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Objective: The significance of the prognostic nutritional index (PNI) has been widely reported
and confirmed in many types of cancers. However, few studies are available indicating its prog-
nostic power in patients with intrahepatic cholangiocarcinoma (ICC). Thus, we investigated
its relationship with overall survival (OS) to evaluate its role in predicting survival in patients
with ICC.

Patients and methods: Between October 2011 and October 2015, 173 consecutive patients
with pathologically confirmed locally advanced or metastatic ICC were enrolled. First, the cor-
relations between PNI and clinical factors were analyzed among these patients. Next, univariate
and multivariate analyses were conducted to evaluate the association between PNI and OS among
these patients with ICC. In addition, the relationships between PNI and three typical systemic
inflammatory response (SIR) markers — the neutrophil/lymphocyte ratio (NLR), the platelet/
lymphocyte ratio (PLR), and the lymphocyte/monocyte ratio (LMR) — were also assessed.
Results: A lower PNI was linked with a shorter OS in patients with ICC, as reflected obviously
in the Kaplan—Meier analyses. The patients with ICC were divided into the locally advanced
group and the metastatic group. Further analyses revealed that PNI is not associated with OS
in the locally advanced group. However, in the subgroup of patients with metastatic ICC,
a lower PNI significantly correlated with a worsened OS. The OS for patients with a low PN is
5 months, whereas the OS is 10.17 months for patients with a high PNI. Multivariate analyses
revealed that PNI is independently correlated with OS. We finally proved that PNI is negatively
proportional to NLR and PLR and positively proportional to LMR.

Conclusion: Our results demonstrate that decreased PNI signifies a poor OS and is associ-
ated with SIR in patients with metastatic ICC. Therefore, it may serve as a valuable predictive
marker in patients with metastatic ICC.

Keywords: prognostic nutritional index, SIR marker, predictive marker, metastatic, intrahepatic
cholangiocarcinoma

Introduction

Intrahepatic cholangiocarcinoma (ICC), one of the most devastating malignancies,
constitutes 15% of all primary liver cancers.? ICC is highly dangerous and signifies a
dismal prognosis. Despite being a rare malignancy, the incidence and mortality of ICC
are increasing at an unprecedented rate.*® Unlike other tumors originating from the
liver and gastrointestinal tract, the pathogenesis of ICC remains complex and obscure,
thus making the disease more intractable and challenging.” Moreover, patients with
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ICC have a median survival of not >12 months, even after
different treatments such as surgery, systemic chemotherapy,
and radiotherapy.® However, clinical data have shown that
survival rates vary significantly among patients with ICC.
The commonly acknowledged factors that may serve as
predictors for survival include intrahepatic satellite lesions,
lymph node invasion, and distant metastasis.’ "

Cancer is universally acknowledged as a malnourish-
ing disease.'?!® Patients with such malignancy can suffer
from drastic weight loss and nutritional deficiency, which
can greatly contribute to the mortality and morbidity.'* ¢
Therefore, an impaired nutritional status may have an adverse
impact on the overall survival (OS) of cancer patients. A
deteriorated nutritional status is intimately associated with
delayed wound healing and weakening of the immune sys-
tem, which can be reflected by the reduction in the amounts of
neutrophils, macrophages, and lymphocytes.!” Besides, many
studies have demonstrated that patients subject to malnutri-
tion are more likely to develop postoperative complications
due to the disorder of the immune functions.'®!

Previous studies have reported that the nutritional status
can be assessed by a number of biochemical indices, such
as body mass index, prognostic nutritional index (PNI),
nutrition risk index, and nutritional risk score.?*?! Among
all these prognostic indexes, PNI has been recognized as an
accurate parameter reflecting patients’ nutritional status. It is
determined by the serum albumin levels and the lymphocyte
count in the peripheral blood and has been demonstrated to be
valuable in predicting the outcome of patients with malignant
tumors originating from the digestive system.??

Until now, the exact mechanisms of reduced PNI remain
to be explored, which has been recognized as a manifestation
of multifactorial effects. A multitude of studies have shown
that a systemic inflammatory response (SIR) may be involved
in the cancer-related malnutrition, thus leading to a worsened
prognosis among cancer patients.?*?* Systemic inflammation
has shown to be related to unfavorable prognosis, possibly by
affecting tumor growth, angiogenesis, metastasis as well as
their responses to treatments via modulating complex meta-
bolic processes. The most recognized and widely used SIR
markers involved the neutrophil/lymphocyte ratio (NLR),
the platelet/lymphocyte ratio (PLR), and the lymphocyte/
monocyte ratio (LMR), and it remains to be determined
whether there are any associations between PNI and SIR
markers in patients with ICC.

Therefore, the purpose of the present study is to determine
the role of PNI in patients with ICC and its association with
SIR markers.

Patients and methods

Patients

From October 2011 to October 2015, a total of 173 patients
(107 [61.8%] males and 66 [38.2%] females), who were patho-
logically diagnosed with ICC at the Department of Integrative
Oncology, Fudan University Shanghai Cancer Center, Shang-
hai, People’s Republic of China, were enrolled in the present
study. These patients were subject to the standard radiological
procedures, such as contrast-enhanced abdominal computed
tomography scans and magnetic resonance imaging, which
have also confirmed their diagnoses. The criteria for locally
advanced or metastatic stage were based on the guidelines of
the American Joint Committee on Cancer (AJCC) staging.
Only 36 patients had a diagnosis of locally advanced cancer
among all the patients, accounting for a relatively smaller
proportion (20.8%), whereas the remaining patients were at
the metastatic stage. The number of patients who had CA199
of =1,000 [U/mL summed up to 64, accounting for 37.0% of
all the patients. Among all the patients, 99 patients received
gemcitabine-based chemotherapy, while the remaining
74 patients were subjected to S-fluorouracil-based chemo-
therapy. Table 1 summarizes the characteristics of all the
enrolled patients. This research was approved by the ethics
committee of Fudan University Shanghai Cancer Center,
Shanghai, People’s Republic of China, and written informed
consent was obtained from all the enrolled patients.

Table | The association between PNI and clinical factors in
intrahepatic cholangiocarcinoma

Variables PNI <47.1 PNI =47.1 P-value
(n=86) (n=87)

Age (years), mean = SD 60.29+11.85 57.39£10.62 0.549

Gender
Male 57 50 0.233
Female 29 37

Stage
Locally advanced 18 18 0.969
Metastatic 68 69

CAI199
<1,000 IU/mL 48 6l 0.051
=1,000 IU/mL 38 26

NLR
<3.21 30 56 <0.0001
=3.21 56 31

PLR
<138 30 58 <0.0001
=138 56 29

LMR
<3 57 27 <0.0001
=3 29 60

Abbreviations: PNI, prognostic nutritional index; NLR, neutrophil/lymphocyte
ratio; PLR, platelet/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; SD,
standard deviation.

submit your manuscript

6418

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Prognostic nutritional index as a predictive marker of survival

Calculation of SIR markers and PNI

Blood samples were taken for neutrophil, monocyte, platelet,
and lymphocyte counts. The levels of serum albumin were
also measured. All these tests were performed prior to all the
treatments. NLR was derived by dividing the absolute neutro-
phil count by the absolute lymphocyte count. Likewise, PLR
was derived by dividing the absolute platelet count by the
absolute lymphocyte count. LMR was derived by dividing the
absolute lymphocyte count by the absolute monocyte count.
The median NLR, PLR, and LMR were 3.21, 138, and 3,
respectively, and were chosen as the cutoffs. The PNI
was calculated according to the acknowledged formula:
10x serum albumin (g/dL) +0.5%X total lymphocyte number
(per mm?). Provided that 47.1 was the median value among
the 173 patients, we therefore classified PNI scores into two
groups: <47.1 and =47.1 for subsequent studies.

Statistical analyses

Values were expressed as mean + standard deviation. Statisti-
cal comparisons were done using chi-square tests. Cumulative
survival curves of patients in different groups were depicted
by Kaplan—Meier analysis, and the log-rank test was adopted
to estimate the difference in survival. The associations
between several variables with survival were first evaluated
by univariate analyses. Multivariate analysis was then con-
ducted using the Cox regression model adjusted for cancer
stages and CA199. A P-value of >0.05 was considered to be
statistically significant. All these tests were performed using
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics and clinical

features

In total, 173 patients (107 [61.8%] males and 66 [38.2%]
females) were enrolled in this study. According to the AJCC
staging, a total of 36 (20.8%) patients were diagnosed with
locally advanced ICC, while the other 137 patients were
diagnosed with metastatic ICC. All thel73 patients with ICC
received standard chemotherapy, among whom 99 patients
received gemcitabine-based chemotherapy and 74 patients
were subjected to 5-fluorouracil-based chemotherapy.
Details of the clinicopathological characteristics are given
in Table 1.

Decreased PNI signifies shorter OS in

patients with metastatic ICC
In order to explore the role of PNI in patients with ICC, we
evaluated the relationship between PNI and OS among these

patients with ICC. A lower PNI was found to be obviously
related to a shorter OS in patients with ICC, as shown in
the Kaplan—Meier analyses. Patients with a low PNI has an
unsatisfactory OS of 7.2 months, whereas patients with a high
PNI has an improved OS of 12.9 months (log-rank =7.673,
P=0.0056; Figure 1A). Besides, the role of PNI was evalu-
ated in both the locally advanced and the metastatic ICC,
respectively. We have shown that there is a lack of accurate
correlation between a low PNI and a worsened OS in patients
with locally advanced ICC (Figure 1B). However, in patients
with metastatic ICC, we have seen a rather significant correla-
tion between PNI and OS. Among the subgroup of metastatic
ICC, patients with a low PNI only had a median survival of
5.00 months, whereas the median survival of patients with
a relatively higher PNI was 10.17 months, twice as that of
the patients with lower PNI (Figure 1C). Therefore, we have
drawn the conclusion that decreased PNI signifies shorter OS
in patients with metastatic ICC.

PNI can predict for OS in patients
with ICC

To determine the prognostic power of PNI for OS in patients
with ICC, we first performed univariate analyses. Results
have shown that among all the variables, cancer stage,
CA199, and PNI have an enormous impact on OS. In order
to verify the independent impact of PNI on OS, we performed
multivariate analyses to counteract the influence of cancer
stage and CA199 on OS. Multivariate analysis confirmed
that PNI served as an independent prognostic factor for OS
in patients with ICC after adjusting for confounding factors
such as tumor stage and CA199. The hazard ratio of PNI
(low vs high) was 0.646, with 95% confidence interval:
0.458-0.911. Relevant data are collected in Table 2.

PNI can reflect the SIR in patients
with ICC

Since some studies have reported that the deteriorated nutri-
tional status may be mediated by the augmented SIR, we then
tried to explore whether there are any close links between
PNIand NLR, PLR, and LMR, the three typical SIR markers
in the patients with ICC. In the cohort of patients with ICC,
there was a consistent trend between being in a malnutri-
tional state and a boost in SIR, which can be reflected by the
elevated NLR, PLR, and the reduced LMR. The associations
between PNI and some clinical factors including SIR markers
in patients with ICC are listed in Table 1. Besides, among the
173 patients with ICC, PNI was found to be in positive pro-
portion to LMR as shown in Figure 2C (»=0.528, P<<0.0001),

OncoTargets and Therapy 2016:9

submit your manuscript

6419

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhang et al

Dove

A All cases B Locally advanced
y
100 - 100 1
» — PNI"e" (n=87) » —— PNIFe" (n=18)
O 801 O 801
p —— PNI*v (n=86) p —— PNI°" (n=18)
2> 60 2 601
5 P=0.0056 kS P=0.8864
S 40 S 40
: :
O 201 3 207
0 . . : i 0 : . . i
0 10 20 30 40 0 10 20 30 40
Time (months) Time (months)
C 0- Metastatic
8 80 4 — PNIMe" (n=69)
° — PNIv (n=68)
2 601
T
S 404 P=0.0028
5
o 20 h
0 . r . |
0 10 20 30 40

Time (months)

Figure | PNI was associated with OS in patients with metastatic ICC.

Notes: Kaplan—Meier curves for OS in the patients with ICC: all cases (A), locally advanced (B), and metastatic (C). The median PNI was chosen as the cutoff between the

low and the high PNI.

Abbreviations: OS, overall survival; ICC, intrahepatic cholangiocarcinoma; PNI, prognostic nutritional index.

but its elevation was in line with the reduction in NLR and
PLR as shown in Figure 2A and B (»=—0.404, P<<0.0001
and =-0.402, P<<0.0001, respectively). Since we divided
the patients with ICC into the locally advanced and meta-
static groups, we then analyzed the relationship between
PNI and the SIR markers in these subgroup patients. Our
results confirmed PNI’s positive correlation between LMR
(r=0.578, P<<0.0001), and its negative correlation with NLR
and PLR (=—0.465, P<<0.0001 and =—0.439, P<<0.0001,
respectively; Figure 2) in patients with metastatic ICC. And
in patients with locally advanced ICC, PNI also correlated

positively with LMR and negatively with NLR and PLR,
despite the association not being statistically significant.
Therefore, we demonstrated that decreased PNI may signify
an enhanced SIR in patients with metastatic ICC.

Discussion

In the present study, we aimed to ascertain the role of PNI in
patients with ICC. We found that a low PNI was significantly
correlated with a shorter OS in patients with ICC. Further-
more, we also divided the patients with ICC into the locally
advanced group and the metastatic group. Deeper analyses

Table 2 Univariate and multivariate Cox regression analyses of PNI and OS in patients with intrahepatic cholangiocarcinoma

(N=173)
Variables Case number Hazard ratio (95% CI) P-value
Univariate analysis
Age (<60 years vs =60 years) 79194 0.851 (0.607-1.193) 0.349
Gender (male vs female) 107/66 I.141 (0.809-1.625) 0.441
Cancer stage (locally advanced vs metastatic) 36/137 1.668 (1.063-2.617) 0.026
CA199 (<1,000 IU/mL vs =1,000 IU/mL) 109/64 2.273 (1.584-3.264) <0.0001
PNI (low vs high) 86/87 0.62 (0.442-0.873) 0.006
Multivariate analysis
Cancer stage (locally advanced vs metastatic) 36/137 1.640 (1.043-2.579) 0.032
CA199 (<1,000 IU/mL vs =1,000 IU/mL) 109/64 2.122 (1.475-3.051) <0.0001
PNI (low vs high) 86/87 0.646 (0.458-0.911) 0.013

Abbreviations: PNI, prognostic nutritional index; OS, overall survival; Cl, confidence interval.
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Figure 2 PNI was associated with the systemic inflammatory response markers.

Notes: The association between PNI and NLR (A), PLR (B), and LMR (C) was evaluated using Spearman’s association. The correlation was evaluated in all the cases, and in

the subgroups of the locally advanced and patients with metastatic ICC.

Abbreviations: PNI, prognostic nutritional index; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; ICC, intrahepatic

cholangiocarcinoma.

have revealed that a lower PNI signifies a shorter OS in the
metastatic group. Therefore, it can be served as a valuable
prognostic predictor for OS in patients with ICC, especially
in those with metastatic ICC. In addition, we have found
that to some point PNI can reflect the SIR in patients with
ICC, as shown in the close link between PNI and NLR, PLR,
and LMR.

Cancer patients are often subject to malnutrition due to
the adverse effects imposed by the tumors on the digestive
system.?® Patients with ICC often suffer from digestive prob-
lems such as nausea and vomiting, and most of them undergo
operation and chemotherapy, which may exacerbate the
unfavorable digestive symptoms, thus aggravating their mal-
nutritional status. Previous studies have demonstrated that the
anorexia may affect the life quality and prognosis in cancer
patients.”’-? However, the explanations of tumor-induced

malnutrition are complex and the process may involve the
delicate interplay between the tumor and the host.**° Thus,
determination of patients who are likely to become malnu-
tritional and have unfavorable prognosis has always been a
challenging subject of studies.

Indeed, the PNI was first introduced by Onodera et al®' to
evaluate patients with gastric cancers undergoing surgeries
with regard to their catabolic state. Thereafter, researchers
have investigated its functions in other types of cancers, such
as colorectal, esophageal, and hepatocellular carcinomas.
Studies have shown that low PNI correlates with the shorter
OS in various types of cancers.’>** In the present study,
we have shown that decreased PNI signifies shorter OS in
patients with ICC. We then further found that in patients with
the metastatic ICC, there is a more intimate and evident cor-
relation between PNI and OS. As reflected from the definition
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of PNI, we can easily learn that PNI was determined by two
factors, the levels of serum albumin and the lymphocyte count
in the peripheral blood. Our results are in line with a series
of previous studies reporting the adverse effects of reduced
serum albumin and lymphocyte counts in some types of
cancers.>>* Interestingly, we have found that PNI is closely
correlated with OS in patients with metastatic ICC. How-
ever, this association was not found in patients with locally
advanced ICC. This could be attributed to the disparate
characteristics between the two respective cohorts of patients.
Patients with metastatic ICC often suffer more severely from
weight and muscle loss, which is not only induced by less
food intake but also triggered by the adverse consequence
of interaction between tumor and the host. Such interactions
in these patients are mediated by a sophisticated network of
cytokines and tumor-derived factors. These cytokines could
in turn induce cancer anorexia—cachexia syndrome in these
patients with ICC.?*2¢ Metastatic patients with ICC are often
subject to much more tumor burden. Therefore, their tumors
would elicit abundant inflammatory cytokines, which would
aggravate their inflammatory status, resulting in a wors-
ened OS. In our study, PNI reflected the status of systemic
inflammation of the patients with ICC and was associated
with OS, which implied that PNI can be reflective of tumor
burden. Thus, it is quite understandable that the association
of PNI with OS was found in patients with metastatic ICC
not locally advanced.

PNl is indeed one of the systemic inflammatory markers,
and it is reflective of both the nutritional and immunologic
status. Albumin is commonly tested in clinical applications,
indicating the nutritional status. Decreased albumin expres-
sion has been considered an indication of malnutrition and
weak immune defense system, and its drastic reduction often
gives a hint of postoperative complications to clinicians. In
addition, one study has emphasized the contributing role of
the inflammatory response in the albumin reduction in many
cancer patients.*’

Inflammation has been recognized as a central feature
of cancer and serves as a contributing culprit in accelerat-
ing cancer via promoting tumor proliferation, angiogenesis,
and metastasis.® Systemic inflammation has been considered
valuable reflecting poor prognosis in cancers. Therefore, the
inflammatory markers have been widely investigated in the
cancer field. Rapid cancer progression and poor prognoses
were reported to be concomitant with some inflamma-
tory markers, as exemplified by NLR, PLR, and LMR .*%*
Considering that PNI is also indicative of the inflammatory
status, we therefore verified whether there are any close

links with PNI and the SIR markers in these inpatients with
ICC, especially those with metastatic ICC. We have found
the positive relationship between PNI and LMR, and the
negative relationship between NLR and PLR in patients with
ICC, specifically in those in the metastatic stage.

Taken together, we found that PNI can be served as a
valuable marker to predict prognosis in the patients with
metastatic ICC. We also demonstrated some relevance
between PNI and the SIR in patients with ICC. As described,
PNI could serve as a marker indicative of the complex
interplay between tumor and the host. Besides, PNI can
be easily calculated from the routine blood test. Therefore,
PNI is a favorable indication more reflective of the overall
status of the cancer patients. Thus, it can be used to assess
the prognosis of cancer patients.

Therefore, the assessment of PNI is highly desired in
clinical application. As to patients with decreased PNI, some
alternative therapeutic methods and more frequent follow-up
can be provided, which may prolong their survival.

However, this study also has some limitations. First,
some other parameters involving in inflammation such as
CRP, TNF-q, and interleukins were not measured in our
study because they are not routinely tested in clinical applica-
tions. Second, being a retrospective research, it has its own
flaws since it was conducted at a single medical center with
a relatively smaller number of cases. Thus, more studies are
warranted to further validate the role of PNI and the possible
mechanism in determining the prognosis of ICC.
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