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The efficacy and safety of CT-Guided lodine-125 Radioactive Seed Implantation (RSI) for
the treatment of intrahepatic recurrent hepatocellular carcinoma (rHCC) were analyzed in
this multicenter retrospective study. We reviewed the medical records of patients with
rHCC treated with 1-125 seed implantation at four different hospitals in China from
December 2011 and January 2021. The local progression-free survival (LPFS),liver
PFS, and overall survival (OS) were calculated, and the short-term efficacy and
treatment-related toxicities were evaluated. A total of 82 patients were enrolled; the
median follow-up time was 46 months (range, 3-80 months). The 1-, 3- and 5-year LPFS
rates were 63.8%, 27.1%, and 7.9%, respectively, and the corresponding OS rates were
74.8%, 32.9%, and 12.6%, respectively. Univariate analysis showed that factors
influencing LPFS included the maximum lesion diameter, Barcelona Clinic Liver Cancer
(BCLC) stage, interval between treatment and recurrence, and D90. Multivariate analyses
revealed that the BCLC stage, interval between treatment and recurrence, and D90 were
independent factors influencing LPFS, whereas BCLC stage, D90, and short-term efficacy
were independent factors influencing OS. In summary, |-125 seed implantation is a safe
and effective treatment for rHCC. The BCLC stage, interval, and D90 were found to
influence the local control. A larger, prospective study is required to confirm the dose-
response curve for lodine-125 RSI of rHCC.
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INTRODUCTION

Liver cancer ranked sixth in incidence and fourth in cause of
annual cancer-related deaths worldwide in 2018. Hepatocellular
carcinoma (HCC) comprises 75%-85% cases of primary liver
cancer (1). Intrahepatic tumor recurrent HCC (rHCC) is the
major cause of treatment failure in HCC (2, 3). In patients with
rHCC, multikinase inhibitors, molecularly targeted therapies,
and immune checkpoint inhibitors are administered as second-
line systemic therapy (4, 5). Transarterial Chemoembolization
(TACE) (2, 6), Transarterial radioembolization (7), radiotherapy
(3), and thermal ablation (8) are used as alternative locoregional
therapy for rHCC. Iodine-125 radioactive seed implantation
(RSI), a minimally invasive internal radiation therapeutic
mode, allows continuous irradiation of the tumors after
implantation, and the radiation dose of the target tumors is
sufficiently high to achieve an ablative effect while sparing the
normal tissues. As permanent interstitial brachytherapy, RSI
is increasingly used in cancer treatment (9). However,
limited studies have investigated the I-125 RSI for recurrent
hepatocellular carcinoma. In this retrospective multicenter study,
we analyzed the data of patients with rHCC who received I-125
RS, in order to further assess the safety and efficacy of I-125 RSI
for the actual clinical practice of the real world.

MATERIALS AND METHODS

Patients
This was a retrospective study of patients with rHCC at four
medical centers in China. We reviewed the medical records of
patients treated with CT-guided I-125 RSI between December
2011 and August 2021. The patient inclusion criteria were as
follows: (1) Age 18-85 years, with ECOG score <2, (2)
Confirmed pathological or imaging-based diagnosis (including
contrast-enhanced computed tomography(CT), dynamic
enhanced magnetic resonance imaging(MRI)) of intrahepatic
rHCC (10), (3) Categorized as Child-Pugh class A or B, (4)
Tumor size < 7 cm, with lesions <3, (5) Intrahepatic tumor(s)
recurrences after surgery, ablation, or TACE, (6) The strategic
plan for rHCC treatment was discussed by a multidisciplinary
cancer team in each hospital, (7) Patients deemed unsuitable for
or who refused the molecularly targeted and immune checkpoint
inhibitor therapies. Contraindications included: (1) Child-Pugh
class C, (2)Tumor size > 7 cm or more than 3 lesions, (3)Bleeding
tendency: platelet count <50 x10°/L, prothrombin time>18s,
prothrombin time activity <40%, (4)Expected survival < 3
months, (5) Tumors located deeply in the liver (large distance
from the liver capsule), (6) Tumors at proximity of large vessels.
The patients and their families were informed of the
treatment, and subsequently provided written informed
consent. The study adhered to the guidelines specified in
the Declaration of Helsinki. This study was reviewed and
approved by the Ethics Committee of Tengzhou Central
People’s Hospital.

Devices and Instruments

(1) The treatment planning system (TPS) (Beijing University of
Aeronautics and Astronautics and Beijing Astro Technology Co.
Ltd) was applied to calculate the seed dose distribution of the
target tumor and to generate a dose-volume histogram. Planning
system source data matched the official, supplementary reports
and update of the American Association of Physicists in
Medicine (11, 12). (2) Definition AS Bigbore CT, Siemens,
Germany. (3) The I-125 seeds were 4.5 mm in length and 0.8
mm in diameter enclosed in a NiTinol capsule (Beijing Atom
high Tech Pharmaceutical Company Ltd., China).These seeds
could produce 27.4-31.5 keV X-ray and 35.5 keV y-ray radiations
with a half-life of 59.6 days. (4) Radioactive I-125 seed
implantation devices (Mick Radio-Nuclear Instruments, Inc.,
USA and Eckert & Ziegler BEBIG Gmbh.,Germany).

Preoperative Planning

All patients underwent laboratory testing, including routine
blood tests, coagulation function test and liver and kidney
function test before the RSI to rule out any contraindications.
The patients underwent an enhanced CT scan of 5 mm thickness
the week before the treatment. The image data were transmitted
to the Treatment Planning System for pre-planning and design.
Gross tumor volume (GTV) and adjacent organs at risk (OARs)
were identified. And clinical tumor volume(CTV) were
calculated by expanding the GTV by 5-6 mm in three
dimensions. Next, according to three mutually perpendicular
diameters of tumor target volume, the principle of parallel and
equidistant source distribution were adopted. Then the
implantation design parameters, i.e., prescription dose, seed
activity, puncture needle direction, distribution, depth, and
seed quantity were determined by TPS. The median
prescription dose was 120 Gy (range, 110-160 Gy) and the
median activity of the I-125 seed was 0.6 mCi (range, 0.5-0.8
mCi). These patients received the dose of less than 120Gy with
high-risk hepatocellular carcinoma less than 10 mm from
extrahepatic hollow organs such as stomach and intestines.
Others received the dose of 120 to 160Gy.

Seed Implantation

(1) Free-hand guided I-125 seed implantation: Patients were
positioned on the CT-simulator and immobilized with a vacuum
pad. After local anesthesia with 1% lidocaine, seed needles were
inserted 2-3 cm deep into the target lesion with 0.5-1.0 cm
between the two rows using CT guidance. Adjustment of the
needle position was performed in real time. A Mick seed
implantation gun was used to implant I-125 seeds with a 0.5-
1.0 cm distance between two seeds in a receding manner using
the applicator. After seed implantation, CT was performed to
confirm the seed distribution, and additional seeds were
implanted to ensure uniform spatial distribution of the seeds
and to minimize the missed area.

(2) Three-dimensional-printing coplanar template(3D-PCT)
guided I-125 seed implantation: The navigation bracket was
connected to the CT carbon fiber bedplate before setting up a
patient on the CT-simulator. The 3D-PCT was installed in the
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navigation bracket, and the template was calibrated with laser
light and a digital angle meter. Two to three reference needles
were placed on the patient’s skin at a predetermined insertion
point. CT was performed to observe the needle direction. To
calibrate the template to ensure the right direction, all needles
were inserted into the target lesion with 0.5-1.0 cm between two
rows. Next, the I-125 seed was implanted as described in the free-
hand guided procedure.

Post-Implantation Dose Validation

CT was performed within 1-2 days of the procedure and images
were transferred into the TPS for post-plan dose evaluation to
check for any seed displacement and to validate the dose. The
dosimetric parameters, e.g. D90 (dose delivered to 90% GTV),
D100 (dose delivered to 100% GTV), were identified (Figure 1
showing the seeds implantation procedure).

Follow-Up and Definitions of Outcomes
Patient vital signs were observed for 24 hour with
electrocardiogram monitoring. All postoperative complications
were recorded in detail. All patients were followed-up at 4 weeks
and 3 months after seed implantation. Thereafter patients were
followed-up every three months for two years. At every visit,
chest radiography, ultrasonography, blood tests (liver function,
serum a-fetoprotein tests), and contrast-enhanced CT or MRI
were performed.After two years, follow-up examinations were
performed once every six months.

The primary endpoint was local progression-free survival
(LPES). The secondary endpoint was liver progression-free
survival (liver PFS) and overall survival (OS). LPFS was
defined as the duration between the RSI date and the date of
local progression or death. Liver PFS was defined as the duration
between the RSI date and the date of intrahepatic recurrence,
intrahepatic metastasis or death. OS was defined as the duration
between the RSI date and the date of the last follow-up or death.
Treatment responses were assessed using the Modified Response
Evaluation Criteria in Solid Tumors (mRECIST) (13), as
complete response (CR, disappearance of any intratumoral
arterial enhancement in intrahepatic target lesions), partial
response (PR, at least a 30% decrease in the sum of the longest
residual enhancement tumour diameters of the target lesions
from baseline), progressive disease (PD, at least a 20% increase

and an absolute increase of at least 5 mm in the sum of the
longest residual enhancement tumour diameters of the target
lesions), or stable disease (SD, between PR and PD). The short-
term efficacy was evaluated at 3 months after the implantation.
Treatment-related toxicities were evaluated using the Common
Terminology Criteria for Adverse Events (CTCAE) (version 5.0)
(14) within 3 months after the seed implantation.

Statistical Analysis

SPSS 26.0 (IBM Corp., Armonk, NY, USA) was used for
statistical analysis. Numeration data were expressed as the
absolute and/or percentage value. Measurement data were
expressed as the median value (range) or mean value *
standard deviation. Chi-square test was used to analyze the
tumor response. Survival was estimated using the Kaplan-
Meier method, univariate analysis was conducted using the
log-rank test, and multifactor analysis was conducted using
Cox regression. The results of the multifactor analysis were
used to plot nomograms using R (version 4.1.1; http://www.
Rproject.org) for visualization. The resolution was expressed as
the C-index (concordance index). A C-index of 0.50-0.70
indicated low accuracy, a C-index of 0.71-0.90 indicated good
accuracy, and a C-index of 0.91-1.00 indicated high accuracy,
similar to that observed for the correlation coefficient. P < 0.05
was considered statistically significant.

RESULTS

Patients and Treatment

A total of 82 patients with rHCC met our inclusion criteria and
were included in this study; the patients included 69 men (84.1%)
and 13 women (15.9%), aged 26-77 years (median age 60). The
tumor diameter was 1.2-7.0 cm (median diameter, 4.5 cm), and
the total number of intrahepatic lesions targeted was 128 [1
lesion (n = 49), 2 lesions (n = 20), 3 lesions (n = 13)]. Of the
included patients, 5 had previously received targeted therapy
(sorafenib), 8 had undergone surgery, 25 had received ablation,
and 48 had received TACE. Additionally, all patients were
ineligible for or had rejected salvage surgery and/or ablation.
The interval between the previous treatment and seed
implantation was 1-90 months (median, 6 months). The seed

postoperative follow-up at 6 months.

FIGURE 1 | Flow chart showing the seeds implantation procedure: (A) Tumor in the right liver; (B) 3D-printing coplanar template-guided intraoperative needle
insertion; (C) seeds implantation and postoperative dose verification; (D) the dosimetric parameters, e.g. D90, D100 were identified. (E) efficacy observation of
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number was 11-125 (median, 46) and the postoperative D90 was
86-249 Gy (median, 139 Gy). In total, 76 patients (92.7%) received
free-hand guided I-125 seed implantation and 6 (7.3%) received
3D-PCT guided I-125 seed implantation (Table 1).

Tumor Response and Complication

Of the 82 patients included in the study, the short-term efficacy
was evaluated at 3 months after the implantation. There were 28
(34.1%) cases of CR, 39 (47.6%) cases of PR, 12 (14.6%) cases of
SD, and three (3.7%) cases of PD. The patients were followed up
for a median duration of 46 months (range, 3-80 months) until
February 2021. Thereafter 51 (62.2%) died, 30 (36.6%) survived,
and 1 (1.2%) was lost to follow-up. In total, 13 patients (15.9%)
were diagnosed with intrahepatic recurrence, 25 (30.5%)
experienced intrahepatic metastasis, and 27 (32.9%) showed
extrahepatic distant metastasis.

All patients were allocated the RSI schedule without any
interruption caused by treatment-related toxicities. Acute
toxicities were observed within 3 months following RSI. The
radiation-induced liver disease (RILD) include classic RILD and
nonclassic RILD. In this study, 32 patients (39.0%) showed
procedure-related toxicities and 1 patient (1.2%) showed grade 3
hepatic subcapsular hemorrhage after the treatment and was treated
with hepatoarterial embolization. In general, the adverse effects seen
in 31 patients (37.8%) were of grade 1 or 2 and were transient,
including RILD in 5 (6.1%), minor hemorrhage in 28 (34.1%), mild
abdominal pain in 17 (20.7%), slight fatigue in 11 (13.4%), and
slight pneumothorax in 4 (4.9%) (Table 2). No patients experienced
complications of anorexia, nausea or vomiting, or diarrhea. Only
one patient developed a hepatic abscess 3 months after the RSI;
however, the symptoms were alleviated after medication. None of
the patients in this study experienced RSI-related toxicities from
radiation-induced liver disease.

TABLE 1 | Patient and treatment characteristics (n=82).

Survival and Factors Affecting Outcomes
The median LPFS time was 16 months (95% confidence interval
(CI) range, 12.6-19.4 months). The 1-, 3-, and 5-year LPFS rates
were 63.8%, 27.1%, and 7.9%, respectively. The median liver PFS
time was 15 months (95% confidence interval (CI) range, 11.9-18.1
months). The 1-, 3-, and 5-year liver PFS rates were 57.0%, 17.1%,
and 6.0%, respectively. The median OS after the seed implantation
was 23 months (95% CI, 15.2-30.8 months). The 1-, 3-, and 5-year
OS rates were 74.8%, 32.9%, and 12.6%, respectively.

Univariate analysis showed that a maximum tumor diameter
of < 4.5 cm, BCLC stage A, Interval time between the previous
treatment and seed implantation > 12 months, and D90 > 140 Gy
were correlated with improved LPFS (P < 0.05 Figure 1). These
four factors, age group, with or without extrahepatic metastasis,
with or without portal vein tumor thrombus(P < 0.2) were
included to Cox multivariate analysis. Multivariate analysis
showed that the independent factors influencing the local
control rate included the BCLC stage, Interval time, and D90
(P =0.001, 0.001, and 0.046 respectively, Table 3 and Figure 2).

Univariate analysis showed that BCLC stage A, and D90 >
140 Gy were correlated with a better liver PFS rate (P < 0.05).
Interval time between the previous treatment and seed
implantation > 12 months was correlated with improved liver
PFS (P=0.057).Multivariate analysis showed that the
independent factors influencing the liver PFS rate included
BCLC stage and Interval time (P = 0.006, and 0.033 respectively).

Moreover, univariate analysis showed that age < 60 years,
absence of portal vein tumor thrombus, BCLC stage A, D90 >
140 Gy, and short-term efficacy (in terms of CR + PR) were
correlated with a better OS rate (P < 0.05). Multivariate analysis
showed that the independent factors influencing the OS rate
included BCLC stage, D90, and short-term efficacy (P = 0.008,
0.016, and 0.011 respectively, Table 4 and Figure 2).

Characteristics (%)
Age, years,median (range) 60 (26-77)
Sex
Male 69 (84.1)
Female 13 (15.9)
ECOG performance status
0 42 (51.2)
1 32 (39.0)
2 8(9.8)
Child-Pugh score
A 52 (63.4)
B 30 (36.6)
Portal vein thrombosis
Yes 15 (18.3)
No 67 (81.7
Extrahepatic metastasis
Yes 30 (36.6)
No 52 (63.4)
Treated tumor number
1 49 (59.8)
2 20 (24.4)
3 13 (15.9)

Characteristics (%)

Maximal tumor diameter,
cm, median (range)
AFP level, ng/dl (rang)

4.5 (1.2-7.0)

15.2 (1.0-6635.0)

BCLC stage
A 20 (24.4)
B 20 (24.4)
C 42 (561.2)
Previous TACE
Yes 48 (58.5)
No 34 (41.5)
Previous Surgery
Yes 8(9.8)
No 74 (90.2)
Previous ablation
Yes 25 (30.5)
No 57 (69.5)
Previous targeted therapy
Yes 5(6.1)
No 77 (93.9)

Seed implantation method
Free-hand guided
3D-printing coplanar template-guided
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TABLE 2 | Complications experienced by the patients following treatment.

Complications N %

procedure-related toxicities

No 50 61.0

Yes 32 39.0
Radiation-induced liver disease

No 77 93.9

Grade 1 5 6.1
Hemorrhage
No 53 64.6
Grade 1-2 28 34.1
Grade 3 1 1.2
Abdominal pain

No 65 79.3
Grade 1 17 20.7
Fatigue

No 71 86.6
Grade 1 1 134
Pneumothorax

No 78 95.1
Grade 1 4 4.9

The three independent factors influencing the LPFS rate, as
identified via multivariate analysis, were used to plot nomograms
(Figure 3), and the C-index (per internal validation) was 0.820
(95% CI, 0.767-0.873), suggesting good agreement between the
projected and actual values. Independent risk factors for poor
local control included an interval of <12 months between the
previous treatment and seed implantation, D90 < 140 Gy, and
BCLC stages B and C; significant differences were observed
among patients with 0-1, 2, and 3 risk factors (P < 0.05).

The 3-year LPFS rate reached 55.0% in patients with 0-1 risk
factors (median LPFS, 37 months), whereas the median LPFS
was 15 and 10 months for patients with 2 and 3 risk factors,
respectively (Figure 4).

DISCUSSION

Patients who undergo hepatectomy and liver transplantation
experience up to 40%-70% tumor recurrence within 5 years (15,
16). Incomplete radiofrequency ablation occurs due to large
tumor size or lesions located adjacent to major vessels and the
liver hilum. Locoregional recurrence and unsatisfactory survival
in some patients is attributed to the incomplete ablation (17-22).
According to the literature, 13.0% and 28.2% of HCC patients
achieved pathological and radiographic CR after TACE (23, 24),
and 43.2% experienced recurrence after radiographic CR (24).
External beam radiotherapy could be considered an alternative
treatment option for rHCC (20). The ESMO guidelines consider
selective internal radiation therapy as an option for patients with
HCC (25). RSI, as permanent interstitial brachytherapy, is
increasingly used in cancer treatment (9), including for such
cancers as non-small cell lung cancer, residual hepatocellular
carcinoma, and recurrent rectal cancer (26-28). Studies reporting
the results of 64 patients with unresectable primary and metastatic
liver tumors who underwent '*°I brachytherapy between 1989 and
2002 showed that '*’I brachytherapy was a safe and effective
alternative technique that could facilitate long-term local control
and increased survival (29). Studies indicated that '*°I seed
implantation for residual tumors following radiofrequency

TABLE 3 | Univariate and multivariate analyses of factors influencing local progression-free survival.

Factor n Median (month) 1-year (%) 3-year (%) 5-year (%) Univariate analyses Multivariate analyses
X2 P-value HR (95%ClI) P-value
Age(year) 2.572 0.109
<60y 43 25 68.1 31.3 14.3
>60y 39 14 59.0 22.8 0
Child-Pugh 0.392 0.531
A 52 23 65.9 30.1 1.1
B 30 14 60.0 21.2 71
Extrahepatic metastasis 2.255 0.133
No 52 23 69.6 31.8 14.9
Yes 30 14 53.9 18.7 0
portal vein tumor thrombus 3.364 0.067
No 67 18 67.1 30.1 8.0
Yes 15 10 48.2 121 0
Tumor diameter 4.901 0.027
<4.5cm 43 26 82.5 32.5 10.5
>4.5 cm 36 ihl 44.6 19.6 9.8
BCLC stage 13.412 0.000 0.28 (0.13~0.61) 0.001
A 20 43 89.4 61.1 22.3
B+C 62 14 54.0 14.2 4.7
interval time 5.897 0.015 2.59 (1.44~4.66) 0.001
<12m 52 13 50.0 17.0 8.5
>12'm 30 24 86.2 47.9 13.1
D90/Gy 13.061 0.000 1.83 (1.01~3.33) 0.046
<140 46 11 47.0 7.9 0
>140 36 29 83.2 43.9 1.5
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FIGURE 2 | Kaplan-Meier curves showing LPFS and OS: (A) The LPFS of patients with BLCL A and B+C; (B) the OS of patients with BLCL A and B+C; (C) the
LPFS of patients with GTV D90 <140 Gy and =140 Gy; (D) the overall survival of patients with GTV D90<140 Gy and >140 Gy; (E) the LPFS of patients with
Interval <12 months and >12 months; (F) the OS of patients with short-term efficacy CR+PR and SD+PD.

ablation (RFA) or TACE was associated with better local and
intrahepatic tumor control, and improved long-term survival
compared with those following RFA or TACE alone (30, 31). In a
study by Song et al, where 57 patients with rHCC were enrolled and
treated with CT-guided I-125 RSI, the median OS time was 23.6
months, and the 2- and 3-year survival rates were 46.1% and 24.3%,
respectively (32). The survival rate observed in our study is
comparable with that reported in this previous study (we reported
a median OS time of 23 months and 2- and 3-year survival rates of
46.4% and 32.9%, respectively). Further, the median OS time was
longer than that in the patients who received external beam
radiotherapy (55 weeks) and sorafenib (43 weeks) in a previous

study (33). These results indicate that CT-guided I-125 RSI is an
effective treatment choice for recurrent and residual HCC.

Several studies have indicated various prognostic factors for
advanced HCC, including the BCLC stage, Child-Pugh score, and
implant volume (29-32). In this study, the BCLC stage, interval time
between the previous treatment and seed implantation, and D90
were found to be independent factors influencing the local control
rate.The BCLC stage, interval time were identified as factors
influencing the liver PFS rate. And the BCLC stage, D90, and
short-term efficacy were influencing the OS rate.

The BCLC system is the most widely used staging system for
prognosis to determine the HCC stage, including the tumor
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TABLE 4 | Univariate and multivariate analyses of factors influencing overall survival.

Factor n Median (month) 1-year (%)
Age(year)
<60y 43 27 82.1
>60y 39 16 66.9
portal vein tumor thrombus
No 67 25 79.0
Yes 15 13 54.2
BCLC stage
A 20 51 100.0
B+C 62 16 66.7
D90/Gy
<140 46 14 62.0
>140 36 44 88.9
Short-term
Efficacy
CR+PR 67 26 79.5
SD+PD 15 11 48.5

3-year (%)

X2 P-value HR (95%CI) P-value
4.392 0.036
39.7 23.1
25.7 0
6.661 0.010
37.2 13.6
12.6 0
11.738 0.001 0.31(0.13~0.74) 0.008
72.4 41.4
18.9 6.3
13.273 0.000 2.24 (1.16~4.32) 0.016
8.7 0
55.6 20.2
12.083 0.001 0.38 (0.18~0.80) 0.011
375 14.3
0 0

5-year (%)

Univariate analyses

Multivariate analyses

burden, severity of liver disease, and patient’s performance status
(34). In our study, BCLC stage A was correlated with a better
LPFS, liver PFS and OS than stages B and C.

Xu et al. reported that the time to recurrence was the best
determinant for prognosis in BCLC stage B or C for intrahepatic
recurrence of HCC after resection, and the OS in the late-recurrence
group (= 2 years) was significantly better than that in the early-
recurrence group (< 2 years) (2). In our study, the time to recurrence
was used to classify patients into the early-recurrence group (<12
months) and the late-recurrence group (>12 months). The LPFS and
liver PES of the late-recurrence group (m-LPFES: 24 months, and m-
liver PFS: 18 months) was better than that of the early-recurrence
group (m-LPFS: 13 months, and m-liver PES: 11 months).

A personalized dosimetry approach is accurate according to
radiobiological rules, in which the threshold tumor absorbed

radiation dose needs to be reached to achieve an effect. A
randomized multicenter study of selective internal radiation
therapy with yttrium-90-loaded glass microspheres in patients
with HCC reported that patients who received a tumor dose of
205 Gy or higher had significantly a better objective response and
OS (35). To date, there have been few studies on the dose of '2°I
radioactive seeds and local control of tumors. Ji et al. reported
that the local control rate was higher with D90 > 120 Gy than
with D90 < 120 Gy for recurrent head and neck cancer following
external beam radiotherapy (36). In our study, the cut-off value
was 140 Gy. A high dose (D90 > 140 Gy) was associated with
better LPFS (29 months vs 11 months) and OS (44 months vs 14
months) than a dose of less than 140 Gy.

Short-term efficacy is one of the factors affecting the survival of
HCC patients after treatment. Zhang et al. reported that short-term

2 =">140"; For BCLC: 1 = “A”, 2 ="B + C”).
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FIGURE 3 | Nomogram to predict the local recurrence after seed implantation (For Interval: 1 = “<12 months”, 2 = “>12 months”; For D90 (Gy): 1 = “< 140",
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FIGURE 4 | Local progression-free survival in patients following stratification by risk factors (P < 0.05).

efficacy (in terms of CR and PR) influenced the local control and OS
in patients who received CT-guided I-125 RSI for esophageal cancer
with cervical lymph node metastasis after radiotherapy (37). Our
study showed that patients with CR or PR had a better OS (26
months vs 11 months) than those with SD or PD.

In this study, we plotted LPFS nomograms with three
dependent factors: BCLC stage, interval between the previous
treatment and seed implantation, and D90. Patients with 0 or 1
risk factors showed better local control efficacy. The BCLC stage,
D90, and short-term efficacy were related to survival after seed
implantation. I-125 seed implantation with a sufficient radiation
dose as local therapy had a favorable effect on LPFS and a further
long-term influence on the survival after seed implantation with
better short-term efficacy.

During the follow-up in our study, only 15.9% of patients were
diagnosed with intrahepatic recurrence, whereas 30.5% experienced
intrahepatic metastasis outside of the target tumors and 32.9%
patients experienced extrahepatic distant metastasis after seed
implantation. Because relapse outside target tumors is the major
cause of treatment failure, RSI in combination with novel systemic
therapies such as targeted therapies and/or immune checkpoint
inhibitors could be a potential treatment strategy (4, 5).

All patients were successfully allocated the RSI schedule
without any interruption caused by treatment-related toxicities.
Only one patient showed a side effect (grade 3 hemorrhage) and
was treated successfully with hepatoarterial embolization. No
other severe adverse effects were observed.

3D-PCT guided RIS implantation could not only reduce the
dosimetric differences between pre-and post-plan but also lower
the difficulty of puncture (38, 39). In our multicenter study, 76
patients received free-hand guided I-125 seed implantation and 6
cases received 3D-PCT guided implantation. The two groups was
not performed in statistical analysis, because of large different
number of cases.

This multicenter retrospective study had some limitations.
First, the population from different multicenter is heterogeneous
of patient characteristics. In addition, we could not validly group
patients with similar treatment histories. Therefore, a larger,
prospective study is required to confirm the dose-response curve
for I-125 RSI of rHCC.

CONCLUSIONS

Iodine-125 seed implantation are well tolerated by patients with
rHCC. And this therapy can allow substantial tumor control and
can serve as a salvage treatment. The BCLC stage, interval, and
D90 were found to influence the local control. In future
investigations, BCLC stage A, interval time to recurrence >12
months could be the selection criteria for I-125 RSI treatment of
patients with rHCC.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

Guarantor of integrity of the entire study, KZ and JW. Study
concepts and design, KZ and JW. Literature research, QY and

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 819934


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

Yuan et al.

RSI for Intrahepatic rHCC

LW. Clinical studies, YM, YS, CH, XH, CY, HH, KZ, and QY.
Experimental studies/data analysis, QY, LW, YM, and CY.
Statistical analysis, QY and BL. Manuscript preparation and
editing, QY, LW and BL. All authors contributed to the article
and approved the submitted version.

FUNDING

This study was supported by the Shandong Provincial Medicine
and Health of Social Development Project (202009030304).

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin (2018) 68
(6):394-424. doi: 10.3322/caac.21492

2. Xu W, Guo R, Xu G, Sun L], Hu DD, Xu HF, et al. Management of
Intrahepatic Recurrence After Resection for Hepatocellular Carcinoma
Exceeding the Barcelona Clinic Liver Cancer Criteria. Oncotarget (2017) 8
(66):110406-14. doi: 10.18632/oncotarget.22779

3. Lee HL, Tsai JT, Chen CY, Lin YC, Ho CB, Ting LL, et al. Effectiveness of
Stereotactic Ablative Radiotherapy in Patients With Advanced Hepatocellular
Carcinoma Unsuitable for Transarterial Chemoembolization. Ther Adv Med
Oncol (2019) 11:1758835919889002. doi: 10.1177/1758835919889002

4. Gordan JD, Kennedy EB, Abou-Alfa GK, Beg MS, Brower ST, Gade TP, et al.
Systemic Therapy for Advanced Hepatocellular Carcinoma: ASCO Guideline.
J Clin Oncol (2020) 38(36):4317-45. doi: 10.1200/JCO.20.02672

5. Liu ZL, Liu JH, Staiculescu D, Chen J. Combination of Molecularly Targeted
Therapies and Immune Checkpoint Inhibitors in the New Era of Unresectable
Hepatocellular Carcinoma Treatment. Ther Adv Med Oncol (2021)
13:17588359211018026. doi: 10.1177/17588359211018026

6. Raoul JL, Forner A, Bolondi L, Cheung TT, Kloeckner R, de Baere T. Updated
Use of TACE for Hepatocellular Carcinoma Treatment: How and When to
Use It Based on Clinical Evidence. Cancer Treat Rev (2019) 72:28-36.
doi: 10.1016/j.ctrv.2018.11.002

7. Mikell JK, Dewaraja YK, Owen D. Transarterial Radioembolization for
Hepatocellular Carcinoma and Hepatic Metastases: Clinical Aspects and
Dosimetry Models. Semin Radiat Oncol (2021) 30(1):68-76. doi: 10.1016/
j.semradonc.2019.08.005

8. Yoon SM, Ryoo BY, Lee SJ, Kim JH, Shin JH, An JH, et al. Efficacy and Safety
of Transarterial Chemoembolization Plus External Beam Radiotherapy vs
Sorafenib in Hepatocellular Carcinoma With Macroscopic Vascular Invasion:
A Randomized Clinical Trial. JAMA Oncol (2018) 4(5):661-9. doi: 10.1001/
jamaoncol.2017.5847

9. Wang JJ, Chai SD, Zheng GJ, Jiang YL, Ji Z, Guo EX, et al. Expert Consensus
Statement on Computed Tomography-Guided 1251 Radioactive Seeds
Permanent Interstitial Brachytherapy. | Cancer Res Ther (2018) 14(1):12-7.
doi: 10.4103/jcrt.JCRT_888_17

10. Imai Y, Katayama K, Hori M, Yakushijin T, Fujimoto K, Itoh T, et al
Prospective Comparison of Gd-EOB-DTPA-Enhanced MRI With Dynamic
CT for Detecting Recurrence of HCC After Radiofrequency Ablation. Liver
Cancer (2017) 6(4):349-59. doi: 10.1159/000481416

11. Nath R, Anderson LL, Luxton G, Weaver KA, Williamson JF, Meigooni AS.
Dosimetry of Interstitial Brachytherapy Sources: Recommendations of the
AAPM Radiation Therapy Committee Task Group No. 43. American
Association of Physicists in Medicine. Med Phys (1995) 22(2):209-34.
doi: 10.1118/1.597458

12. Rivard MJ, Coursey BM, DeWerd LA, Hanson WF, Huq MS, Ibbott GS, et al.
Update of AAPM Task Group No. 43 Report: A Revised AAPM Protocol for
Brachytherapy Dose Calculations. Med Phys (2004) 31(3):633-74.
doi: 10.1118/1.1646040

13. Llovet JM, Lencioni R. mRECIST for HCC: Performance and Novel
Refinements. ] Hepatol (2020) 72(2):288-306. doi: 10.1016/j.jhep.2019.09.026

The funding sources had no role in the design, writing of the
report, or decision to submit the paper for publication.

ACKNOWLEDGMENTS

We thank all our supporting colleagues in the Peking University
Third Hospital, Staft Hospital of Chengde Iron and Steel Group
Co. Ltd, Southwest hospital, Army Medical University, The First
People’s Hospital of Keerqin District and Tengzhou Central
People’s Hospital.

14. National Cancer Institute. Common Terminology Criteria for Adverse Events
(CTCAE) Version 5.0 (2017). Available at: https://evs.nci.nih.gov/ftp1/
CTCAE/CTCAE_5.0/.

15. Villanueva A. Hepatocellular Carcinoma. N Engl ] Med (2019) 380(15):1450-
62. doi: 10.1056/NEJMral713263

16. Vogel A, Cervantes A, Chau I, Daniele B, Llovet JM, Meyer T, et al.
Hepatocellular Carcinoma: ESMO Clinical Practice Guidelines for
Diagnosis, Treatment and Follow-Up. Ann Oncol (2018) 29(Suppl 4):iv238-
55. doi: 10.1093/annonc/mdy308

17. Feng K, Yan J, Li X, Xia F, Ma K, Wang S, et al. A Randomized Controlled
Trial of Radiofrequency Ablation and Surgical Resection in the Treatment of
Small Hepatocellular Carcinoma. J Hepatol (2012) 57(4):794-802.
doi: 10.1016/j.jhep.2012.05.007

18. Ng KKC, Chok KSH, Chan ACY, Cheung TT, Wong TCL, Fung JYY, et al.
Randomized Clinical Trial of Hepatic Resection Versus Radiofrequency
Ablation for Early-Stage Hepatocellular Carcinoma. Br J Surg (2017) 104
(13):1775-84. doi: 10.1002/bjs.10677

19. Liu W, Zou R, Wang C, Qiu J, Shen J, Liao Y, et al. Microwave Ablation Versus
Resection for Hepatocellular Carcinoma Within the Milan Criteria: A Propensity-
Score Analysis. Ther Adv Med Oncol (2019) 11:1758835919874652. doi: 10.1177/
1758835919874652

20. Pan YX, Xi M, Fu YZ, Hu DD, Wang JC, Liu SL, et al. Stereotactic Body
Radiotherapy as a Salvage Therapy After Incomplete Radiofrequency Ablation
for Hepatocellular Carcinoma: A Retrospective Propensity Score Matching
Study. Cancers (Basel) (2019) 11(8):1116. doi: 10.3390/cancers11081116

21. ChenL, Ying X, Zhang D, Lai L, Wu F, Tu ], et al. Iodine-125 Brachytherapy Can
Prolong Progression-Free Survival of Patients With Locoregional Recurrence
and/or Residual Hepatocellular Carcinoma After Radiofrequency Ablation.
Cancer Biother Radiopharm (2020) 36(10):820-26. doi: 10.1089/cbr.2020.3647

22. Zhang N, Wang L, Chai ZT, Zhu ZM, Zhu XD, Ma DN, et al. Incomplete
Radiofrequency Ablation Enhances Invasiveness and Metastasis of Residual
Cancer of Hepatocellular Carcinoma Cell HCCLM3 via Activating 3-Catenin
Signaling. PloS One (2014) 9(12):¢115949. doi: 10.1371/journal.pone.0115949

23. Liu Y, Yang R. Preoperative Combined With Postoperative Chemoembolization
can Improve Survival in Patients With Hepatocellular Carcinoma: A Single-Center
Study. ] Vasc Interv Radiol (2009) 20(4):472-83. doi: 10.1016/.jvir.2009.01.011

24. Jeong SO, Kim EB, Jeong SW, Jang JY, Lee SH, Sang GK, et al. Predictive
Factors for Complete Response and Recurrence After Transarterial
Chemoembolization in Hepatocellular Carcinoma. Gut Liver (2017) 11
(3):409-16. doi: 10.5009/gnl16001

25. Vogel A, Cervantes A, Chau I, Daniele B, Llovet ]M, Meyer T, et al.
Hepatocellular Carcinoma: ESMO Clinical Practice Guidelines for
Diagnosis, Treatment and Follow-Up. Ann Oncol (2019) 30(5):871-3.
doi: 10.1093/annonc/mdy308

26. Ji Z, Huo B, Liu S, Liang Q, Xing C, Hu M, et al. Clinical Outcome of CT-
Guided Stereotactic Ablative Brachytherapy for Unresectable Early Non-Small
Cell Lung Cancer: A Retrospective, Multicenter Study. Front Oncol (2021)
11:706242. doi: 10.3389/fonc.2021.706242

27. RenY, Dong X, Chen L, Sun T, Alwalid O, Kan X, et al. Combined Ultrasound
and CT-Guided Iodine-125 Seeds Implantation for Treatment of Residual
Hepatocellular Carcinoma Located at Complex Sites After Transcatheter
Arterial Chemoembolization. Front Oncol (2021) 11:582544. doi: 10.3389/
fonc.2021.582544

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 819934


https://doi.org/10.3322/caac.21492
https://doi.org/10.18632/oncotarget.22779
https://doi.org/10.1177/1758835919889002
https://doi.org/10.1200/JCO.20.02672
https://doi.org/10.1177/17588359211018026
https://doi.org/10.1016/j.ctrv.2018.11.002
https://doi.org/10.1016/j.semradonc.2019.08.005
https://doi.org/10.1016/j.semradonc.2019.08.005
https://doi.org/10.1001/jamaoncol.2017.5847
https://doi.org/10.1001/jamaoncol.2017.5847
https://doi.org/10.4103/jcrt.JCRT_888_17
https://doi.org/10.1159/000481416
https://doi.org/10.1118/1.597458
https://doi.org/10.1118/1.1646040
https://doi.org/10.1016/j.jhep.2019.09.026
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_5.0/
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_5.0/
https://doi.org/10.1056/NEJMra1713263
https://doi.org/10.1093/annonc/mdy308
https://doi.org/10.1016/j.jhep.2012.05.007
https://doi.org/10.1002/bjs.10677
https://doi.org/10.1177/1758835919874652
https://doi.org/10.1177/1758835919874652
https://doi.org/10.3390/cancers11081116
https://doi.org/10.1089/cbr.2020.3647
https://doi.org/10.1371/journal.pone.0115949
https://doi.org/10.1016/j.jvir.2009.01.011
https://doi.org/10.5009/gnl16001
https://doi.org/10.1093/annonc/mdy308
https://doi.org/10.3389/fonc.2021.706242
https://doi.org/10.3389/fonc.2021.582544
https://doi.org/10.3389/fonc.2021.582544
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Yuan et al.

RSI for Intrahepatic rHCC

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wang H, Wang L, Jiang Y, Ji Z, Guo F, Jiang P, et al. Long-Term Outcomes
and Prognostic Analysis of Computed Tomography-Guided Radioactive 1251
Seed Implantation for Locally Recurrent Rectal Cancer After External Beam
Radiotherapy or Surgery. Front Oncol (2021) 10:540096. doi: 10.3389/
fonc.2020.540096

Nag S, DeHaan M, Scruggs G, Mayr N, Martin EW. Long-Term Follow-Up of
Patients of Intrahepatic Malignancies Treated With Iodine-125
Brachytherapy. Int J Radiat Oncol Biol Phys (2006) 64(3):736-44.
doi: 10.1016/j.ijrobp.2005.08.029

Chen K, Chen G, Wang H, Li H, Xiao J, Duan X, et al. Increased Survival in
Hepatocellular Carcinoma With Iodine-125 Implantation Plus
Radiofrequency Ablation: A Prospective Randomized Controlled Trial.
J Hepatol (2014) 61(6):1304-11. doi: 10.1016/j.jhep.2014.07.026

Li M, He ], Pan M, Yu Y, Pan Z, Xu B, et al. Iodine-125 Implantation Plus
Transarterial Chemoembolization for the Treatment of Hepatocellular
Carcinoma of 3-5cm: A Propensity Score Matching Study. Dig Liver Dis
(2016) 48(9):1082-7. doi: 10.1016/j.d1d.2016.06.007

Song Z, Ye J, Wang Y, Li Y, Wang W. Computed Tomography-Guided
Iodine-125 Brachytherapy for Unresectable Hepatocellular Carcinoma.
J Cancer Res Ther (2019) 15(7):1553-60. doi: 10.4103/jcrt.JCRT_629_19
Peng Z, Chen S, Wei M, Lin M, Jiang C, Mei J, et al. Advanced Recurrent
Hepatocellular Carcinoma: Treatment With Sorafenib Alone or in
Combination With Transarterial Chemoembolization and Radiofrequency
Ablation. Radiology (2018) 287(2):705-14. doi: 10.1148/radiol.2018171541
Bruix J, Reig M, Sherman M. Evidence-Based Diagnosis, Staging, and
Treatment of Patients With Hepatocellular Carcinoma. Gastroenterology
(2016) 150(4):835-53. doi: 10.1053/j.gastro.2015.12.041

Garin E, Tselikas L, Guiu B, Chalaye J, Edeline J, de Baere T, et al. Personalised
Versus Standard Dosimetry Approach of Selective Internal Radiation Therapy in
Patients With Locally Advanced Hepatocellular Carcinoma (DOSISPHERE-01):
A Randomised, Multicentre, Open-Label Phase 2 Trial. Lancet Gastroenterol
Hepatol (2021) 6(1):17-29. doi: 10.1016/52468-1253(20)30290-9

Ji Z, Jiang Y, Tian S, Guo F, Peng R, Xu F, et al. The Effectiveness and
Prognostic Factors of CT-Guided Radioactive I-125 Seed Implantation for the
Treatment of Recurrent Head and Neck Cancer After External Beam

Radiation Therapy. Int ] Radiat Oncol Biol Phys (2019) 103(3):638-45.
doi: 10.1016/j.ijrobp.2018.10.034

Zhang Y, Liu Z, Liang Y, Chen E, Zhang H, Gao Z, et al. The Effectiveness and
Prognostic Factors of Radioactive Iodine-125 Seed Implantation for the
Treatment of Cervical Lymph Node Recurrence of Esophageal Squamous
Cell Carcinoma After External Beam Radiation Therapy. ] Contemp
Brachytherapy (2020) 12(6):579-85. doi: 10.5114/jcb.2020.101691

Chen E, Zhang Y, Zhang H, Jia C, Liang Y, Wang J. Dosimetry Study of Three-
Dimensional Print Template for 1251 Implantation Therapy. Radiat Oncol
(2021) 16(1):115. doi: 10.1186/s13014-021-01845-y

Huang W, Lu J, Chen KM, Wu ZY, Wang QB, Liu JJ, et al. Preliminary
Application of 3D-Printed Coplanar Template for Iodine-125 Seed
Implantation Therapy in Patients With Advanced Pancreatic Cancer. World
] Gastroenterol (2018) 24(46):5280-7. doi: 10.3748/wjg.v24.i46.5280

37.

38.

39.

Conflict of Interest: Author YM and YS are employed by Staft Hospital of
Chengde Iron and Steel Group Co. Ltd.

The remaining 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Yuan, Ma, Wu, Song, He, Huang, Yang, Liu, Han, Zhang and
Wang. 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.

Frontiers in Oncology | www.frontiersin.org

April 2022 | Volume 12 | Article 819934


https://doi.org/10.3389/fonc.2020.540096
https://doi.org/10.3389/fonc.2020.540096
https://doi.org/10.1016/j.ijrobp.2005.08.029
https://doi.org/10.1016/j.jhep.2014.07.026
https://doi.org/10.1016/j.dld.2016.06.007
https://doi.org/10.4103/jcrt.JCRT_629_19
https://doi.org/10.1148/radiol.2018171541
https://doi.org/10.1053/j.gastro.2015.12.041
https://doi.org/10.1016/S2468-1253(20)30290-9
https://doi.org/10.1016/j.ijrobp.2018.10.034
https://doi.org/10.5114/jcb.2020.101691
https://doi.org/10.1186/s13014-021-01845-y
https://doi.org/10.3748/wjg.v24.i46.5280
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

	Clinical Outcome of CT-Guided Iodine-125 Radioactive Seed Implantation for Intrahepatic Recurrent Hepatocellular Carcinoma: A Retrospective, Multicenter Study
	Introduction
	Materials and Methods
	Patients
	Devices and Instruments
	Preoperative Planning
	Seed Implantation
	Post-Implantation Dose Validation
	Follow-Up and Definitions of Outcomes
	Statistical Analysis

	Results
	Patients and Treatment
	Tumor Response and Complication
	Survival and Factors Affecting Outcomes

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	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 false
  /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 false
  /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 false
  /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


