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Abstract

Background: Liver cancer is a severe public health problem worldwide, and it creates a relatively higher disease
burden in China than in the Western world. Despite achieving notable progress in China, potential differences in some
aspects of medical services for liver cancer may persist across different regions and hospitals. This warrants serious
consideration of the actual status of and barriers to liver cancer treatment. We intended to explore the present status
of and obstacles in liver cancer treatment especially for advanced-stage liver cancer.

Methods: In February 2021, a national multicenter cross-sectional study was conducted among 1500 doctors from
31 provinces of mainland China using a self-administered online questionnaire. Participants completed the question-
naire about their general information, perspectives on the current status of liver cancer treatment, and expectations
for future treatment. Chi-square and logistic regression analyses were performed to explore the differences associated
with the regions, doctors’ professional ranks, and hospital levels.

Results: Treatment conditions, medications, and treatment strategies were inconsistent across different economic
regions and hospital of different levels. With respect to obstacles in treatment, 76.6% of the doctors were unsatisfied
with the current treatment for liver cancer. Important factors that influenced their satisfaction with the treatment for
liver cancer included early diagnosis and the disclosure of true conditions to patients.

Conclusions: There persists differences in the treatment of liver cancer in China, besides barriers to treatment. More
attention should be paid to the detection and treatment of liver cancer and the propagation of novel progress among
doctors in underdeveloped areas.
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Introduction

As a major public health issue, liver cancer is the sixth
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diagnosed with liver cancer each year, and approximately
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2,814,000 patients die from the disease annually [3]. The
condition is often detected at an advanced stage, mak-
ing the treatment extremely difficult, and the therapeutic
outcomes are far from expectations [4]. Therefore, liver
cancer is a serious threat to the lives and health of the
Chinese population.

With advances in the understanding of steps leading to
liver cancer worldwide, researchers have proposed novel
treatment strategies, including immunotherapy and tar-
geted therapy [5]. The constant development of novel
techniques and drugs provides hope for further advances
[6]. The survival rates of patients with liver cancer have
improved in certain countries [7]. The Oncology Branch
of the Chinese Medical Association revised and updated
existing guidelines and issued the “Guidelines for diag-
nosis and treatment of primary liver cancer in China”
to further standardize the diagnosis and treatment [8].
In the recent two decades, China’s overall medical and
health services have been significantly improved. The
difference between the developed and underdeveloped
regions has decreased. However, regional differences still
clearly exist among different regions across the nation,
with the overall pattern being that the medical resources
are distributed more in the East than in the West. Poten-
tial unevenness of knowledge, therapeutic concepts,
and economic status across different regions, hospitals,
and individual doctors may exist in the Chinese society,
which could create difficulties in the treatment of liver
cancer. However, there are no reports on the actual sta-
tus of liver cancer treatment in mainland China. There-
fore, we aimed to conduct this national, multicenter
study to investigate the present status of and obstacles in
liver cancer treatment especially for advanced-stage liver
cancer.

Methods

Study population

The study was conducted using a convenience sample.
All participants were doctors who had registered on the
Beijing iGandan Foundation’s online platform (http://
www.gdxz.org.cn/). This is an online academic platform
of public welfare focused on hepatobiliary diseases, and
has more than 32,000 active users who are doctors from
approximately 5000 hospitals across mainland China.
One thousand and five hundred doctors from all the 31
provinces in mainland China were randomly selected
to be invited through e-mail. These were mainly physi-
cians specializing in liver disease-related diseases, from
departments such as the liver disease and infection, at
hospitals that were county-level and above. Each partici-
pant signed the informed consent at the beginning of the
study. Participants were free to withdraw at any stage of
the survey, and privacy and confidentiality were ensured.

Page 2 of 13

Questionnaire design

The questionnaire consisted of three sections (Additional
file 1: Table S1). The first section collected general infor-
mation about the respondents, such as their sex, age,
region, professional rank, and hospitals (Table 1). The
second section explored the current status of the diag-
nosis and treatment for liver cancer in China from the
following three dimensions: different economic regions,
levels of hospitals, and doctors’ professional ranks. Addi-
tional file 1: Figure S1 illustrated the economic regions,
hospital levels, and doctors’ professional ranks in main-
land China. According to the National Bureau of Statis-
tics, China is divided into four major economic regions
based on geographical location and economic develop-
ment: East, Central, Western, and Northeast China. The
East is the most economically developed with adequate
medical resources, while most of the West is economi-
cally underdeveloped. Hospitals in mainland China are
graded into primary, secondary, and tertiary hospitals.
The primary hospitals provide primary health care in
communities; secondary hospitals provide medical ser-
vices across several communities; tertiary hospitals are
cross-regional hospitals with comprehensive medical,
teaching, and scientific research capabilities. Hospitals
of each level are further divided into first, second, and

Table 1 Respondent characteristics

Demographic variables Number Percentage (%)
(n=1021)
Sex
Male 588 576
Female 433 424
Economic regions
East 321 314
Central 351 344
West 255 250
Northeast 94 9.2
Work experience
1-5 years 35 34
6-15 years 179 175
16-25 years 322 315
>25 years 485 475
Professional ranks
Resident 27 26
Attending physician 136 133
Deputy chief physician 356 349
Chief physician 502 49.2
Hospital levels
Secondary and lower hospital 265 26.0
Tertiary hospital 185 18.1
Tertiary first-class hospital 571 559
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third-class, among which tertiary first-class hospitals
possess the highest qualification. Doctors of all profes-
sional ranks participated in the study, including resi-
dents, attending physicians, deputy chief physicians, and
chief physicians. We analyzed the treatment conditions
(hospitals’ ability to conduct further tests to determine
the nature of the liver masses, the price and adequacy of
drugs, and the percentage of patients with advanced can-
cer encountered in the doctors’ practice), medications
[preferred immunotherapy and targeted drugs, methods
to deal with adverse effects of targeted therapy, and atti-
tude towards traditional Chinese medicine (TCM)], and
treatment strategies (major considerations for prescrib-
ing, disclosure of the patients’ true conditions, recom-
mended hospitals for vague diagnosis, and individuals
who will make the final decisions on treatment) for liver
cancer. The last section comprised multiple-choice ques-
tions to collect information on expectations for future
treatment. Questions during the survey were asked in
Chinese. The questionnaire was translated into English
when drafting this manuscript, and checked by a bilin-
gual editor with a medical background.

Data collection

The questionnaire was pre-tested by 50 doctors from
the Beijing You’an Hospital, and 35 valid questionnaires
were recovered. The pre-test did not identify any ques-
tions that were inconsistent with the objectives of the
questionnaire, questions with wrong options or answers,
or questions that most respondents did not answer. The
average time to complete the questionnaire was 4 min
and 22 s, and the longest was 6 min and 19 s.

A total of 1500 questionnaires were sent out through
e-mail, and the participants could answer the question-
naire at their convenience. Considering that doctors from
the same hospital may have similar opinions on treat-
ment methods and strategies, especially treatment condi-
tions, a maximum of six doctors from one single hospital
were allowed so that the overall outcomes were not influ-
enced by samples from a few hospitals with too many
invited participants. If more than six questionnaires were
collected from the same hospital, only six of them were
randomly selected and the extra ones were regarded as
invalid and thus excluded from subsequent analysis. A
few quite easy questions irrelevant to the topic (for exam-
ple, arithmetic problems) were set as quality control. A
tiny minority of participants who answered incorrectly
to such questions were considered as distracted or not
serious during the survey, and thus their questionnaires
were regarded as invalid. We excluded questionnaires
that took more than 10 min to complete to ensure that no
participant looked up references while filling the ques-
tionnaire. Finally, 1021 valid questionnaires from 821
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hospitals were collected, with an effective response rate
of 68%.

Data analysis

We used IBM SPSS Statistics for Windows, version 26.0,
(IBM Corp, Armonk, NY) to process the research data.
The variables are presented as frequency and ratio. To
study the current status of liver cancer treatment, the
participants were grouped according to their region,
professional rank, and level of hospital. We performed
chi-square and logistic regression analyses to explore
the differences caused by the above-mentioned factors.
To investigate the barriers in liver cancer treatment, we
grouped the doctors according to their satisfaction with
the current treatment. The positive results of the univari-
ate analysis and other potential influencing factors were
included in the multivariate logistic regression analysis to
identify obstacles in the treatment of liver cancer. For all
tests and analyses, a P-value <0.05 was considered statis-
tically significant.

Result

Participant characteristics

As shown in Table 1, a total of 1021 participants were
finally included in the study, among whom 588 (57.6%)
were male. There were 321 (31.4%), 351 (34.4%), 255
(25.0%), and 94 (9.2%) participants coming from East,
Central, West, and Northeast China, respectively.
Approximately half (55.9%) of the participants worked
in tertiary first-class hospitals, less than twenty per-
cent (18.1%) worked in tertiary hospitals, and the others
(26.0%) worked in secondary and lower level hospitals.
There were 502 (49.2%) chief physicians, 356 (34.9%)
deputy chief physicians, 136 (13.3%) attending physi-
cians, and 27 (2.6%) residents. The majority had medical
practice of more than 5 years.

Treatment status

Differences in liver cancer treatment among different regions
with different economic status

Some statistically significant differences among different
economic regions were found, including hospitals’ ability
to confirm the nature of liver masses (P=0.004, Table 2),
preferred choice of targeted drugs (P<0.001, Table 2),
and major considerations for prescribing medications
(P=0.008, Table 2). Notably, correlations were further
investigated using logistic analysis.

In terms of treatment conditions, the hospitals’ abil-
ity to conduct further tests to determine the nature of
the liver masses was better in East China than in North-
east China (odds ratio, OR 4.127, 95% CI 1.625-10.483
P=0.003). Compared with those in East China, fewer
doctors in Central and West China considered the
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Table 2 Differences in the treatment conditions, medications, and treatment strategies among different economic regions
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Questions Answers East China (n=321) Central China West China (h=255) Northeast P-value
(n=351) China
(n=94)
Treatment conditions
Is the price of medica- Yes 112 (34.9%) 84 (23.9%) 67 (26.3%) 24 (25.5%) 0.011*
tion acceptable?
No 209 (65.1%) 267 (76.1%) 188 (73.7%) 70 (74.5%)
Are drugs sufficient? Yes 73 (22.7%) 87 (24.8%) 57 (22.4%) 33 (35.1%) 0.075
No 248 (77.3%) 264 (75.2%) 198 (77.6%) 61 (64.9%)
What is your major Imported 89 (27.7%) 118 (33.6%) 88 (34.5%) 43 (45.7%) 0.011*
drug source?
Domestic 188 (58.6%) 169 (48.1%) 132(51.8%) 40 (42.6%)
Available 44 (13.7%) 64 (18.2%) 35 (13.7%) 11(11.7%)
What is the percent- <40% 100 (31.2%) 85 (24.2%) 76 (29.8%) 39 (41.5%) 0.012*
age of the advanced
stage cancer in your
practice?
40-60% 129 (40.2%) 134 (38.2%) 90 (35.3%) 33 (35.1%)
>60% 92 (28.7%) 132 (37.6%) 89 (34.9%) 22 (23.4%)
What is the percentage  <20% 163 (50.8%) 183 (52.1%) 142 (55.7%) 52 (55.3%) 0.621
of the first diagnosis?
20-40% 94 (29.3%) 109 (31.1%) 66(25.9%) 22 (23.4%)
>40% 64 (19.9%) 59 (16.8%) 47 (18.4%) 20 (21.3%)
Is the method of diag-  Yes 166 (51.7%) 183 (52.1%) 117 (45.9%) 47 (50.0%) 0436
nosis enough?
No 155 (48.3%) 168 (47.9%) 138 (54.1%) 47 (50.0%)
Is your hospital able Yes 312(97.2%) 341 (97.2%) 244 (95.7%) 84 (89.4%) 0.004*
to conduct further
tests to determine
the nature of the liver
masses?
No 9 (2.8%) 10 (2.8%) 11 (4.3%) 10 (10.6%)
Medication methods
Do you advocate Yes 194 (60.4%) 243 (69.2%) 146 (57.3%) 51 (54.3%) 0.005*
traditional Chinese
medicine?
No 127 (39.6%) 108 (30.8%) 109 (42.7%) 43 (45.7%)
What is your preferred PD-1 246 (76.6%) 273 (77.8%) 179 (70.2%) 75 (79.8%) 0.054
immunotherapy drug?
PD-L1 70 (21.8%) 62 (17.7%) 62 (24.3%) 16 (17.0%)
CTLA-4 5(1.6%) 16 (4.6%) 14 (5.5%) 3(3.2%)
How do you deal with  Keeping the dosage 108 (33.6%) 116 (33.0%) 97 (38.0%) 35(37.2%) 0.844
adverse effects of and frequency
targeted therapy?
Reducing the dosage 174 (54.2%) 186 (53.0%) 125 (49.0%) 48 (51.1%)
Intermittent medication 39 (12.1%) 49 (14.0%) 33 (12.9%) 11(11.7%)
What is your preferred Sorafenib 151 (47.0%) 200 (57.0%) 162 (63.5%) 59 (62.8%) <0.001*
targeted drug?
Lenvatinib 145 (45.2%) 109 (31.1%) 65 (25.5%) 25 (26.6%)
Second-line drugs 25 (7.8%) 42 (12.0%) 28 (11.0%) 10 (10.6%)
Treatment strategies
What are your major Cost or insurance 95 (29.6%) 127 (36.2%) 97 (38.0%) 41 (43.6%) 0.008*
considerations for
prescribing?
Effectiveness 174 (54.2%) 174 (49.6%) 106 (41.6%) 40 (42.6%)
Availability 52(16.2%) 50 (14.2%) 52 (20.4%) 13 (13.8%)
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Table 2 (continued)
Questions Answers East China (n=321) Central China West China (n=255) Northeast P-value
(n=351) China
(n=94)

What is your preferred  Targeted therapy 36 (11.2%) 39 (11.1%) 28 (11.0%) 11(11.7%) 0.962
treatment regimen?

Immunotherapy 5(1.6%) 4(1.1%) 3(1.2%) 0 (0.0%)

Target therapy & Immu- 272 (84.7%) 301 (85.8%) 217 (85.1%) 81 (86.2%)

notherapy

Chemotherapy 8 (2.5%) 7 (2.0%) 7 (2.7%) 2(2.1%)
Do you support the Yes 225 (70.1%) 205 (58.4%) 147 (57.6%) 55 (58.5%) 0.004*
disclosure of the
patients’ true condi-
tions?

No 96 (29.9%) 146 (41.6%) 108 (42.4%) 39 (41.5%)
Who will make the final  Doctors 37 (11.5%) 40 (11.4%) 46 (18.0%) 18 (19.1%) 0113
decisions on treatment?

Patients 75 (23.4%) 88 (25.1%) 61 (23.9%) 18 (19.1%)

Patients'family 209 (65.1%) 223 (63.5%) 148 (58.0%) 58 (61.7%)
Is the pathological Yes 159 (49.5%) 172 (49.0%) 148 (58.0%) 40 (42.6%) 0.036*
diagnosis important?

No 162 (50.5%) 179 (51.0%) 107 (42.0%) 54 (57.4%)
What is your recom- Local hospitals 83(25.9%) 31 (8.8%) 23 (9.0%) 16 (17.0%) <0.001*
mended hospital
when the diagnosis is
vague?

Provincial capital 86 (26.8%) 206 (58.7%) 136 (53.3%) 34 (36.2%)

hospitals

National top hospitals 152 (47.4%) 114 (32.5%) 96 (37.6%) 44 (46.8%)

Bold and * indicate statistical significance (P <0.05)

drugs inexpensive (OR0.587 for Central China, 95% CI
0.420-0.821, P=0.002; OR0.665 for West China, 95% CI
0.463-0.954, P=0.027). In addition, doctors in Central
China encountered higher percentage of the advanced
stage cancer than those in East China (OR 1.688, 95% CI
1.139-2.501, P=0.009).

Regarding the medications for liver cancer, consider-
ing sorafenib a reference, participants in other regions
were less inclined to choose lenvatinib than those in East
China. (OR 0.568 for Central China, 95% CI 0.410-0.786,
P=0.001; OR 0.418 for West China, 95% CI 0.289-0.603,
P<0.001; and OR 0.441 for Northeast China, 95% CI
0.262-0.742, P=0.002). TCM was less likely to be recom-
mended in East China than in Central China (OR 0.679,
95% CI 0.494-0.934, P=0.017).

With regard to treatment strategies, recommenda-
tions to provincial capital hospitals were more preferred
in other regions than in East China (OR 6.413 for Cen-
tral China P<0.001; 95% CI 3.956-10.398, OR 5.707 for
West China, 95% CI 3.342-9.744, P<0.001; and OR 2.051
for Northeast China, 95% CI 1.053-3.993, P=0.035).
The recommendation for treatment in national top hos-
pitals across the country was more preferred in Cen-
tral and West China than in East China (OR 2.008 for

Central China, 95% CI 1.244-3.241, P=0.004; OR 2.279
for West China, 95% CI 1.344-3.864, P=0.002). Doc-
tors in East China prioritized pathological examinations
less than those in West China (OR 0.710, 95% CI 0.509—
0.988, P=0.042). Informing patients of their true con-
ditions was less supported in other regions than in East
China (OR 0.599 for Central China, 95% CI 0.435-0.825,
P=0.002; OR 0.581 for West China, 95% CI 0.411-0.820,
P=0.002; OR 0.602 for Northeast China, 95% CI 0.374—
0.967, P=0.036). In addition, doctors in West and North-
east China paid more attention to cost or insurance than
those in East China while prescribing drugs. Instead, they
considered curative effects less important (OR 0.597 for
West China, 95% CI 0.411-0.865, P=0.007; OR 0.533 for
Northeast China, 95% CI 0.322—0.880, P=0.014).

Differences in liver cancer treatment among different levels

of hospitals

Different levels of hospitals displayed some significant
differences in the availability of drugs (P=0.038, Table 3),
attitudes towards TCM (P<0.001, Table 3), and opin-
ions on the disclosure of true conditions to the patients
(P<0.001, Table 3). Related data was presented in Table 3
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Questions Answers Tertiary first-class Tertiary Secondary and P-value
hospital (n=571) hospital lower hospital
(n=185) (n=265)
Treatment conditions
Is the price of medication accept- Yes 398 (69.7%) 148 (80.0%) 188 (70.9%) 0.024*
able?
No 173 (30.3%) 37 (20.0%) 77 (29.1%)
Are drugs sufficient? Yes 146 (25.6%) 32(17.3%) 72 (27.2%) 0.038*
No 425 (74.4%) 153 (82.7%) 193 (72.8%)
What is your major drug source? Imported 188(32.9%) 66(35.7%) 84(31.7%) 0.240
Domestic 306(53.6%) 93(50.3%) 130(49.1%)
Available 77(13.5%) 26(14.1%) 51(19.2%)
What is the percentage of the <40% 165 (28.9%) 48 (25.9%) 87 (32.8%) 0315
advanced stage cancer in your
practice?
40-60% 222 (38.9%) 77 (41.6%) 87 (32.8%)
>60% 184 (32.2%) 60 (32.4%) 91 (34.3%)
What is the percentage of first diag- <20% 289 (50.6%) 94 (50.8%) 157 (59.2%) 0.058
nosis?
20-40% 61 (28.2%) ( 4%) (27 2%)
>40% 121 (21.2%) 3(17.8%) 6(13.6)
Is the method of diagnosis enough? Yes 290 (50.8%) 81 (43.8%) 42 (53.6%) 0.114
No 281 (49.2%) 104 (56.2%) 123 (46.4%)
Is your hospital able to conduct fur-  Yes 564 (98.8%) 180(97.3%) 237 (89.4%) <0.001*
ther tests to determine the nature
of the liver masses?
No 7 (1.2%) 5(2.7%) 28 (10.6%)
Medication methods
Do you advocate traditional Chinese Yes 330 (57.8%) 115(62.2%) 189 (71.3%) <0.001*
medicine?
No 241 (42.2%) 70 (37.8%) 76 (28.7%)
What is your preferred immunotherapy PD-1 445 (77.9%) 134 (72.4%) 194 (73.2%) 0.253
drug?
PD-L1 106 (18.6%) 41 (22.2%) 63 (23.8%)
CTLA-4 20 (3.5%) 0 (5.4%) 8 (3.0%)
How do you deal with adverse Keeping the dosage and frequency 197(34.5%) 72(38.9%) 87(32.8%) 0.020*
effects of targeted therapy?
Reducing the dosage 307(53.8%) 97(52.4%) 129(48.7%)
Intermittent medication 67(11.7%) 16(8.6%) 49(18.5%)
What is your preferred targeted Sorafenib 326 (57.1%) 102 (55.1%) 144 (54.3%) <0.001*
drug?
Lenvatinib 209 (36.6%) 56 (30.3%) 79 (29.8%)
Second-line drugs 36 (6.3%) 27 (14.6%) 42 (15.8%)
Treatment strategies
What are your major considerations for -~ Cost or insurance 199 (34.9%) 68 (36.8%) 93 (35.1%) 0.766
prescribing?
Effectiveness 285 (49.9%) 84 (45.4%) 125(47.2%)
Availability 87(15.2%) 33(17.8%) 47(17.7%)
What is your preferred treatment Targeted therapy 58(10.2%) 20(10.8%) 36(13.6%) 0.400
regimen?
Immunotherapy 8(1.4%) 3(1.6%) 1(0.4%)
Target therapy & mmunotherapy 489(85.6%) 157(84.9%) 225(84.9%)
Chemotherapy 16(2.8%) 5(2.7%) 3(1.1%)
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Table 3 (continued)
Questions Answers Tertiary first-class Tertiary Secondary and P-value
hospital (n=571) hospital lower hospital
(n=185) (n=265)

Do you support the disclosure of Yes 382(66.9%) 110(59.5%) 140(52.8%) <0.001*
the patients’ true conditions?

No 189(33.1%) 75(40.5%) 125(47.2%)
Who will make the final decisions on Doctors 84(14.7%) 22(11.9%) 35(13.2%) 0.555
treatment?

Patients 129(22.6%) 52(28.1%) 61(23.0%)

Patients'family 358(62.7%) 111(60.0%) 169(63.8%)
Is the pathological diagnosis impor- Yes 285(49.9%) 100(54.1%) 134(50.6%) 0616
tant?

No 286(50.1%) 85(45.9%) 131(49.4%)
What is your recommended hospital Local hospitals 65 (11.4%) 27 (14.6%) 61 (23.0%) <0.001*
when the diagnosis is vague?

Provincial capital hospitals 199 (34.9%) 109 (58.9%) 154 (58.1%)

National top hospitals 307 (53.8%) 49 (26.5%) 50 (18.9%)

Bold and * indicate statistical significance (P <0.05)

in detail, and some positive findings were further investi-
gated via logistic analysis.

With regard to treatment conditions, the drugs were
considered insufficient (OR 1.642, 95% CI 1.074-2.512,
P=0.022) as well as costly (OR 0.575, 95% CI 0.385—
0.860, P=0.007) in tertiary hospitals compared with ter-
tiary first-class hospitals.

Regarding medications, upon encountering adverse
effects of the targeted therapy, doctors in secondary and
lower hospitals tended to recommend intermittent medi-
cations, whereas maintaining the dosage and frequency
was more likely to be suggested in tertiary first-class hos-
pitals (OR 1.656, 95% CI 1.060-2.588, P=0.027). Doc-
tors in tertiary first-class hospitals valued TCM less than
those in secondary and lower hospitals (OR 0.551, 95%
C10.402-0.754, P<0.001).

Regarding treatment strategies, informing patients of
their true conditions was more approved in tertiary first-
class hospitals than in secondary and lower hospitals (OR
1.805, 95% CI 1.340-2.430, P<0.001). Compared with
recommending patients to other local hospitals, doctors
in lower-level hospitals were less inclined to recommend
patients to national top hospitals nationwide (OR 0.384
for tertiary hospitals, 95% CI 0.224-0.660, P=0.001; OR
0.174 for secondary and lower hospitals, 95% CI 0.110—
0.275, P<0.001).

Differences in liver cancer treatment among doctors

of different professional ranks

Doctors of different professional ranks showed some sig-
nificant differences, including the major source of drugs
(P=0.048, Table 4), hospital’ ability to conduct further

tests (P=0.003, Table 4), preferred choice of immu-
notherapy drugs (P=0.011, Table 4), and opinions on
disclosure of the true conditions to patients (P<0.001,
Table 4). Detail information was present in Table 4, and
logistic analysis was utilized to investigate some interest-
ing findings further.

Regarding the medications, programmed death-ligand
1 (PD-L1) was more likely to be opted for immunother-
apy by the attending physicians and residents than by
chief physicians, than programmed cell death protein 1
(PD-1) (OR 1.691, 95% CI1.131-2.527, P=0.010).

In terms of treatment strategies, doctors of higher pro-
fessional ranks preferred informing patients of their true
conditions (OR 0.753 for deputy chief physicians, 95% CI
0.568-0.999, P=0.049; OR 0.488 for attending physicians
and residents, 95% CI 0.341-0.699, P<0.001). The patho-
logical diagnosis was prioritized more by those of lower
professional ranks (OR 0.561 for deputy chief physicians,
95% CI 0.392-0.803, P=0.002; OR 0.730 for attending
physicians and residents, 95% CI 0.556-0.959, P=0.024).
Chief physicians tended to select treatment solutions for
the patients, whereas deputy chief physicians tended to
let the patients select the treatment plan by themselves
(OR 1.622, 95% CI 1.017-2.587, P=0.042).

Obstacles in treatment

Physicians involved in this study were divided into two
groups according to their response to the question
regarding whether the current treatment for liver can-
cer was satisfactory. Among them, only 23.4% of doc-
tors were satisfied with the current treatment effect of
liver cancer, and the remaining 76.6% of doctors were
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Table 4 Differences in the treatment conditions, medications, and treatment strategies among doctors of different professional ranks

Questions Answers Chief Deputy chief Attending physicians  P-value
physicians physicians and residents
(n=502) (n=356) (n=163)
Treatment conditions
Is the price of medication acceptable? Yes 353 (70.3%) 258 (72.5%) 123 (75.5%) 0427
No 49 (29.7%) 98 (27.5%) 40 (24.5%)
Are drugs sufficient? Yes 33 (26.5%) 79 (22.2%) 38(23.3) 0328
No 369 (73.5%) 277 (77.8%) 125 (76.7%)
What is your major drug source? Imported 156 (31.1%) 132(37.1%) 50 (30.7%) 0.048*
Domestic 274 (54.6%) 177 (49.7%) 78 (47.9%)
Available 72(143%) 47 (13.2%) 35(21.5%)
What is the percentage of the advanced  <40% 153 (30.5%) 91 (25.6%) 56 (34.4%) 0.226
stage cancer in your practice?
40-60% 184 (36.7%) 140 (39.3%) 62 (38.0%)
>60% 165 (32.9%) 125 (35.1%) 45 (27.6%)
What is the percentage of the first <20% 265 (52.6%) 182 (51.1%) 94 (57.7%) 0.157
diagnosis?
20-40% 34 (26.7%) 116 (32.6%) 41 (25.2%)
>40% 04 (20.7%) 8 (16.3%) 28 (17.2%)
Is the method of diagnosis enough? Yes 239(47.6%) 180(50.6%) 94(57.7%) 0.082
No 263(52.4%) 176(49.4%) 69(42.3%)
Is your hospital able to conduct Yes 488(97.2%) 344(96.6%) 149(91.4%) 0.003*
further tests to determine the nature
of the liver masses?
No 14(2.8%) 12(3.4%) 14(8.6%)
Medication methods
Do you advocate traditional Chinese Yes 314 (62.5%) 217 (61.0%) 103 (63.2%) 0.851
medicine?
No 188 (37.5%) 139 (39.0%) 60 (36.8%)
What is your preferred immuno- PD-1 383(76.3%) 279 (78.4%) 111 (68.1%) 0.011*
therapy drug?
PD-L1 100 (19.9%) 61(17.1%) 49 (30.1%)
CTLA-4 19 (3.8%) 16 (4.5%) 3(1.8%)
How do you deal with adverse effects of Keeping the dosage and frequency 177 (35.3%) 124 (34.8%) 55 (33.7%) 0.688
targeted therapy?
Reducing the dosage 268 (53.4%) 81 (50.8%) 84 (51.5%)
Intermittent medication 57 (11.4%) 51 (14.3%) 24 (14.7%)
What is your preferred targeted drug? Sorafenib 275 (54.8%) 205 (57.6%) 92 (56.4%) 0.302
Lenvatinib 182 (36.3%) (31 .7%) 49 (30.1%)
Second-line drugs 45 (9.0%) 8 (10.7%) 22 (13.5%)
Treatment strategies
What are your major considerations for ~ Cost or insurance 178 (35.5%) 126 (35.4%) 56 (34.4%) 0.794
prescribing?
Effectiveness 249 (49.6%) 166 (46.6%) 79 (48.5%)
Availability 75 (14.9%) 64 (18.0%) 28 (17.2%)
What is your preferred treatment regi- Targeted therapy 63(12.5%) 31(8.7%) 20(12.3%) 0.264
men?
Immunotherapy 5(1.0%) 3(0.8%) 4(2.5%)
Target therapy & Immunotherapy 421(83.9%) 316(88.8%) 134(82.2%)
Chemotherapy 13(2.6%) 6(1.7%) 5(3.1%)
Do you support the disclosure of the  Yes 336(66.9%) 215(60.4%) 81(49.7%) <0.001*
patients’ true conditions?
No 166(33.1%) 141(39.6%) 82(50.3%)
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Table 4 (continued)
Questions Answers Chief Deputy chief Attending physicians  P-value
physicians physicians and residents
(n=502) (n=356) (n=163)
Who will make the final decisionson Doctors 89(17.7%) 39(11.0%) 13(8.0%) 0.004*
treatment?
Patients 121(24.1%) 86(24.2) 35(21.5%)
Patients’ family 292(58.2%) 231(64.9%) 115(70.6%)
Is the pathological diagnosis impor-  Yes 230(45.8%) 191(53.7%) 98(60.1%) 0.003*
tant?
No 272(54.2%) 165(46.3%) 65(39.9%)
What is your recommended hospital Local hospitals 61(12.2%) 64(18.0%) 28(17.2%) <0.001*
when the diagnosis is vague?
Provincial capital hospitals 197(39.2%) 170(47.8%) 95(58.3%)
National top hospitals 244(48.6%) 122(34.3%) 40(24.5%)

Bold and * indicate statistical significance (P <0.05)

dissatisfied. The percentage of doctors who were opti-
mistic about the treatment varied across different regions
(P=0.015). Doctors who reported a high percentage of
patients with advanced-stage liver cancer were more
likely to have negative attitudes towards current treat-
ment options for liver cancer (P<0.001). The unsatis-
fied group was also correlated with pessimistic attitudes
towards current diagnostic methods and medicine being
sufficient for clinical needs (both P<0.001). The doc-
tors of both groups demonstrated significantly different
methods to deal with adverse effects caused by the tar-
geted drugs (P=0.003), with more doctors in the satisfied
group displaying a tendency to maintain the therapeutic
dosage. In addition, those who supported informing the
patients of their true conditions tended to be satisfied
with the current treatment (P=0.032).

Univariate logistic analysis was conducted to find the
correlation between doctors’ satisfaction with the current
treatment and other attitudes or considerations (Addi-
tional file 1: Table S2). Those statistically significant cor-
relations were included in the multivariate analysis for
further investigation. Moreover, we included the doctors’
professional ranks (P=0.696), hospital levels (P=0.240),
and preferred choice of targeted drugs (P=0.065), as fac-
tors that potentially influenced doctors’ attitude towards
the current treatment, despite not reaching statistical sig-
nificance in the univariate analysis.

As shown in Fig. 1, the economic regions (P=0.015),
percentages of advanced-stage liver cancer in the doctors’
practice (P<0.001), preferred choice of targeted drugs
(P=0.036), methods to deal with adverse effects of tar-
geted drugs (P=0.014), informing patients of their real
conditions (P=0.040), and attitudes towards the current
medicine (P<0.001) were independently associated with
the satisfaction of doctors with the current treatment

for liver cancer, whereas the doctors’ professional ranks
(P=0.410), hospital levels (P=0.237), and attitude
towards the methods of diagnosis (P=0.087) failed
to display a correlation (Fig. 1). Compared with those
from East China, doctors from other regions tended to
be satisfied with the current treatment (OR 1.548 for
Middle China, P=0.037; OR 1.901 for West China, and
P=0.004; OR 2.004 for Northeast China, P=0.016). A
higher percentage of advanced-stage liver cancer patients
in the doctors’ practice suggested that their doctors were
less likely to be satisfied (<40% as the reference, OR 0.583
for 40-60%, P=0.004; OR 0.325 for>60%, P<0.001). A
pessimistic attitude towards the current medicine was
negatively related to their satisfaction with the treat-
ment for liver cancer (OR 0.274, P<0.001). The preferred
choice of second-line targeted drugs rather sorafenib and
lenvatinib impaired the satisfaction of doctors (OR 0.535,
P=0.036). Regarding the methods to deal with adverse
effects caused by the targeted drugs, dosage reduction
displayed a negative correlation with doctors’ satisfaction
(OR 0.608, P=0.004) than dosage maintenance. How-
ever, there was no significant difference in intermittent
medications (OR 0.693, P=0.172). Interestingly, the will-
ingness to inform patients of their true conditions was a
protective indicator of the optimistic attitude towards the
current treatment for liver cancer (OR 1.425, P=0.040).

Future expectations of doctors and patients

Nearly 90% of the doctors agreed with two treatment
modes for liver cancer, as follows: (1) long-term treat-
ment, in which the patients lived with tumors and the
disease progressed slowly; (2) to minimize the suffering
of patients and improve their quality of lives. However,
approximately half of the doctors hoped for a complete
cure, and only one-fifth of the doctors agreed on not
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Variable Number Dissatisfaction | Satisfaction Odds ratio P

Economic regions : 0.015

East China 321 | Reference

Central China 351 —— 1.547 (1.027, 2.331)  0.037

West China 255 , —— 1.901 (1.232, 2.932) 0.004

Northeast China 94 : —HM— | 2.004 (1.137,3.530) 0.016
Professional ranks 1 0.410

Chief physicians 502 [ | Reference

Deputy chief physicians 356 ——J— 1.268 (0.890, 1.807) 0.188

Attending physicians and residents 163 + 1.179 (0.740, 1.878) 0.488
Hospital levels . 0.237

Tertiary first-class hospitals 571 [ ] Reference

Tertiary hospitals 185 — 1.231(0.795, 1.906) 0.352

Second and lower hospitals 265 ':—-—' 1.375 (0.938, 2.016) 0.103
Is the method of diagnosis enough? !

Yes 513 . Reference

No 508 ——- 0.753 (0.544, 1.043) 0.087
What’s the percentage of the advanced stage in your practice? ! <0.001

<40% 300 . Reference

40%-60% 386 — = ! 0.583 (0.405, 0.839) 0.004

>60% 335 —— : 0.325 (0.215, 0.490) <0.001
Do you support the disclosure of the patients’ true conditions? |

No 389 - Reference

Yes 632 —il— 1.425 (1.015, 2.000) 0.040
What'’s your preferred targeted drugs? :

First-line 916 - Reference

Second-line 105 —— 0.535 (0.299, 0.939) 0.036
How do you deal with the adverse effects of the targeted therapy? : 0.014

Keeping the dosage and frequency 356 - Reference

Reducing the dosage 533 —l— 0.608 (0.434, 0.852) 0.004

Intermittent medicaion 132 '—.—:' 0.693 (0.410, 1.172) 0.172
Are drugs sufficient? 0

Yes 250 - Reference

No 7 | —i— X 0.274 (0.195, 0.385) <0.001

02 05 1 2

Fig. 1 Differences in baseline demographics and treatments between satisfied and dissatisfied physicians

implementing any painful and risky treatment (Fig. 2A).
More than 90% of the doctors displayed strong expec-
tations for obtaining updated knowledge about the
progress of liver cancer diagnosis and treatment by par-
ticipating in academic conferences, accessing journal
literature, and attending video lectures on professional
websites (Fig. 2B). Moreover, approximately 90% of the
doctors believed that patients with liver cancer were in
demand of increased early diagnosis rate, more novel
medications, the relief of economic burden, an improve-
ment in the quality of life, and psychological counseling
(Fig. 2C).

Discussion

This article used 1021 questionnaires to analyze the
current status of and obstacles in the treatment of liver
cancer treatment in China. We identified differences
in the treatment of liver cancer in China, particularly
across diverse economic regions. While most doctors are
unhappy with the present treatment for liver cancer, early

diagnosis and the revelation of true conditions to patients
were recognized as the contributing factors.

In 2015, the incidence of liver cancer in the economically
developed eastern region of China was 24.46/100,000,
compared with 27.41/100,000 and 29.56/100,000 in the
relatively underdeveloped central and western regions,
respectively. Liver cancer-related mortality was high-
est in the western region, at 2.545/100,000, followed by
24.18/100,000 and 21.98/100,000 in the central and eastern
regions, respectively [9]. High mortality due to liver can-
cer in economically undeveloped areas was closely related
to its high incidence, and relatively incomplete treatment
conditions for liver cancer were likely an important influ-
encing factor. With a non-negligible differences in the dis-
tribution of health resources across different regions of
China, which is a developing country with economic diver-
sity [10, 11], major cancer treatments and health service
use were more concentrated in rich patients than in poor
patients [12]. In the present survey, we reported on sig-
nificant differences in treatment conditions for liver can-
cer among different regions. Hospitals ability to determine
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Long-term treatment =
Minimize the suffering of patients =

Complete cure

89.4
88.9
55.8

far as you are concerned?

No painful or risky treatment =11.7
| | | | | | | | | |
B 0 20 40 60 80 100 (%)
Academic conferences =97.9
Video lectures on professional websites =J94.8
Journal literature =90.3
Official policies =53.7
| ] ] ] ] | |
C 0 20 40 60 80 100 (%)
Promoted rate of early diagnosis =495.1
Improvement in the quality of life =493.8
Psychological counseling =493.3
Relief of economic burden =493.2
More new medications available =489.7
| | | | | | | | | | |
0 20 40 60 80 100 (%)

Fig. 2 Future expectations of doctors and patients. A Which of the following treatment models do you expect for liver cancer? B How would you
like to get access to the updated knowledge on the progress of liver cancer diagnosis and treatment? C What do patients with liver cancer need as

the nature of the liver masses, drug price, and tumor stag-
ing were more positive in economically developed regions.
In addition, doctors paid more attention to cost or insur-
ance, which were realistic considerations in the treatment
for liver cancer, compared with curative effects, in less
developed regions. Therefore, more attention should be
paid to alleviating the differences in the treatment of liver
cancer among different regions in China.

The vague symptoms of liver cancer at an early stage
lead to the diagnosis at an advanced stage in most
patients, which excludes the possibility of local treat-
ments, such as curative hepatic resection, tumor ablation,
or trans-arterial therapy. Therefore, the systemic treat-
ment of advanced liver cancer has attracted much atten-
tion. The current first-line treatment includes sorafenib,
introduced in 2007 [13], and lenvatinib [14], introduced
in 2017. Furthermore, second-line treatments, such
as regorafenib and cabozantinib [14], are available. In
addition, PD-1 and PD-L1 are available for liver cancer
immunotherapy [15]. With remarkable advancements in
targeted therapy and immunotherapy for advanced liver
cancer, selecting the most suitable medication for patients

has become a new concern. Most doctors preferred len-
vatinib, particularly in tertiary first-class hospitals. A
phase III randomized, multicenter, open-label, non-
inferiority trial on first-line targeted therapy drugs dem-
onstrated that lenvatinib achieved better overall survival
benefits and longer median progression-free survival than
sorafenib [16]. Moreover, lenvatinib is less costly than
sorafenib. In this study, lenvatinib was more preferred in
East China than in other regions, compared with the con-
ventional first-line targeted therapy drug sorafenib. This
may be attributed to limited availability of updated knowl-
edge about liver cancer treatment to doctors in Central,
West, and Northeast China than to those in East China.
Targeted therapies, such as sorafenib, lenvatinib, regu-
lafenib, and cabozantinib, are associated with adverse
events that negatively impact the quality of life of patients
[17]. Severe drug resistance to targeted therapy is main-
tained during long-term application [18]. Low-cost
TCM can be used for comprehensive treatment with
fewer adverse events and multitarget regulation char-
acteristics. In the early stages of tumor development,
TCM can be used as a therapeutic regimen to alleviate
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protumor factors. Meanwhile, it can work as an adjuvant
therapy to improve the survival, alleviate drug-related
adverse effects, and improve quality of life in the inter-
mediate and terminal stages. Therefore, the application of
TCM has been advocated in different stages of liver can-
cer development [19]. As reported by the World Health
Organization, traditional medicines principally derived
from plants serve as a fundamental part of the primary
health care of the major population in developing coun-
tries [20]. China is the origin of TCM and is the largest
developing country with a population of 1.4 billion. In
this study, two-third of the doctors approved the use of
TCM in the treatment of liver cancer. However, clini-
cians of tertiary first-class hospitals, which were the high-
est-ranked hospitals, were inclined to disapprove of the
application of TCM. This was possibly attributed to the
availability of adequate medications to doctors from ter-
tiary first-class hospitals.

Informing patients themselves with cancer about the
exact diagnoses and poor prognoses remains debatable,
without a consensus on this issue [21]. In the clinical set-
ting, undoubtedly it is crucial to safeguard the patients’
autonomy and right to be informed. Yet, in some circum-
stances, things can be a little different: when patients are
diagnosed with diseases with dismal prognoses, their
relatives may show kindness by concealing the truth to
comfort and encourage them. In China, where family har-
mony is perceived as one of the most vital social values,
doctors adopt a family-centered approach to cancer diag-
noses/prognoses disclosure. If family members decide
not to disclose the diagnosis/prognosis, doctors will
honor this decision and conceal the diagnosis/prognosis
from the patient. In this study, we investigated whether
the doctors agreed to disclose the true conditions of liver
cancer to patients. Sixty percent of the doctors believed
that patients with liver cancer should be informed of their
true condition. Further analysis demonstrated that telling
the truth was more supported by doctors who were satis-
fied with the treatment results. In addition, doctors from
economically developed areas and high-level hospitals
and those of higher professional ranks were more likely
to disclose the true conditions. Furthermore, the nega-
tive consequences of non-disclosure are not limited to
the neglect of patients’ natural rights. Poor physical con-
ditions [22], increased mental illnesses, and decreased
trust in family members and doctors [23] have been
reported in patients during the process of seeking out
the truth. Thus, disclosing the truth about the diagnosis
and prognosis of patients seems beneficial. Nonetheless,
further research is warranted to confirm the internal link
between disclosure and the treatment for liver cancer.

The prognosis of liver cancer is considerably driven by
the tumor stage [24]. The 5-year survival rate in patients
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detected at an early stage approaches 70% [25], whereas
those with advanced tumors have much poorer prognoses,
with a median survival of 1-2 years [26]. A higher percent-
age of advanced-stage cancer in the doctors’ practice sug-
gested that the doctors were less likely to be satisfied with
the current treatment of liver cancer. The implementation
of primary preventive measures for liver cancer in China
is an important way to reduce its disease burden; however,
clinicians should consider its secondary prevention, which
involves detecting the lesions timely, thus improving the
treatment efficacy and reducing the mortality [9].

In this study, hospital levels and doctors’ professional
ranks were not associated with the satisfaction of doctors
with the treatment effect. Compared with doctors from
East China, those from other regions tended to be satis-
fied with the current treatment for liver cancer, thereby
suggesting possible higher expectations for treatment
efficacy in East China.

This study had some limitations. First, this question-
naire-based study was based on a cross-sectional sur-
vey, which could not reflect the dynamic changes in the
doctors’ perspectives on the treatment of liver cancer.
In addition, doctors invited to complete the question-
naire were randomly selected from a convenience sam-
ple, which could compromise the representativeness and
thus lead to bias. Despite a small proportion of patients
being suitable for surgery, we barely discussed local-
regional treatment, with the questionnaire focusing on
the systemic treatment for liver cancer. However, this
nationwide study with a relatively large sample provided
valuable references for unraveling the current status of
and obstacles in the treatment of liver cancer.

Conclusion

This is the first questionnaire-based study to investigate
the current status of and obstacles in the diagnosis and
treatment of liver cancer from doctors’ perspectives in
China. Our findings highlighted the need to pay attention
to improving the subpar level of detection and treatment
for liver cancer in underdeveloped areas. In addition,
early diagnosis, disclosure of true conditions to the
patients, choice of system therapy drugs, and applica-
tion of TCM were positively correlated with the doctors’
satisfaction with liver cancer treatment. This necessitates
efforts to promote the current status of liver cancer treat-
ment and achieve better medical services for patients
with liver cancer in China.

Abbreviations
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