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Purpose: To compare the therapeutic outcomes between open surgical resection (OSR)
and percutaneous microwave ablation (PMWA) for colorectal liver metastasis (CRLM) <3 cm.

Methods: In this retrospective study, 200 consecutive patients with 306 CRLMs were
reviewed. Overall survival (OS), disease-free survival (DFS), local tumour progression
(LTP), intrahepatic distant recurrence, and extrahepatic metastasis were analysed to
compare the therapeutic efficacy. Cox proportional hazards regression analysis was used
to identify the prognostic factors for OS and DFS. Major complications and postoperative
hospital stay were also assessed.

Result: The 1-, 3-, and 5-year OS rates were 91.6%, 64.1%, and 46.3%, respectively, in
the PMWA group and 89.7%, 62.4% and 44.7%, respectively, in the OSR group
(P=0.839). The 1-, 3-, and 5-year DFS rates were 61.9%, 44.8%, and 41.3%,
respectively, in the PMWA group and 58.1%, 24.4%, and 18.3%, respectively, in the
OSR group (P =0.066). The two groups had comparable 5-year cumulative rates of
intrahepatic distant recurrence (P=0.627) and extrahepatic metastasis (P=0.884). The 5-
year cumulative LTP rate was lower in the OSR group than in the PMWA group (P=0.023).
The rate of major complications was higher in the OSR group than in the PMWA group
(P =0.025), and the length of hospital stay after treatment was shorter in the PMWA group
(P<0.001).

Conclusion: There were no significant differences in OS or DFS between the two groups.
PMWA was associated with increased LTP, fewer postoperative days and fewer major
complications.

Keywords: colorectal cancer, liver metastasis, ablation, resection, ultrasound

INTRODUCTION

Colorectal cancer (CRC) ranks the third most common type of malignancy in incidence and second
in mortality (1). Disease burden is still increasing because of metastasis. Approximately half of all
metastases that occur in the liver are either synchronous or metachronous (2-4). As the gold
standard treatment for colorectal liver metastasis (CRLM), surgery indeed prolongs the overall
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survival (OS) of patients, with 5-year survival rates of up to 51%
(5). However, concurrent medical conditions (multiple tumours
located in different lobes or in a deep position, cardiopulmonary
failure, older patients with hepatic or renal insufficiency, and
debilitated patients after radiotherapy or chemotherapy) limit its
widespread use, and only 10%-15% of patients with CRLM are
eligible for open surgical resection (OSR) (6).

Other curative therapeutic modalities have developed, among
which ablation is gaining focus because of its easy accessibility,
high reproducibility, and minimal invasiveness (7-9). Several
communities have performed comparative studies on the
effectiveness and safety of radiofrequency ablation (RFA) and
resection. The results showed that RFA and resection had similar
OS rates for patients with CRLM <3 cm, and the recurrence rate
was higher in patients treated with RFA than in patients treated
with resection. The complication rate was lower for RFA. The
outcome also demonstrated that recurrence was the dominant
factor restricting the popularization of RFA.

Microwave ablation (MWA) has emerged as an innovative
ablative technology (4, 10, 11) and has several advantages,
including few needle insertions, extended ablation within a
short time, sharp margins, minimal damage to the normal liver
parenchyma, fast ablation times, large tumour ablation volumes,
and consistently high and homogeneous temperatures, which are
attributed to its working principle: tissue coagulation necrosis
caused by the oscillation of polar molecular, non-reliance on
electrical conductivity, less affected by the presence of blood
vessels (12, 13). Furthermore, the forte of a percutaneous
ultrasound (US)-guided modality virtually fulfils minimal
invasiveness, and the ablation boundary can be timely adjusted
and comprehensively evaluated.

MWA has been widely adopted for the treatment of
hepatocellular carcinoma (14, 15). Some researchers have
also explored its therapeutic effect on liver metastasis: Eng
OS et al (16) showed that intraoperative MW A was a safe and
effective treatment for patients with CRLM in tumours as large
as 5.5 cm in size. Si et al. (17) researched 137 CRLM patients
with 411 lesions (mean diameter 15.4+7.2 mm, range 5-67
mm) and concluded that US-guided PMWA was expected to
become a routine method for the local tumour control of
CRLM. However, the distinction of clinical outcomes
between PMWA and OSR is still unclear. Thus, we
conducted this study for patients with CRLM (maximum
diameter CRLM <3 cm and number <3) to compare the
clinical outcomes of the two modalities.

MATERIALS AND METHODS
Study Design

This retrospective comparative study was approved by our
ethical committee. The covariates were selected based on
clinical relevance and the results of previous studies (18-21).
Standardized terminology and reporting criteria (22) were used
for the comparison of treatment outcomes between the
two groups.

All patients with curable CRLM who received either
percutaneous MWA or OSR as the initial local treatment
according to medical records between January 2009 and
December 2017 were reviewed. The inclusion criteria were the
maximum diameter of CRLM<3 cm and the number of
CRLMZ<3. The exclusion criteria were as follows: (a) combined
with another primary cancer; (b) treated with transcatheter
arterial chemoembolization (TACE) or RFA; (c) unresected
primary colorectal cancer; (d) missing the survival status. We
identified 632 consecutive patients who underwent either
percutaneous MWA (n = 382) or hepatic resection (HR) (n =
250) to treat CRLM. Based on these criteria, 432 patients were
excluded: 280 with a CRLM size > 3 cm, 70 with a CRLM number
> 3, 19 with another primary cancer, 17 treated with TACE, 12
treated with RFA, 26 with unresected primary colorectal cancer,
and 8 with censored information. Two hundred patients (mean
age, 56 years; range, 25-83 years) met the inclusion criteria and
were included in our study. The screening flowchart for study
patients is shown in Figure 1. A total of 135 patients (67.5%; 135
of 200 patients) with 213 lesions (79 patients had a single
tumour, 56 patients had more than one tumour) underwent
PMWA, and 65 patients (32.5%; 65 of 200 patients) with 93
lesions (41 patients had a single tumour, and 24 patients had
more than one tumour) underwent OSR. The size and number of
tumours were determined by two junior doctors through
contrast enhanced MRI. For patients who cannot undertake
MRI examination, contrast enhanced CT and contrast
enhanced ultrasound were applied unsteadily.

A total of 94 patients (72%) in the PMWA group and 45
patients (69%) in the OSR group underwent comparable
preoperative chemotherapy within 3 months before ablation or
resection, and all patients underwent postoperative
chemotherapy. The regular systemic chemotherapy regimen
(FOLFOX (oxaliplatin, leucovorin, and 5-fluorouracil), XELOX
(oxaliplatin, capecitabine), FOLFIRI (irinotecan, leucovorin, and
5-fluorouracil), or a combination of biologic-targeted agents
(bevacizumab or cetuximab)) was carefully selectively
according to the NCCN guideline presented in 2018 (23).

Every patient’s fundamental information and clinical variables
used for the analysis of treatment outcomes included age, sex, body
mass index (BMI), primary colorectal cancer location,
comorbidities, maximal diameter, number of CRLM lesions, date
and site of recurrence, cell differentiation, lymphatic invasion of
primary colorectal cancer and status of the last follow-up. The
patients were routinely screened with pretreatment examinations,
such as laboratory tests (preoperative carcinoembryonic antigen
(CEA), chest radiography, abdominal US, abdominal contrast
material-enhanced computed tomography (CT) and/or pelvis
magnetic resonance (MR) imaging) to obtain a comprehensive
assessment of the situation before treatment. The diagnosis of
CRLM was confirmed by pathologic findings in all patients after
surgery in the OSR group. For all patients in the PMWA group,
CRLM was verified by means of a percutaneous biopsy or based on
more than two typical imaging demonstrations.

Local tumour progression (LTP) was defined as the
discovery of tumour enhancement at the ablated area or
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632 consecutive patients were identified who underwent
either percutaneous PMWA or OSR to treat CRLM

!
Initial treated by PWMA n=382

!
CRLM diameter >3cm n=155
CRLM number > 3 n=42
Double primary cancer  n=10
Unresected primary CRC n=17
Treated by RFA n=10
Treated by TACE =8
Censor n=5

Il
PWMA : In analysis n=135

]
Initial treated by OSR  n=250
]
CRLM diameter >3cm n=125
CRLM number > 3 n=28

Double primary cancer  n=9
Unresected primary CRC n=9

Treated by RFA n=7

Treated by TACE n=4

Censor n=3
|

OSR : In analysis n=65

FIGURE 1 | Flowchart of the study population. ORS: open surgical resection; PMWA: percutaneous microwave ablation; CRC: colorectal cancer.

resection margin of the hepatectomy. The presence of a
tumour remote from the ablation or resection lesion within
the liver was defined as intrahepatic recurrence. Extrahepatic
metastasis was defined as the appearance of a tumour in the
extrahepatic organs. Disease-free survival (DFS) was
calculated from the date of treatment to the date of tumour
recurrence or death or the last follow-up. OS was calculated
from the date of local hepatic treatment to the date of death or
the last follow-up.

PMWA Procedure

All US-guided PMWA procedures were carried out by one of
two experienced interventional radiologists (P.L., 20 years of
experience in MWA; X.L.Y., 20 years of experience in MWA).
Local anaesthesia was injected from the designated site in the
skin after thorough disinfection. Biopsies was performed with
an automatic biopsy gun under US guidance. A microwave
antenna (15-gauge, 1.9 mm external diameter, 18 cm long)
with a cooled-shaft system (KY-2000, Kangyou Medical
Instruments, Nanjing, China) was then placed via the same
skin incision. The microwave unit (KY-2000; Kangyou
Medical, Nanjing, China) was capable of producing 100 W of
power at 2450 MHz. General anaesthesia was administered
after all insertions via the peripheral vein. A power output of 50
W for 10 minutes was routinely used. During ablation, the
adjacent organ and coverage of the hyperechoic area were
monitored in real time. If the heat-generated hyperechoic
water vapour did not encompass the entire tumour,
prolonged microwave emission was applied until the desired
temperature was reached. The needle track was cauterized
when withdrawing the needle to avoid the possible seeding of
tumour cells.

OSR Technique

The operation was performed by one of two experienced
surgeons (C.Y.L. and J.K., both with more than 15 years of
experience in hepatobiliary surgery). Tumour burden, liver
remnant, and the possibility of a negative resection margin
were evaluated before the operation with an imaging
technique, which is a reference for the surgical approach. The
removal of one Couinaud segment containing both the tumour
and corresponding hepatic parenchyma was defined as anatomic
resection. Nonanatomic resection (NAR) refers to removal of the
tumour with a minimal tumour-free margin, and wedge
resection and tumour enucleation were excluded (24, 25). The
pattern of resection was selected according to the proposed
guidelines (26). All surgical procedures were performed by
using standard surgical techniques for hepatectomy (27). All
resection specimens were evaluated by a conventional
histopathologic examination after the operation.

Follow-Up

The primary colorectal cancer of the patients in both groups was
excised before local hepatic therapy. Contrast material-enhanced
US or MR was applied after PMWA or OSR to determine the
technical success of the procedure. Technique effectiveness was
evaluated by the absence of enhancement of any ablated areas at
the follow-up with a contrast-enhanced examination performed
1 month after MWA. The absence of microscopic tumour
invasion at the resection margin was the gold standard used to
assess the resection margins in the OSR group. Postoperative
surveillance included a physical examination, laboratory tests
(routine blood test, CEA) and contrast-enhanced ultrasound or
MR scans were performed every 3 to 6 months for the first 3
years and annually thereafter to diagnose the first recurrence.
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TABLE 1 | Baseline characteristics of study patients and tumors.

Parameter* MWA Group (n = 135) SR Group (n = 65) P Value
Age (y)t 57.1(25-83) 55.2(35-82) 0.247
No. of men 88(65.2) 47(72.3) 0.314
BMI 23.7(15.6-34.9) 24.0(18.2-31.1) 0.243
Preoperative CEA(ng/ml) at diagnosis of liver metastasis 26.0(0.3-369.8) 26.4(0.27-188.1) 0.968
No. of Smoking 53(39.3) 26(40) 0.819
No. of Alcohol consumption 60(44.5) 26(40) 0.644
Tumor characteristics
Number of liver metastatic tumor 1.6(1-3) 1.5(1-3) 0.645
Liver metastatic maximum diameter (cm) 2.1(0.7-3) 2.2(0.8-3) 0.104
Location of primary colorectal

colon 79(58.5) 42(64.6 0.409

rectum 56(41.5) 23(35.4
Histological differentiation

High grade 8(5.9) 2(3.1) 0.632

Medium grade 100(70.1) 42(64.6)

Low grade 24(17.8) 13(20)
No. of Comorbidities 41(30.4) 22(33.8) 0.131
Synchronous Metastasis 65(48.1) 41(63.1) 0.067
Positive LN at staging of primary disease 87(64.4) 41(63.1) 0.374
Preoperative chemotherapy within 3 months

Yes 98(72.6) 45(69.2) 0.622

No 37(27.4) 20(30.8

Unless otherwise indicated, data are number of patients, with percentages in parentheses. BMI, Body Mass Index; CEA, carcinoembryonic antigen; LN, lymph node.

"Data are medians, with the range in parentheses.
*Represent that the variable were selected based on clinical relevance.

Statistical Analysis

Demographic and preoperative data from the two groups were
compared by using Student’s t test for continuous variables, with
the assumption of normality of the two samples, and the Pearson
x2 test or Fisher’s exact tests for categorical variables by using SPSS
21 software (SPSS, Chicago, 1lI). Missing values were filled in by
using multiple imputation method. DFS and OS were calculated by
using the Kaplan-Meier method, and the differences were assessed
to compare the long-term therapeutic outcomes between the two
groups by log-rank tests. A Cox proportional hazards model was
used to test for significant factors on survival when the variables
were significantly different at P<0.05 in the log-rank test with a
univariate or multivariate analysis.

RESULTS

Patient and Tumour Characteristics
In total, 200 consecutive patients who fulfilled the inclusion
criteria were enrolled. A total of 135 patients were treated with

TABLE 2 | Cause of death during of follow-up.

Variable PMWA OSR
Tumor progressive 41 20
Respiratory failure 2 2
Pulmonary infection 1 0
Pulmonary encephalopathy 1 0
Hepatic encephalopathy 0 1
Septic shock 0 1
Treatment-related 0 0

Data are numbers of patients.

PMWA, and the OSR group comprised 65 patients. Eighteen
patients (28%) in the hepatectomy group were women. Forty-
seven patients (35%) in the ablation group were women. Patients
in the two groups had comparable characteristics, including age,
sex, BMI, smoking status, alcohol consumption, CEA level, cell
differentiation, comorbidities, maximal tumour diameter, primary
colorectal cancer location, pattern of metastasis, and number of
CRLM lesions. The median diameter of CRLM was 2.1 cm (range,
0.7 cm to 3.0 cm) in the ablation group and 2.2 cm (range, 0.8 cm
to 3.0 cm) in the hepatectomy group. The baseline patient and
tumour characteristics are presented in Table 1. More than one
CRLM was observed in 56 patients (41%) in the ablation group
and in 24 patients (37%) in the hepatectomy group. Eighty CRLMs
(59%) originated from the colon in the ablation group, and 50
(77%) originated from the colon in the hepatectomy group.

The mean follow-up period was 33.2 months (range, 2.0-
102.0 months) for PMWA and 39.4 months (range, 6.0-116.0
months) for OSR (P =0.209). A 100% technique effectiveness was
achieved in both groups (PMWA: 135 of 135 treatments; OSR: 65
of 65 treatments) according to the follow-up CT or MR scan after
four weeks of local hepatic treatment.

Forty-five patients died (33.3%; 45 of 135 patients) in the
PMWA group, and 24 patients died (36.9%; 24 of 65 patients) in
the resection group. The causes of death were tumour
progression (colorectal local and systemic progression),
multiple organ failure and non-tumour-related disease (Table 2).

Survival and Subgroup Analysis

There was no statistically significant difference in OS (P=0.839)
or DFS (P = 0.066) between the two groups. The 1-, 3-, and 5-
year OS rates were 91.6%, 64.1%, and 46.3%, respectively, in the
PMWA group and 89.7%, 62.4%, and 44.7%, respectively, in the
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FIGURE 2 | (A) Graph shows cumulative overall survival rates after each treatment. The 1-, 3-, and 5-year overall survival rates were, respectively, 91.6%, 64.1%,
and 46.3% in the PMWA group and 89.7%, 62.4%, and 44.7% in the OSR group. (B) Graph shows cumulative disease-free survival rates after each treatment. The
1-, 3-, and 5-year disease survival rates of the PMWA group were, respectively, 61.9%, 44.8%, and 41.3% in the PMWA group and58.1%, 24.4%, and 18.3% in the
OSR group. PMWA, percutaneous microwave ablation; OSR, open surgical resection.

OSR group. For DEFS, the 1-, 3-, and 5-year cumulative survival
rates were 61.9%, 44.8%, and 41.3%, respectively, in the PMWA
group and 58.1%, 24.4%, and 18.3%, respectively, in the OSR
group (Figure 2). There was no significant difference in the
cumulative OS rate between the two groups after stratification for
patients older than 60 years (P=0.255), younger than 60 years
(P=0.624), with a single tumour (P=0.282), or with more than
one tumour (P=0.227) (Figure 3). All the survival P values were
based on Kaplan-Meier analyses for the entire curves.

The Comparison of Recurrence Between
the Two Groups

The type of recurrence was different between the groups. The 5-year
cumulative local recurrence rate was higher in the PMWA group
than in the OSR group (P=0.023). However, there was no significant
difference in the 5-year cumulative rates of intrahepatic distant
recurrence (P=0.627) or extrahepatic metastasis (P=0.884) of the
two groups. The mean time to first recurrence (first appearance of
LTP, intrahepatic distant recurrence, or extrahepatic metastasis) was
22.6 months in the PMWA group and 23.4 months in the OSR
group; 71 patients (53%; 71 of 135 patients) after PMWA and 64
patients (58%; 38 of 65 patients) after OSR developed recurrence,
including local, intrahepatic, and systemic recurrence (Figure 4).

Univariate and Multivariate Analysis

Significant predictors were further assessed with a multivariable Cox
proportional hazards model after evaluation by the univariate
analysis when P<0.05. Of all the variables, BMI (P = 0.041; HR,
0.935; 95% CI: 0.877, 0.997), CEA level (P = 0.017; HR, 1.004; 95%
CI: 1.002, 1.007), number of tumours (P =0.018; HR, 1.425; 95% CI:
1.061, 1.913), lymph node metastasis (P = 0.027; HR, 2.079; 95% CI:
1.087, 3.978), and preoperative chemotherapy (P = 0.010; HR, 0.536;
95% CI:0.333, 0.863) were found to be significant risk factors affecting
OS in the univariate analysis. Multivariate Cox proportional hazards
regression analyses showed that the number of tumours (P = 0.027;
HR, 1.471; 95% CI: 1.044, 2.072) and preoperative chemotherapy
(P =0.033; HR, 0.545; 95% CI: 0.313, 0.951) were independent

prognostic factors for OS (Table 3). Regarding DFS, the number of
tumours (P = 0.040; HR, 1.303; 95% CI: 1.013, 1.677) and
comorbidities (P =0.040; HR, 1.499; 95% CI: 1.019, 2.204) were
significant predictors in the univariate analysis. After multivariate
Cox proportional hazards regression analyses, the number of
tumours (P = 0.044; HR, 1.300; 95% CI: 1.012, 1.670) was
identified as an independent prognostic factor (Table 4).

Major Complications and Posttreatment
Hospital Stay

These results reveal that ablation is associated with lower rates of
major complications (Clavien-Dindo classification grades 3-5)
than surgical resection (1.5% vs 7.7%, respectively; P=0.025).
There were no treatment-related deaths in either group. Two
major complications were detected in the ablation group: one
patient experienced embolus formation of the portal vein, and
another patient developed a secondary infection after ablation.
Unlike the ablation group, there were 2 hepatic abscesses
(1 biliary leakage, 1 massive haemorrhage within the abdominal
cavity) and 1 ulcer formation of the abdominal wall in the
hepatectomy group. The mean postoperative hospital stay was

three-fold lower in the ablation group than in the resection group
(Table 5).

DISCUSSION

Surgical resection is the gold standard treatment for liver metastasis
(23). Percutaneous MWA is gaining popularity due to its short
hospital stay and low morbidity and mortality rates and thus may be
an alternative treatment for patients with CRLM. However, there is
not enough evidence-based medicine to support the value of MWA
in CRLM. The present study compared the two modalities in
patients with CRLM<3 c¢m and number <3.

In this retrospective study, no significant differences in
therapeutic outcomes, including OS and DFS, were detected
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FIGURE 3 | Graphs show the overall survival and survival curves after stratification between patients with single tumor (P=0.282), more than one tumor (P=0.227),
older than 60(P=0.255), younger than 60 (P=0.624). (A): single CRLM; (B): more than one CRLM; (C): patients older than 60, (D): patients younger than 60; PMWA,

between the two groups. The OSR group had a higher rate of
major complications and a longer postoperative hospital stay.
The treatment modality affected neither OS nor DES in the
univariate and multivariate analyses.

Patient age was stratified to further analyse the clinical
outcomes between the two groups. The results demonstrated
that patients older than 60 years who underwent ablation had a
better 5-year cumulative OS rate than those who underwent open
surgery (38.9% vs. 29.9%, respectively; P=0.255), although there
was no significant difference between the two groups. These age-
dependent differences may originate from the fact that the
traumas were fewer for treatment with ablation and that the
time needed for rehabilitation was shorter after ablation than
resection. In fact, all patients in the ORS group who developed
major complications were more than 60 years old.

Preoperative chemotherapy was related to prolong OS in our
study. All patients underwent postoperative chemotherapy (either
PMWA or OSR), while some patients did not receive preoperative
chemotherapy due to personal characteristics. Statistical results
demonstrated that preoperative chemotherapy was a protective
factor. Zhang et al. (28) researched 199 patients, including 318
CRLMs with a median follow-up of 30.2 months, and concluded
that regular chemotherapy after MWA improved OS, which may be
because chemotherapy can downsize colorectal metastases, inhibit
the viability of tumour cells, increase the probability of the complete
eradication or inactivation of tumours, reduce the recurrence rate
and thus improve the survival rate.

The prognostic value of CEA has been confirmed in patients
with CRLM by previous investigators (29, 30). CEA enhances cell
aggregation and promotes cancer cell metastases, and the
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FIGURE 4 | Recurrence patterns after PMWA or OSR for colorectal liver metastasis. (A): Intrahepatic distant recurrence; (B): Extrahepatic recurrence; (C): local
tumor recurrence; PMWA, Radiofrequency ablation; OSR, open surgical resection; CRLM, Colorectal liver metastasis.
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TABLE 3 | Cox Survival Analysis of Predictors OS in the Whole Population.

Characteristic

Univariate Analysis

Multivariate Analysis

HR 95%ClI P Value HR 95%ClI P Value
Age 1.013 0.991-1.035 0.255
BMI 0.935 0.877-0.997 0.041 0.938 0.874-1.007 0.077
Preoperative CEA(ng/ml) at diagnosis of liver metastasis 1.004 1.0021-1.007 0.017 1.003 0.999-1.006 0.145
Number of liver metastatic tumor 1.425 1.061-1.913 0.018 1.471 1.044-2.072 0.027
Liver metastatic maximum diameter (cm) 1.371 0.896-2.097 0.146
Gender 1.071 0.641-1.789 0.794
Smoking 1.044 0.738-1.475 0.809
Alcohol consumption 1.065 0.750-1.484 0.760
Comorbidities 0.957 0.588-1.559 0.861
Metastasis type 1.384 0.838-2.286 0.205
LN status at staging of primary disease 2.079 1.087-3.978 0.027 1.586 0.799-3.147 0.187
Preoperative chemotherapy within 3 months 0.536 0.333-0.863 0.010 0.545 0.313-0.951 0.0383
Location of primary colorectal 0.840 0.516-1.366 0.482
Histological differentiation 1.623 0.972-2.385 0.066
Treatment type 0.950 0.577-1.565 0.840
TABLE 4 | Cox Survival Analysis of Predictors DFS in the Whole Population.
Characteristic Univariate Analysis Multivariate Analysis
HR 95%ClI P Value HR 95%ClI P Value
Age 0.991 0.975-1.008 0.316
BMI 0.953 0.902-1.006 0.079
Preoperative CEA (ng/ml) at diagnosis of liver metastasis 1.003 1.000-1.007 0.057
Number of liver metastatic tumor 1.303 1.013-1.677 0.040 1.300 1.012-1.670 0.040
Liver metastatic maximum diameter (cm) 1.192 0.863-1.647 0.288
Gender 0.871 0.585-1.297 0.496
Smoking 0.846 0.648-1.105 0.220
Alcohol consumption 0.850 0.665-1.085 0.192
Comorbidities 1.499 1.019-2.204 0.040 0.675 0.455-1.001 0.05
Metastasis type 1.080 0.734-1.588 0.696
LN status at staging of primary disease 1.424 0.905-2.240 0.127
Preoperative chemotherapy within 3 months 1.174 0.774-1.780 0.450
Location of primary colorectal 0.968 0.656-1.430 0.872
Histological differentiation 0.933 0.641-1.360 0.720
Treatment type 0.694 0.467-1.034 0.072

TABLE 5 | Major Complications and Hospital Stay after Treatment.

outcome PMWA (N=135) OSR (N=65) P value

Posttreatment hospital stay(mean, d) 3(
Major complications

Embolus Formation of Portal Vein

Secondary Infection

1-7) 11(
2
1
1
Hepatic Abscesses 0
0
0
0

34) < 0.001
0.025

Biliary Leakage
Massive Hemorrhage

6-
5
0
0
2
1
1
Ulcer Formation of The Abdominal Wall 1

immune system is suppressed by the release of suppressor factors
from normal lymphocytes induced by CEA (31). In the
univariate analysis performed in the present research, the level
of pretreatment CEA was found to be a positive prognostic
indicator of OS. However, CEA was not found to be an
independent factor in the multivariate analysis, which may be
correlated with the limited sample size.

Previous studies have revealed that the LTP rate was 5%-13%
(11, 32) for MWA compared to 3.7% (33) for resection. The LTP
rate was higher in the PMWA group than in the OSR group
(P=0.023) in the present study. In clinical practice, open surgery
is more likely to eliminate microsatellite nodules to obtain an
adequate margin because of its preponderance of peripheral
lesions. However, repeated resection has the potential risk of
major complications, such as intra-abdominal haemorrhage,
because of local adhesion after previous hepatic resection,
mostly in patients who underwent palliative treatment, such as
chemotherapy, immunotherapy, targeted therapy or TACE.

It was difficult to achieve an ideal clearance circumferential
margin for ablation, which included micrometastases and
microvascular invasion around the tumour. In the early period, a
5-mm ablative margin was used according to the treatment of
hepatocellular carcinoma in our centre. Hepatocellular carcinoma
has a false capsule, and heat is more easily accumulated. However,
liver metastasis has specific biological behaviours, including
infiltration growth, no capsule and a clear boundary. An enlarged
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ablative margin is essential to reduce local recurrence according to a
previous study (6, 34). Therefore, we expanded the ablative margin
above 1 cm if the tumour was in a prime location (not adjacent to
vital organs such as major blood vessels or bile ducts). Furthermore,
PMWA has the advantage of high repeatability, and the size of the
recurrent tumour is small because of regular follow-up; therefore, it
is easy for PMWA to achieve complete ablation. LTP can be
remedied in a timely manner in patients who undergo PMWA.

The current study has intrinsic defects because of its
retrospective nonrandomized design, which may produce
uncontrolled confounding effects. The statistical strength may
have decreased and led to bias because of the small sample size of
patients. The results might not be reproducible in other settings
because of its single-centre trait. Despite these limitations, our
findings may help validate the value of percutaneous MWA for
patients with CRLM. However, a study with a larger number of
patients and a longer follow-up evaluation is needed to further
verify the value of MWA for its range of applications and its
appropriateness to treat CRLM.

CONCLUSION

This similar result suggests that PMWA is a favourable
alternative and preferred choice for patients with small CRLM.
Furthermore, it may be suitable for older (=60 years) patients.
Moreover, an enlarged ablation margin may be an effective
method used to reduce local tumour recurrence.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

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: A Cancer ] Clin (2018) 68
(6):394-424. doi: 10.3322/caac.21492

2. Manfredi S, Lepage C, Hatem C, Coatmeur O, Faivre ], Bouvier AM.
Epidemiology and Management of Liver Metastases From Colorectal Cancer.
Ann Surg (2006) 244(2):254-9. doi: 10.1097/01.51a.0000217629.94941.cf

3. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D, et al.
ESMO Consensus Guidelines for the Management of Patients With Metastatic
Colorectal Cancer. Ann Oncol (2016) 27(8):1386-422. doi: 10.1093/annonc/mdw235

4. Jones C, Badger SA, Ellis G. The Role of Microwave Ablation in the
Management of Hepatic Colorectal Metastases. Surgeon (2011) 9(1):33-7.
doi: 10.1016/j.surge.2010.07.009

5. Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, Rougier P, et al.
Perioperative FOLFOX4 Chemotherapy and Surgery Versus Surgery Alone
for Resectable Liver Metastases From Colorectal Cancer (EORTC 40983):
Long-Term Results of a Randomised, Controlled, Phase 3 Trial. Lancet Oncol
(2013) 14(12):1208-15. doi: 10.1016/S1470-2045(13)70447-9

6. Gillams A, Goldberg N, Ahmed M, Bale R, Breen D, Callstrom M, et al.
Thermal Ablation of Colorectal Liver Metastases: A Position Paper by an
International Panel of Ablation Experts, The Interventional Oncology Sans
Frontieres Meeting 2013. Eur Radiol (2015) 25(12):3438-54. doi: 10.1007/
$00330-015-3779-z

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of Chinese PLA General Hospital.

AUTHOR CONTRIBUTIONS

Concept and design: PL, JY, JPD. Experiments and procedures:
All authors. Writing of article: QXZ, JY. Statistical analysis:
QXZ. All authors contributed to the article and approved the
submitted version.

FUNDING

This work was supported by Grants 81627803, 81971625,
91859201 and 81871374 from the National Scientific
Foundation Committee of China, Grant JQ18021 from the
National Scientific Foundation Committee of Beijing,
Fostering Funds for National Distinguished Young Scholar
Science Fund and the National Clinical Research Center for
Geriatric Diseases (NCRCG-PLAGH-2019011) of Chinese
PLA General Hospital, Grant 2018ZX10723-204 from the
National Key R&D Program of Ministry of Science and
Technology of China.

ACKNOWLEDGMENTS

The abstract has been cited in The Digital International Liver
Congress, 27-29 August 2020.

~

. Wang LJ, Zhang ZY, Yan XL, Yang W, Yan K, Xing BC. Radiofrequency
Ablation Versus Resection for Technically Resectable Colorectal Liver
Metastasis: A Propensity Score Analysis. World J Surg Oncol (2018) 16
(1):207. doi: 10.1186/s12957-018-1494-3
8. Hur H, Ko YT, Min BS, Kim KS, Choi JS, Sohn SK, et al. Comparative Study

of Resection and Radiofrequency Ablation in the Treatment of Solitary
Colorectal Liver Metastases. American Journal of Surgery. Am ] Surg (2009)
197: (6):728-36. doi: 10.1016/j.amjsurg.2008.04.013
9. Shady W, Petre EN, Gonen M, Erinjeri JP, Brown KT, Covey AM, et al.

Percutaneous Radiofrequency Ablation of Colorectal Cancer Liver
Metastases: Factors Affecting Outcomes—A 10-Year Experience At a Single
Center. Radiology (2016) 278(2):601-11. doi: 10.1148/radiol.2015142489

10. Ierardi AM, Floridi C, Fontana F, Chini C, Giorlando F, Piacentino F, et al. Microwave
Ablation of Liver Metastases to Overcome the Limitations of Radiofrequency Ablation.
La Radiol Med (2013) 118(6):949-61. doi: 10.1007/s11547-013-0968-1

11. Correa-Gallego C, Fong Y, Gonen M, D’Angelica MI, Allen PJ, DeMatteo RP,
et al. A Retrospective Comparison of Microwave Ablation vs. Radiofrequency
Ablation for Colorectal Cancer Hepatic Metastases. Ann Surg Oncol (2014) 21
(13):4278-83. doi: 10.1245/510434-014-3817-0

12. Yu J, Liang P, Yu X, Liu F, Chen L, Wang Y. A Comparison of Microwave
Ablation and Bipolar Radiofrequency Ablation Both With an Internally
Cooled Probe: Results in Ex Vivo and In Vivo Porcine Livers. Eur J Radiol
(2011) 79(1):124-30. doi: 10.1016/j.ejrad.2009.12.009

13. Gravante G, Ong SL, Metcalfe MS, Strickland A, Dennison AR, Lloyd DM.

Hepatic Microwave Ablation: A Review of the Histological Changes Following

Frontiers in Oncology | www.frontiersin.org

May 2021 | Volume 11 | Article 638165


https://doi.org/10.3322/caac.21492
https://doi.org/10.1097/01.sla.0000217629.94941.cf
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.1016/j.surge.2010.07.009
https://doi.org/10.1016/S1470-2045(13)70447-9
https://doi.org/10.1007/s00330-015-3779-z
https://doi.org/10.1007/s00330-015-3779-z
https://doi.org/10.1186/s12957-018-1494-3
https://doi.org/10.1016/j.amjsurg.2008.04.013
https://doi.org/10.1148/radiol.2015142489
https://doi.org/10.1007/s11547-013-0968-1
https://doi.org/10.1245/s10434-014-3817-0
https://doi.org/10.1016/j.ejrad.2009.12.009
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zhao et al.

Percutaneous Microwave Ablation, Liver Metastasis

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Thermal Damage. Liver Int (2008) 28(7):911-21. doi: 10.1111/j.1478-
3231.2008.01810.x

Dong LN, Yu XL, Cheng ZG, Han ZY, Liu FY, Chen G, et al. Comparison of
Parallel and Crossed Placement of Antennas in Microwave Ablation of 3-5 cm
Hepatocellular Carcinoma. Abdominal Radiol (New York) (2019) 44(6):2293—
300. doi: 10.1007/s00261-019-01959-8

Ren H, An C, Liang P, Yu J, Cheng Z, Han Z, et al. Ultrasound-Guided
Percutaneous Microwave Ablation Assisted by Athree-Dimensional
Visualization Treatment Platform Combined With Transcatheter Arterial
Chemoembolization for a Single Large Hepatocellular Carcinoma 5Cm or
Larger: A Preliminary Clinical Application. Int ] Hyperther (2018) 44(6):1-11.
doi: 10.1080/02656736.2018.1530459

Eng OS, Tsang AT, Moore D, Chen C, Narayanan S, Gannon CJ, et al. Outcomes
of Microwave Ablation for Colorectal Cancer Liver Metastases: A Single Center
Experience. ] Surg Oncol (2015) 111(4):410-3. doi: 10.1002/js0.23849

Qin S, Liu GJ, Huang M, Huang J, Luo Y, Wen Y, et al. The Local Efficacy and
Influencing Factors of Ultrasound-Guided Percutaneous Microwave Ablation in
Colorectal Liver Metastases: A Review of a 4-Year Experience At a Single Center.
Int ] Hyperther (2019) 36(1):36-43. doi: 10.1080/02656736.2018.1528511

Al Bandar MH, Kim NK. Current Status and Future Perspectives on
Treatment of Liver Metastasis in Colorectal Cancer. Oncol Rep (2017) 37
(5):2553-64. doi: 10.3892/0r.2017.5531

Lee H, Heo JS, Cho YB, Yun SH, Kim HC, Lee WY, et al. Hepatectomy vs
Radiofrequency Ablation for Colorectal Liver Metastasis: A Propensity Score
Analysis. World J Gastroenterol (2015) 21(11):3300-7. doi: 10.3748/wjg.v21.
i11.3300

Babawale SN. Long-Term Survival Following Radiofrequency Ablation of
Colorectal Liver Metastases: A Retrospective Study. World ] Gastrointest Surg
(2015) 7(3):33-8. doi: 10.4240/wjgs.v7.i3.33

Peng S, Huang P, Yu H, Wen Y, Luo Y, Wang X, et al. Prognostic Value of
Carcinoembryonic Antigen Level in Patients With Colorectal Cancer Liver
Metastasis Treated With Percutaneous Microwave Ablation Under Ultrasound
Guidance. Med (Baltimore) (2018) 97(10):e0044. doi: 10.1097/MD.
0000000000010044

Goldberg SN, Grassi CJ, Cardella JF, Charboneau JW, Dodd GD,3, Dupuy DE,
et al. Image-Guided Tumor Ablation: Standardization of Terminology and
Reporting Criteria. J Vasc Interv Radiol (2009) 20(7 Suppl):S377-90.
doi: 10.4240/wjgs.v7.i3.33

Benson AB, Venook AP, Al-Hawary MM, Cederquist L, Chen Y], Ciombor
KK, et al. Rectal Cancer, Version 2.2018, NCCN Clinical Practice Guidelines
in Oncology. ] Natl Compr Cancer Network: INCCN (2018) 16(7):874-901.
doi: 10.6004/jnccn.2018.0061

Kang CM, Choi GH, Kim DH, Choi SB, Kim KS, Choi JS, et al. Revisiting the
4 Cm) and Single
Hepatocellular Carcinoma in Patients With Well-Preserved Liver Function.
J Surg Res (2010) 160(1):81-9. doi: 10.1016/j.js5.2009.01.021

Cucchetti A, Qiao GL, Cescon M, Li J, Xia Y, Ercolani G, et al. Anatomic
Versus Nonanatomic Resection in Cirrhotic Patients With Early

Role of Nonanatomic Resection of Small (< or =

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hepatocellular Carcinoma. Surgery (2014) 155(3):512-21. doi: 10.1016/
j.surg.2013.10.009

Strasberg SM. Nomenclature of Hepatic Anatomy and Resections: A Review
of the Brisbane 2000 System. J Hepato-biliary-pancreatic Surg (2005) 12
(5):351-5. doi: 10.1007/500534-005-0999-7

Kim JM, Kwon CH, Joh JW, Park JB, Lee JH, Kim SJ, et al. Differences
Between Hepatocellular Carcinoma and Hepatitis B Virus Infection in
Patients With and Without Cirrhosis. Ann Surg Oncol (2014) 21(2):458-65.
doi: 10.1245/s10434-013-3302-1

Zhang K, YuJ, Zhou F, Yu X, Li X, Wang J, et al. Impact of Timing and Cycles
of Systemic Chemotherapy on Survival Outcome of Colorectal Liver
Metastases Patients Treated by Percutaneous Microwave Ablation. Int ]
Hyperther (2016) 32(5):531-8. doi: 10.3109/02656736.2016.1156169

Kuo IM, Huang SF, Chiang JM, Yeh CY, Chan KM, Chen JS, et al. Clinical
Features and Prognosis in Hepatectomy for Colorectal Cancer With Centrally
Located Liver Metastasis. World ] Surg Oncol (2015) 13:92. doi: 10.1186/
512957-015-0497-6

Nicholson BD, Shinkins B, Pathiraja I, Roberts NW, James TJ, Mallett S, et al.
Blood CEA Levels for Detecting Recurrent Colorectal Cancer. Cochrane
Database Syst Rev (2015) 12):Cd011134. doi: 10.1002/14651858.
CDO011134.pub2

Bajenova O, Chaika N, Tolkunova E, Davydov-Sinitsyn A, Gapon S, Thomas
P, et al. Carcinoembryonic Antigen Promotes Colorectal Cancer Progression
by Targeting Adherens Junction Complexes. Exp Cell Res (2014) 324(2):115-
23. doi: 10.1016/j.yexcr.2014.04.007

Pathak S, Jones R, Tang JMF, Parmar C, Fenwick S, Malik H, et al. Ablative
Therapies for Colorectal Liver Metastases: A Systematic Review. Colorec Dis
(2011) 13(9):e252-€65. doi: 10.1111/j.1463-1318.2011.02695.x

Vietti Violi N, Duran R, Demartines N, Sempoux C, Guiu B, Bize PE, et al.
Local Recurrence Rate in Patients With Colorectal Cancer Liver Metastasis
After Wedge Resection or Percutaneous Radiofrequency Ablation. Int ]
Hyperther (2018) 34(7):1020-8. doi: 10.1080/02656736.2017.1372644

Wang X, Sofocleous CT, Erinjeri JP, Petre EN, Gonen M, Do KG, et al. Margin
Size is an Independent Predictor of Local Tumor Progression After Ablation
of Colon Cancer Liver Metastases. Cardiovasc Interv Radiol (2013) 36(1):166—
75. doi: 10.1007/s00270-012-0377-1

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 © 2021 Zhao, Cheng, Han, Liu, Yu, Tan, Han, Dou, Yu and Liang. 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

May 2021 | Volume 11 | Article 638165


https://doi.org/10.1111/j.1478-3231.2008.01810.x
https://doi.org/10.1111/j.1478-3231.2008.01810.x
https://doi.org/10.1007/s00261-019-01959-8
https://doi.org/10.1080/02656736.2018.1530459
https://doi.org/10.1002/jso.23849
https://doi.org/10.1080/02656736.2018.1528511
https://doi.org/10.3892/or.2017.5531
https://doi.org/10.3748/wjg.v21.i11.3300
https://doi.org/10.3748/wjg.v21.i11.3300
https://doi.org/10.4240/wjgs.v7.i3.33
https://doi.org/10.1097/MD.0000000000010044
https://doi.org/10.1097/MD.0000000000010044
https://doi.org/10.4240/wjgs.v7.i3.33
https://doi.org/10.6004/jnccn.2018.0061
https://doi.org/10.1016/j.jss.2009.01.021
https://doi.org/10.1016/j.surg.2013.10.009
https://doi.org/10.1016/j.surg.2013.10.009
https://doi.org/10.1007/s00534-005-0999-7
https://doi.org/10.1245/s10434-013-3302-1
https://doi.org/10.3109/02656736.2016.1156169
https://doi.org/10.1186/s12957-015-0497-6
https://doi.org/10.1186/s12957-015-0497-6
https://doi.org/10.1002/14651858.CD011134.pub2
https://doi.org/10.1002/14651858.CD011134.pub2
https://doi.org/10.1016/j.yexcr.2014.04.007
https://doi.org/10.1111/j.1463-1318.2011.02695.x
https://doi.org/10.1080/02656736.2017.1372644
https://doi.org/10.1007/s00270-012-0377-1
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

	Percutaneous Microwave Ablation Versus Open Surgical Resection for Colorectal Cancer Liver Metastasis
	Introduction
	Materials and Methods
	Study Design
	PMWA Procedure
	OSR Technique
	Follow-Up
	Statistical Analysis

	Results
	Patient and Tumour Characteristics
	Survival and Subgroup Analysis
	The Comparison of Recurrence Between the Two Groups
	Univariate and Multivariate Analysis
	Major Complications and Posttreatment Hospital Stay

	Discussion
	Conclusion
	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 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


