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Prognostic significance of preoperative
lymphocytes, aloumin, and neutrophils
(LANR) index in resectable pancreatic ductal
adenocarcinoma

Jiaru Zhuang'", Shan Wang?', Yuan Wang?, Yibo Wu?" and Renjing Hu'""

Abstract

Purpose The index composed of preoperative lymphocytes, albumin, and neutrophils (LANR), a new composite
score based on inflammatory response and nutritional status, has been reported to be associated with the prognosis
of multiple types of cancer, but the role of LANR in the prognosis of resectable pancreatic ductal adenocarcinoma
(PDAC) has not yet been elucidated.

Patients and methods The data of 142 patients with PDAC who underwent radical resection in the Affiliated
Hospital of Jiangnan University from January 2015 to December 2018 were retrospectively analyzed. Receiver
Operating Characteristic (ROC) curves were generated to determine the optimal cut-off values for these parameters,
as well as the sensitivity and specificity of LANR in predicting survival. The Kaplan—-Meier method was used to draw
the survival curves. Log rank test was used for univariate analysis, and Cox proportional hazards regression model was
used for multivariate analysis.

Results The optimal cut-off value of LANR was 18.145, and a low preoperative LANR was significantly correlated
with the location of the tumor (p=0.047). Multivariate analysis showed that tumor differentiation degree (HR:2.357,
95%Cl:1.388-4.003,0=0.002), lymph node metastasis (HR:1.755, 95%Cl: 1.115-2.763, p=0.015), TNM stage (HR:4.686,
95%Cl: 2.958-7.425, p < 0.001), preoperative cancer antigen 19-9 levels (HR:1.001, 95%Cl: 1.000-1.001, p<0.001) and
preoperative LANR (HR:0.221, 95%Cl: 0.111-0.441, p <0.001) were independent risk factors for a poor prognosis in
patients undergoing radical resection of PDAC.

Conclusion This study found that preoperative LANR can be used to assess the prognosis of radical resection in
patients with PDAC; those with low preoperative LANR had a worse outcome.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the most
common primary cancer of the pancreas and its inci-
dence is steadily increasing with 10 to 15 new cases per
100,000 person-years in Western countries [1]. With pan-
creatic cancer-related deaths increasing year on year, it is
estimated that it will become the second leading cause
of cancer-related deaths in the United States by 2030 [2].
Data from the National Cancer Institute Surveillance and
Epidemiology Database indicate that the five-year overall
survival rate for pancreatic cancer patients in the United
States is a dismal 10% [3]. As of now, radical surgical
resection is still a significant method, or even the only
one, to significantly prolong the survival period of pan-
creatic cancer patients [4]. Although the concept of inte-
grated treatment based on surgery is constantly practiced
and updated in clinical work, the 5-year overall survival
(OS) rate in patients with radical resection is still less
than 20% [5]. In addition, only 20% of pancreatic cancer
patients can be treated with surgery [6]. The poor prog-
nosis of pancreatic cancer patients is related to the early
asymptomatic nature of the disease, which leads to a late
diagnosis and a high possibility of distant metastasis of
pancreatic cancer in the early stage [7].

Owing to the grim outlook of pancreatic cancer and
the possibility of patients declining treatment, it is imper-
ative to explore simple and inexpensive biomarkers to
assist in forecasting patient overall survival, particularly
for those who can have surgery [8]. If a patient with a
poor prognosis can be identified preoperatively, individu-
alized preoperative therapy such as neoadjuvant therapy
may be an option to improve prognosis. However, there
are limitations in predicting the prognosis after radical
resection in patients with pancreatic cancer by conven-
tional TNM staging alone [9]. Therefore, more biomark-
ers are needed to help guide treatment and improve the
accuracy of prognostic assays for individual patients.

Recent research has demonstrated the impact of sys-
temic inflammatory factors and nutritional status on can-
cer prognosis [10]. Examples of such indicators include
lymphocytes [11], monocytes [12], neutrophils [13],
C-reactive protein (CRP) [14], and albumin levels (ALB)
[15], To further improve the accuracy of cancer progno-
sis prediction, a combination of these biochemical indi-
cators, such as the modified Glasgow Prognostic Score
(mGPS) [16],C-reactive protein to albumin ratio [17],and
neutrophil-to-lymphocyte ratio (NLR) [18], have been
studied. A recent study analyzed the research hotspots in
the field of immunonutrition and oncology over the past
25 years, exploring the potential of immunonutrition in
cancer prevention, treatment, and improved outcomes
[19]. Based on this, it is necessary to further study the
potential of immunonutrition to affect cancer prognosis.
Furthermore, evidence has shown that the new LANR

Page 2 of 8

index is a reliable predictor of overall survival following
radical surgery in patients with colorectal cancer [20]
and stage IA-IIB cervical cancer [21]. Nevertheless, the
prognostic significance of combining lymphocytes, albu-
min, and neutrophils (LANR) in patients with pancre-
atic ductal adenocarcinoma (PDAC) undergoing radical
resection has yet to be thoroughly examined. This study
therefore retrospectively analyzed the preoperative blood
biochemical indexes of 142 PDAC patients to explore the
value of LANR on the survival and prognosis of PDAC
patients.

Materials and methods

Study design and population

We retrospectively collected data on patients with patho-
logic diagnosis of pancreatic ductal adenocarcinoma who
underwent radical resection at the Affiliated Hospital
of Jiangnan University from January 2015 to December
2018. The inclusion criteria were: [1] Pathologic diagno-
sis of pancreatic ductal adenocarcinoma; [2] no distant
metastases confirmed by computed tomography (CT) or
magnetic resonance imaging (MRI); [3] first-time radical
resection; [4] complete clinicopathological and labora-
tory data; [5] complete follow-up data. The exclusion cri-
teria were: [1] a history of malignancy or other primary
tumors; [2] preoperative neoadjuvant therapy; [3] the
presence of acute or chronic inflammatory diseases (such
as chronic renal failure, chronic inflammatory bowel
disease, diabetes, etc.); [4] anemia or other hematologic
diseases. Finally, our study included 142 patients with
pancreatic ductal adenocarcinoma who underwent radi-
cal resection for statistical analysis.

Data collection

The clinicopathological information and preoperative
blood biochemical indexes of PDAC patients in our hos-
pital were collected through electronic medical records.
These included gender, age, BMI, tumor size, degree
of differentiation, TNM stage, lymph node metasta-
sis, peripheral nerve invasion, vascular cancer throm-
bus, tumor location, CEA, CA199, CA125, neutrophils,
lymphocytes, and albumin. TNM staging was defined
according to the American Joint Committee on Cancer
TNM Classification Criteria, Eighth Edition [22].LANR,
calculated as lymphocyte x albumin / neutrophil, was
also included in the data. Blood samples were collected
from all patients at the time of admission.

Ethics statement

This study was conducted in accordance with the ethi-
cal standards of the Declaration of Helsinki of the
World Medical Association (9th edition in July 2018)
and was approved by the Medical Ethics Committee of
the Affiliated Hospital of Jiangnan University (Grant
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No: JNMS022023058). Since all data is anonymized and
aggregated, the Ethics Committee waived the require-
ment of informed consent.

Treatments and follow-up

All patients underwent radical surgery for PDAC at the
Affiliated Hospital of Jiangnan University, including
pancreatic resection and distal pancreatectomy com-
bined with splenectomy. All patients were followed up
by reviewing outpatient medical records and telephone
follow-up. Patients were followed up every 3 months for
the first two years and every 6 months thereafter, and
the results of physical examination, laboratory tests, and
imaging examinations were recorded in detail. The date
the patient underwent surgery was the beginning of the
follow-up period, and the OS time was defined as the
time from the date of surgery to the date of death or the
date of the last follow-up visit.

Statistical analysis

Continuous data with a normal distribution were pre-
sented as meanztstandard deviation (Kolmogorov-
Smirnov test, p>0.05). A Chi-square test and
independent samples t-test were used to compare clini-
copathological features at baseline. The Kaplan-Meier
method was used to calculate the cumulative survival
rate, and the log-rank test was used to compare survival
curves. The multivariate Cox proportional hazards model
was used to further test prognostic factors that proved
to be statistically significant in univariate analyses, and
the results were calculated with 95% confidence interval
(CI), with a two-tailed p<0.05 considered statistically
significant.

Results

Patient characteristics

A total of 142 patients with PDAC who underwent radi-
cal resection in the Affiliated Hospital of Jiangnan Uni-
versity from January 2015 to December 2018 were
included in this retrospective study, with a median fol-
low-up time of 17.5 months. A total of 123 patients died
during follow-up, with an estimated median OS of 21.4
months (range: 2—59 months). We analysed the clinical
parameters of all patients who met the inclusion criteria
and found that the median age at diagnosis was 64 years
(range: 32 to 87 years), of which 62 (43.7%) were over
64 years of age. Of these patients, 84 (59.2%) were male,
and 88 (62%) had tumors located in the head or neck of
the pancreas. Thirty-one patients (21.8%) had peripheral
nerve invasion, 34 (23.9%) had vascular cancer thrombi,
and a total of 126 patients (88.7%) had a histologically
diagnosed moderately differentiated tumor. Only 33
patients (23.2%) were classified as stage III according to

Page 3 of 8

TNM staging criteria. Details of the patients’ baseline
characteristics are shown in Table 1.

Prognostic value of LANR for overall survival

In terms of overall survival, the area under the ROC
curve (AUC) and the optimal thresholds for OS for albu-
min, lymphocytes, neutrophils, and LANR are shown in
Fig. 1. Based on the ROC curve, we found that the area
under the curve of LANR was the best, with an AUC of
0.816 and an optimal cut-off of 18.145 (sensitivity: 74%,
specificity: 94.7%, p<0.001, Table 2). According to the
cut-off values, the enrolled patients were divided into
high-level (LANR=>18.145, n=50, 35.2%) and low-level
(LANR<18.145, n=92, 64.8%) groups (see Table 1), and
the Kaplan-Meier survival curve showed that patients
with higher LANR had a longer overall survival (Fig. 2).
Univariate analysis showed that TNM stage(p<0.001),
degree of differentiation(p<0.001), lymph node
metastasis(p <0.001), tumor location(p<0.001),
CA199(p=0.01), CA125(p=0.008), albumin(p<0.001),
lymphocytes(p<0.001),  neutrophils(p<0.001), and
LANR(p<0.001) were significantly correlated with
OS (p<0.05; Table 2). Multivariate analysis showed
that the degree of tumor differentiation (HR:2.357,
95%CI:1.388—4.003, p=0.002), lymph node metasta-
sis (HR:1.755, 95%CI:1.115-2.763, p0.015), TNM stage
(HR:4.686, 95%CI1:2.958-7.425, p<0.001), preoperative
cancer antigen 19-9 levels (HR:1.001, 95%CI: 1.000-
1.001, p<0.001), and preoperative LANR (HR:0.221,
95%CI:0.111-0.441, p<0.001) were independent risk fac-
tors for poor prognosis in patients undergoing radical
resection with PDAC (Table 2). In patients with resect-
able pancreatic ductal adenocarcinoma, combined with
the area under the ROC curve and multivariate Cox
regression analysis, we found that LANR is a reliable pre-
dictor of overall survival.

Discussion

This retrospective study explores the prognostic value
of LANR in patients with resectable pancreatic ductal
adenocarcinoma and evaluates the relationship between
LANR and other clinicopathological factors. The results
of the analysis showed that low preoperative LANR was
associated with poor prognosis of patients with resect-
able pancreatic cancer, and the median survival time of
patients with LANR<18.145 was significantly shorter
than that of patients with LANR>18.145. Univariate and
multivariate analyses showed that LANR<18.145 was an
independent risk factor for poor prognosis in patients
with resectable pancreatic cancer. LANR was signifi-
cantly correlated with tumor location, and the proportion
of pancreatic head tumors in the low LANR group was
significantly higher than that in the high LANR group.
Pancreatic head cancer can cause obstructive jaundice
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Table 1 Analysis of the clinicopathological characteristics of 142 patients with pancreatic ductal adenocarcinoma

Variables Total LANR=18.145 LANR<18.145 P-value
Patients 142(100) 50(35.2) 92(64.8)

Sex 0.714
Male 84(59.2) 32(64.0) 56(60.9)

Female 58(40.8) 18(36.0) 36(39.1)

Age (years) 0.323
<64 80(56.3) 32(64) 51(55.4)

>64 62(43.7) 18(36) 41(44.6)

BMI (kg/mz) 23.87+345 24.34+3.05 23.61+3.64 0.234
Tumor size, cm 0.563
>4cm 56(39.4) 15(30) 32(34.8)

<4cm 86(60.6) 35(70) 60(65.2)

Differentiation 037
Poor 16(11.3) 7(14.0) 12(13.0)

Moderate/well 126(88.7) 43(86.0) 80(87.0)

TNM stage 0.718
| 20(14.1) 8(16.0) 16(17.4)

I 89(62.7) 24(48.0) 49(53.3)

1l 33(23.2) 18(36.0) 27(29.3)

LNM 0.941
Yes 45(31.7) 16(32.0) 30(32.6)

No 97(68.3) 34(68.0) 62(67.4)

Perineural invasion 0.468
Yes 31(21.8) 10(20.0) 14(15.2)

No 111(78.2) 40(80.0) 78(84.8)

Vascular cancer embolus

Yes 34(23.9) 13(26.0) 22(23.9) 0.783
No 108(76.1) 37(74.0) 70(76.1)

CEA

>4ng/ml 55(38.7) 25(50) 41(44.6) 0.535
<4ng/ml 87(61.3) 25(50) 51(55.4)

CA199 0.768
>78.9U/ml 72(50.7) 21(42.0) 41(44.6)

<789U/ml 70(49.3) 29(58.0) 51(554)

CA125 0379
>16.1U/ml 71(50) 31(62.0) 50(54.3)

<16.1U/ml 71(50) 19(38.0) 42(45.7)

Location 0.047
Head 88(62.0) 41(82.0) 61(66.3)

Body and tail 54(38.0) 9(18.0) 31(337)

Neu (10%L), Median (IQR) 3.59(2.82-4.69) 2.90(2.31-3.57) 4.16(3.26-5.21) <0.001
ALB (G/L), Median (IQR) 39.0(35.43-40.80) 40.40(36.85-42.95) 38.45(34.95-40.2) <0.001
Lym (10%/L), Median (IQR) 1.31(1.01-1.70) 1.73(1.30-2.16) 1.15(0.89-1.44) 0.001

Abbreviations: IQR, interquartile range; ALB, albumin; Lym, lymphocyte; Neu, neutrophil; CEA, carcinoembryonic antigen; LNM lymphatic node metastasis. a p
values of nominal variables and continuous variables were calculated using the x? test and t-test, respectively. P values <0.05 are shown in bold.

and has a more severe local inflammatory response,
which may affect the nutritional status of the patient [23].
Inflammation and malnutrition increase the risk of post-
operative adverse events such as CRPOPF [24].

In this study, we investigated the predictive value of
12 clinicopathologic variables (gender, age, tumor size,
degree of differentiation, tumor location, TNM stage,
lymph node metastasis, vascular cancer thrombus,

peripheral nerve invasion, CEA, CA199, CA125) for
resectable pancreatic ductal adenocarcinoma, and many
attempts have been made to determine the prognostic
factors of PDAC in addition to several well-known fac-
tors such as TNM stage and carbohydrate antigen 19-9
(CA19-9) [25],In several previous studies, LN status and
degree of tumor differentiation were identified as prog-
nostic factors for resectable PDAC [26-28],and these
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Fig. 1 The ROC curve for overall survival of Alb, Lym, Neu, and LANR. A: Albumin for OS. B: Lymphocyte for OS. C: Neutrophils for OS. D: LANR for OS.

findings are consistent with the results of this study,
which suggest that LN status and degree of differentia-
tion are independent prognostic factors in patients with
PDAC. In addition, studies have shown that neoadjuvant
chemotherapy can inhibit tumor progression and effec-
tively prolong postoperative survival [29].however, there
is still a lack of uniform criteria for selecting patients who
are candidates for neoadjuvant therapy. In our study, we
did not include these patients in order to rule out the
effect of preoperative neoadjuvant chemotherapy on our
outcomes.

Malnutrition is a common diagnosis among cancer
patients and has a considerable effect on the prognosis
[29].Progressive malnutrition is strongly associated with

the development of cachexia, especially in patients with
pancreatic and gastric cancers [30].Epidemiological stud-
ies on the relationship between serum albumin levels and
survival in cancer patients have found that decreased
serum albumin levels are associated with reduced sur-
vival [31].The relationship between pretreatment albumin
levels and prognosis for head and neck cancer [32],kid-
ney cancer [33], cardia adenocarcinoma [34], and ovarian
cancer [35] has been reported. Inflammation is known to
play a key role in the initiation, progression, and prog-
nosis of tumors, and lymphocytes can not only effec-
tively recognize tumor cells, but also be stimulated by
tumor antigens to transform into sensitized lymphocytes
to attack tumor lesions, thereby producing antitumor
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Table 2 Univariate and multivariate analyses of overall survival after pancreatic ductal adenocarcinoma.
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Variables AUC Cut-point Univariate Multivariate

HR (95%Cl) P-value HR (95%(Cl) P-value
ALB(G/L) 0.741 4145 0.886(0.852-0.920) <0.001 0.951 (0.902-1.002) 0.058
Lym(1 0%/L) 0.766 1.545 0.350(0.229-0.536) <0.001 0.563(0.317-0.999) 0.050
Neu(10%/L) 0.666 3.875 1.293(1.182-1.414) <0.001 1.116(0.998-1.246) 0.053
LANR 0.816 18.145 0. 895(0 870-0. 920) <0.001 0.221(0.111-0.441) <0.001
Sex 118(0.934-1.339) 0.224
Age (years) 032(0.723-1 475) 0.861
BMI (kg/mz) 0. 966(0 840-1.111) 0.630
Tumor size, cm 62(0.810-1.666) 0415
Perineural invasion 0644(0 374-1.106) 0.111
TNM stage 5426(3.830-7.687) <0.001 4.686(2.958-7.425) <0.001
Vascular cancer embolus 0.992(0.680-1.448) 0.967
Differentiation 2.792(1.924-4. OSZ) <0.001 2.357(1.388-4.003) 0.002
LNM 2.310(1.541-3.463) <0.001 1.755(1.115-2.763) 0.015
CEA 1.001(0.993-1.009) 0.847
CA199 1.001(1.000-1.001) 0.01 1.001(1.000-1.001) <0.001
CA125 1.010(1.003-1.017) 0.008
Location 0.470(0.321-0.689) <0.001 2.718(1.533-4.818) 0.071

Abbreviations: HR, Hazard Ratio; Cl, Confidence Interval; AUC, Area under the ROC Curve; Lym, lymphocyte; ALB, albumin; Neu, neutrophils; LANR, Lym*Alb/Neu;

LNM lymphatic node metastasis
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Fig. 2 The Kaplan-Meier curves for overall survival of Pancreatic ductal adenocarcinoma based on LANR.

activity, inhibiting angiogenesis, and improving tumor
prognosis [35]. Pancreatic cancer patients are a popula-
tion with a high nutritional risk and a high prevalence of
malnutrition. Current studies and ERAS guidelines pri-
marily support the use of preoperative or perioperative
medical nutrition, including immunonutrition, to reduce
postoperative infection rates and length of hospital stay in
patients with pancreatic ductal adenocarcinoma [36]. We
should actively consider the use of preoperative medical
nutrition in patients with resectable PDAC to potentially
prevent postoperative severe malnutrition and its impact
on disease and treatment outcomes. Neutrophils are the

most abundant circulating white blood cells in the body
and have a pro-inflammatory effect [37].Neutrophils
in the tumor microenvironment also have similar func-
tions to myeloid suppressor cells, inhibiting T cell prolif-
eration, binding to tumor cells, and supporting tumor cell
cycle progression [38]. In our study, ALB, Lym, and Neu
were all associated with OS in PDAC in univariate analy-
sis, but their effect on OS was not statistically significant
in multivariate analysis, and although they affected OS,
they were not independent prognostic factors. LANR
is a conjugated indicator of lymphocytes, albumin, and
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neutrophils. Compared with these three indicators, the
prognostic effect of LANR is more significant.

Therefore, preoperative LANR, as an indicator of the
ratio of inflammation level to nutritional status, can be
regarded as an independent prognostic factor for patients
undergoing radical resection of PDAC. This study has
some limitations. first of all, this is a retrospective study
with its inherent flaws. Second, due to the relatively small
number of patients, we did not divide patients into train-
ing and experimental groups for statistical validation,
and external validation was lacking, and further research
was needed. In our study, we focused on the prognos-
tic significance of preoperative LANR, while the rela-
tionship between changes in postoperative LANR and
the prognosis of these patients has not been studied. In
addition, many patients received multiple treatments for
tumor recurrence during follow-up, which also affected
OS. Finally, our study included a small number of clini-
cal data, and the results may be more instructive in the
future by statistically analyzing patients’ comorbidities
and other biochemical data (at least creatinine and liver
enzymes) to describe their dynamic changes with disease
progression.

Conclusion

In conclusion, our data suggest that preoperative LANR
levels are an independent prognostic factor for resect-
able PDAC. The LANR index, composed of neutrophils,
lymphocytes, and albumin, is a potent serum biomarker
and may be a reliable prognostic predictor that can accu-
rately predict the survival of patients with early PDAC
resection. Compared with TNM staging alone, the com-
bination of LANR and TNM staging is more accurate in
predicting the prognosis of PDAC patients. A multicenter
study with a larger sample size is needed to validate the
prognostic potential of the LANR index in patients with
resectable pancreatic cancer.

Abbreviations

PDAC Pancreatic ductal adenocarcinoma.
ROC Receiver operating characteristic.
AUC Area under the curve.

ALB Albumin

Lym Lymphocyte

Neu Neutrophil

CEA Carcinoembryonic antigen

LNM Lymphatic node metastasis

IQR Interquartile range

CRP C-reactive protein

mGPS Modified Glasgow Prognostic Score
NLR Neutrophil-to-lymphocyte ratio

oS Overall survival

MRI Magnetic resonance imaging

cT Computed tomography

CRPOPF  Clinically relevant postoperative pancreatic fistula
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