Bai etal. BMC Cancer  (2024) 24:1106 BMC Ca ncer
https://doi.org/10.1186/512885-024-12819-0

: : . ®
The preoperative scoring system combining =

neutrophil/lymphocyte ratio and CA19-9
predicts the long-term prognosis of intrahepatic
cholangiocarcinoma patients undergoing
curative liver resection

Shilei Bai'", Xiaodong Shi'", Yizhe Dai?', Huifeng Wang?, Yong Xia?, Jian Liu* and Kui Wang"

Abstract

Background This study aims to investigate preoperative prognostic factors available for intrahepatic cholangio-
carcinoma (ICC) patients and propose a new preoperative prognostic scoring system for ICC that combines CA19-9
and neutrophil/lymphocyte ratio (NLR).

Methods In this retrospective analysis, 1728 patients diagnosed with ICC and undergoing curative liver resections
were studied. This study employed univariate and multivariate Cox regression to find factors affecting recurrence
and overall survival (OS), and furthermore assessed how preoperative models influenced tumor traits and postopera-
tive recurrence.

Results The results of the multivariate Cox regression analysis indicated that two preoperative variables, NLR

and Ca19-9, were independent risk factors affecting postoperative recurrence and OS in ICC patients. Based on this
data, assigning a score of 0 (NLR< 2.4 and Ca19-9<37U/ml) or T (NLR>2.4 and Ca19-9>37U/ml) to these two fac-
tors, a preoperative prognostic score was derived. According to the scoring model, patients were divided into three
groups: 0 points (low-risk group), 1 point (intermediate-risk group), and 2 points (high-risk group). The 5-year recur-
rence and OS rates for the three groups were 56.6%, 68.2%, 77.8%, and 56.8%, 40.6%, 27.6%, respectively, with all P
values <0.001. Furthermore, high-risk group patients were more prone to early recurrence (early recurrence rates
for high-, intermediate-, and low-risk groups were 56.8%, 51.5%, and 37.1%, respectively, P<0.001) and extrahepatic
metastasis (extrahepatic metastasis rates for high-, intermediate-, and low-risk groups were 31.7%, 26.4%, and 15.4%,
respectively, P<0.001). In terms of tumor characteristics, high-risk group patients had larger tumor diameters

and were more likely to experience microvascular invasion, lymph node metastasis, and perineural invasion.

Conclusions The predictive capacity of postoperative recurrence and OS rates in ICC patients is effectively captured
by the preoperative scoring system incorporating NLR and CA19-9 levels.
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Introduction

Intrahepatic cholangiocarcinoma (ICC), making up
10%-20% of primary liver tumors, holds the second posi-
tion after hepatocellular carcinoma(HCC) [1]. Charac-
terized by a high degree of malignancy, ICC presents a
grim prognosis, with its incidence and associated mor-
tality rising globally each year. While surgical resection
stands as the primary curative approach for ICC, the
5-year survival rate post-surgery remains modest, rang-
ing from 22 to 40% [2, 3]. Therefore, establishing a pre-
operative scoring system to select suitable patients for
surgical treatment to achieve maximum surgical benefits
is crucial. Currently, some studies have analyzed factors
affecting ICC prognosis, such as microvascular invasion,
lymph node metastasis, tumor differentiation, etc [4—6].
However, most of these variables are postoperative vari-
ables and are not easily obtainable preoperatively, greatly
compromising their guidance for surgical patient selec-
tion. Although there are preoperative prediction systems
to guide surgical patient selection, these studies have
included fewer patients and have not mentioned their
impact on recurrence.

Tumors induce systemic inflammatory cytokines and
mediators that can promote angiogenesis, DNA damage,
and inhibit apoptosis of cancer cells, which are associated
with poor prognosis in different cancers [7-9]. Before
the tumor is diagnosed and treatment begins, the inflam-
matory response can be easily detected through periph-
eral blood tests. Different peripheral blood parameters,
including neutrophil-to-lymphocyte ratio (NLR), derived
NLR, platelet-to-lymphocyte ratio, and monocyte-to-
lymphocyte ratio, have surfaced as markers of systemic
inflammation. These parameters have demonstrated their
predictive value in assessing the prognosis of diverse
malignant tumors [10-15]. Although some studies have
already linked elevated NLR with poorer prognosis in
patients with ICC and HCC, few studies have discussed
its correlation with the risk of postoperative recurrence
in ICC patients following hepatectomy [16—18].

Several studies have shown that an increased preopera-
tive NLR adversely affects the prognosis in patients with
ICC. However, currently, there is still no research that
incorporates preoperative NLR, which is relatively easy
to obtain, into a scoring system for predicting long-term
prognosis in ICC. In this study, we analyzed the inde-
pendent risk factors affecting the prognosis of ICC and
used this as the basis to establish a preoperative predic-
tive model for long-term prognosis.

Methods

Patients selection

Consecutive patients who underwent curative intent liver
resection for histologically confirmed ICC between Janu-
ary 2012 and December 2018 at the Eastern Hepatobiliary
Surgery Hospital (Shanghai) had their data prospectively
collected and subsequently reviewed in a retrospective
manner. Approval for this study was obtained from the
Institutional Ethics Committees of the hospital, and each
patient provided informed consent for the use of their
data in research. Inclusion criteria: (i)Patients under-
went radical hepatectomy. (ii) Postoperative pathology
confirmed ICC. (iii) No history of prior anticancer treat-
ment or other malignancies. (iv) All participants must be
aged 18 years or older, and their Performance Status (PS)
should be <2 based on the Eastern Cooperative Oncol-
ogy Group (ECOG) performance scale. (v) Comprehen-
sive clinical and laboratory data, treatment modalities,
outcomes, and follow-up data are required. Exclusion
criteria were as follows: (i) patients with recurrent ICC;
(ii) patients with combined HCC-cholangiocarcinoma;
(iii) patients with microscopic positive margins; (iv)
patients with perioperative death; (v) Participants with
a history of prior anticancer therapy or other malignan-
cies are excluded;. (vi) patients with clinical evidence of
infection and autoimmune disease before operation; (vii)
Participants with incomplete clinicopathological data or
those lost to follow-up within 90 days after resection are
excluded.

The following clinicopathological variables were
reviewed for which included age, sex, BMI, HBV antigen,
preoperative blood tests of liver function, prothrombin
time (PT), a-fetoprotein (AFP), carcinoembryonic anti-
gen (CEA) and carbohydrate antigen 19-9 (CA19-9). The
tumor pathological data included the presence of multi-
ple tumors or satellites, maximum tumor size, microvas-
cular invasion (MVI), lymph node metastasis, perineural
invasion. Cirrhosis was confirmed by histopathological
examination. The operative variables included intraoper-
ative blood transfusion, and type of liver resection. Major
hepatectomy was characterized by the resection of 3
or more Couinaud segments, whereas minor hepatec-
tomy involved the resection of 2 or fewer segments
[19]. Regional lymph nodes were dissected for intraop-
eratively or preoperatively diagnosed ICC, as previously
reported [20]. An RO resection was defined as the com-
plete removal of macroscopic nodules and the absence of
microscopic disease at the surgical margin [21].
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Postoperative follow-up

Patients underwent follow-up appointments every 2
months during the initial 6 months, and subsequently
every 6 months following liver resection. The follow-
ups included assessments of peripheral blood for tumor
markers like AFP, ultrasonography, and enhanced CT
or magnetic resonance imaging (MRI) of the abdomen..
The study endpoints included overall survival (OS) and
time to recurrence (TTR). OS was calculated from the
date of liver resection to either the date of death or the
date of the last follow-up. TTR was calculated from the
date of liver resection to the date of the first recurrence
of intrahepatic cholangiocarcinoma or the date of the last
follow-up. and the patterns of recurrence which included
early or late recurrence (<or>24 months post-treat-
ment), type of recurrence (intra- and extrahepatic recur-
rences) [22].

Statistical analysis

Statistical analyses were conducted using R software, ver-
sion 4.0.0 (http://www.r-project.org). Continuous vari-
ables with a normal distribution were reported as median
(IQR: interquartile ranges). Categorical variables were
expressed as number (n) and proportion (%). The two-
tailed Student’s t-test was utilized to compare continuous
variables when applicable; otherwise, the Mann—Whit-
ney U test was employed. Categorical variables were
compared using either the chi-square test or Fisher’s
exact test, as deemed appropriate. The optimal cut-off
for NLR to predict postoperative prognosis was deter-
mined using a time-dependent receiver operating char-
acteristic (ROC) curve. The calculation of OS and TTR
was performed using the Kaplan—Meier method, with
the log-rank test employed for comparison. Univariate
and multivariable Cox regression analyses were carried
out to identify independent risk factors for both OS and
TTR. Variables with a significance level of P<0.05 in the
univariable analysis were incorporated into the multivari-
able Cox regression model using forward stepwise vari-
able selection. P-values were two-sided with values <0.05
considered significant.

Results

Baseline characteristics and operative variables
Throughout the study duration, 2228 consecutive
patients diagnosed with ICC underwent resection with
curative intent. A total of 1728 (77.5%) ICC patients who
satisfied the inclusion criteria were selected for further
analysis (Fig. 1). Baseline characteristics was shown in
Table 1. In the included 1728 ICC patients, there were
551 patients (31.9%) aged over 60, and 1154 patients
(66.8%) were male. The optimal threshold for NLR pre-
dicting prognosis was established at 2.4 through the
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use of time-dependent ROC curves. Among them, 942
patients (54.1%) had NLR >2.4, and 921 patients (53.3%)
had CA19-9>37U/ml. There were 990 patients (57.3%)
with tumor diameter>5cm, 131 patients (7.6%) with
multifocal tumors, 292 patients (16.9%) with lymph
node metastasis, and 84 patients (4.9%) with perineural
invasion. The median (range) follow-up time was 48.6
(1-109) months.

Preoperative NLR and CA19-9 were independent
prognostic factor

Supplemental Table 1 displays the statistically significant
factors in TTR and OS as identified by univariate analy-
ses. We found that GGT >64u/L, NLR>2.4, CA19-9>37
U/ml, CEA>5ng/L, AFP>20ng/ml, tumor diame-
ter >5cm, multiple tumors, presence of MVI and lymph
node metastasis were identified as factors significantly
associated with TTR, and age >60 year, HBsAg positive,
ALB<35g/L, GGT >64U/L, NLR >2.4, CA19-9>37U/ml,
CEA>5ng/L, transfusion, tumor diameter >5cm, pres-
ence of MVI and lymph node metastasis were identified
as factors significantly associated with OS.

Multivariate analyses identified CA19-9>37U/ml,
NLR>2.4, tumor diameter >5cm, presence of MVI and
lymph node metastasis as independent predictors of TTR
and OS (Table 2).

Preoperative prognostic score

The results showed that ICC patients with NLR<2.4
compared to those with NLR>2.4 had 1-, 3-, and 5-year
recurrence rates and OS rates of 39.5%, 58.5%, 63.2% vs.
51.0%, 66.0%, 72.2%, and 82.1%, 57.9%, 49.5% vs. 70.0%,
44.4%, 33.0%, respectively, all with statistical differences
(all P values<0.001) (Fig. 2A and B). In ICC patients,
those with CA19-9 levels<37 U/ml, when compared
to those with CA19-9 levels>37 U/ml, exhibited 1-,
3-, and 5-year recurrence rates and OS rates of 38.7%,
56.9%, 60.9% versus 52.0%, 67.9%, 74.9%, and 83.2%,
60.8%, 48.5% versus 68.7%, 41.0%, 33.2%, respectively. All
these differences were statistically significant (all P val-
ues <0.001) (Fig. 2C and D).

Based on the outcomes of the multivariate Cox regres-
sion analysis, a predictive model was formulated by
integrating preoperative indicators CA19-9 and NLR.
Assigning 0 points for CA19-9<37 U/ml or NLR<2.4,
and 1 point for CA19-9>37 U/ml or NLR >2.4. Patients
were stratified into low risk (0 points), intermediate risk
(1 point), and high risk (2 points). The 1-, 3-, and 5-year
recurrence rates for low-risk, intermediate-risk, and
high-risk groups were 31.1%, 52.7%, 56.6% vs. 48.0%,
63.1%, 68.2% vs. 54.0%, 69.8%, and 77.8% (p<0.001).
The 1-, 3-, and 5-year OS rates were 90.7%, 67.8%, 56.8%
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Enrolled patients who resection of ICC with curative intent
from January 2012 to December 2018 at Eastern
Hepatobiliary Surgery Hospital (n=2228)

A4

Recurrence ICC(n=135)

Combined HCC-
cholangiocarcinoma(n=60)

Microscopic positive margins(n=75)
Perioperative death(n=19)

History of previous anticancer
therapy(n=112)

Clinical evidence of infection and
autoimmune disease before
operation(n=68)

Missing clinicopathological data or
loss to follow-up withen 90 days after
resection(n=31)

4

Included in the study cohort (n=1728)

Fig. 1 Flow Chart of patient’s inclusion

vs. 73.9%, 50.2%, and 40.6% vs. 66.2%, 37.2%, 27.6%
(p<0.001) (Fig. 3A and B) The results indicate that the
grouping can effectively predict the risk of postoperative
recurrence and death in ICC patients undergoing cura-
tive resection.

Preoperative prognostic score association with recurrence
patterns and tumors characteristics

Throughout the follow-up period, the occurrences of
recurrence in the low-risk, medium-risk, and high-risk
groups were 197 (47.5%), 440 (57.5%), and 337 (61.3%),
respectively. The percentage of patients experiencing
recurrence in the high-risk group was notably higher than
that in the low-risk and medium-risk groups (P<0.001).
Early recurrence patients in the three groups were 154
(37.1%), 394 (51.5%), and 312 (56.8%), respectively, show-
ing significant differences (P<0.001). The number of
extrahepatic metastasis in the low-risk, medium-risk,
and high-risk groups were 64 (15.4%), 202 (26.4%), and
174 (31.7%), respectively. The research results indicate
that with the increase in model scores, patients are more

likely to experience extrahepatic metastasis (Table 3). We
noted a significant positive correlation between a higher
preoperative prognostic score and the following fac-
tors: tumor diameter>5cm (p<0.001), presence of MVI
(p<0.001), lymph node metastasis (p<0.001), and peri-
neural invasion (p=0.046) (Table 4). Consequently, an
elevated preoperative prognostic score could suggest an
advanced stage of ICC, potentially elucidating the prog-
nostic significance of this preoperative scoring system.

Discussion

ICC is a progressively prevalent and aggressive malig-
nancy globally. Surgical resection remains the only cura-
tive approach for ICC [3]. Despite advancements in
surgical techniques and perioperative care, the prognosis
for patients with ICC remains grim [23]. In an endeavor
to enhance patient outcomes, this study has devised a risk
stratification tool. Utilizing preoperative indicators such
as NLR and CA19-9, the prognostic model can identify
patients who stand to benefit the most from resection.
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Table 1 Baseline characteristics of patients undergoing curative
surgery for ICC

Variable Number (%)/median (IQR)

Age, years,> 60 551(31.9%)

Gender, Male 1154(66.8%)
BMI, kg/m?2 23.4(21.2-26.1)
HBsAg, positive 232(13.4%)
NLR,>24 942(54.1%)
TBIL, umol/L 423(24.5%)
ALB, g/L>35 1630(94.3%)
ALT, U/L>44 423(24.5%)
AST, U/L>40 391(22.6%)
GGT, U/L>64 986(57.1%)

PT, seconds>13 160(9.3%)

PLT,x 10°/L>100
CA19-9, U/ml,>37

1577(91.3%)
921(53.3%)

Microvascular invasion, Presence 223(12.9%)
292(16.9%)
590(34.1%)
84(4.9%)

432(25%)

CEA, ng/L,>5 456(26.4%)
AFP, ng/mL,>20 297(17.2%)
Type of hepatectomy, Major 560(32.4%)
Transfusion, yes 306(17.7%)
Tumor diameter, cm>5 990(57.3%)
Tumor number, Multiple 131(7.6%)

(

(

Lymph node metastasis, yes
Lymph node dissection, yes
Perineural invasion, yes
Cirrhosis, yes

Abbreviations: ICC intrahepatic cholangiocarcinoma, BMI Body Mass Index,

TBIL total bilirubin, ALB albumin, ALT alanine transaminase, AST aspartate
aminotransferase, GGT gamma-glutamyl transferase, PT Prothrombin time, PLT
platelet, NLR neutrophil-to-lymphocyte ratio, CA19-9 carbohydrate antigen 19-9,
CEA carcinoembryonic antigen, AFP a-fetoprotein
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This model provides a convenient and effective means to
guide clinical decisions for surgeons.

The predictive model based on NLR and CA19-9 dem-
onstrates good predictive capabilities. According to the
results of multifactor Cox regression analysis, preop-
erative indicators, NLR>2.4 and CA19-9>37 U/ml are
identified as independent risk factors influencing post-
operative recurrence and OS in patients with ICC. With
this classification, patients are stratified into low risk (0
points), moderate risk (1 point), and high risk (2 points)
groups. The higher the risk, the more likely ICC patients
are to experience recurrence, and the worse their over-
all postoperative survival. The 5-year recurrence and
OS rates for the low-risk, moderate-risk, and high-risk
groups are 56.6% vs. 68.2% vs. 77.8% and 56.8% vs. 40.6%
vs. 27.6%, respectively. This model exhibits good dis-
criminatory ability for the long-term prognosis of ICC
patients after surgery. Moreover, NLR and CA19-9 indi-
cators are clinically accessible and user-friendly.

The correlation between the NLR included in the
model and OS has a biological basis [24, 25]. Neutrophilic
granulocytes are the most common type of white blood
cells and play a crucial role in the innate immune sys-
tem [26, 27]. In the presence of malignancy, the number
of neutrophils is upregulated, and neutrophil-mediated
inflammation plays a significant role in tumorigenesis
and tumor progression [28]. Although the impact of neu-
trophils is multifaceted and can either enhance or slow
tumor growth, most published clinical studies support
the notion that neutrophils promote cancer progression
[29, 30]. Moreover, an increased number of neutrophils
may inhibit the adaptive immune response, reducing the
effectiveness of activated lymphocytes. As an indicator of
this phenomenon, the NLR may be linked to unfavorable
outcomes in various solid tumors. [31, 32] A high NLR
may indicate intensified inflammatory reactions, com-
promised immune function, potentially leading to tumor

Table 2 Multivariable cox regression analysis of TTR and OS in intrahepatic cholangiocarcinoma patients

Variable Multivariable Analysis (TTR) Multivariable Analysis (OS)
HR 95%(Cl P HR 95%Cl P

CA19-9, U/ml 131 1.15-1.50 <0.001 1.51 1.30-1.77 <0.001
>37vs.<37

NLR 118 1.03-1.34 0.017 133 1.14-1.56 <0.001
>24vs. <24

Tumor diameter, cm 142 1.24-1.63 <0.001 142 1.21-1.66 <0.001
>5vs.<5

MVI 147 1.24-1.75 <0.001 142 1.17-1.72 <0.001
Yes vs. No

Lymph node metastasis 1.19 1.01-1.41 0.043 1.22 1.01-1.48 0.041
Yes vs. No

Abbreviations: TTR time to recurrence, OS overall survival, CA799 carbohydrate antigen 19-9, NLR neutrophil-lymphocyte ratio, MVI Microvascular Invasion
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Fig. 2 Recurrence and overall survival of patients with intrahepatic cholangiocarcinoma undergoing curative liver resection stratified by NLR (A, B)
and CA19-9 (C, D) levels. NLR, neutrophil-to-lymphocyte ratio; CA19-9, carbohydrate antigen 19-9

spread and recurrence [7, 18, 24]. Our results are highly
consistent with previous studies, confirming that a high
NLR promotes postoperative recurrence and reduces OS
in ICC patients, further substantiating the robust prog-
nostic value of NLR in human malignancies.

CA19-9 stands out as the most frequently utilized
prognostic tumor marker in ICC [33]. Even though it
has not been formally incorporated into the eighth edi-
tion staging system of the American Joint Committee
on Cancer, CA19-9 is recognized as a significant prog-
nostic factor in the manual [34]. Additionally, the role
of serum CA19-9 in increasing predictive performance
has been observed in ICC staging systems [33]. In

previous studies, CA19-9 has been repeatedly included
in models predicting the postoperative prognosis of
ICC patients and has achieved good predictive per-
formance [33, 35, 36]. This study further validates that
CA19-9>37 U/L is an independent risk factor influenc-
ing both tumor recurrence and OS in ICC patients.
This study reveals that ICC patients with higher
scores based on the predictive model are more prone to
early postoperative recurrence, and the biological char-
acteristics of tumors are more invasive. This is mani-
fested by larger tumor diameters, a higher proportion
of MVI, lymph node metastasis, and surrounding nerve
invasion. In the high-risk group, 145 cases (26.4%) of
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Table 3 Patterns of recurrence between the low, middle and high-risk groups

Time since operation(months)

Variable n(%) P
Low Risk (n=414) Middle Risk (n=765) High Risk (n=549)
No. of recurrent cases 197 (47.5) 440 (57.5) 337 (61.3) <0.001
Time to recurrence, months?
<24 154 (37.1) 394 (51.5) 312 (56.8) <0.001
>24 43(104) 46 (6.0) 25 (4.5) 0.001
Type of recurrence
Intrahepatic only 133(32.1) 238 (31.1) 163 (29.6) 0.711
Extrahepaﬁcb 64 (15.4) 202 (26.4) 174 (31.7) <0.001

2 the first recurrence between the low, middle and high risk groups were analyzed. Recurrence developed within 24 months post-treatment was defined as early

recurrence, otherwise as late recurrence

b calculated in patients with extrahepatic only and intra- plus extrahepatic recurrences

Table 4 The tumor features between the low, middle and high-risk groups for intrahepatic cholangiocarcinoma

Variable Number (percent) P value
Low Risk (n=414) Middle Risk (n=765) High Risk (n=549)

Tumor diameter,cm >5 152 (36.7) 437 (57.1) 401 (73.0) <0.001

Tumor number, Multiple 26 (6.8) 53(6.9) 52(94) 0.118

Microvascular invasion, Presence 45(10.9) 102 (13.3) 100 (18.2) 0.003

Lymph node metastasis, yes 42 (10.1) 121 (15.8) 145 (26.4) <0.001

Perineural invasion, yes 12(29) 37(4.8) 35(6.3) 0.046

ICC patients were pathologically confirmed to have
lymph node metastasis, and 100 cases (18.2%) showed
MVL In contrast, the low-risk group had only 42 cases

(10.1%) with lymph node metastasis and 45 cases
(10.9%) with MVI. Therefore, more aggressive surgical
approaches may be necessary, including extended liver
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margins, anatomic hepatectomy, more thorough lymph
node dissection, neoadjuvant therapy, or postoperative
adjuvant anti-recurrence treatment. These aggressive
surgical treatments have the potential to improve the
prognosis for high-risk patients, and this study provides
a basis for treatment decisions for such ICC patients.

The present study should be assessed in light of cer-
tain limitations. Primarily, similar to any retrospec-
tive analysis, selection bias might have impacted the
decision of which patients were candidates for surgi-
cal resection. Patients with more aggressive oncologic
features may be disproportionately under-represented
because they were less likely to be offered surgery. Sec-
ondly, although a single-center study allows for stand-
ardization of surgical methods, it may not enhance the
generalizability of our study results. Multicenter stud-
ies are needed to further validate the universality of the
results. Third, while ROC curves are a widely accepted
method in statistical analysis, they may indeed lack
external validity when applied to different patient
populations or settings. Last, the variables peripheral
and hilar types of ICC were not included in this paper,
which may affect the accuracy of the predictive model.

In conclusion, the model combining preoperative
NLR and CA19-9 can more effectively predict postop-
erative recurrence and survival in ICC patients under-
going curative resection. Patients in the high-risk group
exhibit more aggressive tumor biology. For high-risk
ICC patients, adopting more aggressive treatment
strategies may be necessary to achieve better long-term
outcomes.

Conclusion

The predictive capacity of postoperative recurrence and
OS rates in ICC patients is effectively captured by the
preoperative scoring system incorporating NLR and
CA19-9 levels.

Abbreviations

ICC Intrahepatic cholangiocarcinoma
HCC Hepatocellular carcinoma

NLR Neutrophil-to-lymphocyte ratio
BMI Body Mass Index

HBV Hepatitis B Virus

PT Prothrombin time

AFP a-Fetoprotein

CEA Carcinoembryonic antigen
CA19-9  Carbohydrate antigen 19-9
MVI Microvascular Invasion

cT Computed tomography

MRI Magnetic resonance imaging
oS Overall survival

TTR Time to recurrence

TBIL Total bilirubin
HBsAg Hepatitis B surface antigen
ALB Albumin
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ALT Alanine transaminase

AST Aspartate aminotransferase
GGT Gamma-glutamyl transferase
PT Prothrombin time

PLT Platelet
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