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A B S T R A C T

Introduction: In China, traditional Chinese medicine (TCM) is regarded as an effective treatment for primary liver
cancer (PLC). The present study analyzed the effect of TCM on the survival period of patients with PLC by
analyzing the relationship between the treatment-duration-ratio of traditional Chinese medicine (C-TDR, (tradi-
tional Chinese medicine treatment duration)/(Overall treatment duration) � 100%) and the survival time of 1002
patients with PLC.
Methods: In this study, 1002 patients with PLC admitted to TCM Oncology Department of Changhai Hospital from
January, 2015 to December, 2019 were enrolled. The univariate and multivariate Cox regression equation,
propensity score matching (PSM) were performed to identify independent prognostic factors for survival out-
comes of PLC patients at different stages and estimate the influence of C-TDR on survival time.
Results: Cox regression analysis indicated that C-TDR was an independent prognostic factor for survival outcome
(P＜0.05) and a corresponding reduction of relative risk of death of 75.67% (relative risk (RR) ¼ 0.2433; 95%
Confedential Interval (CI) ¼ 0.1747–0.3388). Similarly, it is also an independent prognostic factor for patients
outcome of each stage (P＜0.05). The 251 patients of BCLC-A reduced 96.09% risk of mortality (RR ¼ 0.0391;
95%CI ¼ 0.0151–0.1012). The 396 BCLC-B patients decreased risk of death of 81.24% (RR ¼ 0.1876, 95%CI ¼
0.1112–0.3163). Moreover, 355 patients of stage C demonstrated a 51.36% lower risk of death (RR ¼ 1.0016,
95%CI ¼ 0.9885–1.0149). Significant differences were found in the median overall survival (OS) both higher and
lower C-TDR of all patients. Even after PSM, the overall survival of two groups were significantly improved
following each stage.
Conclusion: Earlier administration of traditional Chinese medicine can reduce the risk of mortality and prolong
survival in patients with liver cancer.
1. Introduction virus infection in the population cohort born between 1945 and 1965 as
Primary Liver cancer (PLC)is the fourth most common malignancy and
the second most common cause of death from cancer worldwide [1]. The
incidence rateofhepatocellular carcinoma(HCC)variesglobally,withmore
than 80% of the cases occurring in low-to-medium resource countries; the
incidence rate is particularlyhigh inEastAsia and sub-SaharanAfrica [2]. In
theUnitedStates, the age-adjusted incidence rate of the disease tripled from
1992 to 2010; it has leveled off in the past few years [3, 4]. The increase in
the incidence rate may be due to the high prevalence of chronic hepatitis C
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well as the greatly increased burden of the metabolic syndrome [3, 4].
Though China's population accounts for only 18.4% of the global popula-
tion, 466,000 new cases of liver cancer and 422,000 liver cancer-related
deaths were reported in China in 2022; these account for 55.4% and
53.9% of the corresponding global rates, respectively [5, 6]. The prognosis
of PLC is generally poor, and the incidence rate-to-mortality ratio is 1:0.9.
The 5-year survival rates of patients with PLC in North America and China
are 15%–19% and only 12.1%, respectively. Accordingly, PLC is a serious
threat to the lives and health of people [7, 8, 9, 10].
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PLC can be divided into three types as follows: Hepatocellular carci-
noma (HCC), intrahepatic cholangiocellular carcinoma (ICC) and a
mixed HCC-ICC type. HCC accounts for about 80% of all cases [11]. A
variety of treatments are recommended for PLC, with surgical resection,
liver transplantation, and radiofrequency ablation being recommended
for the treatment of early stage [12]. Transcatheter arterial chemo-
embolization (TACE) has become the standard treatment for patients
with intermediate stage PLC [13]. Recently, Tyrosine kinase inhibitors
(Tki) and Immune checkpoint inhibitors (ICIs) had been developed for
the treatment of advanced liver cancer [14].

Because liver cirrhosis is the basis of PLC in most patients, the
prognosis depends on not only the tumor burden, but also on the degree
of liver dysfunction as well as the patients' performance status (PS). In
most cases of solid tumors, an intraoperative pathological examination of
the resected specimen is performed to determine the tumor stage, which
in turn is used to determine the tumor–node–metastasis (TNM) classifi-
cation. However, the TNM staging system cannot explain the degree of
liver dysfunction and the patient's PS, which determine the feasibility of
treatment and need to be considered during clinical decision-making for
patients with HCC [1].

Several alternative staging systems have been proposed, including
the Barcelona Clinical Liver Cancer (BCLC) staging system, Italian Liver
Cancer Program, Japanese Comprehensive Staging, and Chinese Uni-
versity Prognostic Index, among others [15]. Although no staging sys-
tem has been accepted universally, BCLC staging may provide the most
prognostic information because it includes the assessment of the tumor
burden, liver function, and patient's PS. Therefore, it is recognized by
the Professional Association of Liver Diseases. The prognostic ability of
BCLC staging has been verified in European, American, and Asian
populations [16, 17]. The advantage of BCLC staging is that it can
stratify the survival rate of patients with HCC into substrates of 0, A, B,
C, and D. Therefore, it can be easily applied to patient care directly [18,
19, 20].

PLC staging is based on imaging to determine the tumor burden, i.e.,
the number, size, and location of the tumor and whether there is vascular
invasion (even when the intrahepatic portal root and extrahepatic metas-
tasis are involved). Following treatment (resection, ablation, and liver
transplantation) of patients with very early (BCLC-0) and early (BCLC-A)
HCC, the 5-year overall survival rate (OS) is 50%–75% [21]. The liver
function of patients with intermediate-stage HCC (BCLC-B) is protected,
without cancer-related symptoms, multinodular HCCs, vascular invasion,
or extrahepatic metastasis. Transarterial chemoembolization is the stan-
dard of care for these patients and provides an OS that might reach 4 years
in optimal candidates. Patients with BCLC-C HCC include those with
advanced diseases whomay have cancer-related symptoms; however, their
liver function is relatively preserved (Child–Pugh A or B, but the liver
function is not seriously damaged as described previously), and they may
have vascular invasion or extrahepatic spread.

Traditional Chinese medicine (TCM) had been widely used as an
essential treatment for liver cancer in China [22]. It has been reported that
long-term of TCM is essential for prolonging survival as well as for main-
taining quality of life in these patients [23]. However, there is no consensus
on the duration of TCM treatment use and for how long TCM should be
extended [23]. Jiedu Granule is a TCM compound that is widely used by
patients with liver cancer in China. It is composed of a variety of anti-cancer
TCMs. According to the TCM theory, it is used for clearing away heat and
toxic substances. A number of studies conducted by our team have clearly
proven the effectiveness and safety of Jiedu Granules against PLC [29, 30,
31, 32, 33]. However, we found that its treatment timemay be an important
factor that could affect the OS. Therefore, we designed the present study;
hrein, we introduced a new concept, the treatment-duration-ratio of TCM
(C-TDR), which was defined as (TCM treatment duration)/(overall treat-
ment duration) � 100%.

The main objective of the current study was to assess the effect of
TCM on the survival period of PLC by analyzing the relationship between
C-TDR and the survival time.
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2. Material and methods

2.1. Study design and participants

Patients with advanced PLC who received treatments from Changhai
Hospital in Shanghai, China between January 2015 and December 2019
were eligible for this study. The inclusion criteria were (1) a diagnosis of
PLC, confirmed histologically or cytologically, or confirmed clinically in
accordance with the Guidelines for Diagnosis and Treatment of Primary
Liver Cancer in China (2019 Edition) [24]; (2) BCLC stages A to C cate-
gorization; (3) age �18 years; (4) Eastern Cooperative Oncology Group
(ECOG) PS � 2 [25]; (5) Child–Pugh class A or B; and (6) estimated
survival �3 months. Exclusion criteria were: (1) patients known to be
allergic to Chinese herbal medicine or TCM preparations; (2) uncon-
trollable heart, brain, kidney, lung, and other organ diseases; (3) previous
(within 5 years) or other incurable malignant tumors at the same time;
(4) history of mental illness or psychotropic substance abuse; (5)
incomplete data; and (6) patients who in the judgment of the investi-
gator, were not suitable for inclusion.

All the patients provided written informed consent before undergoing
any study-specific procedures. The study has been approved by the
Institutional Review Board of Chinese Clinical Trial Registry (CHiECRCT-
20150073) and follows the tenants of the Declaration of Helsinki.

2.2. Procedures

This was a retrospective, real-world study. All patients entered into
the liver cancer database received Traditional Chinese Medicine treat-
ment based on Jiedu granules, twice a day, 30 min after meals, for more
than 3 months. Simultaneously, all patients were administered the best
supportive treatments possible; these treatments included liver protec-
tion, stomach protection, and anti-viral treatments, among others. Pa-
tients were allowed to select follow-up treatments according to their
needs or preferences; these included TACE, minimally invasive therapy,
radiotherapy, targeted therapy, and immunosuppressive therapy, among
others.

Jiedu Granule [33](Tianjiang Pharmaceutical Factory, Jiangsu,
China; Production License No. Su ZzY20010266) was administered twice
a day at an individual dose of 8 g (equal to 80 g raw herbal material) 30
min after meals. The JD Granule formula is composed of Actinidia valvata
root, Salvia chinensis root, Cremastra appendiculata bulb, and the gizzard
membrane of Gallus gallus domesticus, in a proportion of 1:1:0.4:0.4. The
herbs and gizzard membrane are extracted in hot water and lyophilized
to form the compound. Treatment with JD Granule was continued until
the patient died or was unable to continue taking the drug [33].

The follow-up period began immediately after the off-treatment visit
and was planned to continue. Telephone and outpatient or inpatient
follow-ups were performed if the patient was alive or withdrew consent,
until the follow-up deadline on June 30, 2021. Patients were scheduled
to be followed up for survival every 2 months, and all anticancer treat-
ments received were reported. The primary outcome was overall survival
(OS), which was the time from the onset of treatment to death.

All patients were divided into three groups according to BCLC stage,
including 251 in stage A, 396 in stage B, and 355 in stage C. Patients were
assigned to two groups; high and low TDR groups, according to the median
C-TDR at each stage (Figure 1). Those exceeding the median C-TDR are
defined as high TDR. Conversely, below the median C-TDR is low TDR.

2.3. Statistical analysis

Kaplan–Meier analysis and log-rank test were used to evaluate dif-
ferences in survival between the treatment groups. A subgroup analysis
was also performed. Univariate and multivariate Cox regression analyses
were used to assess the hazard ratio (HR) or relative risk (RR) and 95%
confidence interval (CI) for prognostic variables. Two-sided P values less
than 0.05 were considered statistically significant.



Figure 1. Trial profile. A total of 1002 eligible patients, including 251 in stage
A, 396 in stage B and 355 in stage C.

Table 1. Baseline of demographic data and patient characteristics.

BCLC-A
(N ¼ 251)

BCLC-B
（N ¼ 396）

BCLC-C
（N ¼ 355）

Gender Male 203 (80.8%) 327 (82.5%) 312 (87.8%)*

Female 48 (19.2%） 69 (17.5%) 43 (12.2%）*

Age �55 121 (48.6%) 187 (47.2%) 259 (72.6%)*

<55 129 (51.4%) 209 (52.8%) 96 (27.4%)*

Hepatitis Absent 30 (11.9%) 35 (8.8%) 22 (6.1%)*

HAV 3 (1%) 1 (0.2%) 2 (0.5%)*

HBV 213 (84.8%) 354 (87.1%) 317 (89.2%)*

HCV 2 (0.6%) 4 (1%) 12 (3.3%)#

Others 3 (1%) 2 (0.4%) 2 (0.5%)*

Child-Pugh A 245 (97.6%) 335 (84.5%) 270 (76.0%)*

B 6 (2.4%) 61 (15.5%) 85 (24.0%)#

Tumor Type Single 218 (86.9%) 167 (42.1%) 100 (28.1%)*

Multiple 33 (13.1%) 135 (34.0%) 111 (31.2%)*

Massive 0 79 (19.9%) 114 (32.1%)#

Diffuse 0 11 (2.7%) 30 (8.4%)#

Tumor
location

Right 142 (56.6%) 247 (62.3%) 227 (63.94%)*

Left 74 (29.5) 101 (25.5%) 85 (23.94)*

Left&right 35 (13.9%) 38 (13.2%) 43 (12.11%)*

Tumor size �3cm 179 (71.3%) 59 (14.96%) 66 (18.59%)#

3–5cm 57 (21.7%) 98 (24.7%) 63 (17.75%)#

5–10cm 15 (0.06%) 163 (41.2%) 126
(35.49%)#

�10cm 0 76 (19.2%) 100
(28.17%)#

Tumor
thrombus

Absent 0 0 171
(48.17%)#

Present 0 0 184
(51.83%)#

Lymph node
metastasis

Absent 0 0 245
(69.01%)#

Present 0 0 110
(30.99%)#

Distant
metastasis

Absent 0 0 263
(74.08%)#

Present 0 0 92 (25.92%)#

Surgical
history

Absent 118
(47.01%)

225
(56.82%)

245 (69.01%)*

Present 133
(52.99%)

171
(43.18%)

110 (30.99%)*

BCLC:Barcelona Clinic Liver Cancer.
* P < 0.05 indicates statistical significance.
# P > 0.05 indicates no statistical significance.
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3. Results

3.1. Demographical and clinical characteristics

Patient baseline characteristics are shown in Table 1.

3.2. Survival analysis

Figure 2 shows different OS outcomes for 1002 patients and the
different BCLC stages. The median OS duration was 33.63 months for all
patients, and 112.27 months, 37.5 months, and 14.7 months in stages A,
B and C, respectively (Figure 2). The 1-, 2- and 5- year survival rates of
stages A–C were 95.29% vs. 84.90% vs. 57.15%, 77.23% vs. 50.03% vs.
18.53%, and 63.05% vs. 32.24% vs. 13.72% respectively.

3.3. Factors associated with OS

Multivariate Cox proportional hazards analysis identified prognostic
factors associated with OS in the 1002 patients with PLC, including C-
TDR, BCLC stages, tumor size, tumor type, and ascites (P< 0.05; Table 2).
Higher C-TDR in patients with liver cancer reduced the risk of death by
75.67% (RR [95%CI]¼ 0.2433 [0.1747,0.3388]). Four important factors
that increased the risk of death in patients with liver cancer were BCLC
stage, tumor size, tumor type, and ascites (BCLC-B or BCLC-C vs. BCLC-A:
104.70% (RR [95%CI] ¼ 2.047 [1.5296,2.7393] vs. 366.93% (RR [95%
CI] ¼ 4.6693 [3.4306,6.3554]), tumor size: 36.01% (RR [95%CI] ¼
1.3601 [1.0947,1.6899]), multiple vs. single: 53.46% (RR [95%CI] ¼
1.5346 [1.146,2.0549]), massive vs. single: 85.75% (RR [95%CI] ¼
1.8575 [1.1776,2.9299]), and ascites: 71.01% (RR [95%CI] ¼ 1.7101
[1.243,2.3528]) (Figure 3).

Similarly, C-TDR was an independent prognostic factor for 251 pa-
tients in stage A (P < 0.05; Table 3). A higher C-TDR in BCLC-A reduced
the risk of mortality by 96.09% (RR [95%CI]¼ 0.0391 [0.0151,0.1012])
(Figure 4).

At stage B, three clinical characteristics were significantly associated
with OS: C-TDR, tumor type, and ascites (P < 0.05; Table 4). A higher C-
TDR of 396 in BCLC-B patients decreased the risk of death by 81.24% (RR
[95%CI] ¼ 0.1876 [0.1112,0.3163]). Tumor type and ascites elevated
the risk of death for BCLC-B patients (multiple vs. single: 38.31% (RR
[95%CI] ¼ 1.3831 [1.0072,1.8992], ascites: 102.150% (RR [95%CI] ¼
2.0215 [1.1325,3.6082]) (Figure 5).
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Moreover, C-TDR, Child-Pugh score, follow-up treatment, and ascites
were important factors affecting survival in 355 BCLC-C patients (P <

0.05; Table 5). Higher C-TDR, accepted local treatment, and accepted
combined treatment demonstrated 51.36% (RR [95%CI] ¼ 1.0016
[0.9885,1.0149], 29.53% (RR [95%CI] ¼ 0.7047 [0.5004,0.9924]), and
56.57% (RR [95%CI] ¼ 0.4343 [0.263,0.7173]) lower risk of death,
respectively. Diffuse exposure increased the risk of death by 97.49% (RR
[95%CI] ¼ 1.0088 [0.9696, 1.0495]) (Figure 6).

3.4. Propensity score and survival analysis

All patients were assigned to two groups; high and low TDR groups,
according to the median C-TDR at every stage. Propensity score matching
(PSM) and survival analysis were used to analyze the prognostic factors for
1002 patient outcomes at different stages. There was no significant dif-
ference in the baseline data between the H-TDR and L-TDR groups before
and after PSM at the three stages (P > 0.05) (Appendix Table S1-S4). The
H-TDR group had different outcomes for OS, compared with L-TDR, before
and after PSM at every stage. Before PSM, median OS duration was 49.2



Figure 2. Kaplan–Meier analysis of overall survival in 1002 and BCLC stages
patients. OS:Overall Survival, mOS:Median Overall Survival, m:month,
BCLC:Barcelona Clinic Liver Cancer.

Figure 3. Analysis of prognostic factors in 1002 patients with OS. TCM: TDR of
TCM, Local&Systemic: Local treatment & Systemic therapy.
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months for the 501 patients in the H-TDR group, compared with 22.77
months for the 501 patients in the L-TDR group (P ¼ 0.00 < 0.05; HR ¼
0.4628 [0.3879–0.5522]) (Figure 7A). After PSM, the difference in OS was
significant between the H-TDR (51.53 months) and L-TDR group (21.73
months) (P ¼ 0.00 < 0.05, HR ¼ 0.4217 [0.3491–0.5094]) (Figure 7B),
with comparable 1-, 2-, and 5-year survival rates (86.09% vs. 70.95%,
59.79% vs. 32.25%, and 45.88% vs. 16.99%, respectively).

Similarly, there were statistically significant differences in OS be-
tween the H-TDR and L-TDR groups before and after PSM at all three
stages. BCLC-A stage: Before PSM, H-TDR group (125 patients) 134.47
months vs. L-TDR group (126 patients) 40.8 months (P¼ 0.00< 0.05, HR
¼ 0.3034 [0.1863–0.4941]) (Appendix Fig S1A); 1-, 2-, and 5-year sur-
vival rates (100% vs. 90.1%, 87.78% vs. 61.44%, and 75.7% vs. 38.42%).
After PSM, H-TDR group (98 patients) 134.47 months vs. L-TDR group
(98patients) 40.8 months (P ¼ 0.00 < 0.05, HR ¼ 0.3034
[0.1774–0.5190]) (Appendix Fig S1B); 1-, 2-, and 5-year survival rates
(100% vs. 89.87%, 90.02% vs. 59.23%, 75.51% vs. 37.0%, respectively).
BCLC-B stage: Before PSM, H-TDR group (198 patients) 49.2 months vs.
L-TDR group (198patients) 26.77 months (P¼ 0.00< 0.05, HR¼ 0.5441
(0.4151–0.7132) (Appendix Fig S2A); 1-, 2-, and 5-year survival rates
(89.13% vs. 80.18%, 59.48% vs. 36.89%, and 40.78% vs. 18.5%,
respectively). After PSM, H-TDR group (156 patients) 52.93months vs. L-
TDR group (156patients) 23.67 months (P ¼ 0.00 < 0.05, HR ¼ 0.4472
[0.3331–0.6003]) (Appendix Fig S2B); 1-, 2-, and 5-year survival rates
(90.19% vs. 75.23%, 64.52% vs. 30.24%, 44.25% vs. 15.23%, respec-
tively). BCLC-C stage: Before PSM, H-TDR groups (177 patients) 16.9
months vs. L-TDR group (178 patients) 12.27 months (P ¼ 0.00 < 0.05,
HR ¼ 0.7260 [0.5564–0.9474]) (Appendix Fig S3A); 1- and 2-year sur-
vival rates (64.17% vs. 50.05%, 21.17% vs. 15.28%, respectively). After
Table 2. The multivariate Cox proportional hazards associated with OS in 1002
patients with PLC.

OS RR value（95%CI） P value Risk of death

TDR of TCM 0.2433 (0.1747,0.3388) 0.000 < 0.05* 75.67%↓

Age 1.0084 (0.9995,1.0175) 0.0656 > 0.05# -

BCLC-B VS BCLC-A 2.047 (1.5296,2.7393) 0.00 < 0.05* 104.70%↑

BCLC-C VS BCLC-A 4.6693 (3.4306,6.3554) 0.000 < 0.05* 366.93%↑

Child-B VS Child-A 0.7533 (0.5658,1.0029) 0.052 > 0.05# -

Tumor size 1.3601 (1.0947,1.6899) 0.0055 < 0.05* 36.01%↑

Multiple 1.5346 (1.146,2.0549) 0.004 < 0.05* 53.46%↑

Massive 1.8575 (1.1776,2.9299) 0.0077 < 0.05* 85.75%↑

Diffuse 1.0221 (0.9935,1.0514) 0.1315 > 0.05# -

Local treatment 0.9719 (0.4444,2.1259) 0.9432 > 0.05# -

Systemic therapy 0.9905 (0.7683,1.2771) 0.9416 > 0.05# -

Local&Systemic 0.7057 (0.493,1.0102) 0.0568 > 0.05# -

Ascites 1.7101 (1.243,2.3528) 0.001 < 0.05* 71.01%↑

* P < 0.05 indicates statistical significance.
# P > 0.05 indicates no statistical significance.
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PSM, the H-TDR group (134 patients) 17.4 months vs. L-TDR group
(134patients)10.8 months (P ¼ 0.00 < 0.05, HR ¼ 0.6207
[0.4613–0.8351]) (Appendix Fig S3B); 1- and 2-year survival rates
(66.11% vs. 45.19% and 24.03% vs 11.87%, respectively).

3.5. Discussion

In recent years, the combination of Chinese and western medicine has
been a relatively acceptable treatment method [22, 23]. TCM has unique
Table 3. The Cox regression analysis of 251 BCLC-A patients.

OS RR value（95%CI） P value Risk of death

TDR of TCM 0.0391 (0.0151,0.1012) 0.000 < 0.05* 96.09%↓

Age 1.0236 (0.9964,1.0516) 0.0895 > 0.05# -

Child-B VS Child-A 1.7974 (0.3624,8.9155) 0.473 > 0.05# -

Multiple vs single 1.1279 (0.5772,2.204) 0.7247 > 0.05# -

Tumor size 1.0382 (0.8575,1.2569) 0.7011 > 0.05# -

Local treatment 1.8297 (0.7729,4.3318) 0.1694 > 0.05# -

Systemic therapy 1.7479 (0.8105,3.7692) 0.1544 > 0.05# -

Ascites 2.0831 (0.565,7.6795) 0.2703 > 0.05# -

* P < 0.05 indicates statistical significance.
# P > 0.05 indicates no statistical significance.



Figure 4. Analysis of prognostic factors in 251 BCLC-A patients with OS. TCM:
TDR of TCM.

Table 4. The Cox regression equation analysis of 396 BCLC-B patients.

OS RR value（95%CI） P value Risk of death

TDR of TCM 0.1876 (0.1112,0.3163) 0.000 < 0.05 81.24%↓

Age 1.0132 (0.9989,1.0276) 0.07 > 0.05 -

Child-B VS Child-A 0.598 (0.3451,1.0361) 0.0667 > 0.05 -

Multiple 1.3831 (1.0072,1.8992) 0.045 < 0.05 38.31%↑

Massive 1.3921 (0.9035,2.1449) 0.1337 > 0.05 -

Diffuse 1.6204 (0.5829,4.5043) 0.3548 > 0.05 -

Tumor size 1.0267 (0.9806,1.0751) 0.2613 > 0.05 -

Local treatment 1.241 (0.7659,2.011) 0.3806 > 0.05 -

Systemic therapy 0.691 (0.4461,1.0703) 0.0978 > 0.05 -

Ascites 2.0215 (1.1325,3.6082) 0.0173 < 0.05 102.150%↑

*P < 0.05 indicates statistical significance, #P > 0.05 indicates no statistical
significance.

Figure 5. Analysis of prognostic factors in 396 BCLC-B patients with OS
TCM: TDR of TCM.

Table 5. The Cox regression equation analysis with 355 BCLC-C patients.

OS RR value（95%CI） P value Risk of death

TDR of TCM 1.0016 (0.9885,1.0149) 0.0039 < 0.05 51.36%↓

Age 0.9266 (0.6525,1.316) 0.8069 > 0.05 -

Child-B VS Child-A 1.2711 (0.8907,1.8138) 0.6703 > 0.05 -

Multiple 1.5322 (0.9967,2.3556) 0.1861 > 0.05 -

Massive 1.9749 (1.1291,3.4541) 0.0518 > 0.05 -

Diffuse 1.0088 (0.9696,1.0495) 0.0171 < 0.05 97.49%↑

Tumor size 0.814 (0.6105,1.0852) 0.6649 > 0.05 -

Extrahepatic metastasis 0.809 (0.6289,1.0406) 0.1608 > 0.05 -

Local treatment 0.7047 (0.5004,0.9924) 0.0451 < 0.05 29.53%↓

Systemic therapy 0.6768 (0.2867,1.5975) 0.373 > 0.05 -

Local&Systemic 0.4343 (0.263,0.7173) 0.0011 < 0.05 56.57%↓

Ascites 1.1773 (0.7771,1.7837) 0.4412 > 0.05 -

*P < 0.05 indicates statistical significance, #P > 0.05 indicates no statistical
significance.
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advantages for the prevention and treatment of PLC [22, 23]. An
increasing number of studies indicate that TCM has a unique advantage
in relieving and curing PLC because of its good curative effect and fewer
adverse reactions. Previous study showed that Huaier granule, a tradi-
tional Chinese medicine, can significantly prolong recurrence-free sur-
viva and reduced extrahepatic recurrence for HCC after curative liver
resection [26]. Another study explored the benefits of TCM therapy in the
long-term survival of 3483 patients with PLC and found that using TCM
as adjuvant therapy can probably prolong median survival time and
improve the OS among patients with HCC [27]. However, there is no
consensus in the world on the length of TCM treatment and for how long
this therapy should be extended [22, 23].

This is the first and largest real-world study in China to evaluate the
significance of TCM taking duration in the treatment of PLC. There were
significant differences in the Child–Pugh class; tumor type, location, size,
and thrombus; and prevalence of lymph node and distant metastases
among the BCLC stage A,B and C (Table 1). Patients with different stages
of PLC have different conditions and OS. Generally, compared to BCLC-A
and BCLC-B, BCLC-C is more serious and is associated with a shorter OS
(Figure 2). Here we introduced a new concept, treatment-duration-ratio
5

of Traditional Chinese Medicine (C-TDR) to investigate the association of
C-TDR and survival outcomes. The treatment-duration-ratio of Tradi-
tional Chinese Medicine (C-TDR) refers to the percentage of time
receiving TCM treatment in overall treatment time. The higher percent-
age means that the time of starting traditional Chinese medicine treat-
ment is close to the time of onset and adheres to traditional Chinese
medicine treatment for a long time. The results showed high C-TDR was
an independent prognostic factors for OS of TCM intervention. In other
words, the earlier TCM, the longer OS. Similar results were also obtained
using PSM analysis and multivariable Cox regression analysis (Appendix
Fig S1-S3). The propensity score is a balanced score that can be used to
explain the systematic differences between the exposure and control



Figure 6. Analysis of prognostic factors in 355 BCLC-C patients with OS. TCM: TDR of TCM, Local&Systemic: Local treatment & Systemic therapy.

Figure 7. Kaplan–Meier analysis of overall survival in H-TDR and L-TDR group before and after propensity score matching. A: Before PSM, 0: L-TDR group, 1: H-TDR
group; B: After PSM, 1: L-TDR group, 2: H-TDR group.
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groups in an observational study. The score is constructed by estimating
the exposure probability of the patients in each study cohort; this is
achieved by limiting the exposure probability to the available observed
variables. Propensity scores can be estimated by regressing the treatment
allocation of the observed baseline characteristics using a logistic
regression model. At the individual level, this is a way to measure a
person's likelihood of receiving treatment after considering their baseline
characteristics [28]. Variables used to construct the propensity scores in
our study were stages; age; sex; Child–Pugh class; tumor type, location,
6

size, and thrombus; lymph node metastasis, ascites, and distant metas-
tasis. The choice of these covariates was based on literature on the
associated or predisposing factors for PLC prognosis. The adequacy of
balance was assessed using standardized differences. These methods
were conducted to balance the baseline and control for confounding
factors.

This study started in 2015 to assess OS in patients with PLC who were
undergoing TCM treatment with Low C-TDR and High C-TDR. Our pre-
vious studies showed that Chinese Herbal Medicine effectively prolongs
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OS of PLC Patients for every stage [27, 28, 29, 30, 31, 32, 33]. A
multicenter, open-label, randomized, controlled study [29]which
compare the efficacy of a TCM regimen and TACE in preventing recur-
rence in post-resection patients with early HCC found that the THM
regimen had prolonged the recurrence-free survival and overall survival.
The retrospective study [32]which the effect of combined therapy with
TACE and Jiedu granule preparation in the treatment of patients with
Metaphase Liver Cancer on survival showed TACE combined with Jiedu
granule can prolong OS of patients. Another prospective cohort study
[33] have revealed that sorafenib and Jiedu Granule had the same effect
for the treatment of Chinese patients with advanced HCC. Based on
studies aforesaid, the present study took C-TDR as the research object for
the first time. The outcome showed that earlier traditional Chinese
medicine treatment obtain a longer OS for patients with liver cancer.
Therefore, TCM treatment could be useful as a effective treatment. The
longer the TCM treatment duration, the better prognosis of PLC.

There were several limitations in our study. First, this was a retro-
spective analysis study that inevitably had a selective bias in patient
selection. Second, radiology reports and images were not evaluated by an
independent reviewer and inaccurate recording of tumor lesions by the
patient's treating provider may have occurred. Finally, other treatment
duration or doses of other concurrent medications were not considered in
our analysis, such as checkpoint inhibitor (anti-PD1) and targeted
(antibody or small molecule) therapies. In addition, more data and more
sites are warranted to assess the impact of patients' characteristics on the
selection of TCM treatments.

4. Conclusions

In conclusion, high C-TDR was an independent prognostic factors for
OS of intervention. Patients with PLC receiving earlier Traditional Chi-
nese Medicine can reduces risk of mortality and prolong survival time.
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