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This study aims to compare the effectiveness and complications of transarterial
chemoembolization (TACE) combined with sorafenib (S-TACE) and TACE monotherapy
in HCC patients with diffuse recurrence (DR). This retrospective study was approved by
our hospital ethics committee, and all patients provided informed consent. We
retrospectively enrolled 356 DR patients from January 2005 to December 2014, who
underwent either S-TACE or TACE monotherapy. Treatment complications, overall
survival (OS) and progression-free survival (PFS) were evaluated. Survival curves were
constructed using the Kaplan-Meier method and compared using a log-rank test. Our
results found a significant difference between S-TACE and TACE monotherapy in the PFS
and OS of HCC patients with early diffuse recurrence (EDR) (p=0.011 and 0.049,
respectively). Patients with late diffuse recurrence (LDR) who underwent S-TACE had
longer OS (median 24.0 vs. 16.0 months; p=0.044) compared with those in the TACE
monotherapy group. Subgroup analysis revealed that S-TACE therapy resulted in higher
OS of EDR patients with tumors > 5 cm and HBV-DNA >100 (p=0.036 and 0.035,
respectively), compared with patients given TACE monotherapy. S-TACE therapy also
resulted in better OS in LDR patients with AFP≥400 ng/ml, AFP<400 ng/ml, TB<28 g/L,
TB>28 g/L, and a maximum tumor diameter < 5 cm (p=<0.001, 0.042, <0.001, <0.001,
and <0.001, respectively). The rate of major complications in patients who underwent S-
TACE was not significantly different to those who underwent TACE monotherapy (33.5%
vs. 28.2%, p= 0.69). Overall, patients given S-TACE had better OS in both EDR and LDR
patients, but only EDR patients had better PFS.

Keywords: transarterial chemoembolization, sorafenib, hepatocellular carcinoma, diffuse recurrence,
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common type
of tumor and the third largest cause of cancer-related deaths (1).
Liver resection is a curative treatment method for HCC,
however, only 9%–27% of HCC patients are eligible for
surgical resection (2). Although radical hepatectomy can be
therapeutically effective for small HCC, the recurrence rate
remains high (3). Diffuse recurrence (DR) is defined as 10 or
more new recurrent nodules with ill-defined tumor margins (4,
5). DR is divided into early diffuse recurrence (EDR) and late
diffuse recurrence (LDR) based on the time to recurrence (6).
According to the 2018 European Association for the Study of the
Liver (EASL) HCC guidelines, DR is classified by multinodular
recurrence, with transarterial chemoembolization (TACE)
recommended as the optimal treatment. However, the efficacy
of TACE is limited, and quick recurrence following this
treatment can result in a worse prognosis according to the
study of Choi et al. (7). So, new therapies are urgently needed.

In most circumstances, chemoembolization is the optimal
treatment for multinodular recurrent HCC (8). TACE can
prolong the survival of patients by preserving the liver function
and treating multinodular asymptomatic tumors without
macroscopic vascular invasion or extrahepatic spread (9, 10).
Sorafenib, an oral multikinase inhibitor with antiproliferative
and antiangiogenic activities, is recommended for patients with
advanced-stage HCC (11, 12). Chao et al. combined TACE with
sorafenib (S-TACE) in patients with multinodular, unresectable
HCC. Of their patients, 81.5% did not have vascular invasion or
extrahepatic spread. Their results found that S-TACE was well
tolerated and efficacious in patients with multinodular HCC
without vascular invasion and extrahepatic spread (13).
However, the effects of S-TACE in patients with DR
remains unknown.
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Few reports have focused on studying or developing a
treatment strategy for DR in patients with HCC who have
undergone previous liver resection. The aim of this
retrospective study was to compare the effectiveness and safety
of S-TACE and TACE monotherapy in HCC patients with DR
who have undergone a previous liver resection.
MATERIALS AND METHODS

Ethical Statement
Written informed consent was obtained from each patient prior
to the treatment. The patients were sufficiently informed of the
risks, benefits, and alternatives to both S-TACE and TACE
monotherapy. The study protocol followed the ethical
guidelines of the 1975 Declaration of Helsinki (as revised in
Brazil in 2013). This retrospective study was approved by the
institutional review board of our hospital.

Patient Selection
HCC was diagnosed according to the European Society of
Digestive Oncology (14) and classified based on the Barcelona-
Clinic Liver Cancer (BCLC) staging classification (15). The
inclusion criteria were as follows: (a) patients with their first
recurrence after liver resection; (b) aged 18–75 years; (c) with 10
or more new recurrent nodules; (d) with Eastern Cooperative
Oncology Group performance status of 0 or 1; (e) with Child-
Pugh classification of A or B. The exclusion criteria was: (a)
patients with extrahepatic spread; (b) with serious medical
comorbidities, such as dysfunction of the heart or kidneys,
severe coagulation disorders, etc.; (c) with other current
malignancies or a history of other malignancies besides HCC;
(d) with vascular invasion; (e) patients who had undergone other
treatments before this study (Figure 1).
FIGURE 1 | Flowchart showed patient selection.
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Transarterial Chemoembolization
Procedure
All TACE procedures were performed by 1 of 3 interventional
physicians. A 5F catheter (Terumo, Tokyo, Japan) or a 2.7F
microcatheter (Renegade Hi-Flo Straight, Boston scientific,
Natick, Mass; Progreat, Terumo, Tokyo, Japan) was employed
for tumor-feeding artery superselective therapy. An emulsion of
5–20 ml lipiodol (Lipiodol; Guerbet, Aulnay-Sous-Bois, France)
and 20–60 mg epirubicin (Pharmorubicin; Pfizer, New York,
USA) were administered into the tumor-feeding vessels. The
specific dose of lipiodol was determined based on the tumor
number and volume. Then, 350–560 mm absorbable gelatin
sponge particles (Gelfoam; Hangzhou Pharmaceutical, Linan,
China) were administered into the tumor-feeding vessels. The
embolization finishes when the radiocontrast agent stopped
flowing for 5 cardiac cycles.

Sorafenib Management
Sorafenib therapy (daily dose, 400 mg BID) was initiated 2-5
days after the initial TACE and continued until the emergence of
intolerance, refusal, and tumor progression. Sorafenib dose
reduction was determined based on the presence of toxicity. If
grade 3 or 4 adverse events (AEs)-defined by the National Cancer
Institute Common Terminology Criteria for Adverse Events
(16)-occurred, a dose adjustment (400 mg once daily) was
performed until AEs were alleviated or eliminated. If grade 3
or 4 AEs continued after dose adjustment, sorafenib treatment
would be halted until AEs were alleviated or eliminated.

Survival, Tumor Progression, and Safety
In this study, the primary endpoint evaluated was overall survival
(OS), defined as the time HCC recurrence was diagnosed to the
date the patient died for any reason. The secondary endpoint was
progression-free survival (PFS), defined as the time HCC
recurrence was diagnosed to the date on which the tumor
progressed. HCC progression was defined as the appearance of
local tumor progression, new HCC nodule, vascular invasion, or
extrahepatic spread according to contrast-enhanced dynamic CT
or MR imaging results. Treatment responses were divided
according to the mRECIST standard into CR, PR, SD, and PD
(17). Contrast-enhanced dynamic CT or MR results were
discussed and confirmed by two radiologists.

We assessed the safety and toxicity of TACE and oral
sorafenib administration in all patients, using the National
Cancer Institute Common Terminology Criteria for Adverse
Events. Grade 3–4 AE was defined as an event leading to
substantial morbidity and disability (resulting in the
unexpected loss of an organ), which resulted in increase in the
level of care, hospital admission, length of hospital stay, or led to
the adjustment or discontinuation of treatment protocols. Grade
3–4 AEs were considered major complications, other
complications were regarded as minor.

Follow-Up
All patients were followed monthly for the first 3 months, then
every 3 months until 2 years after TACE, and annually thereafter.
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Follow-up assessments included a detailed medical history,
physical examination, laboratory tests, and chest and
abdominal contrast-enhanced CT or MRI examination. When
tumor progression occurred, the decision to perform repeated
TACE was made by an MDT group.

Statistical Analyses
All statistical analyses were performed using SPSS software
(version 24.0; SPSS, Chicago, IL, USA). Continuity correction
and independent sample t-tests were used to analyze the
quantitative data including age, ALB, TB, and maximal tumor
diameter. Pearson x2 and Fisher’s exact tests were applied for
qualitative data such as sex, cause of HCC, liver cirrhosis, AFP,
HBV-DNA, ECOG, Child-Pugh class, and the incidence of
complications. The cutoff value was calculated using R
(TIBCO, Silicon Valley, CA). OS and PFS were calculated
using the Kaplan-Meier method. The Kaplan-Meier survival
estimates were compared using a x2 statistic with a Log-Rank
weighting scheme. Univariable and multivariable analyses were
performed using the Cox proportional hazard regression model.
All statistical tests were two-tailed, and a p-value <0.05 indicated
a significant difference.
RESULTS

Optimal Cutoff Value for Distinguishing
Early and Late Diffuse Recurrence
Recurrence was evaluated every 5 months to determine the
optimal cutoff value for distinguishing between EDR and LDR.
Eight months was found to be the optimal cutoff value, as shown
in Figure 2. Clinicopathological data and outcomes after
FIGURE 2 | Determination of the optimal cutoff value for early and late diffuse
recurrence of hepatocellular carcinoma (HCC). The function of the two lines
was y = 88.87 – 10.71x and y = 7.63 − 0.23x, respectively. The intercept
value of the two lines was 8 months. 8 months was therefore defined as the
optimal cutoff value to differentiate early and late diffuse recurrence of HCC.
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recurrence were analyzed and compared between the EDR and
LDR groups.

Patient Characteristics
Between January 2005 and December 2014, 356 patients at our
hospital developed DR after initial liver resection. Follow-up data
were collected until December 30, 2017. Patients were divided
into 2 groups (the EDR group and LDR group) according to
recurrence type. In the EDR group, 48 cases (27%) were in the S-
TACE group and 128 cases (73%) were in the TACE
monotherapy group. In the LDR group, 39 cases (22%) were in
the S-TACE group and 141 cases (77%) were in the TACE
monotherapy group. Median age of the EDR patients was 55.0±
11.7 and 56.0±11.9 years in S-TACE and TACE monotherapy
groups, respectively. The median age of the LDR patients was
52.0±12.8, 57.0±12.3 years in S-TACE and TACE monotherapy
groups, respectively. There was no significant difference in the
baseline characteristics of the EDR and LDR groups (Table 1,
Table 2). All baseline characteristics were collected before TACE.
The median follow-up time was 52 months (range, 2–62 months)
in the EDR group and 63 months (range, 3–86 months) in the
LDR group. There were 123 cases (70%) in the EDR group and
Frontiers in Oncology | www.frontiersin.org 4
96 cases (53%) in the LDR group where the patient died during
the follow-up period. The mean duration of sorafenib treatment
was 11 months (range, 1–23 months).

Recurrence-Free Survival and Overall
Survival
In the EDR group, median OS was 17.5 months (95% CI: 14.3,
19.7 months) and 11.0 months (95% CI: 9.9, 12.1 months) in the
S-TACE and TACE monotherapy groups, respectively. The
median PFS was 5.0 months (95%CI: 3.9, 6.1 months) and 4.0
months (95% CI: 3.4, 4.6 months) in the S-TACE and TACE
monotherapy groups, respectively. There was a significant
difference in OS and PFS (log-rank test, p=0.011 and p=0.049,
respectively) between the two groups (Figure 3).

In LDR group, median OS was 24.0 months (95% CI: 19.1,
28.9 months) and 16.0 months (95% CI: 14.6, 17.4 months) in S-
TACE and TACE monotherapy groups, respectively. The
median PFS was 8.0 months (95% CI: 6.9, 9.1 months) and 5.0
months (95% CI: 4.3, 5.7 months) in the S-TACE and TACE
monotherapy groups, respectively. There was a significant
difference in OS (log-rank test, p=0.044) between the two
groups, but not for PFS (log-rank test, p= 0.176) (Figure 3).
TABLE 1 | Baseline patient characteristics of early diffuse recurrence (EDR) patients.

Characteristic S-TACE (n=48) TACE (n=128) P value

Sex 0.789
Male
Female

42(87.5)
6(12.5)

110(85.9)
18(14.1)

Age(y) 0.565
Median±SD
Range

55.0±11.7
26–77

56.0±11.9
22–78

Cause of HCC 0.514
HBV
HCV
Alcohol
Other

39(81.3)
4(8.3)
1(2.1)
4(8.3)

109(85.2)
9(7.1)
3(2.3)
7(5.4)

Liver cirrhosis 33(68.8) 101(78.9) 0.160
ALB(g/L) 0.124
Median±SD
Range

36.0±6.7
27-73

37.0±6.3
24-66

TB (umol/L) 0.618
Median± SD
Range

25.5±6.3
11–44

27.0±13.4
5–90

AFP(ng/ml) 0.053
≥400
<400

21(43.8)
27(56.3)

78(60.9)
50(39.1)

HBV-DNA
≥100
<100

31(64.6)
17(35.4)

53(41.4)
75(58.6)

0.051

ECOG 0.891
0
1

42(87.5)
6(12.5)

111(86.7)
17(13.3)

Child-Pugh 0.508
A
B

41(85.4)
7(14.6)

114(89.1)
14(10.9)

Maximal tumor diameter(cm) 0.181
Median ± SD
Range

5.0±2.6
2.0-13.0

4.0±2.9
1.0-13.0
Except where indicated, data are numbers of patients. Data in parentheses are
percentages and were calculated by using the total number of patients in each group
as the denominator.
TABLE 2 | Baseline patient characteristics of late diffuse recurrence (LDR) patients.

Characteristic· S-TACE (n=39) TACE (n=141) P value

Sex 0.247
Male
Female

36(92.3)
3(7.7)

127(90.1)
14(9.9)

Age(y) 0.428
Mean±SD
Range

52.0±12.8
22–76

57.0±12.3
22-78

Cause of HCC 0.613
HBV
HCV
Alcohol
Other

33(84.6)
3(7.7)
1(2.6)
2(5.1)

124(87.9)
6(4.3)
4(2.8)
7(5.0)

Liver cirrhosis 31(79.5) 110(78.0) 0.844
ALB(g/L)
Mean±SD
Range

36.0±4.4
27–47

35.0±6.3
24–66

0.262

TB (umol/L) 0.088
Mean ± SD
Range

21.0±10.1
7.9-39.0

14.9±9.8
7.6-41.0

AFP(ng/ml) 0.833
≥400
<400

19(48.7)
20(51.3)

66(46.8)
75(53.2)

HBV-DNA(U/ml) 0.062
≥100
<100

10(25.6)
29(74.4)

59(41.8)
82(58.2)

ECOG 0.247
0
1

33(84.6)
6(15.4)

107(75.9)
34(24.1)

Child-Pugh 0.276
A
B

32(82.1)
7(17.9)

125(88.7)
16(11.3)

Maximal tumor diameter(cm) 0.279
Mean ± SD
Range

6.0±3.3
1.0–15.0

5.0±3.2
1.0–16.0
December 2020 |
 Volume 10 | Article
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Overall, the LDR group had better OS and PFS (p< 0.001)
than the EDR group. In subgroup analysis, the LDR group had
better OS (p<0.001) and PFS (p=0.031) than the EDR group
when S-TACE was performed. When TACE was performed, the
LDR group had better OS (p<0.001) and PFS (p<0.001) than the
EDR group (Figure 4).

Univariate and Multivariate Analysis
Univariate analysis of EDR patients found that the factors related
to OS were HBV-DNA and maximum tumor size (p = 0.023 and
0.008, respectively) (Table 3). Multivariate analysis found that
HBV-DNA and maximum tumor size were found to be
independent predictors of poor OS in EDR patients (p= and
0.030 and 0.010, respectively) (Table 3).

Univariate analysis found that in the LDR group, AFP, TB,
HBV-DNA, and maximum tumor size were associated with OS
(p=0.002, 0.041, 0.038, and 0.003, respectively) (Table 4). In
multivariate regression analysis, AFP, TB, and maximum tumor
size were found to be independent predictors of poor OS in LDR
patients (p=0.008, 0.043, 0.045) (Table 4).

Subgroup Analysis
In EDR patients, S-TACE therapy resulted in higher OS than
TACE monotherapy in tumors with a maximum diameter of >5
cm and HBV-DNA>100 group (p= 0.036 and 0.035,
respectively). There was no significant difference between S-
TACE and TACE monotherapy in tumors with a maximum
Frontiers in Oncology | www.frontiersin.org 5
diameter of < 5 cm and HBV<100 group (p=0.105 and 0.099,
respectively) (Figure 5). In LDR patients, patients given S-TACE
therapy had better OS than those given TACE monotherapy in
patients with AFP≥400 ng/ml, AFP<400 ng/ml, TB<28 g/L,
TB>28 g/L, and maximum diameter of tumor < 5 cm group
(p<0.001,<0.001, <0.001, <0.001, and <0.001, respectively).
There was no significant difference between patients given S-
TACE and TACE monotherapy with tumors > 5 cm (p=0.113)
(Figure 6).

Complications
There were no deaths in either the EDR or LDR group within 30
days after treatment. Major and minor complications are
reported in Tables 5 and 6. There was no significant difference
in major complications between the EDR and LDR groups
(33.5% vs. 28.2%, p = 0.69). By the end of the follow-up
period, 47 patients (53%) had discontinued sorafenib
administration, including 24 (50%) patients in the EDR group
and 23 (59%) patients in the LDR group because of serious AEs.
Most patients (97.9%) experienced at least one AE (see Table 5
and Table 6).

In the EDR group, the major AEs that were experienced by at
least 10% of patients were abdominal pain (11.3%) and hand-foot
skin reaction (33.3%). Othersmajor AEs included diarrhea (8.0%),
hypertension (8.3%), gastrointestinal hemorrhage (6.3%), and
fever (6.3%). There was no significant difference in occurrence of
AEs between the S-TACE and TACE monotherapy groups
A B

DC

FIGURE 3 | Kaplan-Meier curves showed overall survival (A) and Progression-free survival (B) in the S-TACE and complications of transarterial chemoembolization
(TACE) groups in patients with early diffuse recurrence (EDR). Kaplan-Meier curves showed overall survival (C) and Progression-free survival (D) in the S-TACE and
complications of transarterial chemoembolization (TACE) groups for patients with late diffuse recurrence (LDR).
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A B

D

E F

C

FIGURE 4 | Kaplan-Meier curves showed overall survival (A) and Progression-free survival (B) in the early diffuse recurrence (EDR) and late diffuse recurrence (LDR)
groups. Kaplan-Meier curves showed overall survival (C) and Progression-free survival (D) in the EDR and LDR groups for patients with S-TACE. Kaplan-Meier
curves showed overall survival (E) and Progression-free survival (F) in the EDR and LDR groups for patients with complications of transarterial chemoembolization
(TACE) alone.
TABLE 3 | Univariable and multivariable analysis of prognostic factors for OS in early diffuse recurrence (EDR) patients.

Factor Univariate analysis Multivariate analysis

P Value Hazard ratio 95%CI P Value Hazard ratio 95%CI

Sex 0.912 0.972 (0.583, 1.620) NA — —

Age 0.991 0.998 (0.730, 1.364) NA — —

Cause of HCC 0.949 1.007 (0.822, 1.233) NA — —

Liver cirrhosis 0.752 0.946 (0.668, 1.338) NA — —

AFP 0.143 1.257 (0.926, 1.707) NA — —

ALB 0.380 0.989 (0.964, 1.014) NA — —

TB 0.460 1.004 (0.993, 1.016) NA — —

HBV-DNA 0.023 1.424 (1.049, 1.933) 0.030 1.403 (1.032,1.906)
ECOG 0.196 1.338 (0.861, 2.080) NA — —

Child-Pugh 0.462 0.823 (0.490, 1.383) NA — —

Maximum tumor size 0.008 1.500 (1.112, 2.025) 0.010 1.482 (1.097,2.002)
Frontiers in Oncology | www.fronti
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(Table 5). In the LDR group, the major AEs that were experienced
by at least 10%of patientswere abdominal pain (18.9%), hand-foot
skin reaction (23.1%), and hypertension (10.4%). Others major
AEs included vomiting (5.0%), fever (7.2%), fatigue (7.2%),
diarrhea (6.1%), ascites (3.9%), and gastrointestinal hemorrhage
(5.1%). There was no significant difference in occurrence of AEs
between the S-TACE and TACE monotherapy groups (Table 6).
Most abdominal pain was caused by the TACE therapy, and could
be relieved by morphine or flurbiprofen axetil. Hand-foot skin
reactions andhypertensionwere caused by sorafenib.About half of
the hand-foot skin reactions were relieved by using lubricant or
regressed within several months. Angiotensin receptor blockers
were used to effectively relieve hypertension caused by sorafenib.
Frontiers in Oncology | www.frontiersin.org 7
All major AEs were treated without AE-related death and patients
recovered with in two weeks.
DISCUSSION

Recurrence rate after liver resection is high in HCC patients (5–7,
18). A short interval from resection of HCC to recurrence leads to
worse outcomes. Most patients with recurrence were not eligible
for repeated hepatectomy due to being DR patients. TACE is the
optimal treatment method for these patients (18, 19). In addition,
sorafenib is recommended for unresectable HCC. Recently,
various reports have shown that the combination of TACE and
TABLE 4 | Univariable and multivariable analysis of prognostic factors for OS in late diffuse recurrence (LDR) patients.

Factor Univariate analysis Multivariate analysis

P Value Hazard ratio 95%CI P Value Hazard ratio 95%CI

Sex 0.998 1.001 (0.605, 1.654) NA — —

Age 0.242 0.992 (0.979, 1.005) NA — —

Cause of HCC 0.709 0.917 (0.581, 1.447) NA — —

Liver cirrhosis 0.719 0.937 (0.656, 1.338) NA — —

AFP 0.002 1.621 (1.189, 2.208) 0.008 1.545 (1.122, 2.126)
ALB 0.066 1.330 (0.981, 1.803) NA — —

TB 0.041 0.698 (0.495, 0.985) 0.043 0.698 (0.494, 0.988)
HBV-DNA 0.038 1.384 (1.018, 1.879) 0.091 1.310 (0.957, 1.793)
ECOG 0.627 0.900 (0.589, 1.377) NA — —

Child-Pugh 0.535 0.870 (0.561, 1.350) NA — —

Maximum tumor size 0.003 1.584 (1.166, 2.154) 0.045 1.389 (1.007, 1.915)
Decem
ber 2020 | Volume 10 |
–, no data; CI, confidence interval; NA, not applicable.
A B

DC

FIGURE 5 | Kaplan-Meier curves showed overall survival in the S-TACE and complications of transarterial chemoembolization (TACE) groups in patients with early
diffuse recurrence (EDR) [(A) maximum diameter of tumor size > 5cm, (B) maximum diameter of tumor size < 5cm, (C) HBV-DNA>100, (D) HBV-DNA<100].
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sorafenib resulted in better clinical outcomes than TACE
monotherapy in multinodular HCC without vascular invasion
or extra hepatic spread (9, 10, 13). Our study revealed that
compared with TACE monotherapy, S-TACE could effectively
prolong OS in EDR and LDR patients, which was consistent with
the results of abovementioned previous studies.

Our data indicated that S-TACE could significantly improve OS
in patients with EDR and LDR. Jung Ho Park reported that
postoperative early multinodular recurrence was associated with
the presence of portal vein tumor thrombi and intrahepatic
metastases, and this form of recurrence was found to have a
grave prognosis compared with that in late multinodular
recurrence (20). Our findings supported these results and
suggested that multiple comprehensive treatments should be
applied in these patients. In addition, TACE induced ischemic or
hypoxic changes which led to increased VEGF activity in surviving
cancer tissue (21). Therefore, the use of a potent multikinase
inhibitor, such as sorafenib, could limit the proliferative,
Frontiers in Oncology | www.frontiersin.org 8
proangiogenic, and/or antiapoptopic effects of VEGF expression,
which could restrict tumor growth after TACE (12). This result
corroborated the findings of a previous study reporting that S-
TACE was suitable for metachronous, multicentric HCC nodules
(22). Our study also demonstrated that S-TACE could improve the
efficacy of multinodular recurrence.

In our study, the S-TACE combination showed little
advantage over TACE monotherapy in LDR patients. This may
be related to the fact that late recurrence is usually associated
with underlying liver conditions, such as cirrhosis or active
hepatitis (23). Patients with late recurrence might die due to
poor liver functions; thus, the advantages of S-TACE would not
be present in these patients. Thus, anti-viral therapy and liver
protection should be recommended for these patients. In
addition, multiple tumors, satellite nodules, and tumors greater
than 5 cm were independent risk factors for late recurrence
according to Xu et al. (24). Thus, S-TACE should be employed
early for patients when the tumor load is high.
A B

D

E F

C

FIGURE 6 | Kaplan-Meier curves showed overall survival in the S-TACE and complications of transarterial chemoembolization (TACE) groups in patients with late
diffuse recurrence (LDR) [(A) AFP≥400 ng/ml, (B) AFP<400 ng/ml, (C) TB>28 g/L, (D) TB < 28 g/L, (E) maximum diameter of tumor size> 5 cm, (F) maximum
diameter of tumor size< 5 cm].
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In terms of risk factors for EDR and LDR, we found that
tumor size and HBV-DNA were associated with EDR, while
AFP, TB, and tumor size were related to LDR. This could be
related to the larger maximum tumor size and higher AFP level,
which indicated a higher tumor load leading to poor prognosis
(25, 26). Therefore, combined therapies should be applied to
higher tumor loads, which would help to improve OS.
Additionally, our study indicated that the OS of LDR patients
was much longer than that of EDR patients, regardless of the
treatment. This may be due to EDR recurrence being
accompanied by more malignant biological behaviors.

In our study, most AEs in the LDR or EDR group through S-
TACE or TACE monotherapy were grade 1 or 2 and could be
easily controlled. These results were consistent with those of the
previous studies (13, 27, 28). Importantly, no lethal AEs were
Frontiers in Oncology | www.frontiersin.org 9
reported in patients with S-TACE, and all major serious AEs were
in remission after treatment. Our observations were consistent
with those of previous studies reporting that S-TACE was not
associated with a significantly greater incidence/severity of adverse
events than TACE monotherapy (29). Most patients in both the
LDR and EDR groups discontinued sorafenib because of serious
AEs. Serious hand-foot skin reaction and abdominal pain were
common reasons for discontinuation of sorafenib. Since the
mechanism of hand-skin reaction and abdominal pain was
unknown, they were difficult to treat.

Our study had several limitations. First, this study was
retrospective, which may reduce the reliability of data leading to
selection bias. Second, EDR and LDR were not determined
histologically or genetically. So, it was difficult to explain why there
were different prognoses and risk factors in LDR and EDR patients,
TABLE 6 | Number (percentage) of patients reporting AEs in late diffuse recurrence (LDR) patients by CTCAE grading1.

Adverse Event S-TACE (n=39) TACE Monotherapy (n=141) P Value

Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4

Diarrhea 21(53.8) 2(5.2) 63(44.7) 9(6.4) 0.332
Abdominal pain 25(64.1) 6(15.4) 95(67.4) 28(19.9) 0.537
Ascites 4(10.2) 2(5.1) 18(12.8) 5(3.5) 0.855
Vomiting 11(28.2) 3(7.7) 31(21.9) 6(4.3) 0.266
Fatigue 19(48.7) 3(7.7) 69(48.9) 10(7.1) 0.994
Fever 16(41.0) 4(10.4) 59(41.8) 9(6.4) 0.882
Headache 7(17.9) 0(0) 21(14.9) 3(2.1) 0.849
Upper respiratory infection 4(10.4) 0(0) 8(5.7) 2(1.4) 0.496
PLT decreased 6(15.4) 1(2.6) 18(12.8) 6(4.3) 0.855
WBC decreased 5(12.8) 0(0) 13(9.2) 3(2.1) 0.765
Anaemia 3(7.7) 0(0) 16(11.3) 5(3.5) 0.262
Hand-foot skin reaction 28(71.8) 9(23.1) — — NA
Hypertension 11(28.2) 4(10.4) — — NA
Hair loss 3(7.7) 0(0) — — NA
Gastrointestinal hemorrhage 4(10.4) 2(5.1) — — NA
Epistaxis 3(7.7) 0(0) — — NA
December 2020 | Volume 10 | Article
CTCAE grading1: National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 4.0; –, no data; NA, not applicable; PLT, Platelets; WBC, White blood cell.
TABLE 5 | Number (percentage) of patients reporting AEs in early diffuse recurrence (EDR) patients by CTCAE grading1.

Adverse Event S-TACE (n=48) TACE Monotherapy (n=128) P Value

Grade 1–2 Grade 3–4 Grade 1–2 Grade 3–4

Diarrhea 23(47.9) 4(8.3) 67(52.3) 10(7.8) 0.605
Abdominal pain 29(60.4) 7(14.6) 77 (60.2) 13 (10.2) 0.810
Ascites 5(10.4) 1(2.1) 13(10.2) 3(2.4) 0.995
Vomiting 30(62.5) 1(2.1) 93 (72.7) 4(3.2) 0.169
Fatigue 34(70.8) 2(4.2) 77(60.2) 4(3.2) 0.167
Fever 34(70.8) 3(6.3) 102 (79.7) 8 (6.3) 0.189
Headache 7(14.6) 1(2.1) 13 (10.2) 3 (2.4) 0.461
Upper respiratory infection 5 (10.5) 0(0) 10 (7.8) 1(0.8) 0.696
PLT decreased 9(18.8) 2(4.2) 16(12.5) 6(4.5) 0.360
WBC decreased 8(16.7) 3 (6.3) 19(14.8) 4(3.2) 0.500
Anaemia 4 (8.3) 1(2.1) 13(10.2) 3 (2.4) 0.703
Hand-foot skin reaction 31 (64.6) 16 (33.3) — — NA
Hypertension 13(27.1) 4 (8.3) — — NA
Hair loss 7 (14.6) 0 (0) — — NA
Gastrointestinal hemorrhage 6(12.6) 3(6.3) — — NA
Epistaxis 7 (14.6) 0 (0) — — NA
CTCAE grading1: National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events (CTCAE) version 4.0; –, no data; NA, not applicable; PLT, Platelets; WBC, White blood cell.
574668

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yao et al. Diffuse Recurrence of Hepatocellular Carcinoma
and we could not provide individualized treatment.We suggest that
genome sequencing of HCC would be a key next step for this
research. Third, the limited number of patients were insufficient for
subgroup analysis. Consequently, a multi-center prospective
randomized controlled trial is needed to confirm our findings.
Fourth, the administration of sorafenib could be improved in this
study; we should closely follow-up with patients and take positive
measures when serious AEs occur. Finally, a higher rate of patients
discontinuing sorafenib could influence the effect of S-TACE.

In conclusion, S-TACE resulted in improved outcomes in
EDR patients including OS and PFS, especially in patients with a
maximum tumor diameter > 5 cm and HBV-DNA>100, in
comparison with TACE monotherapy. In LDR patients, there
was significantly better OS in the S-TACE group, especially for
patients with AFP>400 mg/L, AFP<400 mg/L, TB>28 g/L, TB<28
g/L, and a maximum tumor diameter > 5 cm.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary materials, further inquiries can be
directed to the corresponding authors.
Frontiers in Oncology | www.frontiersin.org 10
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the First Affiliated Hospital of Sun Yat-Sen
University. The patients/participants provided their written
informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

WY, JL, and WF conceptualized the study and contributed to the
investigation. WY, MX, and ML performed the formal analysis,
were in charge of the projection administration, and wrote the
original draft. YQW and YZ were in charge of the data curation
and methodology. YW was in charge of the software. All authors
contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS

The authors thank Hui Zhu, MD, for her editorial assistance. We
also thank HongyuWang, PhD, JialiangWei, PhD, and Jian Guo,
PhD, for they help in collecting the clinical data.
REFERENCES
1. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and

molecular carcinogenesis. Gastroenterology (2007) 132:2557–76.
doi: 10.1053/j.gastro.2007.04.061

2. Cherqui D, Laurent A, Mocellin N, Tayar C, Luciani A, Van Nhieu JT, et al.
Liver resection for transplantable hepatocellular carcinoma: long-term
survival and role of secondary liver transplantation. Ann Surg (2009)
250:738–46. doi: 10.1097/sla.0b013e3181bd582b

3. Prashant B, Marc A, Eric V, Daniel C, Gilles P, Antonio S, et al. Salvage versus
primary liver transplantation for early hepatocellular carcinoma: do both
strategies yield similar outcomes? Ann Surg (2016) 264:155–63. doi: 10.1097/
sla.0000000000001442

4. Kim JM, Yi NJ, Kwon CHD, Lee KW, Suh KS, Joh JW. Early disseminated
recurrence after liver resection in solitary hepatocellular carcinoma. Ann Surg
Treat Res (2018) 94:129–34. doi: 10.4174/astr.2018.94.3.129

5. Kotoh K, Enjoji M, Arimura E, Morizono S, Kohjima M, Sakai H, et al.
Scattered and rapid intrahepatic recurrences after radio frequency ablation for
hepatocellular carcinoma. World J Gastroenterol (2005) 11:6828–32.
doi: 10.3748/wjg.v11.i43.6828

6. Poon RT, Fan ST, Ng IO, Lo CM, Liu CL, Wong J. Different risk factors and
prognosis for early and late intrahepatic recurrence after resection of
hepatocellular carcinoma. Cancer (2000) 89:500–7. doi: 10.1002/1097-0142
(20000801)89:3<500::AID-CNCR4>3.0.CO;2-O

7. Choi GH, Kim DH, Kang CM, Kim KS, Choi JS, Lee WJ, et al. Prognostic
factors and optimal treatment strategy for intrahepatic nodular recurrence
after curative resection of hepatocellular carcinoma. Ann Surg Oncol (2008)
15:618–29. doi: 10.1245/s10434-007-9671-6

8. Del Pozo AC, Lopez P. Management of hepatocellular carcinoma. Clin Liver
Dis (2007) 11:305–21. doi: 10.1016/j.cld.2007.04.007

9. Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, et al. Randomized
controlled trial of transarterial lipiodol chemoembolization for unresectable
hepatocellular carcinoma. Hepatology (2002) 35:1164–71. doi: 10.1053/
jhep.2002.33156

10. Llovet JM, Real MI, Montana X, Planas R, Coll S, Aponte J, et al. Arterial
embolisation or chemoembolisation versus symptomatic treatment in patients
with unresectable hepatocellular carcinoma: a randomised controlled trial.
Lancet (2002) 359:1734–9. doi: 10.1016/s0140-6736(02)08649-x
11. Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro A, Figer A, et al.
Phase II study of sorafenib in patients with advanced hepatocellular
carcinoma. J Clin Oncol (2006) 24:4293–300. doi: 10.1200/JCO.2005.01.3441

12. Liu L, Cao Y, Chen C, Zhang X, McNabola A, Wilkie D, et al. Sorafenib blocks
the RAF/MEK/ERK pathway, inhibits tumor angiogenesis, and induces tumor
cell apoptosis in hepatocellular carcinoma model PLC/PRF/5. Cancer Res
(2006) 66:11851–8. doi: 10.1158/0008-5472.CAN-06-1377

13. Chao Y, Chung YH, Han G, Yoon JH, Yang J, Wang J, et al. The combination
of transcatheter arterial chemoembolization and sorafenib is well tolerated
and effective in Asian patients with hepatocellular carcinoma: final results of
the START trial. Int J Cancer (2015) 136:1458–67. doi: 10.1002/ijc.29126

14. Verslype C, Rosmorduc O, Rougier P. Hepatocellular carcinoma: ESMO-
ESDO Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann Oncol (2012) 23:vii41–8. doi: 10.1093/annonc/mds225

15. Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC
staging classification. Semin Liver Dis (1999) 19:329–38. doi: 10.1055/s-2007-
1007122

16. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, et al. CTCAE
v3.0: development of a comprehensive grading system for the adverse effects
of cancer treatment. Semin Radiat Oncol (2003) 13:176–81. doi: 10.1016/
s1053-4296(03)00031-6

17. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for
hepatocellular carcinoma. Semin Liver Dis (2010) 30:52–60. doi: 10.1055/s-
0030-1247132

18. Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Intrahepatic recurrence after
curative resection of hepatocellular carcinoma: long-term results of treatment
and prognostic factors. Ann Surg (1999) 229:216–22. doi: 10.1097/00000658-
199902000-00009

19. Minagawa M, Makuuchi M, Takayama T, Kokudo N. Selection criteria for
repeat hepatectomy in patients with recurrent hepatocellular carcinoma. Ann
Surg (2003) 238:703–10. doi: 10.1097/01.sla.0000094549.11754.e6

20. Park JH, Koh KC, Choi MS, Lee JH, Yoo BC, Paik SW, et al. Analysis of risk
factors associated with early multinodular recurrences after hepatic resection
for hepatocellular carcinoma. Am J Surg (2006) 192:29–33. doi: 10.1016/
j.amjsurg.2005.11.010

21. Li X, Feng GS, Zheng CS, Zhuo CK, Liu X. Expression of plasma vascular
endothelial growth factor in patients with hepatocellular carcinoma and effect
of transcatheter arterial chemoembolization therapy on plasma vascular
December 2020 | Volume 10 | Article 574668

https://doi.org/10.1053/j.gastro.2007.04.061
https://doi.org/10.1097/sla.0b013e3181bd582b
https://doi.org/10.1097/sla.0000000000001442
https://doi.org/10.1097/sla.0000000000001442
https://doi.org/10.4174/astr.2018.94.3.129
https://doi.org/10.3748/wjg.v11.i43.6828
https://doi.org/10.1002/1097-0142(20000801)89:33.0.CO;2-O
https://doi.org/10.1002/1097-0142(20000801)89:33.0.CO;2-O
https://doi.org/10.1245/s10434-007-9671-6
https://doi.org/10.1016/j.cld.2007.04.007
https://doi.org/10.1053/jhep.2002.33156
https://doi.org/10.1053/jhep.2002.33156
https://doi.org/10.1016/s0140-6736(02)08649-x
https://doi.org/10.1200/JCO.2005.01.3441
https://doi.org/10.1158/0008-5472.CAN-06-1377
https://doi.org/10.1002/ijc.29126
https://doi.org/10.1093/annonc/mds225
https://doi.org/10.1055/s-2007-1007122
https://doi.org/10.1055/s-2007-1007122
https://doi.org/10.1016/s1053-4296(03)00031-6
https://doi.org/10.1016/s1053-4296(03)00031-6
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1055/s-0030-1247132
https://doi.org/10.1097/00000658-199902000-00009
https://doi.org/10.1097/00000658-199902000-00009
https://doi.org/10.1097/01.sla.0000094549.11754.e6
https://doi.org/10.1016/j.amjsurg.2005.11.010
https://doi.org/10.1016/j.amjsurg.2005.11.010
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yao et al. Diffuse Recurrence of Hepatocellular Carcinoma
endothelial growth factor level. World J Gastroenterol (2004) 10:2878–82.
doi: 10.3748/wjg.v10.i19.2878

22. Sansonno D, Lauletta G, Russi S, Conteduca V, Sansonno L, Dammacco F.
Transarterial chemoembolization plus sorafenib: a sequential therapeutic
scheme for HCV-related intermediate-stage hepatocellular carcinoma: a
randomized clinical trial. Oncologist (2012) 17:359–66. doi: 10.1634/
theoncologist.2011-0313

23. Yamamoto Y, Ikoma H, Morimura R, Konishi H, Murayama Y, Komatsu S,
et al. Optimal duration of the early and late recurrence of hepatocellular
carcinoma after hepatectomy. World J Gastroenterol (2015) 21:1207–15.
doi: 10.3748/wjg.v21.i4.1207

24. Xu XF, Xing H, Han J, Li ZL, Lau WY, Zhou YH, et al. Risk Factors, Patterns,
and Outcomes of Late Recurrence After Liver Resection for Hepatocellular
Carcinoma: A Multicenter Study From China. JAMA Surg (2019) 154:209–17.
doi: 10.1001/jamasurg.2018.4334

25. Vitale A, Lai Q, Farinati F, Bucci L, Giannini EG, Napoli L, et al. Utility of
Tumor Burden Score to Stratify Prognosis of Patients with Hepatocellular
Cancer: Results of 4759 Cases from ITA.LI.CA Study Group. J Gastrointest
Surg (2018) 22:859–71. doi: 10.1007/s11605-018-3688-y

26. Kobayashi A, Miyagawa S, Miwa S, Nakata T. Prognostic impact of
anatomical resection on early and late intrahepatic recurrence in patients
with hepatocellular carcinoma. J Hepatobiliary Pancreat Surg (2008) 15:515–
21. doi: 10.1007/s00534-007-1293-7
Frontiers in Oncology | www.frontiersin.org 11
27. Abdel-Rahman O, Elsayed ZA. Combination trans arterial chemoembolization
(TACE) plus sorafenib for the management of unresectable hepatocellular
carcinoma: a systematic review of the literature. Dig Dis Sci (2013) 58:3389–
96. doi: 10.1007/s10620-013-2872-x

28. Cabrera R, Pannu DS, Caridi J, Firpi JR, Soldevila-Pico C, Morelli G, et al. The
combination of sorafenib with transarterial chemoembolisation for
hepatocellular carcinoma. Aliment Pharmacol Ther (2011) 34:205–13.
doi: 10.1016/s2468-1253(17)30156-5

29. Geschwind JF, Gholam PM, Goldenberg A, Mantry P, Martin RC, Piperdi B,
et al. Use of Transarterial Chemoembolization (TACE) and Sorafenib in Patients
with Unresectable Hepatocellular Carcinoma: US Regional Analysis of the
GIDEON Registry. Liver Cancer (2016) 5:37–46. doi: 10.1159/000367757

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Yao, Xue, Lu, Wang, Zhao, Wu, Fan and Li. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
December 2020 | Volume 10 | Article 574668

https://doi.org/10.3748/wjg.v10.i19.2878
https://doi.org/10.1634/theoncologist.2011-0313
https://doi.org/10.1634/theoncologist.2011-0313
https://doi.org/10.3748/wjg.v21.i4.1207
https://doi.org/10.1001/jamasurg.2018.4334
https://doi.org/10.1007/s11605-018-3688-y
https://doi.org/10.1007/s00534-007-1293-7
https://doi.org/10.1007/s10620-013-2872-x
https://doi.org/10.1016/s2468-1253(17)30156-5
https://doi.org/10.1159/000367757
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Diffuse Recurrence of Hepatocellular Carcinoma After Liver Resection: Transarterial Chemoembolization (TACE) Combined With Sorafenib Versus TACE Monotherapy
	Introduction
	Materials and Methods
	Ethical Statement
	Patient Selection
	Transarterial Chemoembolization Procedure
	Sorafenib Management
	Survival, Tumor Progression, and Safety
	Follow-Up
	Statistical Analyses

	Results
	Optimal Cutoff Value for Distinguishing Early and Late Diffuse Recurrence
	Patient Characteristics
	Recurrence-Free Survival and Overall Survival
	Univariate and Multivariate Analysis
	Subgroup Analysis
	Complications

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


