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Abstract

Background: We aimed to evaluate the efficacy and safety of transcatheter arterial chemoembolization (TACE),
a combination of raltitrexed, oxaliplatin, and epirubicin, for unresectable hepatocellular carcinoma (HCC).

Methods: We enrolled 163 patients in this single-center, randomized, controlled trial comparing TACE with
epirubicin and oxaliplatin (control group; 83 patients) to TACE with raltitrexed, epirubicin, and oxaliplatin (raltitrexed
group; 80 patients).The primary endpoint was overall survival(OS);secondary endpoints included progression-free
survival(PFS),tumor response and adverse events.

Results: The median progression-free survival (mPFS) and overall survival (mOS) were similar (mPFS: 4.3 vs.
4.6 months, P = 0.201; mOS: 9.6 vs. 9.8 months, P = 0.698, respectively). The disease control rates for the control
and raltitrexed groups were 57.8% and 63.8%, respectively, and did not reach statistical significance (P = 0.439).
Adverse events were also similar in both the groups (P > 0.05).

Conclusion: Although the study did not meet its primary endpoint, the treatment induced a high response rate
and promising PFS and OS rates in patients, suggests that the use of raltitrexed as an alternative for TACE may
confer some benefit to patients with unresectable HCC.

Keywords: Hepatocellular carcinoma; TACE; raltitrexed; epirubicin;
oxaliplatin

Introduction
Transcatheter arterial chemoembolization (TACE) is the gold-

standard palliative treatment for unresectable hepatocellular
carcinoma (HCC) [1]. This treatment involves catheterizing the tumor-
feeding artery and then injecting an emulsion through the catheter.
TACE improves survival in HCC patients who are not candidates for
resection or transplantation [2]. However, embolization is not always
complete; the tumor typically recurs when it is incomplete.
Postoperative recurrence and metastasis are common causes for
treatment failure. In addition, HCC is often aggressive and
resistant to chemotherapy, and any therapeutic effect is constrained by
both resistance and liver dysfunction. No standard therapeutic agents
or treatment regimens have resulted in any obvious survival benefit for
these patients. Doxorubicin, epirubicin, cisplatin, and mitomycin C
have been used as anticancer drugs for TACE [3,4]. However, these
agents have demonstrated unsatisfactory efficacy. Previous studies
have found that the combination of two or more anticancer drugs with
embolization may enhance efficacy against HCC, reducing recurrence
and increasing survival times. The collective activity of the drugs is
believed to have a synergistic effect greater than that of each of the
individual drugs alone. However, a recent trial has reported that TACE

with multiple anti-cancer drugs (epirubicin, cisplatin, mitomycin C, 5-
fluorouracil) was tolerable but appeared not to contribute to an
increase in radiographic response or progression-free survival (PFS),
and caused significantly more hepatic arterial abnormalities compared
with TACE with epirubicin alone [5-7]. Therefore, whether
chemotherapy improves patient survival remains controversial in
TACE. A common goal for many interventional therapeutic studies is
exploring effective and targeted drugs with fewer side effects and
therapeutic chemotherapy combinations. We performed this
prospective study in consecutive patients with unresectable HCC to
compare the safety and efficiency of inpatients who underwent TACE
with combination regimen epirubicin and oxaliplatin with or without
raltitrexed.

Materials and Methods

Study Design
We conducted a prospective trial that enrolled 163 consecutive

patients with advanced HCC who were admitted to our department
(the Department of Interventional Oncology, the First Affiliated
Hospital, Sun Yat-Sen University) from March 2013 to March 2015.All
of them were diagnosed with hepatitis B virus (HBV)-related HCC.
The patients were divided into two groups: one group received TACE
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with epirubicin and oxaliplatin (the control group), and the other
received TACE with raltitrexed, epirubicin and oxaliplatin (the
raltitrexed group).The Institutional Review Board of our hospital
approved this study. The duration of patient survival was calculated
from the date of the first TACE to death or study closure. Follow-up
was terminated for all patients on death or May 28, 2015.

Evaluation of Outcomes
The primary endpoint was overall survival (OS), defined as the time

from the first TACE treatment to death from any cause or to the last
follow-up in censored patients. Secondary endpoints were progression-
free survival (PFS), tumor response based on the modified Response
Evaluation Criteria in Solid Tumors (mRECIST) guidelines, and
treatment-related adverse events (AEs). Treatment-related AEs were
assessed using the Common Terminology Criteria for AE (CTCAE)
version 4.0.

Patient Selection Criteria
The inclusion and exclusion criteria are presented in Table 1. HCC

was diagnosed by distinctive findings from clinical data, computed
tomography (CT) or magnetic resonance imaging (MRI) findings, and
elevated alpha-fetoprotein (AFP) levels. Diagnosis was confirmed
histologically in some patients by CT-guided fine-needle biopsy. TACE
procedures for all patients were determined by a multidisciplinary
team of interventional oncologists, radiologists, and surgeons.

Inclusion criteria Exclusion criteria

Unresectable disease by surgery or other
local therapies

Severe underlying cardiac or
renal diseases

Age between 18 and 75 years

Adequate hematologic, hepatic and renal
function

Secondary malignancy

Pregnant or lactating women

BCLC system classifications B and C

ECOG performance status 0-2

Table1: Inclusion and exclusion criteria TACE Procedure.

TACE Procedure
Angiography was performed using a 5-Fr catheter inserted through

the right femoral artery with selection for the hepatic or superior
mesenteric artery based on tumor-feeding arteries, confirmed using
arteriography. Guided by digital subtraction angiography (DSA), the
tip of the catheter was super-selected into the tumor-feeding branches
(a micro-catheter was used if necessary). After identification of the
target artery in the tumor, chemoembolization was achieved as
selectively as possible for all targeted lesions in the left and/or right
lobes of the liver, with 1–15 mL of an emulsion consisting of 10 mL of
lipiodol (Guerbet, Paris, France) with 20 mg of epirubicin (Actavis,
Nerviano, Italy) depending on liver function and tumor size. Gelatin
sponge or polyvinyl alcohol particles were injected to embolize tumor-
feeding arterioles if necessary until there was no longer any tumor
staining after repeat angiography. After thrombosis with
chemolipiodolization, procedures for the two groups were performed
as follows: 1) Control group: Patients were prescribed 200 mg
oxaliplatin (Qilu Pharmaceutical (Hainan), Haikou, China) via hepatic
artery infusion (HAI), followed by 20 mg epirubicin in the tumor-

feeding artery. 2) Raltitrexed group: Patients were prescribed 4 mg
raltitrexed (NANJING ChIA TAI TIANQING, Nanjing, China) via
HAI, followed by 200 mg oxaliplatin (Qilu Pharmaceutical) and 20 mg
epirubicin in the tumor-feeding artery. Hematological, hepatic, and
renal functions were monitored on the next day and 1-week post-
TACE administration. Contrast-enhanced CT or MRI of the liver was
performed 6–8 weeks after the procedure, to detect lipiodol retention
within the tumor and residual viable tumor tissue. When residual
viable tumors were confirmed or new lesions developed in patients
with adequate liver function, repeated TACE procedures were
performed.

Statistical analysis
All statistical analyses were performed using SPSS software (version

16.0, SPSS, Chicago, IL). For baseline characteristics, continuous
variables are described as the median ± standard deviation and
categorical variables are expressed as frequencies and percentages. The
intergroup differences in categorical variables were analyzed using a
chi-squared analysis and a 2-tailed Fisher exact test. The median and
range of the continuous variables were calculated. Survival curves were
constructed by the Kaplan-Meier method, and the significance of the
intergroup differences in OS and PFS were evaluated using the log-
rank test. P < 0.05 was considered statistically significant in all
statistical tests.

Results

Patient Characteristics
From March 2013 to May 2015, 163 patients with unresectable HCC

were treated with TACE at our department. The patients consisted of
147 men and 16 women, with a median age of 50 years (range, 25-74
years). The 83 patients in the control group were administered TACE a
total of 106 times, and the 80 patients in the raltitrexed group were
administered TACE a total of 105 times. The median tumor size was
8.34 cm (range 1.17–24 cm). A comparison of baseline characteristics
for all recruited patients is shown in Table 2. There were no differences
between the two groups.

Characteristics Control Group Raltitrexed
Group

P Value

Sex 0.188

Male 72 (86.7) 75 (93.8)

Female 11 (13.3) 5 (6.2)

Age, y 49.31±10.43 50.28±8.73 0.525

HBsAg positive 42 (50.6) 58 (72.5) -

Child-Pugh Classification 0.501

A 65 (78.3) 66 (82.5)

B 18 (21.7) 14 (17.5)

ECOG performance status 0.869

0 5 (6.0) 6 (7.5)

1 70 (84.3) 65 (81.2)

2 8 (9.7) 9 (11.3)
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Tumor size, cm 8.57±4.37 7.91±4.78 0.297

Tumor number 0.672

Single 8 (9.7) 6 (7.5)

Two or Three 3 (3.6) 5 (6.3)

Multiple 72 (86.7) 69 (86.2)

BCLC stage 0.405

Stage B (intermediate) 30 (36.1) 24 (30)

Stage C (advanced) 53 (63.9) 56 (70)

Extrahepatic metastases 33 (39.8) 27 (33.8) 0.516

AFP ≥400 ng/mL 44 (53.0) 40 (50.0) -

Histologically confirmed 30 (36.1) 35 (43.8) 0.341

Table 2: Comparison of baseline characteristics for all recruited
patients. Note- data are numbers of patients, data in parentheses are
percentages. HBsAg, hepatitis B surface antigen; BCLC, Barcelona
Clinic Liver Cancer; AFP, alpha-fetoprotein.

Tumor response
The tumor responses in all patients are shown in Table 3. The

disease control rate (DCR) was 57.8% in the control group and 63.8%
in the raltitrexed group. There was no significant difference between
the groups in terms of radiographic response using mRECIST
guidelines (P = 0.439).

Control Group Raltitrexed Group P Value

CR 0 0 -

PR 2(2.4) 4(5) -

SD 46(55.4) 47(58.8) -

PD 35(42.2) 29(36.2) -

ORR 2(2.4) 4(5) 0.380

DCR 48(57.8) 51(63.8) 0.439

Table 3: Radiographic response of HCC patients at 3 months after
TACE.Note- data are numbers of patients, data in parentheses are
percentages.CR complete response, PR partial response ,SD stable
disease, PD progressive response. ORR, objective response rate: CR
+PR; DCR disease control rate: CR+PR+SD.

Survival Analysis
Figure 1A shows the PFS curves for the two groups (χ2 = 1.638, P =

0.201, no significant difference). The median PFS was 4.6 months (95%
CI 3.37-5.83) in the raltitrexed group and 4.3 months (95% CI
3.54-5.07) in the control group. Repeat TACE for recurrent HCC was
performed in 25 patients in the raltitrexed group and in 23 patients in
the control group. Figure 1B shows patient OS curves for the two
groups. No deaths occurred within 1 month. The median follow-up
time was 7.4 months (range 1.7-18.8 months). At the last follow-up, 68
patients had died. The median OS was not significantly longer in the

raltitrexed group compared with the control group (9.8 months vs. 9.6
months, respectively; χ2 = 0.151, P = 0.698).

Figure1: Kaplan-Meier survival analysis of two groups, P was
calculated using the log-rank test;A: Kaplan-Meier analysis of
progression-free survival (PFS) for TACE with control group
(epirubicin and oxaliplatin) and that with raltitrexed Group
(raltitrexed, epirubicin and oxaliplatin);B: Kaplan-Meier analysis of
overall survival (OS) for TACE with control group (epirubicin and
oxaliplatin) and that with raltitrexed Group (raltitrexed, epirubicin
and oxaliplatin).

Toxicity and Adverse Reactions
The most frequent side effects of the TACE procedure were fever,

abdominal pain, vomiting, and liver dysfunction. None of the patients
showed serious clinical complications or side effects relevant to the
procedure. Toxic effects from the trial according to National Cancer
Institute Common Toxicity Criteria are summarized in Table 4 (only
grade 3/4 toxicities are presented). Symptoms related to post-
embolization syndrome were transient and largely resolved within 1
week, and no significant difference was found between the two groups.
Blood and laboratory data are shown in Table 5. Student’s t test did not
show any significant differences in the serum level changes of
prothrombin time, alanine aminotransferase, aspartate
aminotransferase, total bilirubin, serum albumin and renal function,
and blood counts were normal in patients before and after the
procedure between the two groups (P > 0.05).

Adverse Events Control Group Raltitrexed Group P Value

Nausea/vomiting 17 (20.5) 19 (23.8) 0.615

Fever 9 (10.8) 10 (12.5) 0.742

Pain 6 (7.2) 12 (15) 0.114
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Diarrhea 7 (8.4) 7 (8.8) 0.943

Allergies 0 0 -

Table 4: Summary of grade 3/4 adverse events by treatment. Note- data
are numbers of patients, data in parentheses are percentages.

Variable Control Group Raltitrexed Group P Value

Increased white-cell count
(×109/L) 1.62±0.33 2.07±0.24 0.263

Increased neutrophil ratio 0.143±0.013 0.167±0.013 0.187

Decreased platelet
(×109/L) 13.98±5.86 19.69±6.33 0.509

Decreased red- cell count
(×109/L) 0.87±0.74 0.15±0.04 0.335

Increased PT 0.28±0.13 0.43±0.07 0.294

Increased ALT (U/L) 99.23±23.16 78.69±19.34 0.497

Increased AST (U/L) 168.63±32.83 210.71±41.24 0.425

Increased TB (µmol/L) 12.75±1.51 12.59±1.54 0.940

Increased DB (µmol/L) 6.43±1.03 5.57±0.84 0.515

Decreased ALB (g/L) 2.20±0.40 1.64±0.38 0.313

Decreased CREA
(µmol/L) 3.62±1.90 5.32±1.00 0.431

Increased BUN (mmol/L) -0.37±0.20 0.04±0.16 0.116

Table 5: Blood and laboratory data changed before and after procedure
in two groups.Data are expressed as mean ± SD where applicable; PT,
prothrombin time; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TB, total bilirubin; DB, direct bilirubin; ALB,
albumin; CREA, serum creatinine; UREA, blood urea nitrogen.

Discussion
Recently, a large, nationwide prospective cohort study involving

8,510 patients revealed TACE to be a safe therapeutic modality with a
5-year survival rate of 26% in unresectable HCC. The degrees of liver
damage, TNM stage, HBV status and AFP values were independent
prognostic factors for unresectable HCC treated by TACE [8,9]. TACE
significantly improves survival and is an effective form of treatment in
patients with unresectable HCC [10,11]. Although a number of
chemotherapeutic agents have been used in the TACE procedure, the
choice of the chemotherapeutic agents and the combination have
varied in different countries and areas, and controversy exists about
the selection of the most appropriate drug [4]. It remains uncertain
whether adding chemotherapy to the embolization agent enhances its
anti-tumor effects [12]. TAE is as effective as TACE on a meta-analysis
of TACE versus TAE alone (including 3 randomized controlled trials
and 412 patients), demonstrating no difference in survival [4]. In 2012,
Ming Shi et al. [13] documented that a triple-drug TACE (lobaplatin,
epirubicin, and mitomycin C) may contribute to improve survival
compared with TACE with epirubicin alone. However, more side
effects were observed in the triple-drug group than in the epirubicin
groups. Sahara et al. [7] reported that no significant difference was
found between the multiple-drug groups (epirubicin, cisplatin,

mitomycin C, 5-fluorouracil) and the epirubicin alone group in terms
of radiographic response, PFS curves, or patient survival (1-and 2-year
survival). However, most of the patients with HCC were not treatment-
naive but had received previous treatment, including TACE. Another
limitation was that the follow-up term was too short to evaluate patient
survival.

Raltitrexed is a novel antifolate that is a direct and specific inhibitor
of thymidylate synthase. In preclinical and clinical studies, raltitrexed
has shown activity against a variety of tumor types, including
colorectal and cervical cancer [14,15]. An early phase II study of
raltitrexed in 33 patients with HCC found that raltitrexed appeared to
have some activity against this tumor and was generally well tolerated
with reversible and manageable toxicities and without evidence of
cumulative or renal toxicity [16]. Additionally, a recent retrospective
study reported the combination regimen of raltitrexed and oxaliplatin
hepatic arterial infusion (HAI) was feasible and promising in patients
who presented with isolated hepatic metastases of colorectal cancer
after failure of irinotecan and oxaliplatin treatment [17]. Raltitrexed-
based chemotherapy regimens have achieved equivalent OS and
response rates with acceptable toxicities compared to traditional 5-
fluorouracil-based regimen in patients with advanced colorectal cancer
[18]. However, no studies have reported on the safety and efficacy of
raltitrexed-based TACE for HCC. Our study is the first to test this
regimen, and our results clearly show that raltitrexed, oxaliplatin and
epirubicin together are tolerable and can produce comparable tumor
response and survival times. This study suggests that the TACE
combination of raltitrexed, oxaliplatin, and epirubicin produced a
higher objective response rate (5%) and DCR (63.8%) than the TACE
combination of oxaliplatin and epirubicin (2.4% and 57.8%,
respectively). We observed a median OS and PFS of 9.8 and 4.6 months
in raltitrexed group vs. 9.6 and 4.3 months in the control group,
respectively. Although there was no significant difference between the
two groups, we observed that the likelihood of differences
increased over time through the survival curves. Therefore, raltitrexed-
based TACE is feasible and promising in patients who present with
unresectable HCC. These promising results may contribute to the
wider use of raltitrexed. The theoretical mechanism of action for
raltitrexed is that, as a thymidylate synthase inhibitor, it has a similar
anti-cancer effect and fewer side effects compared to fluoropyrimidine
and the FOLFOX4 regimen, and has shown some benefit in Asian
patients with advanced, inoperable HCC, increasing objective response
rates and the DCR, thereby prolonging PFS [19]. However, the OS and
PFS in our study were lower than those rates in similar studies [4]. We
suspect the reasons for this as follows: 1) the follow-up term was too
short to evaluate survival; 2) the number of patients was small, leading
to possible bias; 3) the mean tumor diameters in both groups were over
8 cm; 4) most of our patients had a hepatic tumor of BCLC stage C.
The follow-up term and the sample sizes were also limitations of our
study.

The toxicity profile of the raltitrexed group was comparable with the
control group. We observed classical but manageable toxic effects from
raltitrexed, oxaliplatin, and epirubicin. There were no significant
differences in grade 3/4 adverse events and blood and laboratory data
before and after the procedure between the two groups. Although the
alanine aminotransferase level and bilirubin were increased, these
abnormalities resolved within 5 days and did not show any relevant
deterioration. The occurrence of main adverse events including
biochemistry level changes and gastrointestinal adverse reactions in
our study were consistent with that reported previously [20]. However,
Sahara et al. reported that Grade 3 transaminase elevation and hepatic
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artery abnormality in TACE with multiple anti-cancer drugs
(epirubicin, cisplatin, mitomycin C, and 5-fluorouracil) was
significantly greater than that in the epirubicin group among 63
consecutive patients who underwent TACE prospectively [7]. One
possible reason was that the concentration of epirubicin per lipiodol
for use in our study was prepared as 2 mg/mL, whereas concentrations
of 4 mg/mL and 10 mg/mL were used in the multi group and
epirubicin group, respectively. Another reason was its small sample
size and the lack of adequate blinding, although it was a single center,
prospective, randomized controlled trial. Moreover, our figures showed
that no patients experienced allergic reactions while HAI with
raltitrexed, and no studies have reported allergic reactions to
raltitrexed. However, allergic reactions related to oxaliplatin,
epirubicin, and other anti-cancer drugs are frequently reported in the
literature [17,21,22].

Conclusion
In conclusion, the raltitrexed-based TACE procedure combining

epirubicin and oxaliplatin showed similar clinical effects in tumor
response and survival, but had no supplementary toxic effects and did
not worsen the syndrome related to post-embolization compared with
TACE with epirubicin and oxaliplatin. Although the study did not
meet its primary endpoint, the treatment induced a high response rate
and promising PFS and OS rates in patients, suggests that the use of
raltitrexed as an alternative for TACE may confer some benefit to
patients with unresectable HCC. However, this study was merely a
single-center prospective study with a limited number of patients. The
role of raltitrexed in this regimen must be confirmed in future studies
by multicenter and randomized controlled trials with a larger number
of patients.
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