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Background: The purpose of this study was to evaluate the relationship between preopera-
tive inflammatory markers (neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte
ratio (PLR)) and different American Joint Committee on Cancer (AJCC) T stages in patients
with hilar cholangiocarcinoma.

Methods: A total of 101 patients who underwent surgical treatment for hilar cholangiocar-
cinoma between 2003 and 2014 in Peking Union Medical College Hospital were retro-
spectively analyzed. Receiver-operating curves were used to calculate optimal cutoff values
for the NLR and the PLR. Univariate and multivariate analyses were used to identify whether
the NLR and PLR can independently predict different AJCC T stages.

Results: Multivariate analysis showed that higher NLR and PLR independently predicted
advanced AJCC T stages (OR 3.74, 95% CI 1.09-12.83, P=0.036; and OR 7.86, 95% CI
2.25-27.43, P=0.001, respectively). At a threshold of 2.75, the NLR was 75.9% sensitive and
66.7% specific for different AJCC T stages; at a threshold of 172.25, the PLR was 65.5%
sensitive and 80.6% specific.

Conclusion: Preoperative NLR and PLR can be used as independent predictors of different
AJCC T stages in patients with hilar cholangiocarcinoma.
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Introduction
Hilar cholangiocarcinoma (HC), also known as Klatskin tumor, is a malignancy that
affects the hepatic duct confluence, accounting for 40-60% of all bile duct cancers.'
Complete surgical resection is the best option for curing HC, and a negative surgical
margin (R0) is an important prognostic variable.* However, as the tumor is encircled
by the hepatic artery, portal vein, and liver parenchyma, it has a strong tendency to
extensively invade these structures, resulting in high operative risks and increased
postoperative complications.” ® In addition, HC always presents as malignant biliary
obstruction and cholestatic hepatitis. Thus, major hepatic resection tends to be
associated with an increased risk of postoperative hepatic insufficiency. A positive
resection margin was associated with decreased survival.” The American Joint
Committee on Cancer (AJCC) T stage is independently associated with the tumor-
free margin,'® and mainly depends on postoperative pathology to confirm.
Preoperative imaging evaluation of the AJCC T stage is important for surgery, and
such imaging techniques include Doppler ultrasound, computed tomography (CT),

magnetic resonance cholangiopancreatography (MRCP), endoscopic retrograde
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cholangiography (ERCP), and percutaneous transhepatic cho-
langiography (PTC)."" Color Doppler ultrasonography can be
used to detect hepatic parenchymal involvement and the hepa-
tic artery or portal vein invasion, but frequent interference of
bowel gas means ultrasound examination may not always be
successful. CT is helpful in the staging; however, in some
cases of HC, visualization of the neoplasms is not definitive
because they are too small to be detected, and evaluation of the
intraductal spread and the detection of lymph nodes and
peripheral metastasis by CT is a suboptimal radiological inves-
tigation technique. MRCP is a noninvasive imaging technique
for biliary duct carcinoma and allows for observation of HC
extension to the biliary tree and vessels, the involvement of
adjacent liver parenchyma, local lymphadenopathy, and dis-
tant metastasis,' "> but this examination is expensive. ERCP
and PTC are often used for biliary decompression before
surgical resection and can relieve jaundice for palliative ther-
apy, which have the advantage of providing brush cytology
and biopsy specimens that can confirm the diagnosis of HC,
but both of these examinations are invasive. Therefore,
a readily available and noninvasive test is needed to identify
different AJCC T stages in HC patients.

Inflammation has been shown to play an important role
in cancer formation and progression.'* The prognostic and
predictive value of inflammatory markers has been
reported in many different cancers.'® The neutrophil-lym-
phocyte ratio (NLR) is one of these inflammatory markers
and has been shown to be a reliable prognostic indicator in
various cancer patients.'> The platelet-lymphocyte ratio
(PLR) is another significant prognostic factor in many
kinds of cancers.'®

Currently, the predictive value of inflammatory mar-
kers for different AJCC T stages in HC is not reported. In
our study, we intend to identify the correlation between
preoperative inflammatory markers and different AJCC
T stages in HC.

Materials and methods
We retrospectively reviewed patients who underwent sur-
gical resections for HC between January 2004 and
April 2013 at Peking Union Medical College Hospital.
The eligibility criterion for this study was histologically
confirmed HC. Patients with inflammatory disease, hema-
tonosis, or missing complete blood count results 2 weeks
before surgery were excluded.

HC is staged using the seventh AJCC staging system
according to postoperative routine paraffin section pathol-
ogy. The complete blood count, age, sex, AJCC T stage,

tumor grade, lymph node metastasis, and tumor location
were collected from patients’ clinical data.

According to previous literature reports, we define the
NLR as the absolute neutrophil count divided by the
absolute lymphocyte count; similarly, the PLR is defined
as the absolute platelet count divided by the absolute
lymphocyte count.

Statistical analyses

Continuous variables are expressed as the mean+SD.
Categorical variables are described using frequency distribu-
tions. An independent-sample #-test was used to detect differ-
ences in the means of continuous variables and the y*-test
was used in cases with low expected frequencies. The recei-
ver-operating curve was used to calculate different NLR and
PLR cutoff points and obtain optimal cutoff values by max-
imizing the sum of sensitivity and specificity. All statistical
analyses were performed using Statistical Package for Social
Sciences version 22.0 software (IBM Corporation, Armonk,
NY, USA). P<0.05 was considered significant.

Patient identities were anonymized before analysis.
Because this is a retrospective study, the requirement for
informed consent was waived. The study protocol was
approved by the Peking Union Medical College Hospital
Research Ethics Committee.

Results

A total of 101 patients with HC were included in the study. The
distribution of surgical AJCC T stages was 29 patients in stage
T2b, 65 patients in stage T2a, and seven patients in stage 1.

Table 1 shows the clinicopathological features of the
patients in different T stages. In the T2b group, positive
lymph node metastasis and tumor invading above the
hepatic duct junction (P=0.001, and P<<0.001, respec-
tively) were more common. After logistic regression ana-
lysis, the NLR, PLR, positive lymph node metastasis, and
tumor location were identified as independent risk factors
for the AJCC T stage (OR 3.74, 95% CI 1.09-12.83,
P=0.036; OR 7.86, 95% CI 2.25-27.43, P=0.001; OR
4.97, 95% CI 1.42-17.43, P=0.012; and OR 14.46, 95%
CI 2.94-71.14, P=0.001, respectively; Table 2).

Mean counts of the NLR, PLR, white blood cells, neutro-
phils, lymphocytes, and platelets are shown in Table 3. Mean
values for the NLR, PLR, neutrophils, and platelets were
increased in the T stage=T2b group (P=0.002, P<<0.001,
P<0.001, and P=0.003, respectively). The mean value for
lymphocytes was not significantly different between the two
groups (P=0.749).
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Table | Patient characteristics and pathological findings in
patients with different T stages (=T2b or <T2b)

Table 3 Mean white blood cell subtype counts, neutrophil—
lymphocyte ratio, and platelet—lymphocyte ratio in study subjects

The preoperative NLR and PLR at different cutoff values
predicting the AJCC T stage are shown as receiver-operating
curves (Figure 1). The best cutoff value for NLR was 2.75,
which was 75.90% sensitive and 66.7% specific for the
different AJCC T stages. The best cutoff value for PLR
was 172.25, which was 65.5% sensitive and 80.6% specific.

Discussion

Our study identified the relationship between preoperative
inflammatory markers (NLR and PLR) and AJCC T stages
in HC.

HC is a highly malignant tumor, with an increased
surgical-related risk due to its anatomical location.
Recent studies have proposed that aggressive surgery,
including major hepatic resection combined with extra-
hepatic bile duct resection and lymphadenectomy, is asso-
ciated with long-term patient survival.'” The majority of

Characteristic | T stage2T2b | T stage<T2b | P Characteristic | T stage2T2b | T stage<T2b | P
(n=29) (n=72)
WBC 7.15%2.66 6.41+1.87 0.114
Age, mean+SD 58.24+9.98 60.93+9.85 0.219 Neutrophils 6.18+2.59 4.02£1.51 <<0.001
Grade 0.68 Lymphocytes 1.76+0.55 1.72+0.64 0.794
High 10 (34.5%) 28 (38.9%) Platelets 303.95+130.33 | 222.07+72.69 0.003
Moderate 17 (58.6%) 36 (50%) NLR 3.61+1.32 2.66%1.41 0.002
Low 2 (6.9%) 8 (I11.1%) PLR 181.56+44.98 141.32+43.79 <<0.001
Lymph node 0.001 Note: Values are expressed as the mean+SD.
. o o Abbreviations: NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
Positive 16 (55.2%) 15 (20.8%) ratio; WBC, white blood count.
Negative 13 (44.8%) 57 (79.2%)
Tumor location =0.001 reports indicate that a positive resection margin strongly
Ab, juncti 26 (89.7% 32 (44.4% . . .
ove Junction ( ) ( ) affects prognosis and emphasize the importance of
Below junction | 3 (10.3%) 40 (55.6%)

achieving a tumor-free resection margin. Actually, hepa-
tectomy combined with bile duct resection is mainly
performed to increase the rate of negative resection mar-
gins. The AJCC T stage was independently associated
with a tumor-free margin.'® Therefore, preoperative accu-
rate assessment of the AJCC T stage can help with
determining a suitable surgical strategy.

Different preoperative examinations, including
Doppler ultrasound, CT, MRCP, ERCP, and PTC, are
commonly used to evaluate the AJCC T stage in HC
patients. Although these examinations have different
advantages in preoperative staging, the disadvantages
of each one are also obvious. Doppler ultrasound can
be influenced by bowel gas, so it may not be successful.
CT is not sensitive enough to detect small lesions.
MRCEP is sensitive and specific in preoperative staging,
but it is costly. Both ERCP and PTC are invasive exam-
inations. Despite the reasonable imaging diagnosis in
the preoperative examination of tumor stages, there

Table 2 Effect of univariate and multivariate variables on the T stage (=T2b or <T2b)

Variable Univariate Multivariate
OR 95% ClI P OR 95% Cl P
=CO versus<CO
NLR 591 2.22-15.73 <<0.001 3.74 1.09-12.83 0.036
PLR 8.62 3.26-22.82 <<0.001 7.86 2.25-27.43 0.001
Lymph node 4.68 1.85-11.82 0.001 4.97 1.42-17.43 0.012
Grade
High Reference
Moderate 2.23 0.23-21.37 0.49
Low 2.63 0.29-23.64 0.39
Tumor location 10.8 3.01-39.05 <<0.001 14.46 2.94-71.14 0.001
Note: The CO for NLR is 2.75; the CO for PLR is 172.25.
Abbreviations: CO, cutoff value; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
Cancer Management and Research 2019:1 | submit your manuscript 5159

Dove


http://www.dovepress.com
http://www.dovepress.com

Huang et al

Dove

ROC curve
107 Source of the
| curve
i I PLR
- NLR
0.8 Reference line
0.6 - [
P
=
.‘5,‘
C
[0}
? 0.4+
024 |
i.
OO T T T L)
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure | Receiver-operating curve for the relationship between the NLR and PLR and the T stage (=T2b or <<T2b).
Notes: Areas under the curve for the NLR and PLR are 0.758 (95% CI 0.619-0.825, P=0.001) and 0.722 (95% CI 0.654-0.862, P<<0.001), respectively.
Abbreviations: NLR, neutrophil-lymphocyte ratio; PLR, platelet—lymphocyte ratio; ROC, receiver-operating characteristic.

still seems to be a gap between the preoperative evalua-
tion and intraoperative findings for patients with HC.

Inflammation-based prognostic markers have been
widely used in the prediction of prognosis and in the
diagnosis of various cancer patients.'®'® The mechanism
between preoperative inflammation factors and cancer is
still under investigation.'*** However, the inflammatory
response may stimulate the release of cytokines and
inflammatory mediators, which can promote tumor metas-
tasis and recurrence. This response is mediated by the
promotion of angiogenesis, damage to DNA, and inhibi-
tion of apoptosis.”> ** The inflammatory response can also
release inhibitory mediators such as IL-10 and TGF-8,
leading to suppression of the immune system and reduced
lymphocyte function. Cancer also could produce myeloid
growth factors, which may induce elevation of tumor-
related white blood cells and neutrophils.'> Some studies
indicated that systemic inflammatory responses predict
poor prognosis in various cancers.”® Thus, higher systema-
tic inflammatory factor values may associate with
advanced tumor stage.

The PLR is a potential prognostic factor as reported in
other cancers, such as colorectal cancer, breast cancer, and

15.1624.25 platelets can regulate other

ovarian cancer.
inflammation cells such as neutrophils and facilitate their

adhesion to lymphocytes in the inflammatory response,

and also can promote the spread and growth of cancer
cells.?®*” This index is only based on laboratory data,
and platelet counts and leukocytes are routinely tested
before surgery. Therefore, the PLR can act as simple and
complementary prognostic factor in HC. Recently, PLR
was reported for evaluation of resectability of HC.?®

Lots of emerging evidence supports that an elevated
preoperative NLR is correlated with poor survival out-
come in various solid tumors.”*** Halazun et al*®> were
the first to report that the NLR is associated with hepatic
malignancy. Furthermore, the preoperative NLR has
shown a significant correlation with poor outcome in
hepatocellular carcinoma patients,>®>” and a high NLR
also showed correlation with early recurrence and poor
overall survival in intrahepatic cholangiocarcinoma
patients. It has been shown that a high NLR, which is
associated with the presence of systemic inflammation,
indicates the relative depletion of lymphocytes, which
impairs the host immune reactions against malignancy.****

Our results show that a higher PLR was positively
correlated with advanced AJCC T stages (OR 7.86, 95%
CI 2.25-27.43, P=0.001), which was noted after multivari-
ate analysis. Lymph node metastasis was also an indepen-
dent risk factor for advanced AJCC T stages (OR 7.25, 95%
CI 1.72-30.58, P=0.007). Univariate and multivariate ana-
lysis shows that the preoperative NLR can independently
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predict advanced AJCC T stages (OR 5.91, 95% CI
2.22-15.73, P<<0.001; and OR 3.74, 95% CI 1.09-12.83,
P=0.036).

There are some limitations to this study. Firstly, this is
a retrospective study, and the data were collected from
a single institution, which was susceptible to bias in data
selection and analysis. Secondly, other inflammatory mar-
kers like C-reactive protein are not analyzed in our study,
as our center does not routinely measure these. Finally,
there are many other staging systems for HC, eg, the
Memorial Sloan-Kettering Cancer Center system, which
includes portal vein involvement and liver atrophy, and is
a common and valuable evaluation method in clinical
practice. However, because of the lack of adequate clinical
and pathological data in our database, we did not analyze
this staging system.

Conclusion

This report shows a relationship between preoperative
inflammatory markers and different AJCC T stages in
HC patients. Higher preoperative NLR and PLR indepen-
dently predict advanced AJCC T stages.
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