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Introduction
Cholangiocarcinomas are comparatively rare gastrointestinal neoplasms, and, while
full extirpation is the mainstay of treatment, most patients present with locally
advanced disease. Owing in part to numerical rarity, the optimum role of
radiotherapy for EHCC remains an area of debate. The specific aim of this series is
to derive baseline survival for EHCC patients receiving adjuvant radiotherapy,

evaluated against comparative treatment cohorts, using a robust population based

Methods
Cases of local or regional EHCC diagnosed between 1973-1998 were extracted fro
the Surveillance, Epidemiology, and End Results (SEER) Program SEER*Stat (Apr
2006 Release) of the National Cancer Institute. Patient data was extracted from the
most current available version of the Surveillance, Epidemiology, and End Results
(SEER) limited-use dataset using the NCI-developed SEER*Stat software case
listing interface. Included cases of extrahepatic cholangiocarcinoma were identified
by topography codes representing extrahepatic bile ducts (C24.0) and histology
codes representative of cholangiocarcinoma (histology codes 8010, 8020, 8041,
8070,8140, 8144, 8160, 8161, 8260, 8310, 8480, 8490, and 8560). Only the
diagnosed in the years 1973-1998 were included, to ensure a minimum follow-up of
five years. Case data with malignant primary indicator status denoting second
primary tumor(s) and those cases not specifically denoting local or regional disease
(e.g. SEER Historic Stage A indicating distant/unknown extent of disease) were
excluded from analysis. SEER variable data were derived from direct accession via
SEER*Stat , and extracted as tab-delimited data into commercial statistical analysis
software (StatView and JMP v6.0, SAS Institute, Cary, NC). The following utilized
variables were directly extracted from SEER data: Age, Radiation, Primary Surgery,
Lymph node surgery, Histologic Grade, Sex, Extent of disease (Size/Nodes/Historic
Stage A). Specific nominal variables were created using SEER data and software-
scripted logic statements to create composite variables for analysis. As AJCC
staging was unavailable directly from SEER data, for those patients for whom extent
of local and nodal status could be ascertained, T- and N-Stage, as well as AJCC
stage (6th edition) were manually assigned by the authors. In addition, SEER Historic
Staging, a system designed to allow data comparison from different eras, despite
successive changes in collaborative staging systems, was utilized as a comparator.
Survival estimation was performed utilizing Kaplan-Meier product limit technique with
the Log-rank test of cohort survival differentials. Potential prognostic variables
identified from previous literature were implemented for univariate and multivariate
Cox proportional hazard modeling, with overall mortality risk ratio extrapolation.
Whole model evaluation utilized Chi-square equivalent of the negative natural log of
the likelinood function, with parameter effect evaluation by likelihood-ratio tests Chi-
square test on the null hypothesis that the parameter estimate of covariates is
equivalent to zero. Univariate parameters failing to reach statistical significance were
excluded from subsequent multivariate analysis.

Variable

Ethnicity

Histologic grade

Categorical cohort(s)

Age<65
Age>65

Female
Male

African -American

Asian/Pacific Islander/Native

American
Hispanic

Non-Hispanic White

Well -differentiated

Moderately differentiated

Poorly differentiated
Undifferentiated

Unknown/Unspecified

SEER Histo ric Stage

AJCC Stage

Localized
Regional

Tl
T2
T3

TX/Unknown/Unspecified

NO
N1
N2

NX/ Unknown/Unspecified

I

I
I
IVa

Unknown/Unseciﬁed 1582 '63 ) 8

n (%)

841 (36)
1477 (64)

1032 (45)
1286 (55)

118 (5)
292 (13)

155 (7)
1753 (75)

424 (183)

560 (24.2)
361 (15.6)
27 (12)
946 (40.8)

828 (36)
1490 (64)

367 (16)
108 (5)

561 (24)

1282 (56)

520 (22)
68 (3)
o1 (4)
1639 (71)

225 (10)
67 (3)
62 3)
382 (16)

Median
survival
[months]

8

16
21
12
14

Mean+SE
survival
[months]

409+2.8
18.6+1.1

24.1+1.7
284+1.6

18.1+£2.5
271 £30

35.0 £6.1
264+14

374 £39
339+£25
19.0 £1.7
28.1+13.5
192 £14

32423
230%13

329427
270+3.0
26.1+£13
21.1£12

394 £25
16.1 £2.1
212424

205 £1.1

386 +3.7
344 +42
175+2.6
33.14£26

20.5 £1.1

Table 1: Demographics for extracted dataset.

Ethnicity

Histologic grade

SEER Historic Stage

AJCC Stage

Therapy cohort

Categorical cohort(s)

Age >65
Age <65

Female

Male

Non -Hispanic White
African -American
Asian/

Pacific Islander/
Native American

Hispanic

Well-differentiated
Moderately differentiated
Poorly differentiated
Undifferentiated
Unknown/Unspecified

Localized

Regional

I

II
m

IVa
Unknown/Unspecified

Surgery alone
Surgery + radiotherapy
Radiotherapy alone

No therapy recorded

Univariate

1
0.79 (0.76-0.83)

1
0.94(0.90-0.98)

1
1.11(0.96-1.29)

0.94(0.84-1.04)

0.95(0.83-1.09)

1
0.83 (0.74-0.92)
1.11(0.98-1.24)
1.15(0.83-1.54)
120( 1.09-1.32)

1
1.10( 1.05-1.15)

1
0.74 (0.60-0.92)
1.25(1.01-1.54)

0.92(0.82-1.03)
1.39(1.27-1.52)

1
0.70 (0.63-0.77)
1.12( 1.00-1.23)
1.70 ( 1.59-1.82)

Intra -cohort
log-rank
p =

<0.001 *

<0.001 *

<0.001 *

<0.001 *

<0.001 *

Multivariate model 1
(Historic Saging)

RR (CJ)

1
0.83(0.80-0.87)

1
0.98 (0.94-1.02)

1
0.88 (0.79-0.98)
1.12(0.99-1.26)
1.17(0.84-1.57)
1.05(0.95-1.16)

1
1.14(1.09-1.19)

1
0.71 (0.64-0.78)
1.14( 1.04-1.25)
1.59(1.49-1.71)

Effect-
likelihood
p:

Table 3: Proportional hazards modeling

Multivariate Model 2
(AJCC Saging)

RR (C))

1
0.84 (0.80-0.88)

1
0.98 (0.94-1.02)

1
092 (0.82-1.02)
1.18 (1.05-1.33)
1.15(0.83-1.54)
1.00(0.91-1.11)

1
0.77 (0.62-0.95)
121(0.98-1.50)

1.00 (0.89-1.12)
1.29(1.17-141)

1
0.77(0.70-0.85)
1.08(0.98-1.19)
1.55( 1.44-1.66)

Effect-
likelihood

Surviving proportion
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p

Surviving

Variable

Radiotherapy

Surgery

Mulimodality therapy

Surgery-+radiotherapy

sequence

Categorical cohort(s)

All radiotherapy pts

External beam
Beam and Isotope/Implant
Isotope/Implant

All surgery pts

Debulking surgery

R adical surgery

Simple/partial surgical removal of
primary site

Surgery NOS

Total surgical removal of primary
site

No therapy recorded
Radiother apy alone
Surgery alone

Surgery + radiotherapy

Adjuvant radiotherapy
Neo-adjuvant radiotherapy/
Intraoperative/Other/Unspecified

n (%)

618 (26)

566 (91)
34 (6)
18 (3)

987 (43)

68 (7)
257 (26)
7(1)
533 (54)
122 (12)

949 (41)
320 (14)
298 (13)
751 (32)

277 (93)
21 (7)

Table 2: EHCC treatment cohorts
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Median
survival
[months]
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14
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11
10

16

26
18
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14

18
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Mean+tSE
survival
[months]

27.6£2.0

27.2£2.0
29.8+8.5
21.8+£5.5

41.6+2.3

49.94+7.0
42.143.5

32.3+11.6

34.5+£2.6
33.943.5

12.1£1.1
17.4+1.4
40.6+2.8
39.744.0

36.9+43.7
30.64.5

84 96

Figure 1: EHCC Survival for extracted cases
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p:
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Figure 1: Kaplan-Meier survival by treatment cohort
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Figure 4: Forest plot using AJJC

Figure 3: Forest plot using SEER |
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Results
A total of 2,318 cases of primary loco-regional EHCC met inclusion criteria. Median age at
diagnosis was 70 years (mean 68.7, SD 12.4, range 22-104). Demographic parameters are
described in Table 1 for the included study population. Tumor descriptive parameters are
detailed in Table 1. Treatment parameters are tabulated in Table 2. Median recorded tumor
size was 2 cm (mean 2.6 cm). Kaplan-Meier data for the entire study population are shown i
Figure 1; series median survival was 9 months (meant+SE 26.5+1.2. months). Patients
receiving surgery and radiotherapy exhibited superior median survival to those receiving
either radiotherapy or surgical intervention alone, and all had outcomes superior to patients
for whom no therapy was described (Figure 2); however, it is noted that the
Surgery+radiotherapy cohort and Surgery alone product-limit curves converge at
approximately 24 months of follow-up.
Variables included in univariate and multivariate proportional hazards are listed in Table 3. In
order to avoid potential multicollinearity between SEER Historic Staging and AJCC Staging
categorization, multivariate analysis was run separately with each respective staging schema
(Table 3); multivariate model negative Log-Likelihood Chi-square equivalent probability was
<0.001 for both staging systems. Forest plots were generated to afford ready visualization of,

ultivariate model results (Figures 3 and 4).
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Conclusion

Survival estimates using SEER data suggest a possible survival advantage for
adjuvant radiotherapy for locoregional EHCC compared to single modality (S or RT)
regimens. While confirmatory series are required to validate these observations, SEER
data represents the largest extant domestic population-based EHCC dataset, and may

provide useful baseline survival estimates for prospective studies.



