8.3 months) was longer
than that with chemotherapy (6.2 months). The median PFS, in
either case, was 1.9 months.

Additionally, nivolumab, pembrolizumab, camrelizumab, and
most PD-1 inhibitors (spartalizumab, toripalimab, sintilimab,
etc.) are fully human IgG4 monoclonal antibodies. This means
their IgG isotypes or mutants with nullified effector functions
are similar (53). It seems that the PD-1 inhibitors may still
have similar clinical efficacy in advanced ESCC treatment
until pharmaceutical production technology does not change.
Fortunately, new pharmaceutical manufacturing technologies
are being developed to produce a series of PD-1 inhibitors
(PD-1/CTLA-4, PD-1/CD47, PD-1/LAG-3, etc.), which could
potentially be used in the future to treat advanced ESCC.
Meanwhile, in 2019, there was a remarkable medical market
revolution in China. The General Office of the State Council of
the People’s Republic of China implemented a price negotiation
of the National Reimbursement Drug List to deal with the
challenges of ever-increasing medical expenditures, make drugs
more affordable for patients, and make steady efforts to
reform the drug procurement system. In 2021, the price of
camrelizumab declined sharply from US$ 3,100/200 milligrams
to US$ 458/200 milligrams. Driven by the “price reduction and
volume increment,” if a growing number of PD-1 inhibitors
with lower prices than nivolumab become available, the price
of nivolumab may be reduced in the future due to market
competition. In our model, lowering the price of nivolumab by
53.50% might make it a cost-effective and affordable therapy
choice for advanced ESCC patients in the Chinese population.

The ESCORT trial and KEYNOTE-181 trial also reported
an economic evaluation of the cost-effectiveness of PD-1
inhibitors by developing a Markov model (35, 43). The findings
suggested that in 2019, camrelizumab immunotherapy may
not have been a more cost-effective therapeutic choice for
advanced ESCC than chemotherapy. Camrelizumab incurred
an incremental cost of US$ 24,539 and an effect of 0.283
QALYs compared with docetaxel/irinotecan chemotherapy,
whereas the ICER incurred US$ 86,745/QALY. Further, in
2021, pembrolizumab immunotherapy may not have been a
more cost-effective therapeutic option for advanced ESCC than
chemotherapy. Pembrolizumab demonstrated an incremental
cost of US$ 19,054.61 and an effect of 0.09 QALYs compared
with paclitaxel/docetaxel/irinotecan chemotherapy, whereas the
ICER incurred US$ 202,708.62/QALY. Although the ESCORT
trial and KEYNOTE-181 trial have many similarities to the

ATTRACTION-3 trial and the cost-effectiveness analysis results
are consistent with our findings, the modeling methods are
quite different. Initially, we attempted to establish a Markov
model for cost-effectiveness analysis. By digitizing the OS and
PES curves from the ATTRACTION-3 trial, we were able to
determine time and survival probability using the GetData Graph
Digitizer. According to the lowest Akaike information criteria
and Bayesian information criterion values, we found that a 2-
parameter Weibull distribution was the best-fitting distribution
model for the pseudo-individual patient data. However, we
found a high degree of bias in the results were obtained using
the Markov model compared with the actual ATTRACTION-
3 trial results. For example, PESs transition probability to
death was not rigorous; the Markov model needs to calculate
the transition probability between different health stages, but
PES’s transition probability to death could not be calculated.
Therefore, we had to utilize the general Chinese population’s
mortality rate as the transition probability of PFS to death,
an approach also employed in other studies (35, 54). The
median survival of patients with advanced ESCC is only 8-
10 months, and the expected 5-year survival rate is less than
5% (5). Patients with advanced esophageal cancer had a greater
mortality rate than the general population, even at the PFS
stage (55, 56). Although the general population’s mortality rate
is a fixed value, the death rate varies in each model cycle
because of the decreased functioning and worsening symptoms
(41). Meanwhile, the 2-parameter Weibull distribution showed
substantial divergence from the original survival curves. This
divergence was evident for both the OS and PFS curves. In
this study, patients had a significantly different survival rate in
the 2-parameter Weibull distribution than that observed in the
ATTRACTION-3 trial, as the trial’s time horizon was defined
as 3 years. The same divergence was also observed in the
Markov model evaluation of the ESCORT trial (35). We carefully
checked the references and concluded that this distribution could
provide an appropriate fit for the longer-term extrapolation of
clinical trial data, but may have inherent uncertainty in the
short-term assessment of the survival curve (57, 58). Some
previously reported models for the treatment of Non-small cell
lung cancer, hepatocellular carcinoma, and melanoma included
curve extrapolation (47, 59, 60). When the model simulates time
beyond the follow-up period, the distribution of the number of
people in each health state cannot be obtained directly from
the survival curve. Therefore, a parametric method was used
to calculate the survival function. This method assumes that
the survival time obeys a particular parametric distribution.
However, patients with advanced ESCC have a short-term disease
progression and mortality rate, and clinical trials can simulate
the disease transition in mutually exclusive health stages without
extrapolating the survival data. Therefore, we rebuilt the cost-
effectiveness model using the partitioned survival model and
accurate data, but did not perform extrapolation beyond the
ATTRACTION-3 trial’s follow-up period. We believe that this
improvement may be more suitable for simulating the treatment
of advanced ESCC.

To our knowledge, few studies have empirically investigated
the cost-effectiveness of immunotherapy inhibitors for advanced
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ESCC. Some of the previous studies analyzed medical and
economic data sourced from other studies to reach their
conclusions. Therefore, the study’s main strength is that it directly
compared nivolumab immunotherapy to paclitaxel/docetaxel
chemotherapy utilizing original, published trial data as well as
clinical expenses, financial data, and utility values gathered in
the course of clinical practice. As the price of PD-1 inhibitors
decreased significantly after the implementation of the price
negotiation of the National Reimbursement Drug List, it became
necessary to evaluate the scope of price reduction for both
pharmaceutical enterprises and the government. Our model’s
survival analysis results are extremely similar to the actual
data from the ATTRACTION-3 trial. Therefore, the economic
evaluation results of our model are reliable and may have
reference value for subsequent policy practice.

There are a few limitations in this study. First, our model
essentially relied on the ATTRACTION-3 trial; however, patients
participating in clinical trials are different from those in real-
world clinical practices. This difference might introduce biases
in the cost-effectiveness evaluation (61). Due to the lack of
global/domestic multicenter phase 4 or real-world studies, phase
3 trials may provide the best clinical evidence available thus
far for cost-effectiveness analysis in the treatment of advanced
ESCC. Although the frequency of the tests in clinical trials differs
from real world experience, which would increase the cost in
our model, the model provided a reasonable, albeit imperfect,
approximation to the real-world clinical benefit observed in
the clinical trials. Second, the model based on the survival
analysis did not make the assumption that survival time follows
a specific parametric distribution. Although we believe that
survival analysis for survival curves estimation has a good fit for
the survival curves in the ATTRACTION-3 trial, this method
also may increase the complexity of the model. Therefore,
in the long-term extrapolation of survival time, the modeling
findings may not accurately represent the disease course. The
survival curve extrapolation in our model may be improved
by incorporating another phase 4 trial or real-world study in
our model. Third, AE-related expenditures for grades 1 to 2
were not included in the model, which may have undermined
the economic evaluation results. However, as suggested by the
deterministic sensitivity analyses, AE-related costs are a minor
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The concepts of “essential medicine” and “national medicine policy” were first put
forward for the first time at the World Health Assembly in 1975 in an effort to alleviate
the problem of medicine unavailability in developing and poor countries. The essential
medicine system in China has experienced three development stages since 1979, when
the concept of essential medicines was first introduced, to actively respond to the call of
the World Health Organization. Currently, the essential medicines list published in China
is the national essential medicines list (2018 Edition). In this study, we examined the
consistency between the essential medicines for treating seven cancers (liver cancer,
breast cancer, esophageal cancer, lung cancer, colorectal cancer, gastric cancer, and
leukemia) and the recommended medicines by cancer treatment guidelines to determine
whether the essential medicines are of high quality for clinical needs. The results indicated
that the degree of similarity between oncology medicines on the essential medicines list
and oncology medicines recommended by guidelines was low, with the majority falling
between 30 and 60%. Therefore, to improve the quality of essential medicines, it is
necessary to further improve the matching degree. In addition, to further improve the
consistency between the essential medicines list and treatment guidelines, the following
suggestions are put forward in this paper: (1). Formulate universal treatment guidelines;
(2). When selecting essential medicines, greater consideration should be given to those
recommended in the guidelines; (3). The essential medicines list and treatment guidelines
should be concurrently updated; (4). The cycle for updating the essential medicines list
and treatment guidelines should be shortened.

Keywords: essential medicines list, treatment guidelines, consistency, matching degree, oncology medicine

INTRODUCTION

The concepts of “essential medicines” and “national medicine policy” were first put forward at the
World Health Assembly in 1975 (1), and they quickly became a component of global public health.
The 1978 Almaty declaration recognized “the provision of essential medicines” as one of the eight
elements of primary health care. The current WHO Expert Committee on the selection and use of
essential medicines believe that “essential medicines” are provided based on the disease burden and
safety, effectiveness and economy of medicines, to meet the essential medicines needs of the people.
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The objective of implementing the essential medicines policy
is to provide sufficient quantity, an appropriate dosage form,
and quality assurance when the public can afford it (2).
WHO proposes the following procedure for selecting essential
medicines: first, establish the standard treatment guide or “path”
according to the disease spectrum. Then, a list of essential
medicines is selected and developed based on the standard
treatment guidelines or “path” (3).

To actively respond to the call of the World Health
Organization, China’s essential medicine system has undergone
three development stages since the introduction of the concept
of essential medicines in 1979: the establishment stage of the
essential medicine system from 1979 to 2009; the formation and
improvement of the essential medicine system from 2010 to 2017;
and the essential medicine system that has entered a new stage of
development from 2018 to date.

In September 2018, the general office of the State Council
proposed in its opinions on improving the national essential
medicine system that attention should be paid to clinical
diagnosis and treatment guidelines and expert consensus when
selecting essential medicines. Currently, China selects essential
medicines by consulting experts. This selection method relies
heavily on clinical medication experience and the subjective
judgment of experts, which is not objective enough (4),
and treatment guidelines that are closely related to actual
clinical needs do not play a great role in the selection of
essential medicines.

Treatment guidelines are normative documents formulated
for the diagnosis and treatment of a disease based on
a comprehensive understanding of clinical evidence and
demonstration by peer experts, which are designed to assist
doctors and patients in making appropriate medical care
decisions for specific clinical conditions (5). The treatment
guidelines pay more attention to evidence-based medical
evidence such as randomized controlled trials and open clinical
trials, and also refer to other levels of evidence, such as literature
meta-analyses, making them more scientific and practical.

The formulation process of treatment guidelines is very
time-consuming and requires a significant amount of human
and financial resources, but countries must still establish their
guidance system and update it on a timely basis (6) because
treatment guidelines have numerous benefits for patients,
doctors, medicine supply managers, and health policymakers.
It can improve compliance and availability of medicines for
patients, as well as reduce the occurrence of adverse reactions.
With the cost-effective methods provided by the guidelines,
doctors can make appropriate treatment decisions for specific
clinical manifestations, making the diagnosis and treatment of
diseases and medicine selection more scientific, standardized,
and standard, thereby effectively promoting essential medicines
policy and rational medicine use (7, 8). Medicine supply
managers are now better able to estimate the demand for
medicines and effectively control inventory. For policymakers,
the treatment guidelines can be incorporated into the assessment
criteria used to evaluate and compare the nursing quality of
different medical institutions and doctors (9), ensuring that the
treatment guidelines are of great value.

In the past, essential medicines were selected from a
list of specified medicines. Currently, essential medicines are
selected from a list of therapeutic medicines recommended by
treatment guidelines, thus, the selection of essential medicines
should be more closely aligned with treatment guidelines (10).
The selection of essential medicines combined with treatment
guidelines can better improve the quality of essential medicines
and establish the needs of medical institutions for essential
medicines, which is critical for the diagnosis, treatment, and
medication of patients (11). If the matching degree of essential
medicines list and treatment guidelines is low, it will reduce
doctors’ recognition of essential medicines and dampen their
excitement for clinical use of essential medicines.

Molds (12) argues that treatment guidelines should be
developed first, and the essential medicines list should be
composed of the medicines recommended by the guidelines.
Only when treatment guidelines and the essential medicines
list are developed and used together, as opposed to as single,
irrelevant, and possibly contradictory entities, can they have a
positive impact on clinical practice (13). The treatment guideline
connects the essential medicines list to clinical practice. To supply
high-quality medicines for clinical needs, the essential medicines
list must be extremely consistent with treatment guidelines.
Zeng FD (8) and Feng JJ (14) believed that the selection and
dynamic adjustment process of the essential medicines list should
be coupled with the formulation of treatment guidelines, and
the implementation of the essential medicine list should be
combined with the training of treatment guidelines, to promote
the improvement of China’s essential medicine system and guide
clinical rational medicine use. South Africa has established an
essential medicine selection model based on clinical guidelines,
with treatment guidelines as the core, first to formulate treatment
guidelines, and then to formulate an essential medicine list
that includes all the drugs recommended in the treatment
guidelines (15).

There are still some issues with the clinical application of
essential medicines in China. There are disparities, for instance,
between essential medicines and the actual medicine demand
of a grass-root clinic. Zhang BY (16) analyzed the consistency
between the medicines of a neurology department in a hospital
and the medicines recommended in relevant guidelines and
found that the consistency between the medicines used in
hospitals for common diseases and the first-line and second-
line medicines listed based on evidence is different. Some of the
medicines recommended for clinical by doctors in the guidelines
are not on the essential medicines list, indicating that there
may be a mismatch between the guidelines and the current
essential medicines list. In particular, the dark events of tumor
therapy revealed by Dr. Zhang Yu of the Peking University Third
Hospital last year once again brought attention to the treatment
turmoil in the field of tumors. Ma Jun, director of Harbin
Institute of Hematology and tumor and chairman of the board of
supervisors of the Chinese Society of Clinical Oncology (CSCO),
also pointed out that non-standard treatment is a common
problem in tumor treatment (17). Research and analysis of 182
patients with chemotherapy drug reasonableness (18) published
by the Journal of North Pharmacy in 2019 found that 37.91% of
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the 182 cancer patients were administered chemotherapy drugs
inappropriately. The data cited in “Rational use of oncology
drugs in 174 lung cancer patients” (19), which was published
in the 8th issue of Central South Pharmacy in 2020, revealed
that 83.9% of 174 patients with primary lung cancer admitted to
a hospital in 2019 exhibited an unreasonable drug use pattern.
In only 28 (16.1%) medical records, the oncology medication
treatment protocol is plausible. Therefore, to standardize the
clinical diagnosis and treatment of tumors, it is critical to
formulate high-quality guidelines and a list of essential medicines
that matches the guidelines.

Currently, the evaluation of essential medicines focuses
primarily on the examination of the safety, effectiveness,
and cost-efficiency of essential medicines. The study on the
guidelines focuses mostly on guideline interpretation and quality
assessment. No article evaluates the quality of essential medicines
based on the consistency between the essential medicines list
and treatment guidelines. It is necessary to investigate whether
there is a mismatch between the essential medicines list and
treatment guidelines, and if so, what is the main manifestation
of the problem, and how it may be adjusted and improved in
the future. China is currently in a critical period of adjusting
the essential medicines list. This paper will evaluate whether
essential medicines are high-quality medicines for clinical needs
from the perspective of the consistency between the oncology
drugs in the national essential medicines list (2018 Edition) and
the oncology drugs recommended in the treatment guidelines,
and will attempt to improve the matching degree between the
list and the guidelines through research, as well as improve the
role of China’s essential medicines list in guiding clinical rational
medicine use and accessibility.

METHODS

Firstly, the relevant data on China’s disease burden was identified.
Using the Mortality, morbidity, and risk factors in China and
its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017(20) published by the lancet in
2019, this article analyzed and compared the mortality, years of
life loss (YLLs), years of disabled life (YLDs), disability-adjusted
life years (DALYs), and other indicators in all provinces in China
between 1990 and 2017. This article reveals that cancer is still a
serious disease in China. In 2017, eight types of tumors accounted
for the top 25 causes of death in YLLs, including lung cancer
(third), liver cancer (fifth), gastric cancer (seventh), esophageal
cancer (eleventh), colorectal cancer (fifteenth), breast cancer
(twenty-first), leukemia (twenty-second), and brain cancer and
central nervous system cancer (twenty-third).

Then, using databases such as yaozhi.com and dingxiangyuan
medication assistant, we obtained the drug instructions and
analyzed the indications of oncology drugs in the national
essential medicines list (2018 Edition), and the specific tumors
involved were sorted according to the number of medicines
used to treat each specific tumor, from greater to lesser. In the
2018 version of the national essential medicines list, there are 35
oncology medicines. Sodium ISO and ondansetron are used as

oncology auxiliary medicines. So the above-mentioned medicines
were not included in this study. Therefore, this study has collated
indications of 33 oncology medicines. Leukemia (17 kinds
of essential medicines), breast cancer (16 kinds of essential
medicines), lung cancer (13 kinds of essential medicines),
esophageal cancer (10 kinds of essential medicines), and gastric
cancer (8 kinds of essential medicines) are the five kinds of
tumors for which a large number of medicines are available.

Therefore, combined with the number of medicines for each
tumor in the essential medicines list and the disease burden, the
guidelines for seven specific tumors and the essential medicines
list were finally determined. These seven tumors included lung
cancer, liver cancer, gastric cancer, esophageal cancer, colorectal
cancer, breast cancer, and leukemia.

After identifying the type of tumor, it is vital to locate relevant
guidelines, as there are few official guidelines for each disease
in China, the majority of which are formulated by relevant
organizations, resulting in a significant number of disease-
related guidelines of varying quality. Therefore, we formulated
relevant standards to screen the guidelines, The specific screening
criteria were as follows: (1) unit qualification: it must be a
government department, an authoritative discipline association,
or an organization with significant influence, such as the
Chinese Medical Association, the National Health Commission
of the people’s Republic of China, the Chinese Medical Doctor
Association, the Chinese Society of Clinical Oncology, etc., (21),
to ensure the quality of guidelines; (2) Country: issued by the
main body of China; (3) Release time: 2015-2022 or the most
recent version of the guideline outside of this window, with the
most recent version preferred; (4) Text type: the official guide
is preferred. In the absence of a guide or if the publication date
of the guide is too soon, the expert consensus is selected as
appropriate (21); (5) Content of the guide: includes the main
contents of tumor medicine therapy.

The essential medicines list and the guidelines will be
compared from two perspectives following the screening of
the guidelines: (1) compare the consistency between specific
essential medicines and medicines recommended by the
guidelines published in 2018 and before; (2) compare the
consistency between specific essential medicines and medicines
recommended by the guidelines published after 2018, which
is quantified by the degree of matching. The matching degree
formula is: matching degree = 