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Background: The relationship between tumor size and survival in intrahepatic
cholangiocarcinoma (ICC) is still controversial. This study aimed to evaluate the
prognostic ability of tumor size for solitary ICC after resection and explore optimal cut-
off values in different subgroups.

Methods: Patients with solitary ICC who underwent liver resection from the Surveillance,
Epidemiology, and End Results Program and Shandong Provincial Hospital were
retrospectively analyzed. Kaplan-Meier and Cox regression analysis were used to
assess the prognostic ability of tumor size. The log-rank test was used to determine
the optimal cut-off values, and a minimum P was regarded as the optimal one in different
subgroups.

Results: Large tumor size groups had worse overall survival (OS) than small tumor size
groups. Cox regression analysis suggested that tumor size was an independent
prognostic factor for OS for solitary ICC after resection. Subgroup analysis showed
tumor size was associated with OS for both solitary ICC with and without vascular invasion
(V). Furthermore, the optimal cut-off values for solitary ICC with and without VI were found
to be 8 and 3 cm, respectively, which could divide the patients into two groups with
significant differences in OS.

Conclusion: Tumor size was an independent prognostic factor for solitary ICC after
resection. The existing American Joint Committee on Cancer (AJCC) staging system
could be improved if the cut-off value of the T1 stage was changed to 8 cm and if the T2
stage incorporated a tumor size with a cut-off value of 3 cm. Further studies with more
cases are needed to validate these findings.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most
prevalent primary liver cancer after hepatocellular carcinoma
(HCC), and the incidence of ICC has been increasing worldwide
over the last two decades (1, 2). Liver resection is a potential
curative strategy that can prolong overall survival (OS) for
patients with ICC; however, the prognosis of these patients is
still dismal, and recent studies suggest that the 5-year OS of
patients with ICC after surgery is only approximately 30% (3). To
date, many pathological features have been discovered to be
associated with the prognosis of ICC, including vascular invasion
(VI), tumor differentiation, tumor size, tumor number, lymph
node metastasis, and surgical resection margin (1, 4).

Diameter is a crucial characteristic of solid tumors, and it has
been demonstrated to be a prognostic factor for many cancers
and integrated into various staging systems to guide treatment
and predict prognosis (5). In the 8th American Joint Committee
on Cancer (AJCC) cancer TNM staging system for ICC, tumor
size is used to differentiate T1 into Tla (< 5 cm) and T1b (>
5 cm), while T2 is classified based on VI and tumor number, and
T3 and T4 are defined based on the invasion of surrounding
tissues or organs (6). The effect of tumor size on survival in ICC
has been reported in many studies (7-10); however, the results in
these explorations were inconsistent in terms of both the
prognostic ability and the identification of optimal cut-off
values. The ambiguous status of diameter as a factor in
prognosis and the imprecise cut-off point for the diameter
could influence the reliability of the existing staging systems
and affect the selection of treatment strategy and the prediction
of prognosis (7). Worse still, due to the relatively low incidence of
ICC, rare studies have focused on the effect of tumor size on
survival in patients with solitary ICC after surgery, which makes
it difficult to evaluate the predictive efficacy of the existing TNM
staging systems for ICC.

In this study, using data obtained from the Surveillance,
Epidemiology, and End Results (SEER) Program, we aimed to
analyze the clinicopathological characteristics among different
tumor size groups and evaluate the prognostic ability of tumor
size for solitary ICC after surgery. The optimal cut-off values for
different subgroups were explored, and an independent patient
cohort from Shandong Provincial Hospital (SDPH) was used to
validate the observations in the analysis of the SEER database.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Ethics Committee of Shandong
Provincial Hospital Affiliated to Shandong University and was
performed in accordance with the Declaration of Helsinki. Each
participant provided written informed consent.

Patient Selection in SEER Set

The SEER 18 Regs Research Data (with additional treatment fields,
1975-2016 varying) were used as the data source for this study
(https://seer.cancer.gov/), and SEER*Stata software (Version 8.3.5)

was employed for analysis. Patients diagnosed between 1975 and
2016 were identified using the cite code C22.0 (liver) and a
histological diagnosis of cholangiocarcinoma (International
Classification of Diseases for Oncology, 3rd Edition [ICD-O-3]
code 8,160) or the cite code C22.1 (intrahepatic bile duct) and
histological code 8,140 (adenocarcinoma) or 8,160. Only patients
who received surgical treatment and were diagnosed with ICC by
positive histology aged between 18 and 90 years were included.
Afterwards, patients diagnosed before 2002 were excluded, and
those diagnosed in 2016 were also excluded because the follow-up
time was less than 12 months. Patients were excluded if they had
incomplete clinicopathological information, lymph node or
distant metastasis, macrovascular invasion (referred to major
branches of portal or hepatic vein, and vena cava), multiple
tumors, and incomplete follow-up information or less than 3
months of follow-up time. Figure 1 shows the workflow of
patient selection.

Patient Selection in the SDPH Set

To validate the findings obtained from the analysis of the SEER
program, patients with solitary ICC who received surgical
treatment between May 2007 and December 2017 at SDPH
were retrospectively analyzed. Patients who had incomplete
clinicopathological characteristics, less than 3 months of follow-
up time or incomplete follow-up information were excluded.
Patients were excluded if they received adjuvant chemotherapy
before surgery, were diagnosed at an age of <18 or >90 years old,
had lymph node or distant metastasis or had macrovascular
invasion. Tumor size was evaluated based on preoperative
imaging and recorded according to the greatest dimension of
axial images. Patients were postoperatively followed up using
regular laboratory tests and imaging examinations at intervals of
2-3 months during the first year after surgery and 3-6 months
thereafter. OS was defined as the time from the date of surgery to
death or to the latest date of follow-up.

Statistical Analysis
Tumor size was treated as a categorical variable using cut-off
points of 2, 5, and 7 cm, as proposed by the Liver Cancer Study
Group of Japan (LCSGJ), the AJCC 8th edition staging system and
a multicenter study from Eastern and Western countries (6, 7, 11),
and patients were thus classified into four subgroups: Group I (0-2
cm), Group II (2-5 cm), Group III (5-7 cm), and Group IV
(>7 cm). Categorical variables are displayed as numbers (n) and
proportions (%), and continuous variables are displayed as the
median (interquartile range, IQR). The chi-square test and Fisher’s
exact test were used to compare variables among different groups.
Kaplan-Meier analysis and the log-rank test were used to analyze
OS. Moreover, a minimum P value method was used to determine
the optimal cut-off points for tumor size, 10 cut-off points ranging
from 2 to 11 cm were chosen, and the patients were divided into
large and small tumor size groups using different cut-off points.
Afterwards, the log-rank test was used to compare the predictive
ability of OS of different tumor size thresholds, and a minimum P
was regarded as the optimal one (7, 12).

The Cox proportional hazard model was applied to identify
independent prognostic factors associated with OS. Variables
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SEER Search Database 1975-2016

ICC patients underwent resection and diagnosed by positive
histology between 2003 and 2015: N=1770

N=1607

(n=281)

N=767

Final analytic set: N=736

Exclusion
* Age at diagnosis: <18 or >90 (n=6)
*  Unknown tumor size (n=157)

Exclusion
*  Unknown N stage or N1 (n=360)
*  Unknown M stage M1 (n=56)
*  Macrovascular invasion (n=22)
*  Unknown status of vascular invasion (n=121)
*  Multiple tumors or unknown tumor number

Exclusion
*  with no more than 3-month follow-up (n=31)

FIGURE 1 | Workflow of patient selection. ICC, intrahepatic cholangiocarcinoma; SEER, The Surveillance, Epidemiology, and End Results Program.

with p <0.05 in the univariate analysis were regarded as potential
risk factors and were included in the multivariate analysis. The
hazard ratios (HRs) with 95% confidence intervals (95% ClIs)
were recorded. All statistical tests were two-sided, and p <0.05
was defined as statistical significance. SPSS version 22.0 (SPSS
Inc., Chicago, IL) and R software (version 3.5.2) were employed
in the statistical analysis.

RESULTS

Demographic and Clinicopathological
Characteristics of Patients With ICC

A total of 736 patients in SEER database satisfied the inclusion
criteria and were included in the analysis; there were 74 (10.05%)
patients in group I, 320 (43.48%) patients in group II, 170
(23.10%) patients in groups III, and 172 (23.37%) patients in
group IV. A total of 155 (21.06%) patients were diagnosed with
solitary ICC between 2003 and 2007, 234 (31.79%) patients
between 2008 and 2011, and 347 (47.15%) patients between
2012 and 2015. Most of the patients (563 patients, 76.49%) were
diagnosed between 45 and 75 years old. Three hundred sixty-
three (49.32%) patients were male, and 373 (50.68%) patients

were female. The median follow-up time was 34 months (IQR: 19
to 61.5 months) for all patients. Table 1 displayed the patients’
demographic and clinicopathological characteristics.

Clinicopathological Characteristics Among
Different Tumor Size Groups

As shown in Table 1, while the demographic traits among different
tumor size groups were comparable, significant differences in
clinicopathological characteristics, including sex, tumor
differentiation, VI and chemotherapy (yes or No/Unknown),
were found. We found that larger tumor size groups had a higher
proportion of female patients (p = 0.003), had poorer tumor
differentiation (p = 0.004), had a higher proportion of VI (p <
0.001), and had a higher proportion of receiving chemotherapy
(p = 0.025).

Influence of Tumor Size on OS in the

SEER Database

The 1-, 3-, and 5-year OS was 91.8, 71.1, and 60.0%, respectively, in
group I; 91.6, 67.5, and 54.1%, respectively, in group II; 91.7, 67.8,
and 50.6%, respectively, in group III; and 85.3, 58.9, and 42.7%,
respectively, in group IV. Kaplan-Meier analysis showed that tumor
size was associated with the prognosis of solitary ICC after surgery,

Frontiers in Oncology | www.frontiersin.org

January 2021 | Volume 10 | Article 559911


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

Kong et al.

Effect of Diameter on ICC

TABLE 1 | Baseline characteristics of patients diagnosed with solitary ICC in SEER database.

Variable Total (n =736) Group 1: 0-2 cm (n = 74) Group 2: 2-5 cm (n = 320) Group 3: 5-7 cm (n = 170) Group 4: >7 cm (n = 172) P
Year of diagnosis 0.603
2003-2007 155 (21.06) 11 (14.86) 71 (22.19) 34 (20.00) 39 (22.67)
2008-2011 234 (31.79) 22 (29.73) 100 (31.25) 61 (35.88) 51 (29.65)
2012-2015 347 (47.15) 41 (55.41) 149 (46.56) 149 (44.12) 82 (47.67)
Age, years 0.578
18-45 40 (5.43) 4 (5.41) 10 (3.13) 13 (7.65) 13 (7.56)
46-60 214 (29.08) 22 (29.73) 92 (28.75) 53 (31.18) 47 (27.33)
61-75 349 (47.42) 36 (48.65) 157 (49.06) 75 (44.12) 81 (47.09)
>75 133 (18.07) 12 (16.22) 61 (19.06) 29 (17.06) 31 (18.02)
Sex 0.003
Male 363 (49.32) 49 (66.22) 163 (50.94) 70 (41.18) 81 (47.09)
Female 373 (50.68) 25 (33.78) 157 (49.06) 100 (58.82) 91 (562.91)
Race 0.205
White 591 (80.30) 64 (86.49) 256 (80.00) 130 (76.47) 141 (81.98)
Black 54 (7.34) 1(1.35) 21 (6.56) 17 (10.00) 15 (8.72)
Other 91 (12.36) 9(12.16) 43 (13.44) 23 (13.53) 16 (9.30)
Insurance 0.351
Uninsured 6(0.82) 2 (2.70) 1(0.31) 2(1.18) 1(0.58)
Insured 608 (82.61) 64 (86.49) 262 (81.88) 141 (82.94) 141 (81.98)
Unknown 122 (16.58) 8(10.81) 57 (17.81) 27 (15.88) 30 (17.44)
Tumor differentiation 0.004
Well/Moderate 460 (62.50) 53 (71.62) 209 (65.31) 100 (58.82) 98 (56.98)
Poor/ 174 (23.64) 5 (6.76) 76 (23.75) 44 (25.88) 49 (28.49)
Undifferentiated
Unknown 102 (13.86) 16 (21.62) 35 (10.94) 26 (15.29) 25 (14.53)
Vascular invasion 0.042
No 545 (74.05) 57 (77.03) 251 (78.44) 121 (71.18) 116 (67.44)
Yes 191 (25.95) 17 (22.97) 69 (21.56) 49 (28.82) 56 (32.56)
Chemotherapy 0.025
No/Unknown 502 (68.21) 53 (71.62) 228 (71.25) 120 (70.59) 101 (58.72)
Yes 234 (31.79) 21 (28.38) 92 (28.75) 50 (29.41) 71 (41.28)
Follow-up (median, IQR)
34 (19-61.5) 33.5 (20-57) 35 (19-65.5) 35 (20-65) 30.5 (18-54) <
0.001

Data are presented as n (%).

ICC, intrahepatic cholangiocarcinoma; IQR, interquartile range; SEER, Surveillance, Epidemiology, and End Results Program.

and larger tumor size groups tended to have a worse prognosis
(Figure 2, p = 0.032).

Univariate Cox regression analysis showed that age at diagnosis,
sex, tumor differentiation, tumor size (treated as a continuous or
categorical variable) and VI were associated with the prognosis of
solitary ICC (p < 0.05, Table 2). Furthermore, multivariate analysis
was conducted, and the following 5 variables were independent
prognostic factors for solitary ICC after surgery: age at diagnosis
(p=0.014, 46-60: HR 1.689; 95% CI 0.957-2.980; 61-75: HR 1.925;
95% CI 1.106-3.352; >75: HR 2.397; 95% CI 1.341-4.286), sex
(female: p = 0.001, HR 1.469, 95% CI 1.183-1.826), tumor
differentiation (poor/undifferentiated: p = 0.043, HR 1.384, 95%
CI 1.073-1.785), tumor size (continuous variable: p = 0.001, HR
1.006, 95% CI 1.003-1.010; categorical variable: p = 0.044, 2-5 cm:
HR 1.257,95% CI 0.810-1.950; 5-7 cm, HR 1.385, 95% CI 0.870-
2.204;>7 cm: HR 1.728,95% CI 1.094-2.730) and VI (Yes: p =0.044,
HR 1.275, 95% CI 1.006-1.615).

Effect of Tumor Size on OS in Subgroups
Classified by VI

A total of 545 and 191 patients were classified into the solitary ICC
without VI and with VI subgroups, respectively. The 1-, 3-, and 5-
year OS in the different subgroups are displayed in Table SI;

however, Kaplan-Meier analysis showed that tumor size was not
associated with OS in both subgroups (p > 0.05, Figure S1).

Furthermore, we conducted Cox regression analysis to
explore the prognostic ability of tumor size in different
subgroups. As shown in Table S2, for solitary ICC without VI,
although tumor size was not a prognostic factor when treated as a
categorical variable (p = 0.175), it was an independent prognostic
factor when regarded as a continuous variable (p < 0.001, HR
1.075, 95% CI 1.040-1.112). For solitary ICC with VI, there was
not significant difference for the effect of tumor size on OS when
it was treated as categorical variable (p < 0.001); however, when it
was treated as a continuous variable, tumor size had an influence
on OS (p = 0.055, HR 1.005, 95% CI 1.000-1.011).

Identification of Optimal Cut-Off Values in
Subgroups Classified by VI

Afterwards, 10 cut-off points ranging from 2 to 11 cm were
chosen, and the log-rank test was used to determine the optimal
cut-off values in different groups. For solitary ICC, an optimal cut-
off value of tumor size of 8 cm could divide the patients into two
subgroups with 1-, 3-, and 5-year OS rates of 91.4, 67.5, and 53.3%,
respectively, for 0 to 8 cm tumors and 83.5, 57.5, and 38.7%,
respectively, for >8 cm tumors (Figures 3A, C). For solitary ICC
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1.00

0.75
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0.25

Ip=0-2 cm ==

p: om = p=5-7 cm =+ Group= >7 cm

Epidemiology, and End Results Program.

p =0.032
L
0.00
0 40 80 120 160
Time
Number at risk
Q. Group=0-2 cm 74 28 12 4 0
3 Group=2-5cm{ 320 143 58 23 1
= Group=5-7 cmq{ 170 78 33 9 1
Group= >7 cm 172 65 19 8 1
0 40 80 120 160
Time

FIGURE 2 | Kaplan-Meier analysis for solitary patients with ICC after resection in the SEER database. ICC, intrahepatic cholangiocarcinoma; SEER, The Surveillance,

without VI, an optimal cut-off value of 8 cm could divide the
patients into two subgroups with 1-, 3-, and 5-year OS rates of
92.4, 69.8, and 56.3%, respectively, for 0 to 8 cm tumors, and 86.1,
56.4, and 43.6%, respectively, for >8 cm tumors (Figures 3B, D).
For solitary ICC with VI, an optimal cut-off value of 3 cm could
divide the patients into two subgroups with 1-, 3-, and 5-year OS
rates of 90.0, 65.0, and 60.0%, respectively, for 0 to 3 cm tumors
and 85.4, 58.4, and 37.5%, respectively, for >3 cm tumors (Figures
3C, E). The ROC curves also suggested that the three cut-off values
had predictive efficiencies for ICC prognosis (Figure S2).

Validating the Prognostic Ability of Tumor
Size in the SDPH Set

To validate the findings in the SEER set, a total of 129 eligible
patients with solitary ICC from the SDPH set were analyzed as
the external validation dataset. The demographic and
clinicopathological characteristics of the patients are shown in
Table 3.

We first studied the prognostic ability of tumor size in the
SDPH set. Kaplan-Meier analysis showed that tumor size was
associated with OS for patients with ICC (p = 0.0072, Figure 4A).
Moreover, Cox analysis suggested that tumor size was an
independent prognostic factor for OS when it was treated as a
continuous variable (p = 0.031, HR 1.116, 95% CI 1.010-1.234),
while no significant difference was found when it was treated as a

categorical variable (p = 0.090) (Table 4). Afterwards, we tested
the optimal cut-off values in the SDPH set. Kaplan-Meier
analysis showed that patients with 0-8 cm tumors had better
OS than those with >8 cm tumors in the solitary ICC (p = 0.0028,
Figure 4B) and solitary ICC without VI subgroups (p = 0.027,
Figure 4C). In the Cox regression analysis, we discovered that
tumor size was an independent prognostic factor for OS in the
solitary ICC (p = 0.015, HR 2.115, 95% CI 1.153-3.879) and
solitary ICC without VI subgroups (p = 0.032, HR 2.369, 95% CI
1.075-5.221) when it was treated as a categorical variable, and
the cut-off value was 8 cm (Table S3). However, for solitary ICC
with VI, since there were only three patients with a tumor size <3
cm, we failed to evaluate the efficacy of cut-off value of 3 cm for
the prediction of OS.

DISCUSSION

Although it has been integrated into the latest AJCC staging system,
the roles of tumor size in ICC prognosis, both its prognostic ability
and optimal cut-off value, are still controversial (7,10, 11, 13). In this
study, using data collected from the SEER registry, we classified
solitary ICC into 4 groups based on tumor size and found that a
larger tumor size was associated with various malignant variables.
Afterwards, we discovered that larger tumor size groups were
associated with poorer OS and that tumor size was an
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TABLE 2 | Analysis of prognostic factors for solitary ICC after resection in SEER database.

Variable Univariate Multivariate
HR 95%ClI P HR 95%ClI P
Year of diagnosis
2003-2007 Reference 0.188
2008-2011 1.215 0.928-1.590
2012-2015 0.977 0.719-1.326
Age, years
18-45 Reference 0.008 Reference 0.014
46-60 1.757 1.000-3.086 1.689 0.957-2.980
61-75 2.027 1.169-3.514 1.925 1.106-3.352
>75 2.509 1.409-4.468 2.397 1.341-4.286
Sex
Female Reference 0.001 Reference 0.001
Male 1.423 1.149-1.763 1.469 1.183-1.826
Race
White Reference 0.811
Black 1.053 0.713-1.555
Other 0.913 0.663-1.257
Insurance
Uninsured Reference 0.307
Insured 0.791 0.197-3.179
Unknown 0.807 0.611-1.065
Tumor differentiation
Well/Moderate Reference 0.010 Reference 0.043
Poor/Undifferentiated 1.474 1.147-1.892 1.384 1.073-1.785
Unknown 1.097 0.802-1.499 1.131 0.825-1.549
Tumor size
Continuous 1.006 1.002-1.010 0.001 1.006 1.003-1.010 0.001
0-2 cm Reference 0.035 Reference 0.044
2-5cm 1.278 0.829-1.969 1.257 0.810-1.950
5-7 cm 1.321 0.837-2.084 1.385 0.870-2.204
>7 cm 1.747 1.115-2.738 1.728 1.094-2.730
Vascular invasion
No Reference 0.002 Reference 0.044
Yes 1.430 1.135-1.800 1.275 1.006-1.615
Chemotherapy
No/Unknown Reference 0.259
Yes 1.140 0.908-1.431

ICC, intrahepatic cholangiocarcinoma; SEER, Surveillance, Epidemiology, and End Results Program.
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FIGURE 3 | Charts for different cut-off points with corresponding p values and Kaplan-Meier analysis for the optimal cut-off points in solitary ICC (A, D), solitary ICC
without VI (B, E) and solitary ICC with VI (C, F).
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TABLE 3 | Clinicopathologic Features of Patients with ICC in the SDPH set.

Variable N (n =129) %
Age, median (IQR) 59 (52-66)
Sex
Male 69 53.49
Female 60 46.51
GGT, U/L
<54 63 48.84
>54 66 51.16
CA199, U/ml
<37 50 38.76
>37 79 61.24
CEA, ng/ml
<5 102 79.07
>5 27 20.93
Tumor size, cm
Median (IQR) 5.1(3.6-7.2)
0-2 8 6.20
2-5 55 42.64
5-7 33 25.58
>7 33 25.58
Vascular invasion
No 95 73.64
Yes 34 26.36
Tumor differentiation
Poor 23 17.83
Moderate/High 106 82.17

ICC, intrahepatic cholangiocarcinoma; SDPH, Shandong Provincial Hospital; GGT, ¥
glutamyl transferase; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic
antigen; IQR, interquartile range.

independent prognostic factor for solitary ICC. We further explore
the prognostic ability of tumor size in different subgroups stratified
by VI, and Cox regression analysis showed it was an independent
prognostic factor. The log-rank test found that 8, 8 and 3 cm were
the optimal cut-off values for solitary ICC, solitary ICC without VI
and solitary ICC with VI, respectively. Finally, a patient cohort
containing 129 cases from our center was used to validate the
findings in the analysis of the SEER program, and tumor size gave
similar results.

Diameter is an important characteristic of solid tumors and
has been shown to be associated with OS in various solid cancers,
such as hepatocellular carcinoma and non-small cell lung cancer
(14, 15). The prognostic ability of tumor size has also been
discussed widely in ICC. In a previous population-based cohort

ﬁ By

study, Nathan et al. (10) retrospectively analyzed 598 patients
with ICC from SEER database between 1998 and 2004, proposed
a staging system and proved that tumor size was not a prognostic
factor for OS. In evaluating the predictive ability of the AJCC 7th
edition staging system, Li et al. (16) reported that tumor size was
not associated with OS and RFS for patients with ICC. Several
studies also suggested that tumor size might not influence the
prognosis of patients with ICC after surgery (17-19). As a result,
tumor size was not integrated into the previous AJCC staging
systems (6). However, most recently, the prognostic ability of
tumor size for OS has been demonstrated in several large cohort
studies (20). In a multicenter study containing 514 patients from
Eastern and Western countries, Hyder et al. (11) demonstrated
that tumor size was an independent prognostic factor for OS in
ICC and constructed a prognostic nomogram. Wang et al. (4)
also obtained similar conclusions in a study containing 367
patients with ICC. Consequently, tumor size was included in
the latest AJCC staging system and was used to predict prognosis
for patients with ICC. However, the optimal cut-off value for
tumor size to predict prognosis is still controversial (6, 7, 11), and
since rare studies have focused on the prognostic ability of tumor
size in solitary ICC, it is difficult to conclude more concrete
results for these issues.

In our study, by retrospectively analyzing patients with
solitary ICC from the SEER database between 2003 and 2015,
we found that tumor size was an independent prognostic factor
for solitary ICC after surgery. We then further explored the
prognostic ability of tumor size in different subgroups classified
by VI. Consistent with the AJCC TNM staging system, for
solitary ICC without VI, we found that tumor size was
associated with OS; however, we discovered that 8 cm was the
optimal cut-off value instead of 5 cm. Interestingly, many other
studies have also proposed a larger than 5 cm cut-off point for
evaluating the prognostic ability of tumor size for ICC. For
instance, in a multi-institutional database study, Spolverato et al.
(21) proved that patients with ICC with a tumor size >7 cm had
poorer recurrence-free survival and OS, which was similar to the
findings of Sahara’s studies (11, 22). Hyder et al. (11) also found
that 7 cm was the best cut-off point to assess the effect of
diameter on the HR of mortality. For patients with solitary
ICC with VI who were classified in the T2 stage according to
the latest AJCC staging system, we also found that tumor size was
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FIGURE 4 | Kaplan-Meier analysis for patients with solitary ICC after resection in the SDPH set. (A) Solitary ICC with cut-off values of 2, 5, and 7 cm; (B) solitary
ICC with a cut-off value 8 cm; (C) solitary ICC without VI with a cut-off value of 8 cm. ICC, intrahepatic cholangiocarcinoma; SDPH, Shandong Provincial Hospital; VI,
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TABLE 4 | Analysis of prognostic factors for ICC in the SDPH set.

Variable Univariate
HR 95%ClI

Age, years

18-45 Reference

46-60 0.882 0.309-2.518

61-75 0.795 0.277-2.284

>75 0.704 0.078-6.357
Sex

Male Reference

Female 1.004 0.606-1.662
GGT, UL

<54 Reference

>54 2.444 1.438-4.153
CA19-9, U/ml

<37 Reference

>37 1.795 1.033-3.119
CEA, ng/ml

<5 Reference

>5 1.206 0.650-2.236
Tumor differentiation

Moderate/High Reference

Poor 1.009 0.517-1.967
Tumor size

Continuous 1.164 1.062-1.277

0-2 cm Reference

2-5cm 1.107 0.325-3.777

5-7 cm 1.857 0.637-6.422

>7 cm 3.011 0.882-10.275
Vascular invasion

No Reference

Yes 3.651 2.096-6.361

Multivariate
P HR 95%ClI P
0.961
0.989
0.001 Reference 0.007
2.128 1.233-3.672
0.038 Reference 0.651
1.143 0.640-2.043
0.552
0.980
0.001 1.116 1.010-1.234 0.031
0.010 Reference 0.090
0.784 0.223-2.758
0.997 0.277-3.588
1.732 0.487-6.161
<0.001 Reference <0.001
3.583 2.009-6.391

ICC, intrahepatic cholangiocarcinoma; SDPH, Shandong Provincial Hospital; GGT, y-glutamyl transferase; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen.

a prognostic factor and that 3 cm was the optimal cut-off value.
However, due to the limited number of study cases, we failed to
evaluate this finding in the external set. A small cut-off value for
ICC has also been discussed in several previous studies (7, 8). In a
recent study, Ruzzenente et al. (23) found that patients with ICC
with tumors <3 cm had better OS than those with a larger tumor
size. Based on our findings, for the AJCC TNM staging system,
we proposed that there should be a change in the cut-off value for
T1, tumor size should be incorporated into T2 stage, and 3 cm
could be an appropriate cut-off value.

Our results also suggested that solitary ICC was a
heterogeneous group, and larger tumor size was associated
with malignant pathological factors, including worse tumor
differentiation (20, 22) and VI (20, 24). It was believed that a
larger tumor size was associated with various malignant variables
(25-28). The prognostic ability of these variables has also been
reported in ICC (4, 11, 22), and tumor size has been integrated
into several risk systems to predict the presence of malignant
pathological factors and OS (24, 29, 30). However, many studies
have reported that the negative effect of tumor size on OS was
largely due to the association between tumor size and malignant
variables instead of tumor size itself (10, 31). In this study, using
multivariate Cox regression analysis, we still found that tumor
size was an independent prognostic factor for solitary ICC. Based
on these findings, we hypothesized that tumor size reflected ICC

progression and might be used to predict the presence of certain
malignant pathological factors and OS.

This study was performed using a large number of patients
with solitary ICC, and an independent external patient cohort was
employed for the validation of related findings. However,
limitations still exist. First, this was a retrospective study, and
the findings should be further validated in other institutions with
more patients in a prospective style. Second, due to the small
number of patients in external set, we failed to evaluate 3 cm as the
optimal cut-off value for solitary ICC with VI; thus, further studies
with more patients should be conducted to evaluate this issue.
Third, several crucial prognostic factors, such as carbohydrate
antigen 19-9 (CA19-9) levels, postoperative complications and
treatment strategy (R resection, surgical options), were unavailable
in SEER database, which could influence the analysis in our study.

CONCLUSIONS

In conclusion, this study proved that tumor size was associated
with several malignant clinicopathological features and was an
independent prognostic factor for solitary ICC after resection. The
current 8th AJCC staging system might be improved by changing
the cut-off value in T1 stage from 5 to 8 cm and incorporating
tumor size into the T2 stage with a cut-off value of 3 cm.

Frontiers in Oncology | www.frontiersin.org

January 2021 | Volume 10 | Article 559911


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

Kong et al.

Effect of Diameter on ICC

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Shandong Provincial
Hospital Affiliated to Shandong University. The patients/
participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

JK, JL, and JW contributed to the conception and design of the
study. XL, YC, and JC collected patients’ details and extracted
data. XL, CL, and JC analyzed the data. JK and YC drafted the
manuscript. JL, JW, and CL contributed with a critical revision of
the manuscript. All authors contributed to the article and
approved the submitted version.

REFERENCES

. Cillo U, Fondevila C, Donadon M, Gringeri E, Mocchegiani F, Schlitt HJ, et al.
Surgery for cholangiocarcinoma. Liver Int (2019) 39(Supp. 1):143-55.
doi: 10.1111/1iv.14089
2. Zhang H, Yang T, Wu M, Shen F. Intrahepatic cholangiocarcinoma:
Epidemiology, risk factors, diagnosis and surgical management. Cancer Lett
(2016) 379:198-205. doi: 10.1016/j.canlet.2015.09.008

3. Lin XH, Luo JC. The risk factors and prognostic factors of intrahepatic
cholangiocarcinoma. J Chin Med Assoc (2017) 80:121-2. doi: 10.1016/
jjema.2016.12.001

4. Wang Y, LiJ, Xia Y, Gong R, Wang K, Yan Z, et al. Prognostic nomogram for
intrahepatic cholangiocarcinoma after partial hepatectomy. J Clin Oncol
(2013) 31:1188-95. doi: 10.1200/JCO.2012.41.5984

5. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to
build a bridge from a population-based to a more “personalized” approach to
cancer staging. CA Cancer ] Clin (2017) 67:93-9. doi: 10.3322/caac.21388

6. Kim Y, Moris DP, Zhang XF, Bagante F, Spolverato G, Schmidt C, et al.
Evaluation of the 8th edition American Joint Commission on Cancer (AJCC)
staging system for patients with intrahepatic cholangiocarcinoma: A
surveillance, epidemiology, and end results (SEER) analysis. ] Surg Oncol
(2017) 116:643-50. doi: 10.1002/js0.24720

7. Sakamoto Y, Kokudo N, Matsuyama Y, Sakamoto M, Izumi N, Kadoya M,
et al. Proposal of a new staging system for intrahepatic cholangiocarcinoma:
Analysis of surgical patients from a nationwide survey of the Liver Cancer
Study Group of Japan. Cancer Am Cancer Soc (2016) 122:61-70. doi: 10.1002/
cncr.29686

8. Yamasaki S. Intrahepatic cholangiocarcinoma: macroscopic type and stage
classification. ] Hepatobiliary Pancreat Surg (2003) 10:288-91. doi: 10.1007/
$00534-002-0732-8

9. Okabayashi T, Yamamoto ], Kosuge T, Shimada K, Yamasaki S, Takayama T, et al.
A new staging system for mass-forming intrahepatic cholangiocarcinoma: analysis
of preoperative and postoperative variables. Cancer Am Cancer Soc (2001)
92:2374-83. doi: 10.1002/1097-0142(20011101)92:9<2374::aid-cncr1585>3.0.c0;2-1

10. Nathan H, Aloia TA, Vauthey J, Abdalla EK, Zhu AX, Schulick RD, et al. A

Proposed Staging System for Intrahepatic Cholangiocarcinoma. Ann Surg

Oncol (2009) 16:14-22. doi: 10.1245/s10434-008-0180-z

—

FUNDING

This study was supported by the National Natural Science
Foundation of China (No. 81373172, 81770646) and Shandong
Provincial Natural Science Foundation, China (No. ZR2014HP065).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2020.559911/full#supplementary-material

SUPPLEMENTARY FIGURE 1 | Kaplan-Meier analysis for solitary ICC after
resection in different subgroups from the SEER database. (A) Solitary ICC without
VI; (B) solitary ICC with VI. ICC, intrahepatic cholangiocarcinoma; SEER, The
Surveillance, Epidemiology, and End Results Program; VI, vascular invasion.

SUPPLEMENTARY FIGURE 2 | ROC curves analysis for the predictive efficiency
of tumor size for ICC prognosis at 1, 3, and 5 years in different subgroups.

(A) Solitary ICC; (B) Solitary ICC without VI; (C) solitary ICC with VI. ICC, intrahepatic
cholangiocarcinoma; SEER, The Surveillance, Epidemiology, and End Results
Program; VI, vascular invasion.

11. Hyder O, Marques H, Pulitano C, Marsh JW, Alexandrescu S, Bauer TW, et al.
A nomogram to predict long-term survival after resection for intrahepatic
cholangiocarcinoma: An Eastern and Western experience. JAMA Surg (2014)
149:432-8. doi: 10.1001/jamasurg.2013.5168

12. Groot VP, Gemenetzis G, Blair AB, Rivero-Soto RJ, Yu J, Javed AA, et al.
Defining and Predicting Early Recurrence in 957 Patients with Resected
Pancreatic Ductal Adenocarcinoma. Ann Surg (2019) 269:1154-62.
doi: 10.1097/SLA.0000000000002734

13. Yamada T, Nakanishi Y, Okamura K, Tsuchikawa T, Nakamura T, Noji T,
et al. Impact of serum carbohydrate antigen 19-9 level on prognosis and
prediction of lymph node metastasis in patients with intrahepatic
cholangiocarcinoma. ] Gastroenterol Hepatol (2018). doi: 10.1111/jgh.14124

14. Wu G, Wu J, Wang B, Zhu X, Shi X, Ding Y. Importance of tumor size at
diagnosis as a prognostic factor forhepatocellular carcinoma survival: a
population-based study. Cancer Manag Res (2018) 10:4401-10.
doi: 10.2147/CMAR.S177663

15. Gulack BC, Yang CF, Speicher PJ, Meza JM, Gu L, Wang X, et al. The impact
of tumor size on the association of the extent of lymph node resection and
survival in clinical stage I non-small cell lung cancer. Lung Cancer (2015)
90:554-60. doi: 10.1016/j.lungcan.2015.10.011

16. Li T, Qin LX, Zhou J, Sun HC, Qiu SJ, Ye QH, et al. Staging, prognostic factors
and adjuvant therapy of intrahepatic cholangiocarcinoma after curative
resection. Liver Int (2014) 34:953-60. doi: 10.1111/1iv.12364

17. Nakagawa T, Kamiyama T, Kurauchi N, Matsushita M, Nakanishi K, Kamachi H,
et al. Number of lymph node metastases is a significant prognostic factor in
intrahepatic cholangiocarcinoma. World J Surg (2005) 29:728-33. doi: 10.1007/
500268-005-7761-9

18. Uenishi T, Yamazaki O, Yamamoto T, Hirohashi K, Tanaka H, Tanaka S, et al.
Serosal invasion in TNM staging of mass-forming intrahepatic
cholangiocarcinoma. | Hepatobiliary Pancreat Surg (2005) 12:479-83.
doi: 10.1007/s00534-005-1026-8

19. Orimo T, Kamiyama T, Mitsuhashi T, Kamachi H, Yokoo H, Wakayama K, et al.
Impact of tumor localization on the outcomes of surgery for an intrahepatic
cholangiocarcinoma. J Gastroenterol (2018) 53:1206-15. doi: 10.1007/s00535-
018-1469-8

20. Mavros MN, Economopoulos KP, Alexiou VG, Pawlik TM. Treatment and
Prognosis for Patients with Intrahepatic Cholangjocarcinoma: Systematic Review
and Meta-analysis. JAMA Surg (2014) 149:565-74. doi: 10.1001/jamasurg.2013.5137

Frontiers in Oncology | www.frontiersin.org

January 2021 | Volume 10 | Article 559911


https://www.frontiersin.org/articles/10.3389/fonc.2020.559911/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.559911/full#supplementary-material
https://doi.org/10.1111/liv.14089
https://doi.org/10.1016/j.canlet.2015.09.008
https://doi.org/10.1016/j.jcma.2016.12.001
https://doi.org/10.1016/j.jcma.2016.12.001
https://doi.org/10.1200/JCO.2012.41.5984
https://doi.org/10.3322/caac.21388
https://doi.org/10.1002/jso.24720
https://doi.org/10.1002/cncr.29686
https://doi.org/10.1002/cncr.29686
https://doi.org/10.1007/s00534-002-0732-8
https://doi.org/10.1007/s00534-002-0732-8
https://doi.org/10.1002/1097-0142(20011101)92:93.0.co;2-l
https://doi.org/10.1245/s10434-008-0180-z
https://doi.org/10.1001/jamasurg.2013.5168
https://doi.org/10.1097/SLA.0000000000002734
https://doi.org/10.1111/jgh.14124
https://doi.org/10.2147/CMAR.S177663
https://doi.org/10.1016/j.lungcan.2015.10.011
https://doi.org/10.1111/liv.12364
https://doi.org/10.1007/s00268-005-7761-9
https://doi.org/10.1007/s00268-005-7761-9
https://doi.org/10.1007/s00534-005-1026-8
https://doi.org/10.1007/s00535-018-1469-8
https://doi.org/10.1007/s00535-018-1469-8
https://doi.org/10.1001/jamasurg.2013.5137
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Kong et al.

Effect of Diameter on ICC

21.

22.

23.

24.

25.

26.

27.

Spolverato G, Kim Y, Alexandrescu S, Popescu I, Marques HP, Aldrighetti L, et al.
Is Hepatic Resection for Large or Multifocal Intrahepatic Cholangiocarcinoma
Justified? Results from a Multi-Institutional Collaboration. Ann Surg Oncol (2015)
22:2218-25. doi: 10.1245/s10434-014-4223-3

Sahara K, Tsilimigras DI, Mehta R, Bagante F, Guglielmi A, Aldrighetti L, et al.
A novel online prognostic tool to predict long-term survival after liver
resection for intrahepatic cholangiocarcinoma: The “metro-ticket”
paradigm. ] Surg Oncol (2019) 120:223-30. doi: 10.1002/js0.25480
Ruzzenente A, Conci S, Vigano L, Ercolani G, Manfreda S, Bagante F, et al.
Role of Lymph Node Dissection in Small (<3 cm) Intrahepatic
Cholangiocarcinoma. J Gastrointest Surg (2019) 23:1122-9. doi: 10.1007/
$11605-019-04108-0

Spolverato G, Ejaz A, Kim Y, Sotiropoulos GC, Pau A, Alexandrescu S, et al.
Tumor size predicts vascular invasion and histologic grade among patients
undergoing resection of intrahepatic cholangiocarcinoma. J Gastrointest Surg
(2014) 18:1284-91. doi: 10.1007/s11605-014-2533-1

Goh BK, Teo JY, Chan CY, Lee SY, Jeyaraj P, Cheow PC, et al. Importance of tumor
size as a prognostic factor after partial liver resection for solitary hepatocellular
carcinoma: Implications on the current AJCC staging system. ] Surg Oncol (2016)
113:89-93. doi: 10.1002/js0.24099

Liang Y, Liu L, Xie X, Xia L, Meng J, Xu R, et al. Tumor Size Improves the
Accuracy of the Prognostic Prediction of Lymph Node-Negative Gastric
Cancer. ] Surg Res (2019) 240:89-96. doi: 10.1016/j.js5.2019.02.037
Ytre-Hauge S, Husby JA, Magnussen IJ, Werner HM, Salvesen OO, Bjorge L,
et al. Preoperative tumor size at MRI predicts deep myometrial invasion,
lymph node metastases, and patient outcome in endometrial carcinomas. Int J
Gynecol Cancer (2015) 25:459-66. doi: 10.1097/IGC.0000000000000367

29.

30.

31.

. Bhindi B, Thompson RH, Lohse CM, Mason R]J, Frank I, Costello BA, et al.

The Probability of Aggressive Versus Indolent Histology Based on Renal
Tumor Size: Implications for Surveillance and Treatment. Eur Urol (2018)
74:489-97. doi: 10.1016/j.eururo.2018.06.003

Jeong S, Cheng Q, Huang L, Wang J, Sha M, Tong Y, et al. Risk
stratification system to predict recurrence of intrahepatic cholangiocarcinoma
after hepatic resection. BMC Cancer (2017) 17:464. doi: 10.1186/s12885-017-
3464-5

Sasaki K, Margonis GA, Andreatos N, Bagante F, Weiss M, Barbon C, et al.
Preoperative Risk Score and Prediction of Long-Term Outcomes after
Hepatectomy for Intrahepatic Cholangiocarcinoma. J Am Coll Surg (2018)
226:393-403. doi: 10.1016/j.jamcollsurg.2017.12.011

Akgiill O, Bagante F, Olsen G, Cloyd JM, Weiss M, Merath K, et al.
Preoperative prognostic nutritional index predicts survival of patients with
intrahepatic cholangiocarcinoma after curative resection. J Surg Oncol (2018)
118:422-30. doi: 10.1002/js0.25140

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 Kong, Cao, Chai, Liu, Lin, Wang and Liu. 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

January 2021 | Volume 10 | Article 559911


https://doi.org/10.1245/s10434-014-4223-3
https://doi.org/10.1002/jso.25480
https://doi.org/10.1007/s11605-019-04108-0
https://doi.org/10.1007/s11605-019-04108-0
https://doi.org/10.1007/s11605-014-2533-1
https://doi.org/10.1002/jso.24099
https://doi.org/10.1016/j.jss.2019.02.037
https://doi.org/10.1097/IGC.0000000000000367
https://doi.org/10.1016/j.eururo.2018.06.003
https://doi.org/10.1186/s12885-017-3464-5
https://doi.org/10.1186/s12885-017-3464-5
https://doi.org/10.1016/j.jamcollsurg.2017.12.011
https://doi.org/10.1002/jso.25140
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

	Effect of Tumor Size on Long-Term Survival After Resection for Solitary Intrahepatic Cholangiocarcinoma
	Introduction
	Materials and Methods
	Ethics Statement
	Patient Selection in SEER Set
	Patient Selection in the SDPH Set
	Statistical Analysis

	Results
	Demographic and Clinicopathological Characteristics of Patients With ICC
	Clinicopathological Characteristics Among Different Tumor Size Groups
	Influence of Tumor Size on OS in the SEER Database
	Effect of Tumor Size on OS in Subgroups Classified by VI
	Identification of Optimal Cut-Off Values in Subgroups Classified by VI
	Validating the Prognostic Ability of Tumor Size in the SDPH Set

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	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


