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Background: There is still no general consensus on the optimal chemotherapeutic agent selection for
transcatheter arterial chemoembolization (TACE) in unresectable hepatocellular carcinoma (HCC). The
present study aimed to compare the efficacy and safety of TACE with raltitrexed plus liposomal doxorubicin (R
+ PGLD) vs. tegafur plus pirarubicin (T + P) in patients with unresectable HCC.

Methods: A total of 148 patients with unresectable HCC treated with TACE between January 2012 and
December 2016 were retrospectively analyzed. Of them, 74 patients were in the R + PGLD group and 74
patients were in the T + P group (1:1). The treatment response of the tumor, overall survival (OS) time, and
adverse effects were compared between the two groups.

Results: There were no significant differences in patient characteristics or embolization effect (lipiodol
deposition) between the two groups (P>0.05). R + PGLD treatment had a better clinical efficacy than
T + P treatment (OR: 64.9% vs. 45.9%, P=0.031; DC: 89.2% vs. 74.3%, P=0.032). Portal vein invasion,
hepatic vein invasion, tumor size and BCLC stage were associated with OR or DC after TACE using R +
PGLD treatment. Survival analysis revealed that patients who received TACE with R + PGLD had a better
prognosis than those treated with T + P. Moreover, some complications in the R + PGLD group, including
vomiting, myelosuppression and cardiotoxicity, were significantly lower than those in the T + P group
(P<0.05).

Conclusions: TACE with raltitrexed and liposomal doxorubicin could reduce the incidence of adverse
reactions and significantly improve the OS of patients with unresectable HCC.
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Introduction

Worldwide, hepatocellular carcinoma (HCC) is the sixth
most prevalent cancer and ranks fourth in terms of cancer-
related mortality (1). Patients with early HCC may achieve
a long-term complete response (CR) and improved survival
after curative treatments (1,2). Unfortunately, a majority
of patients with HCC miss the opportunity for curative
treatments at the time of diagnosis (3). Transcatheter arterial
chemoembolization (TACE) has become the recommended
palliative therapy for patients with intermediate- or
advanced-stage HCC. However, the long-term outcomes of
patients treated with TACE are still generally poor (4,5).

Currently, there is still no general consensus on the
optimal chemotherapeutic agent for TACE in unresectable
HCC; thus, the effective management of TACE for
these patients remains a major challenge (6,7). To date,
the commonly used drugs in TACE chemotherapy are
fluorouracil (e.g., S-fluorouracil and tegafur), platinum (e.g.,
carboplatin, cisplatin and oxaliplatin) and anthracycline (e.g.,
pirarubicin and doxorubicin). In theory, the combination
of multiple drugs can improve efficacy and reduce
tumor resistance through a variety of different medicinal
mechanisms, but they simultaneously increase the side
effects of drugs (8).

Raltitrexed is an antimetabolite folic acid analog and is part
of a new generation of water-soluble thymidylate synthase
(T'S) inhibitors that directly inhibit TS, leading to DNA
fragmentation and apoptosis and enhancing the interference
of cancer cell DNA synthesis to increase antitumor activity (9).
Recently, a retrospective study (10) suggested that TACE with
oxaliplatin and raltitrexed could be effective with less toxicity
in patients with advanced HCC with major portal vein tumor
thrombus. Moreover, doxorubicin (DOX) monotherapy
has long been used as one of the most important
chemotherapeutic agents for HCC by directly destroying the
DNA double helix structure and inhibiting DNA replication
(11-13). By encapsulating doxorubicin hydrochloride
contained within a liposome of polyethylene glycol (PEG),
PEGylated liposomal doxorubicin (PGLD) can reduce DOX
toxicity and block the drug recognized by the mononuclear
macrophage system, thus prolonging its circulation, which
is a new type of chemotherapy drug delivery system (12-14).
To the best of our knowledge, the potential synergistic
efficacy of TACE using raltitrexed plus PGLD in patients
with unresectable HCC remains unclear and needs to be
investigated.

In the present study, combination therapy with

© Journal of Gastrointestinal Oncology. All rights reserved.

Liao et al. TACE with raltitrexed plus liposomal doxorubicin in HCC

raltitrexed and PGLD in TACE could alleviate adverse
chemotherapy responses in patients with HCC and improve
overall survival (OS). Therefore, TACE with a combination
of raltitrexed and PGLD may be a promising palliative
therapeutic option for patients with unresectable HCC.
We present the following article in accordance with the
STROBE reporting checklist. Available at http://dx.doi.
org/10.21037/jg0-20-59.

Methods
Study coborts

This is a retrospective study conducted on a prospectively
collected database on patients receiving TACE for
unresectable HCC at the First Affiliated Hospital of
Chongqing Medical University between January 2012 and
December 2016. A total of 223 consecutive patients with
unresectable HCC were enrolled in this study, who were
treated with TACE using raltitrexed (4 mg) plus PEG
liposomal doxorubicin (40 mg, R + PGLD group) or tegafur
(500-750 mg) plus pirarubicin (40 mg, T + P group).
The inclusion criteria were the following: (I) diagnosed
with HCC by two types of typical imaging modalities and
serological and pathological examinations; (II) valid and
reliable laboratory test data; (III) no anticancer treatments;
(IV) no history of other malignant diseases; (V) no serious
organ dysfunction; (VI) aged 18 to 75 years; and (VII) no
curative resection opportunity. There were 148 patients
who qualified for the study and were divided into the R +
PGLD group (n=74) and T + P group (n=74). A total of
75 patients were excluded based on the above criteria. The
deadline for follow-up was the end of December 2018. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was reviewed and
approved by the Ethics Review Board of the First Affiliated
Hospital of Chongqing Medical University (No. 2018107).
The treatment options of TACE were fully discussed
with the patients and a multidisciplinary discussion group
(including radiologists, surgeons, and oncologists). Written
consent was obtained from each patient before treatment.

TACE procedures

After local disinfection and anesthesia, the routinely used
Seldinger method was used to perform the percutaneous
puncture of the femoral artery in all patients. A selective
5 Fr catheter (Terumo Corporation, Tokyo, Japan) was
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introduced into the hepatic artery, and visceral angiography
was performed to check the arterial blood supply to tumors.
According to the patient’s tumor location, size, and arterial
supply, the tip of the catheter was introduced into the right
or left hepatic artery or tumor-feeding artery. In some
patients, a 2.9 Fr microcatheter (Terumo Corporation,
Tokyo, Japan) was used for technical reasons. Hepatic
artery infusion chemotherapy was injected into the tumor
target vessel using raltitrexed plus liposomal doxorubicin or
tegafur plus pirarubicin. Finally, the target vessel was fully
embolized using 5 mL of hot lipiodol. All procedures were
technically successful. After 4 weeks of treatment, the results
of angiographic reexamination, which showed whether
there was collateral circulation and iodized oil deposition,
were used to determine whether repeated TACE should be
performed.

Postoperative evaluation

To comparatively analyze the effectiveness of TACE in
patients with unresectable HCC, the following clinical
parameters were assessed: age, sex, hepatitis and cirrhosis
history, alpha-fetoprotein, tumor number, tumor size, tumor
stage, portal vein invasion, hepatic vein invasion, Eastern
Cooperative Oncology Group (ECOG) performance status
and laboratory indexes.

All patients were examined by upper abdominal
enhanced CT after the TACE procedure at approximately
1 month after initial treatment. The modified Response
Evaluation Criteria in Solid Tumors (mRECIST) (15)
was used to assess the efficacy. In brief, CR was defined
as no intratumoral arterial enhancement; partial response
(PR) was defined as <70% residual arterial enhancement
in the target nodules; stable disease (SD) was defined as
not qualifying for either PR or progressive disease (PD);
PD was defined as an increased size of the treated tumor
by 20%, the interval development of new intrahepatic
tumors, or both; and metastatic disease (MD) was defined
as the detection of new extrahepatic tumors. The degree of
remission was evaluated by the objective response (OR =
CR + PR) and disease control (DC = CR + PR + SD). The
ratio of the maximum cross-sectional diameter of iodized
oil deposition to the largest tumor cross-section diameter
was divided into three types: type I: dense (>70%); type 1I:
partial filling (30-70%); and type III: sparse (<30%).

Adverse events and TACE-associated complications
during and post treatment were recorded, including
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cardiotoxicities, vomiting, diarrhea, myelosuppression, and
liver function damage.

Statistical methods

All statistical analyses were performed using SPSS 24.0
(SPSS, Inc., Chicago, IL, USA). Continuous variables are
reported as the mean + standard deviation (SD) in OR and
DC analysis (Tables 1,2) or median (range) in characteristics
analysis (Table 3), and were compared using Student’s t test
or the nonparametric Mann-Whitney U test. Median of
continuous variables were used as cut-off values. Categorical
variables are expressed as a percentage and were examined
using the y’ test or Fisher’s exact test. The survival curves
were constructed by the Kaplan-Meier method and
compared by the log rank test. A two-tailed P<0.05 was
considered significant.

Results
Patient characteristics

The baseline characteristics of the patients are described in
Table 3. The R + PGLD group and T + P group comprised
61 and 64 men with a median age of 50.6 and 52.5 years,
respectively. In the two groups, the majority of patients had
cirrhosis (R + PGLD group and T + P group: 82.4% and
91.9%, respectively) and liver function with Child-Pugh
Grade A (R + PGLD group and T + P group: 89.2% and
97.3%, respectively). Most patients had multiple tumors
(R + PGLD group and T + P group: 77.0% and 67.6%,
respectively). Almost half of the patients had a large tumor
size (=5 cm; R + PGLD group and T + P group: 47.3% and
48.6%, respectively). Hepatic vein invasion (R + PGLD
group and T + P group: 28.4% and 21.6%, respectively)
and portal vein invasion (37.8% in both groups) occurred in
approximately one-fourth and one-third of patients in the R
+ PGLD group and T + P group, respectively. Additionally,
in the R + PGLD group and T + P group, 6 (8.1%) and 15
(20.3%) patients were BCLC stage A, and 33 (44.6%) and
24 (32.4%) patients were BCLC stage B, respectively. Both
groups had 35 (47.3%) patients who were BCLC stage C.
The baseline clinic pathological characteristics were broadly
similar between the two groups (P>0.05).

Treatment response of patients post TACE treatment

The posttreatment response was evaluated by CT as shown
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Table 1 Subgroups analysis of OR and DC achievement in R + PGLD group

OR DCR
Characteristics
Yes (n=48) No (n=26) P value Yes (n=66) No (n=8) P value
Age, years 51.0+11.7 52.0+10.4 0.707 50.8+11.0 55.8+12.4 0.313
Gender 0.760 1.000
Female 8 5 11 2
Male 40 21 55 6
HBsAg 0.195 0.339
Positive 38 24 54 8
Negative 10 2 12 0
Cirrhosis 0.760 0.624
Yes 40 21 55 6
No 8 5 11 2
Child-Pugh grade 0.705 1.000
A 42 24 59 7
B 6 2 7 1
Portal vein invasion <0.001 0.021
Yes 20 8 28 0
No 28 18 38 8
Hepatic vein invasion 0.003 0.096
Yes 19 2 21 0
No 29 24 45 8
Largest tumor size <0.001 0.714
<5cm 3 14 34 5
>5cm 45 12 32 3
Tumor number 1.000 0.185
<2 25 14 17 0
>2 23 12 49 8
ECOG 0.431 0.688
0-1 32 20 47 5
2 16 6 19 3
BCLC stage <0.001 0.004
A 0 6 6 0
B 19 14 25 8
C 29 6 35 0
AFP 0.804 1.000
<20 ng/mL 18 11 26 3
>20 ng/mL 30 15 40 5

Table 1 (continued)
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Table 1 (continued)
OR DCR
Characteristics
Yes (n=48) No (n=26) P value Yes (n=66) No (n=8) P value

WBC, 10%/L 5.7+2.3 6.1£2.5 0.475 5.8+2.4 6.2+2.0 0.620
PLT, 10%/L 132.8+48.6 155.1+56.7 0.097 141.8+54.0 131.4+37.1 0.496
ALB, g/L 44.4+4.8 4451 0.744 44.4+4.9 43.8+4.4 0.722
TBIL, ymol/L 16.7+6.6 14.8+6.9 0.054 15.3+6.3 171174 0.545
ALT, U/L 48.9+30.2 47.0+£26.9 0.787 47.9+29.0 51.1+£30.3 0.782
AST, U/L 49.4+27.4 47.0+26.9 0.125 47.3+27 1 37.1+12.7 0.087

OR, objective response; DC, disease control; R + PGLD, raltitrexed plus polyethylene glycol liposomal doxorubicin; HBsAg, hepatitis B
virus surface antigen; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha fetoprotein; WBC,
white blood cell; PLT, platelet; ALB, albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 2 Subgroups analysis of OR and DC achievement in T + P group

OR DC
Characteristics
Yes (n=34) No (n=40) P value Yes (n=55) No (n=19) P value
Age, years 51.3+13.2 53.55+11.8 0.451 53.2+12.2 50.6+13.3 0.467
Gender 0.171 1.000
Female 7 3 8 2
Male 27 37 47 17
HBsAg 0.147 0.746
Positive 25 35 45 15
Negative 9 5 10 4
Cirrhosis 1.000 0.643
Yes 31 37 51 17
No 3 3 4 2
Child-Pugh grade 1.000 0.450
A 33 39 54 18
B 1 1 1 1
Portal vein invasion 0.057 0.785
Yes 17 11 20 8
No 17 29 35 11
Hepatic vein invasion 0.002 1.000
Yes 13 3 12 4
No 21 37 43 15
Largest tumor size 0.061 0.429
<5cm 13 25 30 8
>5cm 21 15 25 11

Table 2 (continued)
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OR DC
Characteristics
Yes (n=34) No (n=40) P value Yes (n=55) No (n=19) P value
Tumor number 0.804 0.576
<2 12 12 20 5
>2 22 28 35 14
ECOG 0.138 0.054
0-1 26 23 40 9
2 8 17 15 10
BCLC stage 0.012 0.100
A 3 12 14 1
B 9 15 15 9
C 22 13 26 9
AFP 0.815 0.788
<20 ng/mL 15 16 24 7
>20 ng/mL 19 24 31 12
WBC, 10%/L 6.5+2.6 6.3+2.5 0.778 6.5+£2.7 6.2+1.9 0.526
PLT, 10°%/L 152.9+85.3 172.6+68.7 0.283 162.4+67.3 166.8+101.8 0.864
ALB, g/L 44.2+4.4 45.2+4.5 0.300 45.2+4.5 43.47+4.1 0.141
TBIL, pmol/L 16.5+7.1 15.6+5.1 0.541 15.6+5.2 17.3+8.3 0.395
ALT, U/L 39.3+20.7 41.6+£24.5 0.670 39.9+22.2 42.4+24.6 0.703
AST, U/L 42.6+21.8 40.4+23.0 0.675 41.7+23.6 40.7+18.9 0.862

OR, objective response; DC, disease control; T + P, tegafur plus pirarubicin; HBsAg, hepatitis B virus surface antigen; ECOG, Eastern
Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha fetoprotein; WBC, white blood cell; PLT, platelet; ALB,
albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

in Table 4. There was no significant difference in lipiodol
deposition (embolization effect) between the two groups
(P=0.785). The rates of OR (64.9% wvs. 45.9%) and DC
(89.2% wvs. 74.3%) were better in the R + PGLD group than
in the T + P group (P=0.031 and 0.032, respectively). In the
R + PGLD group and T + P group, 8 (10.8%) and 4 (5.4%)
patients achieved CR, and 40 (54.1%) and 30 (40.5%)
achieved PR, respectively. According to CT detection, in
the R + PGLD group and T + P group, 2 and 7 patients had
extrahepatic metastasis, respectively.

Subgroup analysis of OR and DC in patients following TACE

According to the different chemotherapy agents used for
TACE, we compared the OR and DC in patients with

© Journal of Gastrointestinal Oncology. All rights reserved.

unresectable HCC. In patients who underwent TACE
with R + PGLD treatment (7able 1), both portal vein
invasion (P<0.001 and 0.021, respectively) and BCLC stage
(P<0.001 and 0.004, respectively) were associated with OR
and DC. Moreover, hepatic vein invasion (P=0.003) and
tumor size (P<0.001) were also associated with OR. After
TACE with R + PGLD treatment, patients with large
tumors, no portal/hepatic vein invasion, and intermediate/
advanced BCLC stages tended to respond more than
patients with small tumors, portal/hepatic vein invasion,
and early BCLC stages. However, in patients after TACE
with T + P treatment (7ible 2), only hepatic vein invasion
(P=0.002) and BCLC stage (P=0.012) were related to OR.
No statistically significant difference was found between the
clinical characteristics and DC (all P>0.05).
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Characteristics R + PGLD group (n=74) T + P group (n=74) P value
Age, yr, median [range] 50.6 [31-79] 52.5 [16-78] 0.547
Gender, female/male 13/61 (17.6%/82.4%) 10/64 (13.5%/86.5%) 0.651
HBsAg, positive/negative 62/12 (83.8%/16.2%) 60/14 (81.1%/18.9%) 0.829
Cirrhosis, yes/no 61/13 (82.4%/17.6%) 68/6 (91.9%/8.1%) 0.139
Child-Pugh grade, A/B 66/8 (89.2%/10.8%) 72/2 (97.3%/2.7%) 0.097
Portal vein invasion, yes/no 28/46 (37.8%/62.2%) 28/46 (37.8%/62.2%) 1.000
Hepatic vein invasion, yes/no 21/53 (28.4%/71.6%) 16/58 (21.6%/78.4%) 0.448
Largest tumor size, cm, <5/=5 39/35 (562.7%/47.3%) 38/36 (51.4%/48.6%) 1.000
Tumor number, <2/>2 17/57 (23.0%/77.0%) 24/50 (32.4%/67.6%) 0.270
ECOG, 0-1/2 52/22 (70.3%/29.7 %) 49/25 (66.2%/33.8%) 0.724
BCLC stage, A/B/C 6/33/35 (8.1%/44.6%/47.3%) 15/24/35 (20.3%/32.4%/47.3%) 0.071
AFP, ng/mL, <20/>20 29/45 (39.2%/60.8%) 31/43 (41.9%/58.1%) 0.738
WBC, 10°%/L 5.4 (3.0-14.0) 6.1 (1.0-17.0) 0.162
PLT, 10%/L 133.5 (43.0-305.0) 162.0 (30.0-468.0) 0.036
ALB, g/L, median (range) 44.3 (33.0-57.0) 44.7 (34.0-55.0) 0.573
TBIL, pmol/L, median (range) 13.3 (6.0-35.0) 15.0 (6.0-40.0) 0.627
ALT, U/L, median (range) 42.0 (9.0-155.0) 35.0 (8.0-132.0) 0.074
AST, U/L, median (range) 37.5(17.0-137.0) 36.8 (10.0-119.0) 0.233

HCC, hepatocellular carcinoma; R + PGLD, raltitrexed plus polyethylene glycol liposomal doxorubicin; T + P, tegafur plus pirarubicin;
HBsAg, hepatitis B virus surface antigen; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; AFP,
alpha fetoprotein; WBC, white blood cell; PLT, platelet; ALB, albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate

aminotransferase.

Table 4 Treatment response of patients evaluated by CT

Variable R + PGLD group (n=74) T + P group (n=74) P value
Lipiodol deposition 0.785

Dense 29 (39.2%) 31 (41.9%)

Partial 34 (45.9%) 30 (40.5%)

Sparse 11 (14.9%) 13 (17.6%)
CR 8 (10.8%) 4 (5.4%) 0.367
PR 40 (54.1%) 30 (40.5%) 0.138
SD 18 (24.3%) 21 (28.4%) 0.709
PD 6 (8.1%) 12 (16.2%) 0.208
MD 2 (2.7%) 7 (9.5%) 0.166
OR (CR + PR) 48 (64.9%) 34 (45.9%) 0.031
DC (CR + PR + SD) 66 (89.2%) 55 (74.3%) 0.032

R + PGLD, raltitrexed plus polyethylene glycol liposomal doxorubicin; T + P, tegafur plus pirarubicin; CR, complete response; SD, stable
disease; PD, progressive disease; MD, Metastatic disease; OR, objective response; DC, disease control.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 5 Factors predicting overall survival by logistic regression analysis
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Variables

Univariate analysis

Multivariate analysis

HR (95% Cl)

Age (<51/=51 years)
Gender (female/male)
Cirrhosis (yes/no)

HBsAg (positive/negative)
Child-Pugh grade (A/B)
Portal vein invasion (yes/no)
Hepatic vein invasion (yes/no)
Largest tumor size (<5/=5 cm)
Tumor number (<2/=2)
ECOG (0-1/2)

BCLC stage (A/B/C)

AFP (<20/=20 ng/mL)

WBC (<5.8/25.8x10%/L)

PLT (<143.0/>143.0x10°%/L)
ALB (<40.0/>40.0 g/L)

TBIL (<14.7/214.7 pmol/L)
ALT (<39.0/=39.0 U/L)

AST (<37.0/=237.0 U/L)
TACE (R + PGLD/T + P)

OR (yes/no)

DC (yes/no)

1.253 (0.838-1.872)
0.884 (0.516-1.515)
0.689 (0.368-1.290)
1.883 (1.290-2.803)
0.991 (0.456-2.151)
3.107 (2.004-4.816)
2.738 (1.677-4.471)
1.374 (0.915-2.061)
2.799 (1.670-4.693)
1.391 (1.143-2.615)
2.660 (1.886-3.751)
1.015 (0.671-1.534)
0.778 (0.522-1.160)
1.035 (0.691-1.549)
0.708 (0.473-1.059)
0.873 (0.583-1.307)
0.749 (0.501-1.121)
0.873 (0.585-1.303)
1.805 (1.185-2.751)
0.455 (0.299-0.692)
0.582 (0.366-0.926)

P value HR (95% Cl) P value
0.266 - NA
0.651 - NA
0.236 - NA
0.054 - NA
0.981 - NA

<0.001 - 0.623

<0.001 - 0.182
0.121 - NA

<0.001 - 0.540
0.102 - NA

<0.001 2.509 (1.788-3.519) <0.001
0.944 - NA
0.213 - NA
0.867 - NA
0.088 - NA
0.504 - NA
0.155 - NA
0.503 - NA
0.016 1.590 (1.048-2.412) 0.029

<0.001 - 0.396
0.019 - 0.565

HBsAg, hepatitis B virus surface antigen; ECOG, Eastern Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer; AFP,
alpha fetoprotein; WBC, white blood cell; PLT, platelet; ALB, albumin; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TACE, transcatheter arterial chemoembolization; R + PGLD, raltitrexed plus polyethylene glycol liposomal doxorubicin;

T + P, tegafur plus pirarubicin; OR, objective response; DC, disease control.

OS analysis

In the R + PGLD group, the mean OS was 16.2 months
(range, 3.5-36.0 months). The 1-, 2-, and 3-year OS rates
were 78.3%, 22.3% and 16.1%, respectively. In the T
+ P group, the mean OS was 12.8 months (range, 3.0-
36.0 months). The 1-, 2-, and 3-year OS rates were 61.1%,
15.2% and 6.9%, respectively. Moreover, univariate
analyses showed that portal/hepatic vein invasion (both
P<0.001), tumor number (P<0.001), BCLC stage (P<0.001),
therapeutic agents of TACE (P=0.016), OR (P<0.001) and
DC (P=0.016) were associated with OS. After univariate
analyses of our data, multivariate analyses were performed
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on significant clinical factors and demonstrated that BCLC
stage (P<0.001) and therapeutic agents of TACE (P=0.029)
were independent prognostic factors of OS (Tuble 5).
Furthermore, compared with the patients treated by TACE
using tegafur plus pirarubicin, the patients receiving TACE
with raltitrexed plus liposomal doxorubicin treatments had
better outcomes (P=0.016, Figure I).

Adverse response of patients after TACE

As listed in Table 6, pain and fever were the most common
complications post-treatment. Compared with patients
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Figure 1 Overall survival comparison of TACE with raltitrexed
plus liposomal doxorubicin vs. tegafur plus pirarubicin for unresectable
HCC. TACE, transcatheter arterial chemoembolization; HCC,

hepatocellular carcinoma.

in the R + PGLD group, more complications happened
in patients in the tegafur plus pirarubicin group, such
as vomiting (P=0.011), myelosuppression (P=0.011) and
cardiotoxicity (P=0.037). Here, myelosuppression was
monitored according to routine blood tests (e.g., decreased
counts of white blood cells, red blood cells and platelets).
The evaluation indexes of cardiotoxicity included prolonged
QT interval, increased cardiac troponin T (¢TnT) and
decreased left ventricular ejection fraction. In addition,
liver function impairment was also observed in both groups.
There were 11 and 8 patients with elevated transaminases
(>5 ULN) and 9 and 10 patients with elevated bilirubin
(>3 ULN) in the R + PGLD group and T + P group,
respectively. There was no significant difference in liver
function between the two groups (P>0.05), and none of the
patients died from hepatic dysfunction.

Discussion

In our study, the patient characteristics and embolization
effect (standard lipiodol deposition types) were broadly
similar between the two groups. We discovered that: (I)
R + PGLD treatment had a better efficacy than T + P
treatment in HCC patients (OR: 64.9% vs. 45.9%, P=0.031;
DC: 89.2% vs. 74.3%, P=0.032). (I) Subgroup analysis
showed that patients with portal vein invasion (P<0.001
and =0.021 for OR and DC, respectively) and hepatic vein
invasion (P=0.003 for OR) were associated with worse OR
or DC after TACE with R + PGLD treatment. R + PGLD
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treatment had a better OR or DC for HCC patients with
large tumors (P<0.001 for OR) and higher BCLC stages
(P<0.001 for OR and P=0.004 for DC). In the T + P
treatment group, we found that only hepatic vein invasion
and BCLC stage were related to OR. (IIT) OS analysis
suggested that patients receiving TACE with raltitrexed
plus liposomal doxorubicin treatment had better outcomes
than those treated by TACE with tegafur plus pirarubicin.
(IV) Compared with the T + P group, some light and
moderate common adverse events in the R + PGLD group
were observed, such as vomiting, myelosuppression and
cardiotoxicity.

So far, there are no consensus recommendation standards
regarding the combination of chemotherapeutic agents
for TACE. Here, it seems that combined raltitrexed and
liposomal doxorubicin had a better response in inoperative
HCC patients than treatment by tegafur and pirarubicin. In
particular, the synergism between raltitrexed and liposomal
doxorubicin is partially due to the dual destructive effects
on the DNA of cancer cells, which could inhibit DNA
synthase (raltitrexed) (9) and replication (doxorubicin) (11).
Moreover, compared to conventional TACE, PEGylated
liposomes, which have a higher efficacy for drug delivery,
could improve the pharmacokinetics and reduce the chance
of internalization by tumor cells (16).

Traditionally, TACE has not been used in cases of
portal vein invasion due to its high embolic effect and the
potential for worsening liver dysfunction. Additionally, our
results showed that patients with portal vein invasion were
associated with worse OR or DC after TACE regardless
of R + PGLD or T + P. However, TACE with R + PGLD
had a better response at a higher BCLC stage and could
be safely performed in these patients without significant
hepatic function destruction. Notably, some studies
indicated that TACE may prolong survival for patients
with advanced HCC with portal vein invasion via selected
therapeutic agents (10,17,18). Here, all patients with
vascular invasion are limited to a venous branch, and radio-
embolization and systemic therapy such as sorafenib are
recommended for these patients. Further investigation is
needed to help clinicians provide a viable option for patients
with vascular invasion. Our results revealed that patients in
the R + PGLD group tended to present a better response
for large tumors. One potential mechanism to explain this
result is that TACE with R + PGLD might more easily
contribute to the obvious necrosis (most lipiodol deposition
types were dense and partially filled) of large tumors than
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Table 6 Adverse effects of two groups

Liao et al. TACE with raltitrexed plus liposomal doxorubicin in HCC

Adverse effects R + PGLD group (n=74) T + P group (n=74) P value
Pain® 0.727
No pain 3 4
Light pain 47 43
Moderate pain 22 25
Severe pain 2 2
Fever 0.391
No fever 19 22
<38.5°C 41 42
>38.5 °C 14 10
Vomiting 0.011
No vomiting 60 47
<2 times 9 16
>2 times 5 11
Diarrhea 0.447
No diarrhea 59 55
<2 times 10 13
>2 times 5 6
Myelosuppression 14 28 0.011
Cardiotoxicity 13 24 0.037
Liver function damage®
Elevated transaminases >5 ULN 11 8 0.463
Elevated bilirubin >3 ULN 9 10 0.807

aPain VAS, pain visual analogue scale. No pain: pain VAS score =0; light pain: pain VAS score =1-3; moderate pain: pain VAS score =4-6;
severe pain: pain VAS score =7-10. °, Common Terminology Criteria for Adverse Events (CTCAE). R + PGLD, raltitrexed plus polyethylene
glycol liposomal doxorubicin; T + P, tegafur plus pirarubicin; ULN, upper limit of normal.

that of small tumors through superselective embolization of
tumor-feeding arteries and sustained PEGylated liposome
delivery in the large tumor tissue. Nevertheless, we could
not exclude the possibility of patient selection bias because
most patients were BCLC B and C stages. In this study, OR
was also exhibited in the patients with BCLC-C. On one
side, TACE could benefit for survival improvement of HCC
patients via controlling the growth of tumor per se (19). On
the other side, all patients with vascular invasion received
radio-embolization and systemic therapy (e.g., sorafenib),
which were demonstrated as safe and effective treatments
for vein thrombosis (20,21). Consistent with that observed
in our previous studies (22-24), vein invasion, tumor

© Journal of Gastrointestinal Oncology. All rights reserved.

number and BCLC stage were associated with OS. Notably,
both univariate and multivariate analyses demonstrated
that combined raltitrexed and liposomal doxorubicin
could improve the OS of unresectable HCC patients. A
pharmacokinetic study found that raltitrexed increased
tumor cell death in a concentration- and time-dependent
manner. Even with the low dose and the long infusion time,
relatively high concentrations could be maintained (10). A
recent retrospective study demonstrated that raltitrexed-
based TACE had a longer progression-free survival
time than traditional 5-fluorouracil-based TACE (25).
Moreover, doxorubicin, as a liposome preparation, plays an
important role in changing the pharmacokinetic properties
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and tissue distribution properties by encapsulating drugs
in liposomes (26). This drug can completely penetrate the
blood vessels, which creates favorable conditions for a large
amount of extravasation of this drug in the lesion area.
Thus, the chemotherapeutic agent can maintain a high
concentration in the tumor tissue to achieve a more ideal
antitumor effect (27).

The most common complication after TACE is
postembolization syndrome (28). In the present study, some
complications, including vomiting, myelosuppression and
cardiotoxicity, were alleviated in the R + PGLD group.
These effects should be attributed mainly to the PEGylated
liposomes. In particular, doxorubicin enters cells through
free diffusion, but it also affects the proliferation of normal
dendritic cells while inhibiting the growth of tumor cells.
The PEGylation of the surface of the liposome contributes
to its more sustained release, in turn making it more
difficult to enter the dendritic cells in the terminal growth
phase of the cell. Thus, PEGylated liposomes have a more
pronounced effect on reducing myelosuppression and
myocardial damage (29).

There are limitations in this study. First, the sample
size was not large enough. Second, this study came from a
single institution. Further confirmatory studies are needed
before recommending TACE with R + PGLD as a routine
treatment. Third, a few patients with BCLC A (n=6 and
15 in the R + PGLD and T + P groups, respectively) were
included in this study because these patients with surgical
contraindications could not or refused to receive surgery
or radiofrequency ablation. The OS time may be affected
by these patients. Fourth, so far, we did not find whether
two kinds of drug combinations were more suitable for
any special HCC patients, respectively. Right now, we are
working for this subject. It should be an interesting and
complex work because of HCC heterogeneity.

Conclusions

In summary, TACE with raltitrexed and liposomal doxorubicin
could reduce the incidence of adverse reactions and
significantly improve the OS of patients with unresectable
HCC. In the future, additional large, randomized controlled
studies are needed to evaluate this promising therapeutic
approach to provide a viable option for such patients.
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