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Original Article 
Preoperative serum CA19-9 levels is an independent 
prognostic factor in patients with resected hilar  
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Abstract: To investigate the appropriate cutoff point of CA19-9 for prognosis and other potential prognostic factors 
that may affect survival of patients with hilar cholangiocarcinoma (HC) after radical surgery. 168 patients who had 
undergone radical surgery for hilar cholangiocarcinoma and resultant macroscopic curative resection (R0 and R1) 
were discreetly selected for analyses. Categorized versions were used in univariate model to determine the appro-
priate cutoff point of CA19-9. CA19-9 and other clinicopathologic factors were analyzed for influence on survival 
by univariate and multivariate methods. The strongest univariate predictor among the categorized preoperative 
CA19-9 measures was CA19-9 less than 150 IU/L (P = 0.000). In univariate analysis, tumor size, Bismuth-Corlette 
classification, portal vein invasion, Lymph node metastasis, resection margin and preoperative CA19-9 levels were 
identified as significant prognostic factors. In multivariable analysis, lymph node metastasis, resection margin and 
preoperative CA19-9 levels were independent prognostic factors. our results demonstrated that preoperative CA19-
9 levels was also an independent prognostic factor for hilar cholangiocarcinoma, and the most discriminative cutoff 
point of CA19-9 for prognosis proved to be at 150 U/ml. 

Keywords: Hilar cholangiocarcinoma, CA19-9, cutoff point, lymph node metastasis, resection margin

Introduction 

Cholangiocarcinoma may develop anywhere in 
the biliary tree from the ampulla of Vater to the 
peripheral intrahepatic ducts; however, the 
most frequent site of involvement is the biliary 
confluence at the hilus of the liver, accounting 
for 40%-60% of cases [1]. Aggressive surgical 
resection including right or left hemihepatecto-
my extending to segment 1 has been recog-
nized as standard treatment option for hilar 
cholangiocarcinoma (HC) [2, 3]. However, ach- 
ieving histologically negative margin (R0) resec-
tion remains difficult, although this may offer 
the only chance for cure and long-term sur- 
vival. 

In HC, vascular invasion, nodes metastases, 
serum level of total bilirubin, resection margin 

and postresection radiotherapy has been re- 
ported to affect postoperative outcome. How- 
ever, CA19-9, an important serum marker for 
HC, its value for prognosis has not been 
explored in detail.

CA19-9 is a carbohydrate tumor-associated 
antigen originally isolated from a human colo-
rectal cancer cell line by Koprowski et al [4, 5] in 
1979. The monoclonal antibody 1116NS19-9 
reacts with the sialylated Lewisab blood group 
substance. In western countries, approximately 
5% of the population is lewisa-b-; these individu-
als cannot increase their serum CA19-9 levels 
[6]. Since the development of the radioimmuno-
metric assay by Del Villano et al in 1983, CA19-
9 has been used for the diagnosis, prognosis, 
and monitoring of pancreatic cancer, cholangio-
carcinoma, gastric cancer and other digestive 
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system tumors [7]. However high levels of CA 
19-9 can be caused by benign obstructive jaun-
dice or cholangitis. Since the presenting symp-
tom in over 90% of HC is progressive obstruc-
tive jaundice, it’s difficult to determine how high 
a CA19-9 needs to be in order to indicate if a 
cancer is present. Therefore, CA19-9 is more 
likely to be suitable as a prognostic factor for 
HC. Of the studies relating to prognostic impli-
cation in HC, three groups have demonstrated 
a significant difference in survival when a high 
cutoff level (1000 ng/ml [8], 100 ng/mL [9]) is 
used to compare groups. At lower cutoff values 
(> 37 ng/mL) two studies found no significant 
association with survival [10, 11]. The conflict-
ing evidence within these studies is likely to be 
related to the non-standardized cutoff values 
used in the analyses and no study has investi-
gated the most discriminative cutoff point for 
prognosis.

In the present study, we analyzed patients who 
underwent curative resection for HC. First, we 
aimed to determine whether preoperative 
CA19-9 levels increased in parallel with 
patients’ pathological stage, and then we used 
categorized versions in univariate model to 
determine the most discriminative cutoff point 
of CA19-9 for prognosis. CA19-9 and other clin-
icopathologic factors were analyzed for influ-

ence on survival by univariate and multivariate 
methods.

Materials and methods 

Ethics principle

The study protocol is conformed to the ethical 
guidelines of the Declaration of Helsinki, and 
was reviewed and approved by the Eth- 
ical Committee of the Eastern Hepatobiliary 
Surgery Hospital of the Second Military Medical 
University. Statement of informed consent was 
obtained from all participants after full expla-
nation of the procedure. 

Study population

From January 2008 to December 2013, 168 
patients underwent radical surgery for HC at 
the Eastern Hepatobiliary Surgery Hospital of 
the Second Military Medical University 
(Shanghai, China). This study included 96 
males and 72 females, with the mean age of 
57.4 years (range, 33-77 years). The extent of 
the tumor along the bile duct was classified 
according to the modified Bismuth-Corlette 
classification and the result of this classifica-
tion was as follows: 18 type I (10.7%), 18 type II 
(10.7%), 12 type III a (7.1%), 30 type III b (17.9%), 
and 90 type IV (53.6%). About 9, 39, 69, 45 and 
6 cases were staged by AJCC staging classifica-
tion of extrahepatic cholangiocarcinoma (sixth 
edition) [12] into stages I A, I B, II A, II B, and III, 
respectively, and all patients were considered 
as candidates for curative surgery (Table 1). Of 
those patients who underwent a potentially 
curatively resection, 27 required portal vein 
resection and 15 had a hepatic artery resec-
tion. All patients had a regional lymphadenec-
tomy (hepatoduodenal, retroduodenal and celi-
ac axis lymph node stations), and caudate lobe 
was removed in almost all partial hepatectomy 
(Table 2). 

Initial log-rank tests were performed to deter-
mine the predictive value of categorized ver-
sions of the preoperative serum CA19-9 levels. 
The following clinicopathologic factors were 
analyzed by comparing subgroups divided 
according to each variable: age (< 60, ≥ 60 
years), gender, tumor size (< 2.5, ≥ 2.5 cm), dif-
ferentiation, bismuth type, stage, lymph node 
metastasis, perineural invasion, portal vein 
invasion, hepatic artery invasion, liver invasion, 
resection margin, serum level of total bilirubin 
(< 10 mg/dL, ≥ 10 mg/dL), preoperative biliary 

Table 1. Demographics and clinical characteris-
tics of 168 patients
Characteristics Value
Age (in years) 57.3 (33-77)
Gender (male/female) 96/72
Bismuth-Corlette classification
    I 18
    II 18
    III (a/b) 12/30
    IV 90
Histopathologic type
    Well 9
    Moderate 153
    Poor 6
AJCC (6th)
    I A 9
    I B 39
    II A 69
    II B 45
    III 6
    IV 0
Survival time (in months) median (range) 38.0 (6-75)
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drainage and postresection radiotherapy. 
Based on the results of the univariate analysis, 
a multivariate analysis was performed.

Statistical analysis 

The Kaplan-Meier method was used to esti-
mate survival which was measured from time 
of presentation to Eastern Hepatobiliary Sur- 
gery Hospital to the date of death or date of last 

To determine the predictive value of preopera-
tive CA19-9 values, categorized versions of it 
were used in univariate model. The most dis-
criminative cutoff point for prognosis proved to 
be at CA19-9 levels of 150 U/ml, although 
dichotomization with a broad range of CA19-9 
levels, between 150 and 600 U/mL, gave sig-
nificantly discriminative log-rank P values 
(Table 4). Patients with CA19-9 levels of 150 U/
mL or less had a much better survival than 

Table 2. Type of surgical procedure
Patients PV resection HA resection

CBD excision 45 3 6
Partial hepatectomy 123
Plus lobus quadratus excision 6
Left hemihepatectomy 18 3 3
Left hemihepatectomy with caudate lobectomy 75 15 6
Right hemihepatectomy 3
Right hemihepatectomy with caudate lobectomy 21 6
CBD: common bile duct; PV: portal vein; HA: hepatic artery.

Table 3. Preoperative CA19-9 level as a predictor of 
pathologic stage
Stage No. of patients Median preoperative CA19-9 (U/mL)
I A 9 15
I B 39 57
II A 69 125
II B 45 222
III 6 281.5

follow up. Differences in the survival 
curves were analyzed using a log-rank 
test. A multivariate analysis was per-
formed using a Cox regression model 
including variables, which have a P value 
by a log-rank test being < 0.05, as covari-
ates of the final model. Statistical analy-
sis was performed using SPSS Statistics 
16.0 software (SPSS Inc., Chicago, IL). 
The presence of a statistically significant 
difference was denoted by P < 0.05.

Results

There were no postoperative deaths 
among the 168 patients. Overall, the 1-, 
3-, and the 5-year survival rates were 
89.3%, 53.6%, and 28.6%, respectively.

Preoperative CA19-9 was strongly asso-
ciated with pathologic stage (Table 3), 
the median preoperative CA19-9 values 
increased with increasing stage. Simi- 
larly, the median preoperative CA19-9 
levels were lower for patients with nega-
tive lymph nodes compared with positive 
nodes (78 vs 228 U/mL, respectively; 
nonparametric P = 0.048) and for 
patients with tumor size < 2.5 cm versus 
tumor size ≥ 2.5 cm (76 vs 253 U/mL, 
respectively; nonparametric P = 0.041).

Table 4. Preoperative CA19-9 levels as a predictor of 
survival
Preoperative 
CA19-9 (U/mL)

Median survival 
time (months)

No. of 
patients Univariate P

< 37 41 45 0.364
≥ 37 38 123
< 100 41 78 0.076
≥ 100 25 90
< 150 44 93 0.001
≥ 150 22 75
< 200 42 99 0.003
≥ 200 22 69
< 400 40 120 0.010
≥ 400 22 48
< 600 40 132 0.050
≥ 600 25 36
< 800 40 141 0.247
≥ 800 27 27



CA19-9 and prognosis of hilar cholangiocarcinoma

7893 Int J Clin Exp Pathol 2014;7(11):7890-7898

patients with CA19-9 levels above 150 U/mL (P 
= 0.000, Figure 1).

In the univariate analysis of other clinicopatho-
logic factors, tumor size (P = 0.007), Bismuth-
Corlette Classification (P = 0.032), lymph node 
metastasis (P < 0.001), portal vein invasion (P 
= 0.013) and resection margin (P = 0.018) were 
identified as statistically-significant prognostic 
factors (Table 5). Multivariate analysis with a 
stepwise regression model identified preopera-
tive CA19-9 levels (odds ratio: 2.234, P = 
0.020), lymph node metastasis (odds ratio: 
3.489, P < 0.001) and resection margin (odds 
ratio: 2.317, P = 0.048) as independent prog-
nostic factors for survival (Table 6). Patients 
without lymph node metastasis or with nega-
tive resection margin also had a better survival 
than patients with lymph node metastasis 
(Figure 2) or positive resection margin (Figure 
3).

Discussion

CA19-9 is a widely used diagnostic and prog-
nostic biochemical marker in patients with pan-
creatic cancer. Cristina RF. et al have demon-
strated perioperative CA19-9 levels can predict 
stage and survival in patients with respectable 
pancreatic adenocarcinoma [13]. However, 

CA19-9 has been reported to correlate with 
burden of disease [18, 19]. To our knowledge 
there are no studies on the relationship 
between preoperative CA19-9 levels and 
postresection pathologic stage in HC. Our 
results demonstrated that preoperative CA19-
9 levels correspond with postresection patho-
logic stage. Higher CA19-9 values should raise 
the suspicion of a more extensive tumor bur-
den. Karachristos A. et al [20] investigated the 
association between preoperative CA19-9 lev-
els and pathologic stage on pancreatic cancer. 
The results indicated that for those patients 
with low CA19-9 values and respectable lesion 
on preoperative imaging, the utility and need 
for laparoscopy to detect unsuspected metas-
tases may be diminished. However, a high 
CA19-9 value may justify laparoscopy even if 
the lesion appears respectable for cure on pre-
operative imaging [13]. Our study demonstrat-
ed this conclusion is also suitable to HC.

So far, it is still undefined whether CA19-9 is 
useful for predicting survival in cholangiocarci-
noma. Use different cutoff points of CA19-9 in 
univariate analysis showed opposite results on 
survival. Three previous studies on pancreatic 
cancer have shown that the median of pretreat-
ment CA19-9 levels can serve as a valuable 
cutoff point for predicting overall survival [21-
23]. One study on unresectable biliary tract 

Figure 1. Patients with preoperative CA19-9 levels of less than 150 U/ml 
have an improved survival compared with patients with preoperative CA19-9 
levels of more than 150 U/ml.

CA19-9 has not been gained 
widespread use in biliary tract 
cancer. At first, some studies 
have demonstrated that ele-
vated serum concentrations 
of CA19-9 have good sensitiv-
ity and specificity for diagno-
sis of cholangiocarcinoma in 
patients with primary scleros-
ing cholangitis [14]. And then, 
several studies investigated 
the value of CA19-9 for diag-
nosis in patients with a chol-
angiocarcinoma without pri-
mary sclerosing cholangitis 
[15, 16]. The results showed 
the sensitivity of a CA19-9 lev-
els > 100 U/mL in diagnosing 
cholangiocarcinoma was 53%, 
One study showed a 100% 

sensitivity and specificity 
using CEA > 5.2 ng/mL and CA 
19-9 > 180 U/mL [17]. 
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Table 5. Univariate analysis of potential predictors of survival 
Variable Number of  

patients (%)
Median survival 
time (months)

Five year survival 
rate (%) 5 years P value

Age (y)
    < 60 90 (54) 38 40.0 0.079
    ≥ 60 78 (46) 27 15.4
Gender
    Male 96 (57) 29 25.0 0.426
    Female 72 (43) 41 33.3
Tumor size (cm)
    < 2.5 105 (63) 41 40.0 0.007
    ≥ 2.5 63 (37) 22 9.5
Differentiation
    Well, moderate 162 (96) 38 29.6 0.206
    Poor 6 (4) 7 0.0
Bismuth-Corlette Classification 
    I, II 39 (23) _ 53.8 0.032
    III a, III b, IV 129 (77) 29 20.9
Lymph node metastasis
    Present 51 (30) 20 5.9 < 0.001
    Absent 108 (70) 42 38.5
Perineural invasion
    Present 66 (39) 27 22.7 0.275
    Absent 102 (61) 41 32.4
Portal vein invasion
    Present 51 (30) 27 5.9 0.013
    Absent 117 (70) 41 38.5
Hepatic artery invasion
    Present 36 (21) 25 16.7 0.149
    Absent 132 (79) 40 31.8
Liver invasion
    Present 45 (27) 33 6.7 0.134
    Absent 123 (73) 39 36.6
Resection margin
    R0 141 (84) 40 34.0 0.018
    R1 27 (16) 17 0.0
Total bilirubin (mg/dl)
    < 10 72 (43) 39 33.3 0.436
    ≥ 10 96 (57) 33 25.0
Preoperative biliary drainage
    Performed 51 (30) 40 23.1 0.210
    Not performed 117 (70) 29 41.2
Postresection radiotherapy
    Performed 66 (39) 40 38.2 0.284
    Not performed 102 (61) 38 13.6

cancer has suggested that patients with CA19-
9 levels above the median of 300 U/mL had a 
nearly 3-fold risk for early death as compared 
with patients with CA19-9 levels ≤ 300 U/mL 

[24]. Cristina RF. et al [13] used categorized 
versions of CA19-9 to determine the most dis-
criminative cutoff point and have demonstrat-
ed the strongest univariate predictor among 



CA19-9 and prognosis of hilar cholangiocarcinoma

7895 Int J Clin Exp Pathol 2014;7(11):7890-7898

the categorized preoperative CA19-9 measures 
was CA19-9 less than 1,000 U/mL. However, 
there is no standardized CA19-9 cutoff point 
for prognosis in patients with cholangiocarci-
noma, therefore, we decided to use categorized 
versions in univariate model to investigate the 
most discriminative cutoff point of preoperative 
CA19-9 levels for prognosis in patients with HC. 
Lower preoperative CA19-9 values correlated 
not only with a lower pathologic stage, but also 
with an increased postresection survival. In the 
current study, we found an increase in median 
survival time of 44 months versus 22 months if 
the preoperative CA19-9 value was less than 
150 U/mL (P = 0.01). Based on these results, 
we can deduce that patients with a higher pre-
operative CA19-9 level are more likely to have a 
higher tumor burden and reduced chances of 
survival.

A multivariate survival model was fit using all 
statistically-significant clinical and demograph-

apeutic gold standard for HC; curative (R0) 
resection is defined as histological evidence of 
cancer-free surgical margins. Ductal margin 
status is an established prognostic factor in 
patients with hilar cholangiocarcinoma who 
have undergone resection, the prognosis of 
patients with positive ductal margins is gener-
ally considered to be poor [26-29]. The anatom-
ic features of the hepatic hilus often make it 
easy for HC to invade major vessels, such as 
those hepatic artery and portal vein. Therefore, 
HC occasionally requires combined vascular 
resection and reconstruction to obtain nega-
tive resection margin due to involvement of 
hilar vasculatures. In our study, the portal vein 
resection included 21 wedge resection and 6 
bifurcation resection and reconstruction, 15 
patients had undergone hepatic artery resec-
tion, and 6 of them had common hepatic artery 
resection without reconstruction. All these 
patients obtained negative resection margin. 

Table 6. Multivariate analysis of potential predictors of survival
Variable Odds Ratio 95% Ratio P
Tumor size 1.129 0.557-2.287 0.737
Bismuth-Corlette Classification 1.697 0.687-4.195 0.252
Lymph node metastasis 3.489 1.739-7.001 < 0.001
Portal vein invasion 0.928 0.431-1.999 0.848
Resection margin 2.317 1.007-5.334 0.048
Preoperative CA19-9 levels 2.234 1.135-4.399 0.020

Figure 2. Patients without lymph node metastasis have an improved survival 
compared with patients with lymph node metastasis.

ic variables in univariate anal-
ysis as well as preoperative 
serum CA19-9. The final three 
factors predictive of survival 
in the multivariate model 
included preoperative serum 
CA19-9 (P = 0.020), lymph 
node metastasis (P < 0.001) 
and resection margin (P = 
0.048).

Lymph node metastasis has 
been identified as an impor-
tant factor for prognosis in 
patients with HC, even the 
lymph node micrometastasis 
which cannot be detected by 
conventional haematoxylin & 
eosin (HE) staining at the time 
of surgical resection has an 
adverse impact on the out-
come in HC [25]. Our study 
showed the median preopera-
tive CA19-9 levels were signifi-
cantly lower for patients with 
negative lymph nodes com-
pared with positive nodes. 
This result indicated high pre-
operative CA19-9 levels were 
strongly associated with meta- 
stasis.

Complete resection of the 
macroscopic tumor is the ther-
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We demonstrated the median survival time of 
R0 and R1 group is 44, 17 months, respectively 
(P = 0.018).

Does postresection radiotherapy benefit sur-
vival or not, it still remains controversial. 
Several studies demonstrated postresection 
radiotherapy can improve prognosis in patients 
with HC after radical surgery [30, 31]. Other 
studies showed in R0 resected patients, exter-
nal beam radiation with or without intraopera-
tive radiotherapy and intraluminal radiotherapy 
(brachytherapy) have shown no survival bene-
fits [32, 33]. On the other hand, adjuvant radio-
therapy can benefit patients with positive 
resection margins (5-year survival 14% versus 
34%) [34-36]. Our results showed there was no 
significant difference between survival rates in 
postresection radiotherapy group and surgery 
alone group (P = 0.284). What caused so many 
studies concluded that postresection radio-
therapy can benefit survival in patients with 
HC? Attila N. et al [37] had indicated that in 
many of those retrospective reports, patients 
who have undergone radiotherapy, and are 
expected to have good outcomes, have been 
compared with patients with advanced stage 
disease who did not receive radiotherapy. 
Therefore, several studies drew this conclusion 
that patients receiving postresection radiother-

discriminative cutoff point of CA19-9 levels for 
prognosis in patients with resected HC was 
150 U/mL. Incorporation of CA19-9 levels may 
help to stage patients more accurately for 
entrance into laparoscopy exploration and pre-
dict survival in patients with resected HC.

Acknowledgements

The present study was partially supported by 
the National Natural Science Foundation of 
China (81172348, 81102078), the Jiangsu 
Province Health Department Research Project 
(H201313), the Suzhou Social Development 
Fund Project (200823) and Military Youth 
Cultivation Project (13QNP063).

Disclosure of conflict of interest

None.

Address correspondence to: Dr Wen-Ke Cai, De- 
partment of Cardio-Thoracic Surgery, Kunming 
General Hospital of Chengdu Military Region, 
Kunming 650000, Yunnan, P.R. China. E-mail:  
wenkecai126@126.com

References

[1] Nakeeb A, Pitt HA, Sohn TA, Coleman J, Abrams 
RA, Piantadosi S, Hruban RH, Lillemoe KD, Yeo 

Figure 3. Patients with negative resection margin have an improved survival 
compared with patients with positive resection margin.

apy have survived longer than 
control group. One previous 
prospective study had carried 
out at the Johns Hopkins 
Hospital stratified patients on 
the basis of pathologic stage 
and extent of resection in 
order to objectively assess the 
radiotherapy benefit. The re- 
sult suggested postresection 
radiotherapy had no effect on 
overall survival in curative 
resection group and palliative 
resection group [38].

From the results of the current 
study, preoperative serum 
CA19-9, lymph node metasta-
sis and resection margin are 
identified as the independent 
prognostic factor. Further- 
more, we determined preop-
erative CA19-9 can predict 
pathologic stage and the most 



CA19-9 and prognosis of hilar cholangiocarcinoma

7897 Int J Clin Exp Pathol 2014;7(11):7890-7898

CJ and Cameron JL. Cholangiocarcinoma-a 
spectrum of intrahepatic, perihilar, and distal 
tumors. Ann Surg 1996; 224: 463-473.

[2] Jonas S, Benckert C, Thelen A, Lopez-Hännin-
en E, Rösch T and Neuhaus P. Radical surgery 
for hilar cholangiocarcinoma. Eur J Surg Oncol 
2008; 34: 263-272.

[3] Konstadoulakis MM, Roayaie S, Gomatos IP, 
Labow D, Fiel MI, Miller CM and Schwartz ME. 
Aggressive surgical resection for hilar cholan-
giocarcinoma: is it justified? Audit of a single 
center’s experience. Am J Surg 2008; 196: 
160-169.

[4] Koprowski H, Herlyn M, Steplewski Z and Sears 
HF. Specific antigen in serum of patients with 
colon carcinoma. Science 1981; 212: 53-55.

[5] Koprowski H, Steplewski Z, Mitchell K, Herlyn 
M, Herlyn D and Fuhrer P. Colorectal carcino-
ma antigen detected by hybridoma antibodies. 
Somatic Cell Gent 1979; 5: 957-971. 

[6] Magnani JL, Steplewski Z, Koprowski H and 
Ginsburg V. Identification of the gastrointesti-
nal and pancreatic cancer-associated antigen 
detected by monoclonal antibody 19-9 in the 
sera of patients as a mucin. Cancer Res 1983; 
43: 5489-5492. 

[7] Del Villano BC, Brennan S, Brock P, Bucher C, 
Liu V, McClure M, Rake B, Space S, Westrick B, 
Schoemaker H and Zurawski VR Jr. Radioim-
munometric assay for a monoclonal antibody-
defined tumor marker, CA19-9. Clin Chem 
1983; 29: 549-552.

[8] Ohtsuka M, Ito H, Kimura F, Shimizu H, Togawa 
A, Yoshidome H and Miyazaki M. Results of 
surgical treatment for intrahepatic cholangio-
carcinoma and clinicopathological factors in-
fluencing survival. Br J Surg 2002; 89: 1525-
1531.

[9] Heimbach JK, Gores GJ, Haddock MG, Alberts 
SR, Pedersen R, Kremers W, Nyberg SL, Ishi-
tani MB and Rosen CB. Predictors of disease 
recurrence following neoadjuvant chemoradio-
therapy and liver transplantation for unresect-
able perihilar cholangiocarcinoma. Transplan-
tation 2006; 82: 1703-1707.

[10] Kim HJ, Yun SS, Jung KH, Kwun WH and Choi 
JH. Intrahepatic cholangiocarcinoma in Korea. 
J Hepatobiliary Pancreat Surg 1999; 6: 142-
148.

[11] Miwa S, Miyagawa S, Soeda J and Kawasaki S. 
Matrix metalloproteinase-7 expression and bi-
ologic aggressiveness of cholangiocellular car-
cinoma. Cancer 2002; 94: 428-34.

[12] Edge SB and Compton CC. American Joint 
Committee on Cancer Staging Manual. 6th edi-
tion. Philadelphia: Springer; 2002. pp. 145-
150.

[13] Ferrone CR, Finkelstein DM, Thayer SP, Muzi-
kansky A, Fernandez-delCastillo C and War-

shaw AL. Perioperative CA19-9 levels can pre-
dict stage and survival in patients with 
resectable pancreatic adenocarcinoma. J Clin 
Oncol 2005; 24: 2897-2902.

[14] Siqueira E, Schoen RE, Silverman W, Martin J, 
Rabinovitz M, Weissfeld JL, Abu-Elmaagd K, 
Madariaga JR and Slivka A. Detecting cholan-
giocarcinoma in patients with primary scleros-
ing cholangitis. Gastrointest Endosc 2002; 56: 
40-47.

[15] Patel AH, Harnois DM, Klee GG, LaRusso NF 
and Gores GJ. The utility of CA19-9 in the diag-
noses of cholangiocarcinoma in patients with-
out primary sclerosing cholangitis. Am J Gas-
troenterol 2000; 95: 204-207.

[16] John AR, Haghighi KS, Taniere P, Esmat ME, 
Tan YM and Bramhall SR. Is a Raised CA19-9 
Level Diagnostic for a Cholangiocarcinoma in 
Patients with No History of Sclerosing Cholan-
gitis? Dig Surg 2006; 23: 319-324.

[17] Siqueira E, Schoen RE, Silverman W, Martin J, 
Rabinovitz M, Weissfeld JL, Abu-Elmaagd K, 
Madariaga JR and Slivka A. Detecting cholan-
giocarcinoma in patients with primary scleros-
ing cholangitis. Gastrointest Endosc 2002; 56: 
40-47.

[18] Schlieman MG, Ho HS and Bold RJ. Utility of 
tumor markers in determining resectability of 
pancreatic cancer. Rrch Surg 2003; 138: 951-
955.

[19] Safi F, Schlosser W, Falkenreck S and Beger 
HG. Prognostic value of CA19-9 serum course 
in pancreatic cancer. Hepatogastroenterology 
1998; 45: 253-259.

[20] Karachristos A, Scarmeas N and Hoffman JP. 
CA19-9 levels predict results of staging lapa-
roscopy in pancreatic cancer. J Gastrointest 
Surg 2005; 9: 1286-1292.

[21] Ziske C, Schlie C, Gorschlüter M, Glasmacher 
A, Mey U, Strehl J, Sauerbruch T and Schmidt-
Wolf  IG. Prognostic value of CA19-9 levels in 
patients with inoperable adenocarcinoma of 
the pancreas treated with gemcitabine. Br J 
Cancer 2003; 89: 1413-1417.

[22] Heinemann V, Schermuly MM, Stieber P, 
Schulz L, Jüngst D, Wilkowski R and Schalhorn 
A. CA19-9: a predictor of response in pancre-
atic cancer treated with gemcitabine and cis-
platin. Anticancer Res 1999; 19: 2433-2435.

[23] Micke O, Bruns F, Kurowski R, Horst E, deVries 
AF, Hausler JW, Willich N and Schäfer U. Predic-
tive value of carbohydrate antigen 19-9 in pan-
creatic cancer treated with radiochemothera-
py. Int J Radiat Oncol Biol Phys 2003; 57: 
90-97.

[24] Harder J, Kummer O, Olschewski M, Otto F, 
Blum HE and Opitz O. Prognostic relevance of 
carbohydrate antigen 19-9 levels in patients 
with advanced biliary tract cancer. Cancer Epi-
demiol Biomarkers Prev 2007; 16: 2097-2100.



CA19-9 and prognosis of hilar cholangiocarcinoma

7898 Int J Clin Exp Pathol 2014;7(11):7890-7898

[25] Taniguchi K, Tabata M, Iida T, Hori T, Yagi S and 
Uemoto S. Significance of lymph node micro-
metastasis in pN0 hilar bile duct carcinoma. 
Eur J Surg Oncol 2006; 32: 208-212.

[26] Hemming AW, Reed AI, Fujita S, Foley DP and 
Howard RJ. Surgical management of hilar chol-
angiocarcinoma. Ann Surg 2006; 241: 693-
702.

[27] Dinant S, Gerhards MF, Rauws EA, Busch OR, 
Gouma DJ and van Gulik TM. Improved out-
come of resection of hilar cholangiocarcinoma 
(Klatskin tumor). Ann Surg Oncol 2006; 13: 
872-880. 

[28] Sano T, Shimada K, Sakamoto Y, Yamamoto J, 
Yamasaki S and Kosuge T. One hundred two 
consecutive hepatobiliary resections for perihi-
lar cholangiocarcinoma with zero mortality. 
Ann Surg 2006; 244: 240-247.

[29] Baton O, Azoulay D, Adam DV and Castaing D. 
Major hepatectomy for type3 and 4: prognostic 
factors and longterm outcomes. J Am Coll Surg 
2007; 204: 250-260.

[30] Heron DE, Stein DE, Eschelman DJ, Topham 
AK, Waterman FM, Rosato EL, Alden M and 
Anne PR. Cholangiocarcinoma: the impact of 
tumor location and treatment strategy on out-
come. Am J Clin Oncol 2003; 26: 422-428.

[31] Cheng Q, Luo X, Zhang B, Jiang X, Yi B and Wu 
M. Predictive factors for prognosis of hilar chol-
angiocarcinoma: postresection radiotherapy 
improves survival. Eur J Surg Oncol 2007; 33: 
202-207.

[32] Gerhards MF, van Gulik TM, González González 
D, Rauws EA and Gouma DJ. Results of postop-
erative radiotherapy for resectable hilar chol-
angiocarcinoma. World J Surg 2003; 27: 173-
179.

[33] Sagawa N, Kondo S, Morikawa T, Okushiba S 
and Katoh H. Effectiveness of radiation thera-
py after surgery for hilar cholangiocarcinoma. 
Surg Today 2005; 35: 548-552.

[34] Stein DE, Heron DE, Rosato EL, Anné PR and 
Topham AK. Positive microscopic margins alter 
outcome in lymph node-negative cholangiocar-
cinoma when resection is combined with adju-
vant radiotherapy. Am J Clin Oncol 2005; 28: 
21-23.

[35] Itoh H, Nishijima K, Kurosaka Y, Takegawa S, 
Kiriyama M, Dohba S, Kojima Y and Saitoh Y. 
Magnitude of combination therapy of radical 
resection and external beam radiotherapy for 
patients with carcinomas of the extrahepatic 
bile duct and gallbladder. Dig Dis Sci 2005; 
50: 2231-2242.

[36] Todoroki T, Ohara K, Kawamoto T, Koike N, Yo-
shida S, Kashiwagi H, Otsuka M and Fukao K. 
Benefits of adjuvant radiotherapy after radical 
resection of locally advanced main hepatic 
duct carcinoma. Int J Radiat Oncol Biol Phys 
2000; 46: 581-587.

[37] Nakeeb A, Pitt HA. Radiation therapy, chemo-
therapy and chemoradiation in hilar cholangio-
carcinoma. HPB 2005; 7: 278-282.

[38] Pitt HA, Nakeeb A, Abrams RA, Coleman J, Pi-
antadosi S, Yeo CJ, Lillemore KD and Cameron 
JL. Perihilar cholangiocarcinoma: postopera-
tive radiotherapy does not improve survival. 
Ann Surg 1995; 25: 788-797.


