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Abstract: There is growing evidence to indicate that inflammatory reactions are involved in cancer
progression. The aim of this study is to assess the significance of systemic inflammatory biomarkers,
such as the neutrophil-to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio (PLR), the ratio
of C-reactive protein to albumin ratio (CAR), the prognostic nutritional index (PNI) and the mod-
ified Glasgow prognostic score (mGps) in the diagnosis and prognosis of malignant intraductal
papillary mucinous neoplasms (IPMNs) of the pancreas. Data were obtained from a retrospective
analysis of patients who underwent pancreatic resection for IPMNs from January 2005 to December
2015. Univariate and multivariate analyses were performed, considering preoperative inflamma-
tory biomarkers, clinicopathological variables, and imaging features. Eighty-three patients with
histologically proven IPMNs of the pancreas were included in the study, 37 cases of low-grade or
intermediate dysplasia and 46 cases of high-grade dysplasia (HGD) or invasive carcinoma. Univariate
analysis showed that obstructive jaundice (p = 0.02) and a CAR of >0.083 (p = 0.001) were predictors
of malignancy. On multivariate analysis, only the CAR was a statistically significant independent
predictor of HGD or invasive carcinoma in pancreatic IPMNs, identifying a subgroup of patients
with a poor prognosis. Combining the CAR with patients’ imaging findings, clinical features and
tumor markers can be useful in the clinical management of IPMNs. Their value should be tested in
prospective studies.

Keywords: biomarker; C-reactive protein to albumin ratio; inflammation; intraductal papillary muci-
nous neoplasm; modified Glasgow prognostic score; neutrophyl lymphocite ratio; pancreatic cancer;
platelet-to-lymphocyte ratio

1. Introduction

In the pancreas, intraductal papillary mucinous neoplasms (IPMNs) originate from the
mucinous epithelium of the pancreatic ductal system. Their incidence is rising, probably
due to an increasingly extensive use of cross-sectional imaging, but their management
remains controversial. According to the World Health Organization (2010), IPMNs are
premalignant lesions showing a broad spectrum of dysplastic changes. According to the
different involvement of duct system, IPMNs are divided into main duct type (MD-IPMN),
branch duct type (BD-IPMN), and mixed type (MT-IPMN). For the purposes of pathological
grading, IPMNs are classified as low-, intermediate- or high-grade dysplasia, or invasive
carcinoma. IPMNs with low- and intermediate-grade dysplasia are defined as benign,
while the malignant IPMNs include those classified as high-grade dysplasia (HGD) or
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invasive carcinoma [1]. Benign IPMNs can potentially be managed conservatively, whereas
malignant IPMNs require surgical resection in accordance with international guidelines.
Malignant IPMNs carry a worse prognosis than benign IPMNs, making it essential to
predict the malignant potential of an IPMN accurately at the time of its diagnosis or follow-
up. Several clinical and radiological parameters have been considered over time with
a view to stratifying the malignant potential of pancreatic IPMNs and thereby facilitate
their management. International consensus guidelines (ICG) recommend surgery for cases
with one or more “high-risk stigmata” (HRS), while further assessment with endoscopic
ultrasonography is suggested for cases with “worrisome features” (WF) [2]. The accuracy
of these guidelines in detecting early invasive carcinoma in IPMNs is limited, however [3].
Even conventional tumor markers like CEA and CA 19.9 are not very useful in predicting
the risk of malignancy in this setting [4]. There is still a crucial need for markers capable of
identifying which IPMNs warrant surgical treatment.

There is growing evidence to indicate that inflammatory reactions and nutritional
status are involved in cancer progression. Many host-related inflammatory biomarkers mea-
surable in peripheral blood samples have been investigated as potentially effective prog-
nostic factors in several types of cancer [5–7], including pancreatic adenocarcinoma [8,9].
These serum parameters include, among others, the neutrophil-to-lymphocyte ratio (NLR),
the platelet-to-lymphocyte ratio (PLR), the ratio of C-reactive protein to albumin (CAR),
the prognostic nutritional index (PNI) and the modified Glasgow prognostic score (mGps).
The prognostic impact of these markers in patients with IPMNs has yet to be well estab-
lished, and the literature reports different results.

The NLR alone was described as an independent predictor of IPMN-associated inva-
sive carcinoma, but its sensitivity was not high enough to distinguish between degrees of
dysplasia in IPMNs [10]. On the other hand, a significant prognostic indication of malig-
nancy (both HGD and invasive carcinoma) in IPMNs could only be reached by combining
the preoperative NLR and PLR with tumor markers and imaging findings [11,12]. In short,
there is still not enough evidence regarding the predictive role of these biomarkers.

Herein we present a retrospective study on a series of patients whose IPMNs were
resected in an effort to establish the value of the NLR, PLR, CAR, PNI and mGps in
predicting which cases of IPMN are malignant.

2. Materials and Methods

Between January 2005 and December 2015, all consecutive patients with pancreatic
IPMNs who underwent surgical resection at our Department were identified using a
prospectively maintained database. The data were analyzed retrospectively. The con-
ventional workup included blood tests, tumoral markers, contrast-enhanced magnetic
resonance imaging (MRI), bilio-pancreatic endoscopic ultrasound (EUS) and positron emis-
sion tomography (PET) with fluorine-18-fluorodeoxyglucose if clinically appropriated.
Exclusion criteria were adopted to avoid potential confounding factors, including: a history
of other malignancies, autoimmune disease or transplantation requiring immunosuppres-
sant and steroid therapies; cholangitis or other forms of infection; pancreatic endocrine
tumors and cystic neoplasms other than IPMNs. Patients diagnosed with metastases were
not included. Disease-related symptoms such as visceral abdominal pain, dyspepsia (upper
abdominal fullness, nausea, belching) and compression syndrome (experience of feeling
full earlier than expected when eating, vomiting) were collected. IPMNs were confirmed
on pathological examination of surgical specimens in all cases. The cases were all retrieved
from the archives of the Surgical Pathology and Cytopathology Unit at Padova University
Hospital (Padova, Italy). Surgical specimens were examined to histologically classify cases
as low-, intermediate or HGD or invasive carcinoma, based on the recommendations of
the Baltimore consensus [13]. IPMNs were described as main duct (MD), branch duct (BD)
or combined type, based on preoperative imaging. Main-duct IPMNs are characterized
by involvement of the main pancreatic duct, with or without associated involvement of
the branch ducts (in the former case, they are called combined-type IPMNs). They usually
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present as a dilated (≥1 cm) main pancreatic duct, or as a cystic dilation of the main duct
and its branches. Branch-duct IPMNs originate in the side branches of the pancreatic
ductal system, appearing as cystic lesions communicating with a main pancreatic duct
showing no dilations [14]. All resection procedures were performed by the same surgical
team, in accordance with the International Consensus Guidelines of the time [2]. Surgery
involved pylorus-preserving pancreaticoduodenectomy (PD) for tumors of the head of the
pancreas, or distal pancreatectomy with or without splenectomy, for tumors of the body
and tail. Total pancreatectomy was reserved for cases where the resection margins of the
pancreas were affected by the tumor. More parenchyma-sparing resections of the pancreas,
such as central pancreatectomy and tumor enucleation, were performed in the case of small
to medium-sizes lesions localized in the pancreatic body.

Based on the pathological grading of the resected IPMNs, patients were divided into
a benign group (IPMNs with low- and intermediate-grade dysplasia) and a malignant
group (IPMNs associated with HGD and invasive carcinoma) [1]. Each patient’s clinical
and pathological records were reviewed, and the following characteristics were included
in our analysis: gender; age; abdominal pain; dyspepsia; tumor site; compression syn-
drome; tumor size; main pancreatic duct (MPD) diameter; cyst diameter; HRS; WF; CEA;
CA 19.9; and inflammatory biomarkers, such as the NLR, PLR, CAR, PNI and mGps.
Preoperative serum levels of CA 19-9 (RIA, Centocor Inc., Malvern, PA, USA, reference:
<37 kU/L) and CEA (EIA Kit, General Biologicals Inc., Taiwan, reference: <5 ng/mL) were
recorded. Neutrophil, lymphocyte and platelet counts, and serum albumin levels (g/dL)
were obtained from the latest blood sample collected just before surgery. The following
indexes were retrospectively calculated: the NLR (the ratio of the absolute neutrophil
count to the absolute lymphocyte count in the blood cell count); the PLR (the ratio of the
absolute platelet count to the absolute lymphocyte count in the blood cell count); the CAR
(the ratio of C-reactive protein [CRP] (mg/dL) to albumin (g/dL); the PNI (calculated as
10 × serum albumin + 0.005 x total lymphocyte counts) and the mGps, which ranged from
0 to 2. Patients with both high CRP levels (>10 mg/L) and hypoalbuminemia (<35 g/L)
had a mGps of 2; those with normal CRP and albumin levels scored 0; and those with high
CRP levels and normal albumin levels scored 1, in line with recent data [15].

Ethical approval: All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its later amendments or comparable
ethical standards.

Statistical analyses were run using STATA, version 14.1 (4905 Lakeway Drive Col-
lege Station, Midtown Dr, TX, 77845, USA). Continuous and categorical variables are re-
ported as medians with the interquartile range (IQR), and as whole numbers (percentages),
respectively. The diagnostic accuracy, including sensitivity and specificity, was calculated
for each host-derived inflammatory biomarker using the cutoffs obtained from receiver
operating characteristic (ROC) curve analysis. The optimal cutoff was identified as the
point of intersection nearest the top left-hand corner between the ROC curve and a di-
agonal line drawn from the top right-hand corner to the bottom left-hand corner of the
graph. The sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and accuracy of the inflammatory biomarkers and radiological imaging
findings in differentiating between malignant and benign IPMNs were calculated ac-
cording to the following formulas: sensitivity = true positive (TP)/[TP + false negative
(FN)]; specificity = true negative (TN)/[TN + false positive (FP)]; PPV = TP/[TP + FP ];
NPV = TN/[TN + FN] and accuracy = [TP + TN]/[TP + TN + FP + FN]. For the uni-
variate analysis, patients were divided into the two groups, with benign and malig-
nant IPMNs. Differences between the characteristics of the patients in these two groups
were tested for significance using the Mann-Whitney U test and chi-square test, as ap-
propriate. A multivariate analysis was performed using the logistic regression model,
and including significant variables identified in our univariate analysis only. The effect
size of the odds ratio (OR) is presented with the 95% confidence interval (CI). Box plot
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graphs were drawn to represent the distribution of the inflammatory biomarkers of proven
prognostic significance.

3. Results

Table 1 shows the clinicopathological features of the whole study cohort, comprising
83 patients with proven IPMNs. The sample was a median 69 years old (range 43–86),
and consisted of 45 males and 38 females. No cases of concomitant pancreatic ductal adeno-
carcinoma were detected. None of the patients received neoadjuvant therapies. Among the
83 patients, 40 patients (48%) had main-duct IPMNs, 10 (12%) had branch-duct IPMNs, and
33 (40%) had combined-type IPMNs. Thirty-seven tumors (44.5%) were benign (30 with
low-grade dysplasia, and 7 with intermediate-grade dysplasia), and 46 (55.5%) were ma-
lignant (7 with HGD, and 39 with invasive carcinoma). The surgical procedure involved
pylorus-preserving PD in 50 patients, distal pancreatectomy with splenectomy in 22, distal
pancreatectomy without splenectomy in 7, and total pancreatectomy in one. Tumor enucle-
ation and central pancreatectomy were performed in two and one patient, respectively.

Table 1. Clinicopathological features of the whole cohort. IPMN, intraductal papillary mucinous
neoplasm; MD, main duct; BD, branch duct; MPD, main pancreatic duct.

Variables Whole Cohort (n = 83)

Sex, male n, % 45 (54%)
Female n,% 38 (46%)

Age, median (IQR range), y 69 (62–76)

IPMN type, n (%)
MD_IPMNs 40 (48%)
BD_IPMNs 10 (12%)

Combined type_IPMNs 33 (40%)

Surgical procedure n (%)
Pancreaticoduodenectomy 50 (60%)

Distal pancreatectomy + splenectomy 22 (27%)
Spleen-preserving distal pancreatectomy 7 (9%)

Central pancreatectomy 1 (1%)
Total pancreatectomy 1 (1%)

Tumor enucleation 2 (2%)

Histological grade, n (%)
Low-grade dysplasia 30 (36%)

Intermediate dysplasia 7 (8%)
High-grade dysplasia 7 (8%)

Invasive carcinoma 39 (47%)

High-risk stigmata n (%)
Obstructive jaundice 18 (22%)

Enhancing solid component 47 (57%)
MPD ≥ 10 mm 12 (14%)

Worrisome features n (%)
Tumor ≥ 3 cm 26 (31%)

Pancreatitis 22 (27%)
Enhancing cyst wall 23 (28%)

MPD 5–9 mm 38 (46%)
Abrupt change in caliber of pancreatic duct with distal

pancreatic atrophy 39 (47%)

Four inflammatory biomarkers were examined and ROC curve analysis was set to
identify the optimal cutoffs for the NLR, PLR and CAR, while the mGps was calculated for
each patient. The optimal cutoffs were: 2.38 for the NLR (AUC 0.43, sensitivity of 46% and
specificity of 51%); 185.5 for the PLR (AUC 0.51, sensitivity of 37% and specificity of 78%);
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0.083 for the CAR (AUC 0.69, sensitivity of 60% and specificity of 70%); and 42.05 for the
PNI (AUC 0.46, sensitivity of 52% and specificity of 39%) (Figure 1).
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Figure 1. Receiver operator characteristic (ROC) curves of neutrophil-to-lymphocyte ratio (NLR) (A),
platelet-to-lymphocyte ratio (PLR) (B), C-reactive protein to albumin ratio (CAR) (C), prognostic
nutritional index (PNI) (D).

Univariate and multivariate analyses were performed to examine the causal relation-
ship between the presence of IPMNs with a malignant potential and the inflammatory
biomarkers (Table 2), inputting patients’ preoperative clinicopathological variables and
imaging features (Table 3).

Table 2. Clinicopathological features and biomarkers univariate and multivariate analysis for predicting malignant
intraductal papillary mucinous neoplasm (IPMNs). Statistically significant values are in bold. OR: odds ratio; CI: confidence
interval; NC: not calculated; IQR: interquartile range; MPD: main pancreatic duct; mGps: modified Glasgow prognostic
score; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; CAR: C-reactive protein to albumin ratio;
PNI: prognostic nutritional index.

Univariate Multivariate

Variables Benign IPMNs (n = 37) Malignant IPMNs (n = 46) p Value OR (95% CI) p Value

Sex, male n (%) 22 (59.46%) 23 (50%) 0.39 NC

Age, median (IQR) 67.5 (62–73.5) 71 (62–78) 0.18 NC

Abdominal pain n (%) 21 (56.76%) 18 (39.13%) 0.12 NC

Dyspepsia n (%) 21 (56.76%) 17 (36.96%) 0.181 NC

Cephalic location n (%) 27 (72.97%) 27 (58.70%) 0.175 NC

Compression syndrome
n (%) 13 (35.14%) 7 (15.22%) 0.093 NC

Tumor size cm, median
(IQR) 2 (1.8–3) 2.8 (2–3.2) 0.084 NC

MPD diameter mm,
median (IQR) 6 (3–8) 7 (4–8) 0.14 NC
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Table 2. Cont.

Univariate Multivariate

Variables Benign IPMNs (n = 37) Malignant IPMNs (n = 46) p Value OR (95% CI) p Value

Cyst diameter cm,
median (IQR) 3 (2–4) 3 (2–4) 0.69 NC

High-risk stigmata,
n (%)

Obstructive jaundice 13 (35.14%) 5 (10.87%) 0.022 0.37
(0.08–0.158) 0.18

Enhancing mural nodule 25 (67.57%) 22 (47.83%) 0.09 NC
MPD > 10 mm 7 (18.92%) 5 (10.87%) 0.54 NC

Worrisome features,
n (%)

Cyst size > 3 cm 12 (32.43%) 14 (30.43%) 0.97 NC
Pancreatitis 13 (35.14%) 9 (19.57%) 0.27 NC

Enhancing cyst wall 10 (27.03%) 13 (28.26%) 0.71 NC
MPD 5–10 mm 17 (45.95%) 21 (45.65%) 0.96 NC

Abrupt change in caliber
of pancreatic duct with

distal pancreatic atrophy
17 (45.95%) 22 (47.83%) 0.39 NC

CA19.9, median (IQR) 4 (2–11) 24 (4–253) 0.42 NC

CEA, median (IQR) 1 (0–3) 2 (1–5) 0.17 NC

mGps

NC
0 31 (83.78%) 37 (80.43%) 0.46
1 4 (10.81%) 4 (8.70%) 0.52
2 2 (5.41%) 5 (10.87%) 0.32

NLR
NC<2.38 17 (45.95%) 24 (52.17%) 0.573

>2.38 20 (54.05%) 22 (47.83%)

PLR
NC<185.5 n % 28 (75.68%) 29 (63.04%) 0.217

≥185.5 n % 9 (24.32%) 17 (36.96%)

CAR

<0.083 n % 31 (83.78%) 22 (47.83%) 0.001 7.9
(2.01–31.83) 0.003

≥0.083 n % 6 (16.22%) 24 (52.17%)

PNI
NC<42.05 n % 14 (37.84%) 26 (56.52%) 0.15

>42.05 n % 23 (62.16%) 20 (43.48%) 0.07

On univariate analysis obstructive jaundice (p value 0.022) and a CAR of >0.083
(p value 0.001) emerged as predictors of malignancy. On multivariate analysis, only
the CAR was an independent predictor of malignant IPMN (OR 7.9, IQR 2.01–31.83,
p 0.003). No significant differences in gender, age, preoperative abdominal pain, dyspepsia
or compression syndrome came to light between patients with benign as opposed to
malignant IPMNs. Nor did the two groups differ in terms of tumor size, tumor site,
MPD diameter or cyst diameter. The median serum levels of tumor markers CA 19.9 and
CEA were not significantly different in the two groups of patients with IPMN. Among
the preoperative risk-related parameters considered, the frequency of enhancing mural
nodules, MPD ≥ 10 mm, cyst ≥ 3 cm, enhancing cyst walls, pancreatitis, MPD 5–10 mm,
and abrupt MPD caliber changes with distal pancreatic atrophy did not differ between the
malignant and benign IPMN groups (p > 0.05 for all).
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The distribution of the CARs in the two groups is represented with a box plot
(Figure 2). Most of the patients with benign IPMNs had a CAR lower than the study
cutoff, while almost all those with malignant IPMNs had a CAR higher than 0.083.
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The sensitivity, specificity, PPV, NPV and accuracy of the CAR in detecting malignancy
were 52%, 93%, 91%, 50%, and 66%, respectively, vs. 74%, 50%, 72%, 54%, and 66%,
respectively, for the ICG criteria for HRS. Combining the two parameters (patients who
demonstrate HRS according to ICG criteria and simultaneously CAR values > 0.083)
resulted in a 43% sensitivity, 97% specificity, 94% PPV, 55% NPV, and 63% accuracy for the
diagnosis of malignancy.

To judge the prognostic impact of the CAR, we first analyzed that there are no statisti-
cally significant differences between the clinicopathological and inflammatory parameters
in the patients with high and low CARs, then we examined the association between high
CARs and long-term outcomes in the 39 cases of IPMN with invasive carcinoma. Figure 3
shows the survival curves for patients with a high vs. low CAR: those with a higher CAR
had a significantly shorter overall survival (p = 0.004) than those with a lower CAR.
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Table 3. Distribution of clinicopathological features and biomarkers between patients with high and
low CAR. CAR: C-reactive protein to albumin ratio; IQR: interquartile range; MPD: main pancreatic
duct; CRP: C reactive protein; PNI: prognostic nutritional index; NLR: neutrophil-to-lymphocyte
ratio; PLR: platelet-to-lymphocyte ratio.

Variables CAR ≤ 0.083
(n 53)

CAR ≥ 0.083
(n 30) p Value

Sex, male n, % 28 (52.83%) 17 (56.67) 0.46

Age, median (IQR) 69.5 (63–76.5) 68 (61–75) 0.42

Abdominal pain n, % 27 (50.94%) 12 (41.38%) 0.28

Dyspepsia n, % 28 (52.83%) 10 (35.71%) 0.11

Cephalic location n, % 36 (67.92%) 18 (60%) 0.31

Compression syndrome n, % 13 (25%) 7 (25.93%) 0.57

Tumour size cm, median (IQR) 3 (2–3.75) 2.5 (1.8–3.3) 0.06

MPD diameter mm, median (IQR) 6 (4–9) 5.5 (3.5–7.5) 0.12

Cyst diameter cm, median (IQR) 3 (2–4) 2.6 (2–3.8) 0.26

High risk stigmata, n (%)
Obstructive jaundice 12 (22.64%) 6 (20%) 0.5

Enhancing mural nodule 31 (62%) 16 (53.33%) 0.3
MPD >10 mm 10 (20.41%) 2 (7.14%) 0.11

Worrisome features n (%)
Cyst size >3 cm 20 (38.46%) 6 (20.69%) 0.08

Pancreatitis 15 (29.41%) 7 (23.33%) 0.37
Enhancing cyst wall 16 (31.37%) 7 (25%) 0.37

MPD 5–10 mm 22 (44.9%) 16 (57.14%) 0.21
Abrupt change in calibre of pancreatic

duct with distal pancreatic atrophy 24 (48.98%) 15 (53.57%) 0.44

CA19.9, median (IQR) 8.5 (2–39) 17.5 (3–107) 0.24

CEA, median (IQR) 1 (0.4–3) 2 (1–4.5) 0.27

Inflammatory biomarkers
Neutrophils, median (IQR) 3.7 (2.9–4.7) 3.55 (2.9–5.3) 0.73

Lymphocytes, median (IQR) 1.5 (1.26–2.1) 1.5 (1.2–1.9) 0.62
Platelets, median (IQR) 223 (189–271) 241 (192–296) 0.48

CRP, median (IQR) 3 (2.9–5) 3 (2–4) 0.77
Albumin, median (IQR) 4.2 (4–4.4) 4.2 (4.1–4.4) 0.93

PNI ≥ 42.05, n% 4 (7.55%) 4 (13.33%) 0.31
NLR ≥ 2.38, n% 26 (49.86%) 16 (53.33%) 0.44
PLR ≥ 185.5 n % 13 (24.53%) 13 (43.33%) 0.06
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4. Discussion

The present study suggests that the CAR is useful for predicting HGD and invasive
carcinoma in patients with IPMNs, and that the value of the CAR in detecting malig-
nancies is independent of the well-established parameters indicated in the international
guidelines [2,14,16]. Univariate analysis found obstructive jaundice, and a CAR >0.083
significantly associated with malignant IPMNs, but multivariate analysis showed that
only the CAR was an independent predictor of malignant lesions (both HGD and inva-
sive carcinoma). Although the sensitivity of the CAR in detecting malignancies was low,
its specificity was higher than that of the ICG criteria for malignant IPMNs. Combining
the ICG criteria with the CAR achieved only a slight increase in the specificity and PPV.

The CAR is easily obtained from a simple blood test. It is inexpensive and can
be calculated by clinicians both at the initial examination and during the follow-up of
patients with IPMNs. Although the CRP preoperative assessment is not a common practice,
in our institution, it is included in protocols for research purposes for pancreatic diseases.
However, it is becoming more and more common in the standard workup for elective
surgery during COVID-19 era. To the best of our knowledge, this is the first study to
emphasize the role of the CAR in identifying the malignant potential of IPMNs.

Features previously suggested to predict malignancy (HGD or invasive carcinoma)
in IPMNs include: an association with symptoms; cyst wall thickening; mural nodules;
MPD dilation; abrupt pancreatic duct caliber changes; lymphadenopathy; and higher
than normal CA19-9 or CEA serum levels [17]. The rate of pointless surgical procedures
for overestimated pancreatic lesions remains high, however, which is why new, specific
biomarkers are needed for a better clinical management of patients with IPMNs. Both the
NLR and the PLR have recently been proposed as predictors of an invasive carcinoma in
pancreatic cysts [18,19]. High NLRs and PLRs may be due to neutrophilia and a systemic in-
flammatory response during the development of invasive cancer [20,21], and to a declining
lymphocyte counts caused by immune system suppression [22]. The value of the preopera-
tive NLR in predicting the malignant potential of IPMNs has been emphasized by several
authors [23–25], but the picture remains unclear. While Hata et al. [26] found the preoper-
ative NLR able to predict cases of IPMN with HGD, it was not helpful in differentiating
between high-grade and low-grade lesions in the study by McIntyre et al. [24].

In a series of 318 patients with pancreatic cystic neoplasms (including 86 IPMNs),
Goh et al. [27] found that a high preoperative PLR, but not the NLR, was an independent
predictor of malignancy. They also found that adding the PLR to the ICG criteria improved
the accuracy of the latter in detecting cases of invasive carcinoma.

A systemic inflammatory response has increasingly been recognized as an impor-
tant factor in the process of carcinogenesis and a cancer’s subsequent behavior, with
tumor growth appearing to be directly proportional to the degree of inflammation [28,29].
The NLR [23,30,31] or PLR [27], or both [32] have been suggested as useful prognostic
markers in patients with pancreatic cancer. A systematic review and meta-analysis con-
ducted by Zhou et al. [33] on 8252 patients with pancreatic cancer showed that a low NLR
was significantly associated with better disease-free and overall survival rates than a high
NLR. Patients with a low NLR had significantly smaller tumors, better differentiation,
earlier-stage disease and low CA 19-9 levels.

The CAR had been previously investigated in pancreatic cancer patients. Haruki et al. [34]
found it an independent and significant indicator of poor long-term outcomes after pancreatic
resection. Liu et al. [35] also reported finding that a high CAR was an independent factor
pointing to a poor prognosis in pancreatic cancer patients. The prognostic implications of
inflammatory biomarkers in different types of cancer have also already been reported [36,37].

In our study, the CAR was a predictor of long-term survival in patients with IPMNs
associated with invasive carcinoma: patients with a lower CAR had a significantly better
survival than those with CAR > 0.083 (p = 0.004). This would indicate that the CAR is
an important prognostic parameter to consider in the clinical management of patients
with IPMNs.
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Furthermore, CAR is a new predictive indicator that reflects both inflammatory and
nutritional status of cancer patients. This aspects play an important role in carcinogenesis
and tumor progression. The real mechanism of the relationship between CAR and survival
is unclear. Elevated CRP levels reflect an inflammatory response to tumor necrosis or local
tissue damage, which are both factors that condition the stromal microenvironment for
the engraftment and growth of metastases [38]. Moreover, PCR has been associated with
inhibiting mechanisms of tumor cell apoptosis and an increased production of endothe-
lial growth factors [39]. Likewise, hypoalbuminemia is often observed in patients with
malignant diseases and is usually correlated with malnutrition and cachexia, aspects that
inevitably affect the poor prognosis of these patients [40,41].

Our study has some limitations that need to be mentioned. First, the design was
retrospective, so the possibility of selection bias exists. Second, the sample was small and
studies on larger samples will be needed before any definitive conclusions can be drawn.
Third, we did not investigate patients whose IPMNs had not been histologically confirmed,
or patients who underwent surveillance alone: these patients could be included in future
prospective studies. These partial results will have to be validated in further international,
randomized multicentric trials in order to increase the number of enrolled patients, reduce
selection bias and sample heterogeneity.

5. Conclusions

The preoperative CAR is an independent predictor of HGD or invasive carcinoma
in IPMNs and identifies a subgroup of patients with a poor prognosis. Combined with
imaging findings, clinical features and tumor markers, the CAR can be useful in the clinical
management of IPMNs, and its value should be further investigated in international
multicentric randomized clinical studies.
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