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Simple summary: Accurately estimate the prognosis of patients with ECCA is
important. However, the TNM system has some limitations, such as low
accuracy, exclusion of other factors (e.g., age and sex), and poor
performance in predicting individual survival risk. In contrast, a nomogram-
based clinical model related to a comprehensive analysis of all risk factors is
intuitive and straightforward, facilitating the probabilistic analysis of tumor-
related risk factors. Simultaneously, a nomogram can also effectively drive
personalized medicine and facilitate clinicians for prognosis prediction.
Therefore, we construct a novel practical nomogram and risk stratification
system to predict CSS in patients with ECCA.

Background: Accurately estimate the prognosis of patients with extrahepatic
cholangiocarcinoma (ECCA) was important, but the existing staging system has
limitations. The present study aimed to construct a novel practical nomogram
and risk stratification system to predict cancer-specific survival (CSS) in ECCA
patients.

Methods: 3415 patients diagnosed with ECCA between 2010 and 2015 were
selected from the SEER database and randomized into a training cohort and a
validation cohort at 7:3. The nomogram was identified and calibrated using the
C-index, receiver operating characteristic curve (ROC), and calibration plots.
Decision curve analysis (DCA), net reclassification index (NRI), integrated
discrimination improvement (IDI) and the risk stratification were used to
compare the nomogram with the AJCC staging system.

Results: Nine variables were selected to establish the nomogram. The C-index
(training cohort:0.785; validation cohort:0.776) and time-dependent AUC (>0.7)
showed satisfactory discrimination. The calibration plots also revealed that
the nomogram was consistent with the actual observations. The NRI (training
cohort: 1-, 2-, and 3-year CSS:0.27, 0.27,0.52; validation cohort:1-,2-,3-
year CSS:0.48,0.13,0.34), IDI (training cohort: 1-, 2-, 3-year CSS:0.22,0.18,0.16;
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validation cohort: 1-,2-,3-year CSS:0.18,0.16,0.17), and DCA indicated that the
established nomogram significantly outperformed the AJCC staging system
(P<0.05) and had better recognition compared to the AJCC staging system.

Conclusions: We developed a practical prognostic nomogram to help
clinicians assess the prognosis of patients with ECCA.

KEYWORDS

extrahepatic cholangiocarcinoma, AJCC staging system, nomogram, prognostic
model, risk stratification, cancer-specific survival

Introduction

Cholangiocarcinoma (CCA) is a highly invasive malignant
tumor originating from bile duct epithelial cells, and it is the
second most common primary liver malignancy after
hepatocellular carcinoma (HCC), accounting for approximately 3-
5% of gastrointestinal malignancies (1). Depending on the
anatomical location of origin, CCA is usually divided into
intrahepatic CCA (ICCA), perihilar CCA (pCCA), and distal
CCA (dCCA). Perihilar CCA and distal CCA are commonly
referred to as extrahepatic cholangiocarcinoma (ECCA),
accounting for 70-90% of all CCA cases, while ICCA accounts
for only 10-20% (2). Several studies have shown noticeable
differences in the prognosis of ICCA and ECCA, suggesting that
ECCA should be studied independently rather than conducting a
general analysis without identifying the anatomical sites. Based on
the anatomical location of CCA, careful assessment of prognosis is
essential (3-6).

The American Joint Committee on Cancer (AJCC) tumor-
node-metastasis (TNM) system is the most commonly used
method to evaluate the prognosis of patients with ECCA (7,
8). However, the TNM system has some limitations, such as low
accuracy, exclusion of other factors (e.g., age and sex), and poor
performance in predicting individual survival risk (9). As a
result, a new and personalized prediction model is needed to
evaluate the prognosis of ECCA patients.

A nomogram-based clinical model related to a comprehensive
analysis of all risk factors has been widely used in tumor patients to
predict survival (10-12). More importantly, a nomogram is intuitive
and straightforward, facilitating the probabilistic analysis of tumor-
related risk factors. Simultaneously, a nomogram can also effectively
drive personalized medicine and facilitate clinicians for prognosis
prediction (13-15). In the present study, we aimed to develop a
nomogram and risk stratification system for patients with ECCA by
utilizing a large dataset from SEER (Surveillance, Epidemiology, and
End Results).
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Materials and methods
Data sources

Clinically relevant data of patients diagnosed with ECCA
between 2010 and 2015 were extracted from the SEER 18
registry database (1975-2018) using SEER*Stat 8.3.9.2.
International Classification of Diseases (ICD) for Oncology
C24.0 (ICD-O C24.0) and ICD code O-3 morphology (8032,
8033, 8070, 8071,8140, 8141, 8160, 8161, 8162, 8260, 8480,
8481, 8490, and 8560) were used to make the distinction.
The following 13 variables were included from the SEER
database: age (at diagnosis), ethnicity, sex, marital status (at
diagnosis), insurance, tumor number, infiltration, tumor size,
lymph node status, tumor stage (AJCC stage), surgery,
radiotherapy, and chemotherapy. In addition, the seventh
edition of the AJCC staging system was used for the analysis.
The SEER database was publicly accessible, and private data
for all patients were removed from the database, indicating
that Institutional Review Board approval and informed
consent were not needed.

Selection criteria

The inclusion criteria were as follows: (a) patients with
ECCA (topography code C24.0 and morphology codes 8032,
8033, 8070, 8071, 8140, 8141, 8160, 8161, 8162, 8260, 8480,
8481, 8490, and 8560); (b) confirmed AJCC staging;
(c) complete treatment information; and (d) complete
follow-up information. The exclusion criteria were as
follows: (a) unknown primary location of the tumor; (b)
incomplete follow-up information; (c) incomplete treatment
information; (d) unknown AJCC staging; and (e) unknown
tumor size. The flow chart in Figure 1 shows the process
of screening.
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Patients with ECCA in SEER database between 2010 and 2015
(n=123243)
Topography code C24.0 and morphology codes ( 8032, 8033, 8070, 8071,
8140, 8141, 8160, 8161, 8162, 8260, 8480, 8481, 8490, and 8560)
n=(62479)
Exclusion (n=60729)
-Survival months unknow (n=4827)
-Race unknow (n=1157)
»| -Vital status unknow (n=239)
-AJCC stage unknow (n=1423)
-Insurance unknow (2161)
-Size unknow (342)
y -Marital unknow (870)
-Radiation sequence unknow (789)
Eligible patients with ECCA -Blank(48921)
(n=1687)
l v
Training cohort Validation cohort
(n=1183) (n=504)
FIGURE 1

Flow diagram of the ECCA patients in the training and validation cohorts. ECCA: extrahepatic cholangiocarcinoma

Construction of the nomogram

Study cohorts listed the clinical characteristics of ECCA. All
patients were randomized into a training cohort (n=1183, 70%)
and a validation cohort (n=504, 30%). The training cohort was
used to filter the variables and build the model, while the
validation cohort was used to verify the results. Univariate and
multivariate Cox regression analyses were also performed to
screen unique variables that significantly affected cancer-specific
survival (CSS) in ECCA and were applied to construct the
nomogram. Variables with P<0.05 in both univariate and
multivariate Cox regression were considered independent
risk factors.

Validation of the nomogram

The consistency index (C-index), time-dependent receiver
operating characteristic curve (ROC), calibration curve, and
decision curve analysis (DCA) were used to verify the
nomogram. The C-index was used to reflect the performance
prediction accuracy of the nomogram, while the ROC
represented the sensitivity and specificity of the nomogram.
Generally, 0.50 to 0.70 indicated low accuracy, 0.71 to 0.90
indicated moderate accuracy, and greater than 0.90 indicated
high accuracy. We plotted 1-, 2-, and 3-year calibration curves to
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compare the predicted CSS with that observed in our model, and
we used the 45-degree line as the actual outcome of the
primary model.

Comparison between the risk
stratification associated with the
nomogram and AJCC staging system

The net reclassification index (NRI), C-index, integrated
discrimination improvement (IDI), and DCA were used to
assess the nomogram model’s net benefit and risk stratification
compared to the AJCC staging system. The clinical utility of the
nomogram was evaluated by DCA. All eligible patients were
divided into three groups, namely, the low-risk group, middle-
risk group, and high-risk group, with the best cutoff value for the
total score selected by X-Tile. The Kaplan-Meier curve and log-
rank test were performed to compare CSS in different groups
of patients.

Statistical analysis
All statistical analyses were performed using R Software

Version 4.1.2 (http://www.r-project.org/). The “regplot”,
“mstate”, “survival”, “cmprsk”, “Hmisc”, “timeROC”,
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“foreign”, “nricens”, “rmda”, and “DCA” packages in R were
used to develop and verify the nomogram. Statistical distribution
differences between the training and validation cohorts were
analyzed using the chi-square test. The variance inflation factor
was applied to assess the detection of multicollinearity
testbetween variables. All P values were two-tailed, and P<
0.05 was considered statistically significant.

Results
Characteristics of patients

A total of 3415 patients were identified to have ECCA, and they
were randomized into a training cohort and a validation cohort at a
ratio of 7:3. The median follow-up times for the entire population,
training cohort, and validation cohort were 12 months, while the
interquartile ranges (IQRs) were 4-23, 4-24, and 4-22 months,
respectively. The demographic and clinical characteristics of
patients with ECCA are summarized in Table 1. A total of 946
male patients and 741 female patients accounted for 56.08% and
43.92%, respectively. There were 1284 Caucasians and 126 African

TABLE 1 Demographics and clinical characteristics of ECCA at diagnosis.

10.3389/fonc.2022.1007538

Americans, which accounted for 76.11% and 7.47%, respectively. Of
all the patients, 812 (48.13%) did not have surgery, 455 (26.97%)
underwent liver resection, and 420 (24.90%) underwent liver
transplantation. Only 834 patients (49.44%) received
chemotherapy. Additionally, 301 (17.84%) patients received
radiotherapy. The percentages of married and insured patients
were 60.40% and 83.11%, respectively. The training and
validation cohorts were comparable in terms of demographic and
clinical characteristics (P>0.05).

Univariate and multivariate Cox
regression analyses

The variance inflation factors (1.126-3.521) were all less than
5 indicating that there was no collinearity between the variables
(Supplemental Table 2). Univariate and multivariate Cox
regression analyses suggested that age, AJCC staging,
pathological grade, lymph nodes, treatment, chemotherapy,
tumor size, tumor number, and marital status were
independent prognostic factors (P<0.05) and were included in
constructing the nomogram (Table 2).

Variable Whole population Training cohort Validation cohort P Value
n % n % n %

1687 100 1183 100 504 100
Age
<65 685 40.60 493 3.80 210 41.67 0.83
>65 1002 59.40 675 59.85 249 49.40
Race
Black 126 7.47 92 7.78 34 6.75 0.74
White 1284 76.11 874 73.88 374 74.21
Other 313 18.55 217 18.34 9% 19.05
Sex
F 741 43.92 545 46.07 237 38.89 0.71
M 946 56.08 638 53.93 267 61.11
AJCC Stages *
I 518 30.71 353 29.84 165 3274 0.54
il 412 24.42 318 26.88 124 24.60
11 216 12.80 180 1522 81 16.07
v 466 27.62 332 28.06 134 26.59
Grade ©
Well 583 34.56 413 34.91 170 33.73 0.88
Bad 402 23.83 279 23.58 123 24.40
Unknown 702 41.61 491 41.50 211 41.87
Size
0-2 cm 645 38.23 458 38.72 187 37.10 0.81
2-5 cm 801 47.48 558 47.17 243 48.21

(Continued)
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TABLE 1 Continued

Variable

>5cm

Number

1

>1

Regional nodes status
Negative

Not examined
Positive
Treatment

No operation
Liver resection
Transplant
Radiation sequence
No radiation
After surgery
Prior to surgery
Chemotherapy
Yes

No

Marital
Married
Divorced

Single
Insurance
Insured
Uninsured

Any Medicaid

Whole population
n %
241 14.29
1604 95.08
83 4.92
444 26.32
795 47.13
448 26.56
812 48.13
455 26.97
420 24.90
1416 83.94
292 17.31
9 0.53
834 49.44
853 50.56
1019 60.40
427 2531
241 14.29
1402 83.11
50 2.96
235 13.93

Training cohort

n

167

1122
61

34
549
320

567
330
286

716
299
168

984
29
170

%

14.12

94.84
5.16

2.87
46.41
27.05

47.93
27.90
24.18

83.77
15.64
0.59

48.94
51.06

60.52
2527
14.20

83.18
2.45
14.37

10.3389/fonc.2022.1007538

Validation cohort

n

74

482
22

130
246
128

245
125
134

425

303
128
73

418
21
65

%

14.68

95.63
4.37

25.79
48.81
25.40

48.61
24.80
26.59

84.33
15.28
0.40

50.60
49.40

60.12
25.40
14.48

82.94
417
12.90

P Value

0.49

0.34

0.86

0.98

“The seventh edition American Joint Committee on Cancer (AJCC) TNM staging system. °-Well: Grade I and Grade II; Bad: Grade III and Grade IV. ECCA: extrahepatic

cholangiocarcinoma.

TABLE 2 The results of univariate and multivariate Cox regression analyses on variables for the prediction of CSS.

Variable

Age
<65
>65
Race
Black
White
Other
Sex
Female
Male
Grade *

Frontiers in Oncology

Univariate analysis

HR

Reference

1.26

Reference
0.74
0.72

Reference

0.82

95% CI

1.09-1.44

0.59-0.94
0.55-0.94

0.72-0.94

P Value

<0.001

<0.001
<0.001

<0.001

05

Multivariate analysis

HR

Reference

117

Reference
0.79
0.76

Reference

0.98

95% CI

1.01-1.36

0.62-1.12
0.58-1.01

0.85-1.12

P Value

<0.001

0.05
0.06

(Continued)
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TABLE 2 Continued

Variable Univariate analysis
HR 95% CI

Well Reference

Bad 13 1.08-1.56

Unknow 2.81 2.40-3.28

Regional nodes status

Negative Reference

Positive 1.51 1.24-1.83

Unknow 3.69 3.11-4.39

AJCC Stages b

I Reference

11 0.98 0.81-1.17

111 1.34 1.09-1.66

v 2.7 2.27-3.21

Size

0-2 cm Reference

3-5cm 1.35 1.17-1.55

>5 cm 1.96 1.61-2.39

Number

1 Reference

>1 0.5 0.36-0.69

Treatment

No operation Reference

Hepatectomy 0.28 0.23-0.33

Transplant 0.25 0.21-0.30

Radiation sequence

No Reference

After surgery 0.44 0.36-0.54

Prior to surgery 0.82 0.39-1.73

Chemotherapy

Yes Reference

No 1.56 1.37-1.786

Marital

Married Reference

Divorced 1.59 1.37-1.85

Single 1.61 1.33-1.94

Insurance

Insured Reference

Uninsured 0.24 0.21-1.15

Any Medicaid 0.14 0.09-1.58

10.3389/fonc.2022.1007538

P Value Multivariate analysis P Value
HR 95% CI
Reference
<0.001 1.26 1.04-1.52 0.01
<0.001 1.06 0.86-1.31 0.62
Reference
<0.001 1.6 1.29-1.99 <0.001
<0.001 1.72 1.34-2.21 <0.001
Reference
0.351 1.39 1.12-1.72 <0.001
<0.001 1.28 1.02-1.61 <0.001
<0.001 1.97 1.62-2.40 <0.001
Reference
<0.001 1.23 1.06-1.42 <0.001
<0.001 1.39 1.13-1.71 <0.001
Reference
<0.001 0.52 0.37-0.73 <0.001
Reference
<0.001 0.39 0.30-0.52 <0.001
<0.001 0.34 0.25-0.46 <0.001
Reference
<0.001 0.98 0.77-1.23 0.86
0.18 1.76 0.81-3.79 0.14
Reference
<0.001 2.09 1.79-2.44 <0.001
Reference
<0.001 1.24 1.05-1.47 <0.001
<0.001 1.24 1.02-1.51 0.02
Reference
0.25 1.45 0.93-2.24 0.09
0.11 0.97 0.80-1.18 0.81

aWell: Grade I and Grade II; Bad: Grade III and Grade IV; ®-The seventh edition American Joint Committee on Cancer (AJCC) TNM staging system. CSS: cancer-specific survival.

Construction and validation of
the nomogram

Based on the univariate and multivariate Cox regression
analyses, independent prognostic factors were selected to
construct the nomogram to predict CSS for patients with
ECCA (Figure 2). To predict the probability of CSS in patients
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with ECCA, risk scores for each variable were derived based on
patients’ information. Second, all risk scores were added to find
the corresponding scores in line with the total scores. Finally, the
probability of 1-, 2-, and 3-year CSS for patients with ECCA was
determined by drawing a straight line on the last 3 rows.The C-
index for the training and validation cohorts was 0.785 (95% CI:
0.741-0.792) and 0.776 (95% CI: 0.716-0.788), respectively. The
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Points

Chemotherapy***

Size*™**

AJCC_Stage***

Number***

Regional_nodes***

Grade*

Treatment***

Marital**

Age

Total points

i Time <124

FIGURE 2

Nomogram

10.3389/fonc.2022.1007538

Yes

L] R

1
o]
Negative No nodes examined
Posiive
Well Bad
Transplant noUnknow
Hepatectomy II|
Married
L] B
Divorced
0-65
>65
609
450 500 550 600 650 700
I Low risk | Middle fisk  ——»]< Highrisk —I
Pr(nmede& . .
.8 0.6 0.4 025 0.06 0.015  0.002
0.891
Pr( Time < 24) | |
08 0.6 0.4 015 0.06 0.015  0.002
0638 .
092 088 08 06 "ol ! 015 006 001

A nomogram for ECCA patients and new risk stratification.

ROC, and DCA and calibration curves are shown in Figures 3-5,
respectively. The ROC curve showed that the 1-, 2-, and 3-year

AUC values in the training cohort were 0.821, 0.817, and
0.846, respectively. The AUC values at 1 year, 2 years, and 3
years in the validation cohort were 0.829, 0.818, and 0.828,

respectively, indicating a good predictive performance of the
model. Furthermore, the DCA curves show good clinical
application potential and better positive net benefit in the
training and validation cohorts. The calibration curves agreed
with the predicted CSS rates at 1, 2, and 3 years.

o | o
© <
S 3
© ©
g ° J g °
= H
2 2
H 8
LI =
37 I 3
o I o
S S
—— AUC of 1 year CSS: 0.842 —— AUC of 1 year CSS: 0.653
L —— AUC of 2 year CSS: 0.823 . = AUC of 2 year CSS: 0.678
g .7 AUC of 3 year CSS: 0.805 s . AUC of 3 year CSS: 0.671
L T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0

FIGURE 3

1-Specificity 1-Specificity

ROC curves for the AJCC staging and nomogram for 1-, 2-, and 3-year prediction. (A) Training cohorts based on the nomogram. (B) Validation

cohorts based on AJCC staging.
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Decision curve analysis. (A, C, E) DCA curves of 1-year, 2-year, and 3-year CSS in the training cohort. (B, D, F) DCA curves of 1-year, 2-year, and
3-year CSS in the validation cohort. DCA, decision curve analysis; CSS, cancer-specific survival.

Clinical value of the nomogram
compared to the tumor stage based on
AJCC staging

The C-index, NRI, ROC, and IDI were used to compare the
accuracy between the nomogram and AJCC staging system. In
the training cohort, the C-index of the nomogram was higher
than that of the AJCC staging system (Figure 6). The 1-, 2-, and
3-year NRIs were 0.27 (95% CI=0.14-0.41), 0.27 (95% CI=0.11-
0.45), and 0.52 (95% CI=0.41-0.59), respectively (Table 3). The
1-, 2-, and 3-year time-dependent ROC curves for the
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nomogram were 0.842, 0.823, and 0.805, respectively, while
those for the AJCC staging system were 0.653, 0.678, and
0.671, respectively, indicating that the model had excellent
predictive performance. IDI (training cohort: 1-, 2-, 3-year
CSS: 0.22, 0.18, 0.16; validation cohort: 1-, 2-, 3-year CSS:
0.18, 0.16, 0.17) indicated that the established nomogram
significantly outperformed AJCC staging system (P<0.05)
(Table 3). The net benefit of the nomogram was compared to
that of the AJCC staging system. The DCA curves showed that
the nomogram better predicted 1-, 2-, and 3-year CSS in the
training and validation cohorts because it added more net
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FIGURE 5
Calibration plots of 1-year, 2-year, and 3-year CSS for ECCA patients. (A, C, E) Calibration plots of 1-year, 2-year, and 3-year CSS in the training
cohort. (B, D, F) Calibration plots of 1-year, 2-year, and 3-year CSS in the training cohort. CSS, cancer-specific survival.

FIGURE 6
C-index analysis. (A) Nomogram-related C-index. (B) AJCC staging criteria-related C-index.
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TABLE 3 NRI and IDI of the nomogram and AJCC staging criteria alone in CSS prediction for ECCA.

Index Training cohort P value Validation cohort P value
Estimate 95% CI Estimate 95% CI
NRI For 1-year CSS 0.27 0.14-0.41 0.48 0.30-0.61
For 2-year CSS 0.27 0.11-0.45 0.13 0.07-0.29
For 3-year CSS 0.52 0.41-0.59 0.34 0.26-0.47
IDI For 1-year CSS 0.22 0.17-0.26 <0.001 0.18 0.13-0.23 <0.001
For 2-year CSS 0.18 0.15-0.22 <0.001 0.16 0.10-0.24 <0.001
For 3-year CSS 0.16 0.12-0.20 <0.001 0.17 0.10-0.25 <0.001
ECCA, extrahepatic cholangiocarcinoma; CSS, cancer-specific survival.
benefit than the AJCC staging system. The differences between Discussion

the AJCC staging system and nomogram was shown in
Supplemental Table 1.

Establishment of a stratified risk system
based on the nomogram

Finally, risk stratification was performed based on the total
points calculated by the nomogram. Patients with ECCA were
divided into three risk groups, namely, low risk (total points
<562), middle risk (562 < total points < 656), and high risk (total
points > 656) (Figure 7). The Kaplan-Meier curve of CSS
showed significant discrimination in these three risk groups,
while the AJCC staging system had limited identification of low-
risk and high-risk patients in the training and validation
cohorts (Figure 8).

sjuailed Jo ‘oN

ECCA is a highly lethal epithelial malignancy with a poor
prognosis, and the incidence of this cancer has increased in
recent years (16). Several previous studies have focused on the
prognostic factors of ECCA, including radical surgery (17),
preoperative cholangitis, and lymph node metastasis (18).
However, few studies have evaluated the prognosis of ECCA
as a separate solid tumor until now. Therefore, a nomogram was
constructed to predict the prognosis of patients with ECCA. The
validation results of the nomogram showed excellent
discrimination and calibration ability. Age, AJCC staging
system, pathological grade, lymph nodes, treatment,
chemotherapy, tumor size, tumor number, and marital status
were independent prognostic factors (P<0.05) affecting patients
with ECCA in this analysis, which was similar to the findings
reported by Zhao et al. (19).

FIGURE 7
Cut-off point for risk stratification selected using X-tile.
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Kaplan—Meier CSS curves of patients with ECCA based on different criteria. (A, B) Kaplan—Meier CSS curves of the training and validation
cohorts based on the new risk stratification system. (C, D) Kaplan—Meier CSS curves of the training and validation cohorts based on AJCC

staging criteria.

Older (especially >65 years old) had worse prognosis
(HR=0.39; 95% CI=0.30-0.52; P<0.001). Kim et al. also showed
significantly lower survival at age > 65 years (HR=1.32; 95%
CI=1.09-1.60) (20). This phenomenon may be related to the
poor tolerance of surgery or many underlying diseases in elderly
individuals. In the present study, the tumor number, size,
differentiation degree, and regional lymph nodes were
independent prognostic factors, which was consistent with
previous research. Zhang et al. suggested that patients with
larger tumors and worse tumor differentiation were more
likely to experience regional lymph node positivity and
vascular invasion (21). In the present study, sex was an
independent prognostic factor in the univariate analysis
(P<0.001), and it was not statistically significant in the
multivariate model (P=0.79). Previous studies have shown that
sex is an independent prognostic factor and that male patients
have shorter survival times than female patients (22, 23).

Surgery is the only cure for cholangiocarcinoma (24), and
the present study indicated that patients were more likely to
benefit from hepatectomy (HR=0.39; 95% CI=0.30-0.52;
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P<0.001) and liver transplantation (HR=0.34; 95% CI=0.25-
0.46; P<0.001) than without any surgery. For chemotherapy,
patients could also benefit from surgery (HR=2.09; 95%
CI=1.79-2.44; P<0.001). According to the National
Comprehensive Cancer Network (NCCN) guidelines,
chemotherapy regimens mainly include fluoropyrimidine-
based or gemcitabine-based chemotherapy (25). A phase III
clinical trial has demonstrated that patients receiving
postoperative adjuvant chemotherapy with capecitabine have
improved overall survival (26). Based on these retrospective
studies, we concluded that patients benefit from adjuvant
chemotherapy (27-29) although radiotherapy had little impact
on patient outcomes in the present analysis. In a SEER-based
analysis, Vern-Gross et al. also found that adjuvant radiotherapy
is not associated with improved long-term overall survival in
patients with ECCA (30). However, there is some favorable
evidence to support the application of radiotherapy in patients
with ECCA (31-33).

More research has begun to focus on the prognostic impact
of marital status on gastrointestinal tumors in recent years. For
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gastric, gallbladder, or cholangiocarcinoma, the risk of death in
unmarried individuals (including divorced and widowed) is
higher than that in married individuals (19, 34-36). In the
present study, divorce was a poor prognostic factor (HR=1.24;
95% CI=1.05-1.47; P<0.001), which was consistent with previous
findings. This result may be related to spouse companionship,
spiritual support, and financial support.

Clinicians generally use the AJCC staging system to evaluate
the prognosis of patients, but this staging system does not fully
account for patients’ age, sex, marital status, and adjuvant
treatment. However, a nomogram is a quantitative model
integrating multiple factors, including demographic and
clinical characteristics, with higher predictive accuracy and
discriminatory ability to predict survival (15, 37-39).
Comparison of the nomogram to the conventional AJCC
staging system demonstrated that the nomogram had better
predictive power and better clinical benefit. In the present study,
we classified ECCA patients into low-, middle-, and high-risk
groups according to the total points of the nomogram. The
results of the Kaplan-Meier and Cox hazard ratio models
indicated significant differences in CSS among these three
groups. Because the high-risk group had a poor prognosis,
more attention should be given to patients in this group.

This nomogram has some potential value in clinical practice.
For example, it may better predict the prognosis of patients,
promote the choice of postoperative treatment decisions (such
as radiotherapy, chemotherapy, or immunotherapy), and help to
develop and adjust the follow-up intervals to achieve individual
monitoring of the disease. However, the present study had several
limitations. For example, some data not published or missing in
the database, such as CA19-9 levels, were excluded from the
analysis. Tella et al. found that CA19-9 is a poor prognostic factor
for OS in ECCA (HR: 1.72; 95% CI=1.462.02; P<0.01), and they
considered that the inclusion of CA19-9 levels in the AJCC staging
system helps physicians assess patient outcomes more accurately
(NRI=46%; 95% CI=39-57%) (40). Second, these data were
retrospective, leading to selection bias in the present study. In
addition, conducting a multicenter large-scale prospective clinical
study is challenging due to the rarity of the disease.

Conclusion

Compared to the current AJCC staging system, our
nomogram improves the ability to predict individual patient
survival and shows consistent reliability and clinical utility in
clinical evaluation. Further studies are needed to confirm
our findings.

Frontiers in Oncology

12

10.3389/fonc.2022.1007538

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Author contributions

Conceptualization, FZ. Data curation, JH and XJ. Formal
analysis, FZ and DY. Funding acquisition, XL. Investigation, FZ,
DY and YD. Methodology, FZ. Project administration, XL.
Resources, JH and XJ. Software, DY. Validation, DY.
Visualization, XL. Writing-original draft, FZ. Writing-review
& editing, YD and XL. FZ and DY contributed equally to this
work and share first authorship. All authors contributed to the
article and approved the submitted version

Acknowledgments

Thanks to all the authors for their serious responsibility
and dedication.

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.

Publisher’s note

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

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1007538/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.1007538/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1007538/full#supplementary-material
https://doi.org/10.3389/fonc.2022.1007538
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Zhao et al.

References

1. Banales JM, Cardinale V, Carpino G, Marzioni M, Andersen JB, Invernizzi P,
et al. Expert consensus document: Cholangiocarcinoma: current knowledge and
future perspectives consensus statement from the European network for the study
of cholangiocarcinoma (ENS-CCA). Nat Rev Gastroenterol Hepatol (2016) 13
(5):261-80. doi: 10.1038/nrgastro.2016.51

2. Rimini M, Puzzoni M, Pedica F, Silvestris N, Fornaro L, Aprile G, et al.
Cholangiocarcinoma: new perspectives for new horizons. Expert Rev Gastroenterol
Hepatol (2021) 15(12):1367-83. doi: 10.1080/17474124.2021.1991313

3. Lee JM, Kim H, Sohn HJ, Choi YJ, Kang JS, Han Y, et al. Comparison of
oncologic outcomes of extrahepatic cholangiocarcinoma according to tumor
location: perihilar cholangiocarcinoma versus distal bile duct cancer. Ann Surg
Treat Res (2022) 102(2):100-9. doi: 10.4174/astr.2022.102.2.100

4. Plentz RR, Malek NP. Clinical presentation, risk factors and staging systems
of cholangiocarcinoma. Best Pract Res Clin Gastroenterol (2015) 29(2):245-52. doi:
10.1016/j.bpg.2015.02.001

5. Banales JM, Marin JJG, Lamarca A, Rodrigues PM, Khan SA, Roberts LR,
et al. Cholangiocarcinoma 2020: The next horizon in mechanisms and
management. Nat Rev Gastroenterol Hepatol (2020) 17(9):557-88. doi: 10.1038/
$41575-020-0310-z

6. Skipworth JR, Olde Damink SW, Imber C, Bridgewater J, Pereira SP, Malago
M. Review article: surgical, neo—adjuvant and adjuvant management strategies in
biliary tract cancer. Aliment Pharmacol Ther (2011) 34(9):1063-78. doi: 10.1111/
j.1365-2036.2011.04851.x

7. Chun YS, Pawlik TM, Vauthey JN. 8th edition of the AJCC cancer staging
manual: Pancreas and hepatobiliary cancers. Ann Surg Oncol (2018) 25(4):845-7.
doi: 10.1245/s10434-017-6025-x

8. Forner A, Vidili G, Rengo M, Bujanda L, Ponz-Sarvise M, Lamarca A. Clinical
presentation, diagnosis and staging of cholangiocarcinoma. Liver Int (2019) 39
Suppl 1:98-107. doi: 10.1111/1iv.14086

9. Dondossola D, Ghidini M, Grossi F, Rossi G, Foschi D. Practical review for
diagnosis and clinical management of perihilar cholangiocarcinoma. World J
Gastroenterol (2020) 26(25):3542-61. doi: 10.3748/wjg.v26.i25.3542

10. Ma K, Dong B, Wang L, Zhao C, Fu Z, Che C, et al. Nomograms for
predicting overall survival and cancer-specific survival in patients with surgically
resected intrahepatic cholangiocarcinoma. Cancer Manag Res (2019) 11:6907-29.
doi: 10.2147/CMAR.S212149

11. Yuan C, Hu Z, Wang K, Zou S. Development and validation a nomogram
for predicting overall survival in patients with intrahepatic cholangiocarcinoma.
Front Surg (2021) 8:659422. doi: 10.3389/fsurg.2021.659422

12. Zhou YW, Li QF, Chen YY, Wang K, Pu D, Chen XR, et al.
Clinicopathologic features, treatment, survival, and prognostic factors of
combined hepatocellular and cholangiocarcinoma: A nomogram development
based on SEER database and validation in multicenter study. Eur ] Surg Oncol
(2022) 48:1559-66. doi: 10.1016/j.€js0.2022.01.023

13. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in
oncology: more than meets the eye. Lancet Oncol (2015) 16(4):e173-80. doi:
10.1016/S1470-2045(14)71116-7

14. 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
(5):432-8. doi: 10.1001/jamasurg.2013.5168

15. Song K, Song J, Chen F, Lin K, Ma X, Jiang J. Prognostic nomograms for
predicting overall and cancer-specific survival of high-grade osteosarcoma patients.
J Bone Oncol (2018) 13:106-13. doi: 10.1016/.jb0.2018.09.012

16. Khan SA, Tavolari S, Brandi G. Cholangiocarcinoma: Epidemiology and risk
factors. Liver Int (2019) 39 Suppl 1:19-31. doi: 10.1111/1iv.14095

17. Andrianello S, Paiella S, Allegrini V, Ramera M, Pulvirenti A, Malleo G,
et al. Pancreaticoduodenectomy for distal cholangiocarcinoma: surgical results,
prognostic factors, and long-term follow-up. Langenbecks Arch Surg (2015) 400
(5):623-8. doi: 10.1007/s00423-015-1320-0

18. ChoJY, Han HS, Yoon YS, Hwang DW, Jung K, Kim JH, et al. Preoperative
cholangitis and metastatic lymph node have a negative impact on survival after
resection of extrahepatic bile duct cancer. World J Surg (2012) 36(8):1842-7. doi:
10.1007/500268-012-1594-0

19. Zhao YY, Chen SH, Wan QS. A prognostic nomogram for distal bile duct
cancer from surveillance, epidemiology, and end results (SEER) database based on
the STROBE compliant. Med (Baltimore) (2019) 98(46):e17903. doi: 10.1097/
MD.0000000000017903

20. 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,

Frontiers in Oncology

13

10.3389/fonc.2022.1007538

epidemiology, and end results (SEER) analysis. J Surg Oncol (2017) 116(6):643—
50. doi: 10.1002/js0.24720

21. Zhang Y, Wu Z, Wang X, Li C, Chang J, Jiang W, et al. Development and
external validation of a nomogram for predicting the effect of tumor size on
survival of patients with perihilar cholangiocarcinoma. BMC Cancer (2020) 20
(1):1044. doi: 10.1186/s12885-020-07501-0

22. Kim HJ, Kang TU, Swan H, Kang MJ, Kim N, Ahn HS, et al. Incidence and
prognosis of subsequent cholangiocarcinoma in patients with hepatic resection for
bile duct stones. Dig Dis Sci (2018) 63(12):3465-73. doi: 10.1007/s10620-018-5262-6

23. Kim BW, Oh CM, Choi HY, Park JW, Cho H, Ki M. Incidence and overall
survival of biliary tract cancers in south Korea from 2006 to 2015: Using the national
health information database. Gut Liver (2019) 13(1):104-13. doi: 10.5009/gnl18105

24. Cillo U, Fondevila C, Donadon M, Gringeri E, Mocchegiani F, Schlitt HJ,
et al. Surgery for cholangiocarcinoma. Liver Int (2019) 39 Suppl 1(Suppl Suppl
1):143-55. doi: 10.1111/1iv.14089

25. Benson AB, D'Angelica MI, Abbott DE, Anaya DA, Anders R, Are C, et al.
Hepatobiliary cancers, version 2.2021, NCCN clinical practice guidelines in oncology. J
Natl Compr Canc Netw (2021) 19(5):541-65. doi: 10.6004/jnccn.2021.0022

26. Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, Mirza D, et al.
Capecitabine compared with observation in resected biliary tract cancer (BILCAP):
a randomized, controlled, multicentre, phase 3 study. Lancet Oncol (2019) 20
(5):663-73. doi: 10.1016/S1470-2045(18)30915-X

27. Lendvai G, Szekerczés T, Illyes I, Dora R, Kontsek E, Gogl A, et al.
Cholangiocarcinoma: Classification, histopathology and molecular carcinogenesis.
Pathol Oncol Res (2020) 26(1):3-15. doi: 10.1007/s12253-018-0491-8

28. Lee ], Kang SH, Noh OK, Chun M, Oh YT, Kim BW, et al. Adjuvant
concurrent chemoradiation therapy in patients with microscopic residual tumor
after curative resection for extrahepatic cholangiocarcinoma. Clin Transl Oncol
(2018) 20(8):1011-7. doi: 10.1007/s12094-017-1815-y

29. Kobayashi K, Tsuji A, Morita S, Horimi T, Shirasaka T, Kanematsu T. A
phase II study of LFP therapy (5-FU (5-fluorourasil) continuous infusion (CVI)
and low-dose consecutive (Cisplatin) CDDP) in advanced biliary tract carcinoma.
BMC Cancer (2006) 6:121. doi: 10.1186/1471-2407-6-121

30. Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto Y, Nakamura
H, et al. Adjuvant gemcitabine plus s-1 chemotherapy improves survival after
aggressive surgical resection for advanced biliary carcinoma. Ann Surg (2009) 250
(6):950-6. doi: 10.1097/SLA.0b013e3181b0fc8b

31. van Vugt JLA, Gaspersz MP, Coelen RJS, Vugts J, Labeur TA, de Jonge J,
et al. The prognostic value of portal vein and hepatic artery involvement in patients
with perihilar cholangiocarcinoma. HPB (Oxford) (2018) 20(1):83-92. doi:
10.1016/j.hpb.2017.08.025

32. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A,
et al. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl ]
Med (2010) 362(14):1273-81. doi: 10.1056/NEJM0a0908721

33. Valle JW, Borbath I, Khan SA, Huguet F, Gruenberger T, Arnold D. Biliary
cancer: ESMO clinical practice guidelines for diagnosis, treatment and follow-up.
Ann Oncol (2016) 27(suppl 5):v28-37. doi: 10.1093/annonc/mdw324

34. Zhou R, Yan S, Li J. Influence of marital status on the survival of patients with
gastric cancer. ] Gastroenterol Hepatol (2016) 31(4):768-75. doi: 10.1111/jgh.13217

35. Chen Z, Pu L, Gao W, Zhang L, Han G, Zhu Q, et al. Influence of marital
status on the survival of adults with extrahepatic/intrahepatic cholangiocarcinoma.
Oncotarget (2017) 8(17):28959-70. doi: 10.18632/oncotarget.16330

36. Bai DS, Chen P, Qian JJ, Jin SJ, Jiang GQ. Effect of marital status on the survival
of patients with gallbladder cancer treated with surgical resection: a population-based
study. Oncotarget (2017) 8(16):26404-13. doi: 10.18632/oncotarget.15476

37. PuN, LiJ, Xu Y, Lee W, Fang Y, Han X, et al. Comparison of prognostic
prediction between nomogram based on lymph node ratio and AJCC 8th staging
system for patients with resected pancreatic head carcinoma: a SEER analysis.
Cancer Manag Res (2018) 10:227-38. doi: 10.2147/CMAR.S157940

38. WuJ, Zhang H, Li L, Hu M, Chen L, Xu B, et al. A nomogram for predicting
overall survival in patients with low-grade endometrial stromal sarcoma: A
population-based analysis. Cancer Commun (Lond) (2020) 40(7):301-12. doi:
10.1002/cac2.12067

39. Wang C, Yang C, Wang W, Xia B, Li K, Sun F, et al. A prognostic
nomogram for cervical cancer after surgery from SEER database. ] Cancer (2018)
9(21):3923-8. doi: 10.7150/jca.26220

40. Tella SH, Kommalapati A, Yadav S, Bergquist JR, Goyal G, Durgin L, et al.
Novel staging system using carbohydrate antigen (CA) 19-9 in extrahepatic
cholangiocarcinoma and its implications on overall survival. Eur J Surg Oncol
(2020) 46(5):789-95. doi: 10.1016/j.€js0.2020.01.016

frontiersin.org


https://doi.org/10.1038/nrgastro.2016.51
https://doi.org/10.1080/17474124.2021.1991313
https://doi.org/10.4174/astr.2022.102.2.100
https://doi.org/10.1016/j.bpg.2015.02.001
https://doi.org/10.1038/s41575-020-0310-z
https://doi.org/10.1038/s41575-020-0310-z
https://doi.org/10.1111/j.1365-2036.2011.04851.x
https://doi.org/10.1111/j.1365-2036.2011.04851.x
https://doi.org/10.1245/s10434-017-6025-x
https://doi.org/10.1111/liv.14086
https://doi.org/10.3748/wjg.v26.i25.3542
https://doi.org/10.2147/CMAR.S212149
https://doi.org/10.3389/fsurg.2021.659422
https://doi.org/10.1016/j.ejso.2022.01.023
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1001/jamasurg.2013.5168
https://doi.org/10.1016/j.jbo.2018.09.012
https://doi.org/10.1111/liv.14095
https://doi.org/10.1007/s00423-015-1320-0
https://doi.org/10.1007/s00268-012-1594-0
https://doi.org/10.1097/MD.0000000000017903
https://doi.org/10.1097/MD.0000000000017903
https://doi.org/10.1002/jso.24720
https://doi.org/10.1186/s12885-020-07501-0
https://doi.org/10.1007/s10620-018-5262-6
https://doi.org/10.5009/gnl18105
https://doi.org/10.1111/liv.14089
https://doi.org/10.6004/jnccn.2021.0022
https://doi.org/10.1016/S1470-2045(18)30915-X
https://doi.org/10.1007/s12253-018-0491-8
https://doi.org/10.1007/s12094-017-1815-y
https://doi.org/10.1186/1471-2407-6-121
https://doi.org/10.1097/SLA.0b013e3181b0fc8b
https://doi.org/10.1016/j.hpb.2017.08.025
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.1093/annonc/mdw324
https://doi.org/10.1111/jgh.13217
https://doi.org/10.18632/oncotarget.16330
https://doi.org/10.18632/oncotarget.15476
https://doi.org/10.2147/CMAR.S157940
https://doi.org/10.1002/cac2.12067
https://doi.org/10.7150/jca.26220
https://doi.org/10.1016/j.ejso.2020.01.016
https://doi.org/10.3389/fonc.2022.1007538
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Establishment and validation of a prognostic nomogram for extrahepatic cholangiocarcinoma
	Introduction
	Materials and methods
	Data sources
	Selection criteria
	Construction of the nomogram
	Validation of the nomogram
	Comparison between the risk stratification associated with the nomogram and AJCC staging system
	Statistical analysis

	Results
	Characteristics of patients
	Univariate and multivariate Cox regression analyses
	Construction and validation of the nomogram
	Clinical value of the nomogram compared to the tumor stage based on AJCC staging
	Establishment of a stratified risk system based on the nomogram

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Acknowledgments
	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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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


