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Background: Ratio of carbohydrate antigen 19-9 level to total bilirubin (CA19-9/TB) is used to reduce the
influence of obstructive jaundice on the concentration of CA19-9, thereby determining the correlation between
CA19-9/TB and tumor recurrence or long-term prognosis of patients with pancreatic head cancer (PHC).
Methods: In this study, a total of 339 patients were enrolled. The optimal cut-off value of CA19-9/TB
was determined by ROC curve based on preoperative CA19-9/TB and 1-year survival, and the patients
were divided into low-ratio group (Group 1) and high-ratio group (Group 2) accordingly. Univariate and
multivariate analyses were performed to screen out the risk factors affecting postoperative recurrence and
long-term prognosis of PHC.

Results: The best cut-off value of CA19-9/TB was 7.7. [area under curve (AUC), 0.599, 95% CI: 0.533-
0.666] Compared with Group 1, Group 2 had lower CA19-9, higher TB and lymph node metastasis rate
(P<0.05). The 1-, 2- and 3-year disease-free survival (DFS) rates of patients in Group 1 and Group 2 were
70.1%, 44.3% and 30.8%, 39.9%, 17.1% and 13.6%, respectively (P=0.000), and the 1-, 2- and 3-year
overall survival (OS) rates were 81.5%, 52.1% and 31.5%, 53.7%, 20.5% and 14.2%, respectively (P=0.000).
Multivariate analysis showed that CA19-9/TB, portal vein invasion and lymph node metastasis were
independent risk factors for postoperative tumor recurrence and long-term survival of PHC.

Conclusions: Compared with CA19-9 alone, CA19-9/TB is more valuable in judging postoperative tumor

recurrence and long-term survival of PHC. The lower the ratio, the better the long-term prognosis.
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Introduction statistics in 2018, pancreatic cancer currently ranks 14 in

. . h . .
. . the incidence of malignant tumors but 6" in mortality (2).
Pancreatic carcinoma represents one of the most common

malignant tumors in the digestive system. Due to the high
degree of malignancy of the tumor itself, it is prone to local

At present, radical resection is still the best treatment for

pancreatic cancer (3), therefore, it is of great significance

vascular invasion and distant metastasis, the overall surgical
resection rate is less than 20% and the five-year survival
rate is less than 10% (1). According to the global cancer
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to correctly judge the long-term prognosis of patients with
pancreatic cancer before operation for the formulation of a
reasonable and effective treatment plan.
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Koprowski er al. (4) obtained a monoclonal antibody
numbered 1116NS19-9 from human colon cancer cell lines
by cell hybridization in 1979. The antibody could react
with a class of tumor-associated carbohydrate antigens,
which were also named carbohydrate antigen 19-9. CA19-
9 is abnormally increased in patients with malignant
tumors such as pancreatic cancer, cholangiocarcinoma and
gallbladder cancer, a large number of studies have confirmed
that CA19-9 is significantly associated with the diagnosis
and prognosis of pancreatic cancer, as well as postoperative
recurrence (5,6). However, CA19-9 is not specific to tumor
cells and can also be synthesized in normal human pancreas,
bile duct, stomach, colon and other epithelial cells (7),
therefore, low concentration of CA19-9 can also be detected
in normal human blood (8). Nevertheless, when biliary
obstruction occurs, CA19-9 secreted by bile duct epithelial
cells cannot be excreted into the intestinal tract normally,
while CA19-9 secreted by pancreatic epithelial cells may
also flow back into the biliary tract, in addition, biliary
inflammation caused by obstructive jaundice stimulates
bile duct epithelial cell proliferation, which can lead to
the increase of CA19-9 in blood (9). Therefore, in some
patients with benign biliary obstructive diseases and biliary
inflammatory diseases, increased CA19-9 concentration can
also be found, leading to decreased sensitivity (10). As for
patients with pancreatic head cancer (PHC), some patients
have biliary obstruction caused by tumor compression or
invasion, in that case, the concentration of CA19-9 will also
be affected, resulting in a decline in their predictive ability.

In this study, carbohydrate antigen 19-9 level to total
bilirubin (CA19-9/TB) is used to reduce the influence
of obstructive jaundice on the concentration of CA19-9,
thereby determining the correlation between CA19-9/TB
and tumor recurrence or long-term prognosis of patients
with PHC.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-720).

Methods
Ethics approval and consent to participate:

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Ethics Committee of Beijing Chaoyang
Hospital (N0.2020-D.-309-3). Participant informed consent
was exempted because of the retrospective study design,
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and the study design was approved by the appropriate ethics
review board.

Patient selection

Our study retrospectively analyzed the data of PHC patients
who underwent surgical treatment at our institution
(Beijing ChaoYang Hospital, Capital Medical University,
Beijing, China) between January 2010 and December 2019
and screened out 339 eligible patients for further analysis
according to the inclusion and exclusion criteria (Figure I).

Eligibility criteria: (I) patients with PHC who underwent
PD from January 2010 to December 2019; (II) no
restriction was imposed on age and gender; (III) underwent
en bloc resection during surgery; (IV) histopathological
diagnosis of pancreatic ductal adenocarcinoma; (V) the
informed consent of the patient and his/her family was
obtained.

Exclusion criteria: (I) history of previous anti-cancer
therapies and other malignancies; (II) surgical rule
violation; (IIT) unresectable condition or metastasis found
during surgery; (IV) data on all clinical and laboratory
characteristics and treatments are incomplete, as well as
outcomes and follow-up.

Patients’ characteristics

A total of 339 patients with PHC were enrolled, including
192 males and 147 females, male: female = 1.3:1, aged
63.0+10.1 years old. The initial symptoms mainly included
abdominal pain (n=146), jaundice (n=134), atypical
gastrointestinal symptoms (n=19) and another 40 patients
were found during physical examination. Of all the
patients, 117 (34.5%) had a history of diabetes. Among the
134 patients with jaundice symptoms, 56 patients received
preoperative jaundice reduction treatment, including
19 cases of ERCP and 37 cases of PTBD.

Patients grouping and definition

The ROC curve was drawn based on the ratio of CA19-
9/TB and the 1-year survival of the patients (Figure 2),
from which the optimal cut-off value of CA19-9/TB was
determined to be 7.7 [area under curve (AUC), 0.599, 95%
CI: 0.533-0.666], at this time, the sensitivity of predicting
1-year survival is 67.5%, and the specificity is 60.0%, and
the patients were divided into low-ratio group (Group 1,
n=182) and high-ratio group (Group 2, n=157) according
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Figure 2 Time-dependent receiver operating characteristic
curve. The AUC of the CA19-9-to-total bilirubin ratio to predict
the 1-year OS is 0.599. AUC, area under the curve, OS, overall

survival.

to the best cut-off value. The results of CA19-9 and TB
test were taken from the patient’s last blood sample before
operation, and for the patients treated with reducing
jaundice, our center will recheck CA19-9 and TB the day
before operation.

Follow-up strategy

Postoperative follow-up was performed by the combination
of outpatient reexamination and telephone follow-up. all
patients were followed up 1 and 3 months after PD, once
every three months for the first 2 years and thereafter every
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six months interval or until tumor recurrence or death. For
the all follow-up visits, blood examination was routinely
taken, liver function tests and serum tumor markers
including CA19-9, and an abdominal ultrasound was
performed. Contrast-enhanced CT or MRI was performed
once every six months or earlier if tumor recurrence or
metastasis was suspected. Further investigation was carried
out when clinically indicated, such as positron emission
tomography CT (PET-CT). OS was defined as from the
dates of surgery to the dates of death or the dates of last
follow-up. DFS was calculated from the dates of operation
to the dates of last follow-up (for the patients without
recurrence) or from the interval between the dates of
surgery and the first recurrence.

Statistical analysis

The measurement data are expressed by mean + standard
deviation in accordance with normal distribution and by
median (quartile spacing) in non-normal distribution.
According to the comparison of the measurement data
between the two groups, the 7-test was used for the normal
distribution and the rank sum test was used for the non-
normal distribution. Chi-square test was used to compare
the counting data between the two groups. If the theoretical
frequency was less than 1, the Fisher exact probability
method was used. The survival curve was calculated by
Kaplan-Meier method, and the difference of survival rate
between the two groups was compared by Log-rank test. All
data were analyzed by SPSS22.0 software.
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Table 1 Morbidity and mortality between two groups
Group 1 (n=182)Group 2 (n=157) P

Variables

Postoperative hospital 17 (14, 24) 17 (13, 22) 0.219

stay (d)

In-hospital death 2 1 0.898
Complications 47 48 0.891
Biochemical fistula 16 13 0.867

Pancreatic fistula

Grade B 5 3 0.883
Grade C 2 3 0.868
DGE 10 7 0.663
Intra-abdominal 10 10 0.733
infection
Abdominal hemorrhage 6 4 0.933

DGE, delayed gastric emptying.

Results
Perioperative condition

All patients successfully completed the operation and
removed the tumor, among them, 122 cases were
accompanied with portal vein invasion, 12 cases underwent
direct suture after wedge resection of the invaded vessels,
85 cases underwent allogeneic vascular replacement and
25 cases underwent end-to-end anastomosis after resection
of the invaded vessels. Blood transfusion was performed in
120 patients (35.4%) and intraoperative blood loss of 500
(400, 800) mL, the operation time was 9.9+2.9 hours.

Postpathological examination confirmed that all patients
were pancreatic ductal adenocarcinoma, including 23 cases
(6.8%) of highly differentiated tumors, 229 cases (67.6%)
of moderately differentiated tumors and 87 cases (25.7%)
of poorly differentiated tumors. The size of tumor was
3.8+1.7 cm, and 222 patients (65.5%) with positive lymph
nodes. Radical resection (R0) was achieved in 314 cases
(92.6%), apart from them, pancreatic cutting margin
appeared positive in 9 cases, pancreatic circumferential edge
revealed positive in 9 cases, pancreatic uncinate process
margin represented positive in 4 cases, and portal sulcus
margin showed positive in 3 cases.

Postoperative complications

As for the postoperative morbidity, which appeared in
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95 cases, with a occurrence rate of 28.0%. Including 29
(8.6%) cases of biochemical fistula, 8 (2.4%) cases of level
B pancreatic fistula, 5 (1.5%) cases of level C pancreatic
fistula, abdominal infection in 20 cases (5.9%), DGE
(disturbance of gastric emptying) in 17 cases (5.0%), 10
(2.9%) cases of abdominal hemorrhage and so on. As we
summarize in Table 1.

Survival data and recurrence

Our follow-up finished in June 2020 and the medium
follow-up period was 51 months, during which 191(56.3%)
of all the included patients received postoperative adjuvant
chemotherapy for 1 to 8 cycle. The overall median
DEFS (disease-free survival) time and the median overall
survival (OS) time were shown in Figure 34 and Figure 3B
respectively.

Comparison of perioperative and long-term prognostic
data in different groups

The comparison of perioperative general data between
Group 1 and Group 2 was shown in Table 2, which can
be seen that Group 1 had lower CA19-9, higher TB and
lymph node metastasis rate (P<0.05). The postoperative
complications between Group 1 and Group 2 were
compared and shown in 7able 3. from which we can find
that there was no significant difference in postoperative
mortality and incidence of morbidity between the two
groups (P>0.05).

The median DFS of patients in Group 1 and Group 2
was 20 and 10 months, respectively, and the lyear, 2year
and 3-year DFS rates were 70.1%, 44.3%, 30.8% and
39.9%, 17.1% , 13.6%, respectively (P=0.000, Figure 4A4).
The median OS of patients in Group 1 and Group 2 was
25 months and 13 months, respectively, and the lyear, 2year
and 3year OS rates were 81.5%, 52.1%, 31.5% and 53.7%,
20.5%, 14.2%, respectively (P=0.000, Figure 4B).

Analysis of risk factors influencing postoperative tumor
recurrvence in patients with PHC

Postoperative tumor recurrence in patients with PHC
was taken as a dependent variable and preoperative data,
intraoperative data, pathological data and postoperative data
of patients as an independent variable for univariate analysis
(1able 3). Univariate analysis showed that CA19-9, CA19-9/
TB, operation time, blood loss, blood transfusion, degree of
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Figure 3 Long-term prognosis of the patients with PHC. (A) DFS curve of patients. (B) OS curve of patients. PHC, pancreatic head

carcinoma; DFS, disease-free survival; OS, overall survival.

Table 2 Demographic and pathologic findings between two groups in patients with PHC

Variables Group 1 (n=182) Group 2 (n=157) P

Gender (male/female) 89/93 83/74 0.467
Age, mean + SD, years 63.4+10.1 62.6+10.1 0.505
Diabetes (yes/no) 55/127 62/95 0.073
PBD (yes/no) 35/147 21/136 0.148
TB (umol/L) 82.9 (16.8, 175.9) 12.7 (9.3, 40.5) 0.000
CA19-9 (U/mL) 49.5 (22.5, 161.6) 734.2 (299.5, 2006.6) 0.000
Tumor size, mean + SD, cm 3.6x1.5 3.9+1.9 0.106
Tumor differentiation (poorly/moderately & highly) 46/136 41/116 0.860
Portal system invasion (yes/no) 61/121 61/96 0.307
Neoadjuvant chemotherapy (yes/no) 8/174 12/145 0.206
Intraoperative blood loss (mL) 500 (400, 800) 500 (400, 800) 0.814
Blood transfusion (yes/no) 61/121 59/98 0.435
OP time, mean + SEM, h 9.7+2.6 10.1£3.2 0.200
LN metastasis (+/-) 101/81 121/36 0.000
Resection margin (R0/R1) 169/13 145/12 0.860
Postoperative chemotherapy (yes/no) 102/80 89/68 0.905
Chemotherapy period 2(0,5) 2 (0, 4) 0.777

PHC, pancreatic head carcinoma; SD, standard deviation; PBD, preoperative biliary drainage; TB, total bilirubin; SEM, standard error of
mean; CA19-9, carbohydrate antigen 199; OP, operation; LN, lymph node; R, resection margin.

tumor differentiation, tumor size, lymph node metastasis, and showed that CA19-9/TB (RR =1.869, 95% CI: 1.382-2.528),
portal system invasion might be the risk factors for tumor portal system invasion (RR =1.623, 95% CI: 1.213-2.170)
recurrence in patients with PHC, and multivariate analysis and lymph node metastasis (RR =2.241, 95% CI: 1.647-
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Table 3 Univariate analysis of risk factors for PHC recurrence

985

Variable N 1-year OS (%) 3-year OS (%) x P

Gender 1.421 0.233
Male 172 53.3 21.9
Female 167 58.9 24.8

Age, years 2.282 0.131
<60 133 60.0 25.0
>60 206 53.3 22.0

Diabetes 3.122 0.077
Yes 117 50.3 17.6
No 222 59.1 26.5

PBD 1.848 0.174
Yes 56 56.2 32.8
No 283 56.0 21.6

Neoadjuvant chemotherapy 2.208 0.137
Yes 20 35.0 20.0
No 319 57.4 23.3

TB (umol/L) 1.300 0.254
<21 160 52.3 20.7
>21 179 59.2 25.5

CA19-9 (U/mL) 4.997 0.025
<37 70 61.1 34.7
>37 269 54.6 20.4

CA19-9/TB 30.894 0.000
<7.7 182 70.1 30.8
>7.7 157 39.9 13.6

OP time, h 7.751 0.005
<8 111 73.0 30.7
>8 228 47.4 19.3

Intraoperative blood loss (mL) 9.418 0.002
<800 274 60.1 26.2
>800 65 39.1 10.3

Blood transfusion 0.038
Yes 51 65.5 22.5 231
No 67 36.5 16.6 16.9

Degree of differentiation 6.407 0.011
Poorly 87 40.8 18.3
Moderately & highly 252 61.3 24.8

Table 3 (continued)

© Gland Surgery. All rights reserved.
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Table 3 (continued)

Variable N 1-year OS (%) 3-year OS (%) 1 P

Tumor size, cm 6.646 0.010
<4 242 61.0 25.6
>4 97 43.7 18.4

LN metastasis 42.160 0.000
Yes 222 45.9 13.2
No 117 75.5 421

Portal system invasion 16.234 0.000
Yes 122 38.4 17.7
No 217 65.6 26.4

Resection margin 3.612 0.057
RO 314 58.0 241
R1 25 32.0 16.0

Postoperative complication 0.593 0.441
Yes 95 59.7 23.6
No 244 54.6 22.6

Postoperative chemotherapy 0.018 0.893
Yes 191 57.2 21.2
No 148 54.6 25.2

Chemotherapy period 0.082 0.775
<2 211 55.5 22.6
>2 128 56.9 23.9

PHC, pancreatic head carcinoma; SD, standard deviation; PBD, preoperative biliary drainage; TB, total bilirubin; CA19-9, carbohydrate
antigen 199; OP, operation; LN, lymph node; R, resection margin.
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Figure 4 Overall long-term prognosis between two groups in patients with PHC. (A) Overall disease-free survival curve of two groups of

patients. (B) Overall survival curve of two groups of patients. PHC, pancreatic head carcinoma.
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Table 4 Multivariate analysis of independent risk factors for PHC
recurrence

Variable RR 95% ClI P

CA19-9 0.778 0.522-1.158 0.216
CA19-9/TB 1.869 1.382-2.528 0.000
OP time 1.126 0.819-1.548 0.465
Intraoperative blood loss 1.094 0.710-1.686 0.683
Blood transfusion 0.773 0.536-1.114 0.167
Degree of differentiation 1.300 0.977-1.729 0.072
Tumor size 1.161 0.868-1.552 0.314
LN metastasis 2.241 1.647-3.049 0.000
Portal system invasion 1.623 1.213-2.170 0.001

PHC, pancreatic head carcinoma; RR, relative risk; Cl,
confidence interval; CA19-9, carbohydrate antigen 199; TB, total
bilirubin; OP, operation; LN, lymph node.

3.049) were independent risk factors for postoperative tumor
recurrence in patients with PHC (Table 4).

Analysis of risk factors influencing postoperative long-term
survival in patients with PHC

Postoperative long-term survival in patients with PHC
was taken as a dependent variable and preoperative data,
intraoperative data, pathological data and postoperative data
of patients as an independent variable for univariate analysis
(1able 5). Univariate analysis showed that CA19-9, CA19-
9/TB, operation time, blood loss, blood transfusion, degree
of tumor differentiation, tumor size, lymph node metastasis,
portal system invasion and resection edge might be the risk
factors affecting long-term survival after operation, and
multivariate analysis showed that CA19-9/TB (RR =1.869,
95% CI: 1.382-2.528), portal system invasion (RR =1.623,
95% CI: 1.213-2.170) and lymph node metastasis (RR
=2.241, 95% CI: 1.647-3.049) were independent risk factors
for long-term survival in patients with PHC (7able 6).

Discussion

The poor long-term prognosis of PHC is mainly due to the
early recurrence after tumor resection, some studies (11,12)
have asserted that tumor size, degree of differentiation,
lymph node metastasis and other indicators are closely
related to postoperative recurrence and long-term prognosis
of PHC. However, compared with these postoperative
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clinicopathological results, clinical indicators that can be
obtained immediately before surgery are more needed to
judge the long-term prognosis of patients, so as to formulate
a more reasonable treatment plan.

At present, CA19-9 is still an important serological
marker for clinical diagnosis and prognosis of pancreatic
cancer (13). O’Brien et al. (14). showed that at 95%
specificity, CA19-9 (>37 U/mL) had a sensitivity of 68%
up to 1 year, and 53% up to 2 years before diagnosis.
Therefore, it is considered that CA19-9 can be used in
the early diagnosis of pancreatic cancer. Sugiura et a/. (15)
reviewed the data of 154 patients with PD and found that
preoperative CA19-9 was an independent risk factor for
long-term prognosis in patients with pancreatic cancer, and
the median survival time of patients in the low-level group
was significantly better than those in the high-level group
(31 vs. 16 months). Boeck et al. (6) through a systematic
review of the literature, it is concluded that CA19-9 is an
important serological marker for judging the prognosis
and monitoring of patients with pancreatic cancer, and its
decreasing level can also reflect the effect of treatment to
some extent.

Meanwhile, some scholars have pointed out that the
sensitivity of CA19-9 in the diagnosis of pancreatic cancer
is more than 80%, but for patients with jaundice symptoms,
the accuracy of judging benign or malignant diseases is
significantly reduced. Mann ez 4. (16) reviewed 164 patients
with abnormally elevated levels of CA19-9, and found that
for patients with jaundice, the sensitivity of CA19-9 in the
diagnosis of malignant tumors was only 48.4%, and the
level of CA19-9 was positively correlated with the level
of bilirubin. Patients with PHC will gradually oppress or
invade the bile duct and cause obstructive jaundice with
the enlargement of the tumor due to the special location
of the tumor, resulting in a mismatched increase in the
concentration of CA19-9. In our study, the proportion of
patients with CA19-9 >37 U/mL was as high as 79.4%, and
the prognosis was significantly worse than that of patients
with CA19-9 <37 U/mL (P=0.025). However, CA19-
9 was not an independent risk factor for prognosis after
multivariate analysis, we consider that this is mainly related
to the relatively large number of patients (52.8%) with TB
>21 mol/L. The overall concentration of CA19-9 is slightly
higher due to bile excretion disorder, so it does not really
reflect the prognosis of patients.

Ong et al. (17) analyzed 83 patients who were
misdiagnosed as malignant tumor with the increase of
CA19-9 index, and found that the increase of bilirubin was
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Table 5 Univariate analysis of long-term survival in patients with Table 5 (continued)
PHC
Variable N 1-year OS 3-year OS 2 P
Variable N 1-y?;r)08 3-y?;r)08 :p (%) (%)
> > LN metastasis 43.748 0.000
Gender 2.024 0.155
Yes 222 61.5 13.1
Male 172 68.8 22.7
No 117 81.9 42.8
Female 167 68.4 241 ) )
Portal system invasion 19.010 0.000
Age, years 1.600 0.206
Yes 122 49.8 16.7
<60 133 71.0 24.9
No 217 78.7 27.0
>60 206 67.0 21.7 ) )
Resection margin 4128 0.042
Diabetes 3.053 0.081
RO 314 69.0 24.4
Yes 117 61.4 19.9
R1 25 64.0 16.0
No 222 72.4 25.0 . o
Postoperative complication 0.003 0.954
PBD 1.012 0.314
Yes 95 72.5 22.9
Yes 56 68.8 30.8
No 244 67.0 23.3
No 283 68.5 22.1 .
Postoperative chemotherapy 0.343 0.558
Neoadjuvant chemotherapy 1.983 0.159
Yes 191 68.6 21.5
Yes 20 45.0 20.0
No 148 68.5 24.6
No 319 70.1 23.5 .
Chemotherapy period 0.069 0.793
TB (umol/L) 1.762 0.184
<2 211 68.6 23.6
<21 160 67.6 20.2
>2 128 68.6 25.2
>21 179 69.5 26.2 - - -
PHC, pancreatic head carcinoma; OS, overall survival; PBD,
CA19-9 (U/mL) 5.048 0.025 preoperative biliary drainage; TB, total bilirubin; CA19-9,
<37 70 79.6 33.5 carbohydrate antigen 199; OP, operation; LN, lymph node; R,
>37 269 65.8 20.8 resection margin.
CA19-9/TB 33.818 0.000
<7.7 182 81.5 31.5 Table 6 Multivariate analysis of long-term survival in patients with
>7.7 157 537 14.2 PHC
OP time, h 8.114 0.004 Variable RR 95% Cl P
<8 111 82.9 31.2 CA19-9 0.765 0.510-1.147  0.195
>8 228 61.4 19.4 CA19-9/TB 1.940  1.431-2.629  0.000
Intraoperative blood loss(mL) 10.330 0.001 OP time 1131 0.822-1557  0.450
<800 274 73.6 26.4
Intraoperative blood loss 1.134 0.736-1.747  0.568
>800 65 47.7 9.7
Blood transfusion 17.971 0.000 Blood transfusion 0.767 0.530-1.109  0.159
Yes 120 50.9 15.4 Degree of differentiation 1.249  0.938-1.664 0.129
No 219 78.2 27.8 Tumor size 1.158 0.863-1.556  0.328
Degree of differentiation 6.332 0.012 LN metastasis 2280  1.671-3.111  0.000
Poorly 87 52.4 7.3 Portal system invasion 1681  1.258-2.246  0.000
Moderately & 252 74.2 25.4 ) )
highly Resection margin 1.054 0.652-1.706  0.829
Tumor size, cm 6.717 0.010 PHC, pancreatic head carcinoma; RR, relative risk; ClI,
confidence interval; CA19-9, carbohydrate antigen 199; TB, total
=4 242 731 261 bilirubin; OP, operation; LN, lymph node.
>4 97 57.7 16.5

Table 5 (continued)
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an independent risk factor leading to the increase of CA19-
9 index (P=0.028). It is suggested that CA19-9 should be
adjusted according to the index of bilirubin, but no feasible
adjustment scheme is given. Studies such as Kang (18)
have shown that the ratio of CA19-9 to total bilirubin can
be used to predict the recurrence of resectable pancreatic
cancer, but the enrolled patients also included 24.6% of
patients suffered from pancreatic body and tail cancer with
no jaundice symptoms, so the homogeneity of the study is
poor. La Greca (19) and other studies have shown that the
ratio of CA19-9 to total bilirubin can be used to distinguish
between benign and malignant causes of obstructive
jaundice, which can improve the specificity of diagnosis.
However, the malignant tumor patients enrolled in that
study included pancreatic cancer, cholangiocarcinoma,
gallbladder cancer, ampullary cancer and so on as well, so
the value of the study is limited. Bolm ez /. (20) asserted
that CA19-9 can be corrected by the ratio of CA19-9 to
bilirubin, and the adjusted CA19-9/TB was more realistic
for the relative level of CA19-9 in patients with distal
cholangiocarcinoma, thus improving the sensitivity of
CA19-9 in judging the long-term prognosis of patients with
distal cholangiocarcinoma. Our results confirm that CA19-
9/TB is an independent risk factor for postoperative tumor
recurrence and long-term survival of PHC. The lower the
CA19-9/TB, the better the long-term prognosis of patients.

On the other hand, our study also shows that CA19-
9/TB is correlated with lymph node metastasis to some
extent. The lower CA19-9/TB is, the higher lymph node
metastasis rate is. However, CA19-9/TB was not correlated
with tumor size or vascular invasion. Meanwhile, lymph
node metastasis has also been proved to be an independent
risk factor for long-term survival of patients with PHC.
We assume that CA19-9/TB, like lymph node metastasis,
reflects the aggressiveness and metastasis of tumor to
a certain extent, but is not associated with local tumor
enlargement or direct invasion.

In addition, we insist that portal vein invasion is an
independent risk factor for long-term prognosis of PHC
as well, which is consistent with most international studies
at present (21-23). Ramacciato et 4l. (24) reviewed the data
of 406 patients undergoing pancreatic cancer surgery in
8 pancreatic centers in Italy. Multivariate analysis confirmed
that portal vein invasion was an independent risk factor for
poor prognosis. The median survival time and 5-year survival
rate in the non-vascular invasion group were significantly
better than those in the vascular invasion group (33 vs. 20
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months; 31.7% wvs. 15.5%). We highly suspect that this is
mainly related to the higher incidence of hematogenous
metastasis after tumor invasion of portal system.

The deficiencies of this study are as follows: on the one
hand, it is a single-center retrospective study, on the other
hand, it is not clear how the proportion of CA19-9 and
bilirubin increases, nor can it confirm whether CA19-9 will
decrease in proportion to bilirubin after relief of biliary
obstruction. However, as far as the current research is
concerned, CA19-9/TB is better than CA19-9 in predicting
postoperative tumor recurrence and long-term survival of
PHC. Although our results showed that the CA19-9/TB
ratio plays an independently role in predicting the long-
term prognosis of patients with PHC, on the one hand, it
needs to be verified by a large sample of data. On the other
hand, the prognosis of patients with PHC is also related
to the biological characteristics of the tumor, the degree
of invasion, the choice of treatment and so on. Therefore,
the ratio can be used as a reference before treatment
selection, however, it can not be used alone to determine
the choice of treatment. Perhaps in the near future, a more
reasonable proportion relationship can be calculated by
the mathematical model for the correction of CA19-9,
which can be used to guide the determination of treatment
plan for patients with PHC and the detection of tumor
recurrence after operation.

Conclusions

To sum up, compared with CA19-9 alone, CA19-9/TB is
more valuable in judging postoperative tumor recurrence
and long-term survival of PHC. The lower the ratio, the
better the long-term prognosis.
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