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Simple Summary: Inflammation markers such as the neutrophil to lymphocyte ratio (NRL), the
platelet to lymphocyte ratio (PLR), the lymphocyte to monocyte ratio (LMR) and the CRP to albumin
ratio (CAR) have recently gained attention due to their potential as prognostic scores for overall
survival (OS) in pancreatic cancer. So far, these parameters have not been validated in a larger cohort
to predict OS in terms of potential recurrence after curative intended resection or in terms of patient
response to chemotherapy. In the largest single-center analysis of 1294 patients, inflammation markers
were compared and a new highly significant combined score, termed the inflammatory benchmark
index (IBI), comprising five inflammatory markers was developed. In multivariate analyses NLR
(p=0.001), LMR (p = 0.038), CAR (p < 0.001) and IBI (p < 0.001) were identified as independent
prognostic markers for overall survival.

Abstract: Inflammatory properties are known to promote tumor progression leading to an impaired
median overall survival (mOS). Various small studies have focused on a wide range of inflammation-
based prognostic indicators. By using sufficient data from 1294 out of 2323 patients diagnosed
with pancreatic cancer between 2009 and 2021 at our cancer center, inflammatory markers such as
the neutrophil to lymphocyte ratio (NRL), the platelet to lymphocyte ratio (PLR), the lymphocyte
to monocyte ratio (LMR) and the CRP to albumin ratio (CAR) were evaluated. We identified a
new combined score, termed the inflammatory benchmark index (IBI). We performed univariate
and multivariate overall survival analyses and identified optimal prognostic cut-off values for
each parameter. In univariate analyses, advanced age (p < 0.001), gender (p < 0.001), tumor stage
(p <0.001), CA19-9 (p = 0.001), NLR (p = 0.001), LMR (p = 0.004), PLR (p = 0.004), CAR (p = 0.001)
and IBI (p = 0.001) were identified as prognostic markers. In multivariate analyses advanced age
(p <0.001), gender (p = 0.001), tumor stage (p < 0.001), CA19-9 (p < 0.001), NLR (p = 0.001), LMR
(p =0.038), CAR (p < 0.001) and IBI (p < 0.001) were independent prognostic markers. These findings
emphasize the impact of inflammation in pancreatic cancer, provide easily accessible prognostic
values for the clinician, and may be useful as stratification parameters for trials aimed at patient
inflammation or immune response.
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1. Introduction

Pancreatic cancer represents one of the most aggressive types of cancer with a very
poor prognosis. With only 10-20% of all patients presenting at an operable stage at initial
diagnosis, surgical resection remains the only curative treatment option with a 5-year
survival rate of 30% after resection [1]. Because of its high heterogeneity and insuffi-
cient understanding of therapeutical effects, there still is an urgent need for prognostic
biomarkers.

Inflammation represents one of the key factors of tumor carcinogenesis. Based on
histological analyses, a correlation of the magnitude of immune cell infiltration to the
clinical outcome has been observed for patients with pancreatic cancer [2]. Moreover, there
has been growing evidence for the predictive value of inflammatory biomarkers in regard
to overall survival (OS) of cancer patients. Parameters reflecting chronic inflammation are
the neutrophil to lymphocyte ratio (NLR), the platelet to lymphocyte ratio (PLR), as well as
the lymphocyte to monocyte ratio (LMR) [3-5]. Another newly developed parameter is the
CRP to albumin ratio (CAR) taking into account the inflammatory as well as the nutritional
status [6].

By current clinical guidelines borderline-resectable tumors are defined by anatomic,
biological and conditional factors [7]. When the serum carbohydrate antigen (CA) 19-9 is
higher than 500 units/mL tumors are classified as biologically not resectable with curative
intention. However, inflammatory biomarkers have not yet been taken into account for this
group of patients.

In order for inflammation-based prognostic scores to be integrated into future clinical
practice, we conducted a retrospective analysis of a large patient cohort (N = 1294) of
resectable, locally advanced and metastasized pancreatic cancer patients in which we
correlated the NLR, PLR, LMR and CAR to the median overall survival (mOS). Moreover,
we developed a new combined score called the inflammatory benchmark index (IBI),
proving to be highly significant in uni- as well as multivariate analyses independent of
tumor stage and of ECOG status.

2. Materials and Methods

We conducted a retrospective analysis by screening 2323 patients diagnosed and doc-
umented with pancreatic cancer at the Charité-Universitdtsmedizin Berlin between 2009
and 2021. This study was approved by the Charité ethics committee (EA/071/22). A clear
question of the project was defined: Do inflammatory markers at the point of diagnosis
entail prognostic value in pancreatic cancer? Data were included and excluded based
on clearly defined criteria based on the PICOTS structure (population, index prognostic
factor, comparator prognostic factors, outcome, timing, setting) [8]. The data were ex-
tracted from the hospital’s patient records strictly following the CHARMS-PF (checklist
for critical appraisal and data extraction for systemic reviews of prediction modelling
studies) [9]. The design of this study was in accordance with the recommended prognostic
guidelines published by Riley et al. [8]. The research questions were addressed within
the PROGRESS (PROGnosis RESearch Strategy) Framework. First, we defined the health
outcome of patients with pancreatic cancer to be the overall survival. Second, we identified
known and novel inflammatory scores as prognostic factors for overall survival. Third, we
developed, validated and examined the effect of known and novel inflammatory scores
for the prediction of overall survival. In total, 2323 patients with a confirmed diagnosis of
pancreatic cancer were screened for available differential blood count documentation in
our database. Patients without reported differential blood count values at initial diagnosis
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and/or unclear metastatic status were excluded. Based on these criteria, a total of 1294 pa-
tients were selected for further analysis (see Supplementary Material, Figure S1). Patients
were allocated to three groups: resected (n = 537), non-resected /non-metastasized (n = 134)
and metastasized (n = 623). In order for the reported differential blood count to be included
in analyses, a maximum duration of four weeks after the point of verified diagnosis was
tolerated. Moreover, the measurement of the differential blood count had to be prior to any
kind of treatment intervention such as surgery and chemotherapy.

NLR, PLR, LMR, CAR and IBI were calculated based on the reported differential blood
count values. The NLR was calculated by dividing the neutrophil blood count (/nL) by the
lymphocyte count (/nL). The PLR and LMR were calculated in analogy to the NLR. The
CAR was calculated by dividing CRP (mg/L) by serum albumin (g/dL).

The inflammatory benchmark index (IBI) was calculated as follows:

_ Lymphocytes(/nL) + Monocytes(/nL) + Neutrophils(/nL) + Platelets(/nL)

1BI CRP(mg/L)

In order for new inflammatory scores to be developed, we screened all possible
combinations with three or four parameters of the differential blood count (neutrophils,
lymphocytes, monocytes, platelets). For each potential score an individual cut-off value
was determined and the mOS, as well as its statistical significance in univariate as well as
multivariate analysis, was assessed. To exclude any influence of repeated blood measure-
ments in multivariate analyses, one inflammation-based parameter was included in the
analysis at time.

The primary endpoint was set on mOS by the duration from the date of the verified
diagnosis to the date of the last follow-up or death. We conducted uni- and multivariate
analyses to identify correlations of inflammation-based parameters with respect to mOS.

To determine optimized cut-off values for each parameter, we performed time-dependent
receiver operating characteristic (ROC) curves based on the Youden method.

We calculated Kaplan-Meier plots to determine the mOS for the NLR, PLR, LMR, CAR
and IBI. We compared survival curves for each group using Kaplan-Meier methodology
and the log-rank test. Statistical analysis was conducted for the entire patient cohort
as well as for subgroups of resected, locally advanced and metastasized patients (see
Supplementary Figures S2-S5). As ECOG is known to be a strong prognostic factor for
survival in pancreatic cancer [10], we also conducted subgroup analyses of the individual
parameters NLR, PLR, LMR, CAR and IBI by excluding patients with unknown ECOG
status.

Statistical significance was defined as p < 0.05. Results of Cox regression modeling are
presented as hazard ratios (HR) and associated 95% confidence interval (CI). In addition,
we reviewed NLR cut-off values that had already been presented in previously published
studies.

3. Results

We enrolled 1294 out of 2323 patients with a confirmed diagnosis of pancreatic can-
cer treated at the Charité-Universitdtsmedizin Berlin between 2009 and 2021. For all of
these patients, a differential blood count report prior to any kind of intervention (surgery,
chemotherapy) was documented (see Table S1).

3.1. Patient Characteristics

In the selected cohort of 1294 patients with pancreatic cancer, the median age was
66 years, ranging from 28 to 94 years. Of these, 576 patients (45.0%) were female and 718
(55.0%) were male. ECOG status was mostly <2 (616 patients, 47.6%) with the vast majority
of performance states not being sufficiently documented (486, 37.6%). A total of 537 patients
(41.5%) were resected, whilst 134 patients (10.5%) were non-resected /non-metastasized
and 623 (48.0%) were metastasized. In most cases, the tumor was localized in the head of
the pancreas (675 patients, 52.2%). In 125 cases (9.7%) the tumor was located in the body, in
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208 (16.1%) in the tail and in 286 (22.0%) of the cases the location was either overlapping or
unknown. Out of the 537 resected patients, the pathological resection margin was R0 in
347 (27%), R1 in 147 (11%) and R2 in 4 (0.3%) of all cases. Patients who were not resected
in curative intention received palliative treatment with the recommendation of systemic
chemotherapy and/or best-supportive care (Table 1).

Table 1. Descriptive statistics of study cohort.

Factor Total No. (%)
No. of patients 1294
Median Age (range) 66 (28-94) years
Sex
Female 576 (45.0)
Male 718 (55.0)
ECOG
>2 192 (14.8)
<2 616 (47.6)
Unknown 486 (37.6)
Stage
Resected 537 (41.5)
Locally advanced 134 (10.5)
Metastasized 623 (48.0)
Localization
Head 675 (52.2)
Body 125 (9.7)
Tail 208 (16.1)
Overlap 63 (4.9)
Not specified 223 (17.1)
Treatment
Curative~
RO 347 (26.7)
R1 147 (11.5)
R2 4(0.3)
RX 39 (3.0)
Palliative~ 757 (58.5)

3.2. Determination of Cut-Off Values

To determine optimized cut-off values for each parameter, we performed time-dependent
receiver operating characteristic (ROC) curves based on the Youden method. For the indi-
vidual parameters of the differential blood count and the inflammatory marker, CRP, the
corresponding cut-off value for neutrophils was 5/nL, lymphocytes 1.35/nL, monocytes
0.6/nL, platelets 235/nL and CRP 15 mg/L. We identified the NLR cut-off value at 4.0. Cut-off
values for the LMR, PLR, CAR and IBI were 1.6, 180, 0.4 and 30, respectively.

3.3. Predictive Factors of Survival

Following identification of optimal cut-off values, we correlated individual inflamma-
tory parameters by univariate analyses with respect to the median overall survival (mOS;
Table 2). An mOS of 15 vs. 9 months was observed for neutrophils below 5/nL. Longer
mOS was also observed for reported values of lymphocytes above 1.35 (12 vs. 9 months),
platelets above 235/nL (11 vs. 9 months), albumin above 38.5 g/L (15 vs. 8 months),
monocytes below 0.60/nL (13 vs. 9 months) and CRP below 15/nL (15 vs. 6 months).
Moreover, a better mOS was assessed for the following ratios including IBI: NLR below
4.0 (14 vs. 8 months), LMR above 1.6 (12 vs. 7 months), PLR below 180 (12 vs. 9 months),
CAR below 4.0 (16 vs. 6 months) and an IBI above 30 (16 vs. 7 months). In the subgroup
analyses of resected, locally advanced and metastasized patients, the NLR and CAR proved
to be statistically significant in univariate analyses for all tumor stages (see Supplementary
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Figures 52-S5). For the PLR and LMR, the inflammatory scores remained statistically
significant.

As ECOG is a strong and robust prognostic factor for overall survival [10], we con-
ducted a further subgroup analysis excluding patients with unknown ECOG status. We
evaluated Kaplan—-Meier curves of the total patient population for NLR, LMR, PLR, CAR
and IBI (Supplementary Figures S6 and S7 and Figure le-h). For lower ECOG status
(0-1) the NLR, CAR and IBI were identified to be prognostic scores for overall survival
independent of ECOG status. NLR, LMR, PLR, CAR and IBI were all independent prog-
nostic scores for overall survival of patients with higher ECOG status (see Supplementary
Figures 56 and S7).

Table 2. Correlation of individual parameters with median overall survival.

mOS mOS
Factor Cut-Off (Months) (Months) p-Value
>Cut-Off <Cut-Off

Neutrophils (/nL) 5 9 15 0.001
Lymphocytes (/nL) 1.35 12 9 0.001
Monocytes (/nL) 0.60 9 13 0.001
Platelets (/nL) 235 11 9 0.190
CRP (mg/L) 15 6 15 0.001
Albumin (g/L) 38.5 15 8 <0.0001
NLR 4.0 8 14 0.0001
LMR 1.6 12 7 <0.0001
PLR 180 9 12 0.0037
CAR 0.4 6 16 <0.0001
IBI 30 16 7 0.0001

mOS—median overall survival; CRP—C-reactive protein; NLR—neutrophil to lymphocyte ratio, PLR—platelet
to lymphocyte ratio; LMR—Ilymphocyte to monocyte ratio, CAR—CRP to albumin ratio; IBl—inflammatory
benchmark index.

3.4. Assessing New Predictive Inflammatory Scores of Survival

Having screened variations of all possible combinations with three or four parame-
ters of the differential blood count (neutrophils, lymphocytes, monocytes, platelets (see
Supplementary Tables S5-57)), a total of 24 different scores (A to X) were evaluated. Out
of the 24 scores, 16 proved to be significant in the univariate and multivariate analyses.
Compared to all 24 different scores, the IBI remained the statistically significant score with
the largest difference in median overall survival below and above the determined cut-off
value of 30.

3.5. Univariate and Multivariate Analyses of Patient Cohort Characteristics and
Inflammatory-Based Markers

For identification of prognostic factors affecting the overall survival of pancreatic
cancer patients, univariate and multivariate analyses were performed (Table 3). In the
univariate analysis, advanced age (p < 0.001), gender (p < 0.001), tumor stage (p < 0.001),
CA19-9 (p =0.001), NLR (p < 0.001), LMR (p = 0.004), PLR (p = 0.004), CAR (p = 0.001) and IBI
(p = 0.001) were identified as prognostic markers. In the multivariate analyses advanced age
(p < 0.001), gender (p = 0.001), tumor stage (p < 0.001), CA19-9 (p < 0.001), NLR (p = 0.001),
LMR (p = 0.038), CAR (p < 0.001) and IBI (p = 0.001) represented independent prognostic
markers. The pancreatic localization (head, body, tail) of the tumor was not affecting the
overall survival of patients in our cohort study; though for the majority of cases reported
data of tumor localization was unavailable.

The mOS was significantly longer for a lower NLR (p < 0.001, see Figure 1a), lower
PLR (p = 0.004, see Figure 1c) and lower CAR (p = 0.001, see Figure 1d), as well as a higher
LMR (p = 0.004, see Figure 1b) and higher IBI (p = 0.001).
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Figure 1. Kaplan—-Meyer curve univariate comparison of median overall survival representing cut-off
values of: (a) NLR = 4; (b) PLR = 1.6; (c) LMR = 180; (d) CAR = 0.4; (e) IBI = 30 for entire patient cohort;
() IBI = 30 for resected patient cohort; (g) IBI = 30 for locally advanced patient cohort; (h) IBI = 30 for
metastasized patient cohort. NLR—neutrophil to lymphocyte ratio; PLR—platelet to lymphocyte ratio;
LMR—Ilymphocyte to monocyte ratio; CAR—CRP to albumin ratio; IBI—inflammatory benchmark
index; mOS—median overall survival (for further subgroup analyses see Supplementary Material,

Tables S2-S5).
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Table 3. Univariate and multivariate logistic regression analyses of study cohort.

Factor Univariate Analysis Multivariate Analysis
N HR 95% CI p-Value HR 95% CI p-Value

Age (years)

>65 594

<65 700 0.75 0.70-0.85 <0.001 0.8 0.7-0.9 <0.001
Sex

Female 576

Male 718 12 11-1.4 <0.001 14 1.1-1.5 0.001
Tumor stage

Resected 537

Locally advanced 134 1.8 14-22 <0.001 1.8 1.2-15 <0.001

Metastasized 623 2.6 2.2-3.0 <0.001 2.5 2129 <0.001
Localization

Head 675

Body 125 0.95 0.76-1.2 0.618 0.86 0.6-1.1 0.249

Tail 208 1.20 0.99-1.4 0.058 0.98 0.8-1.2 0.862

Overlap 63 1.49 1.12-2.0 0.007 1.01 0.7-14 0.970

Not specified 223 1.50 1.26-1.8 0.001 111 0.9-1.3 0.295
CA19-9 (kU/L)

>300 611

<300 524 0.55 0.48-0.64 0.001 15 1.2-1.7 <0.001

Unknown CA19-9 159
NLR

<4 581

>4 713 15 1.2-1.6 0.001 13 1.1-1.7 0.0011
LMR

<1.6 491

>1.6 803 0.69 0.61-0.79 0.001 0.8 0.7-0.99 0.0383
PLR

<180 590

>180 704 12 1.1-1.4 0.004 1.0 0.9-12 0.625
CAR

<0.4 561

>0.4 636 1.8 1.61-2.1 0.001 14 1.2-1.7 <0.001

Unknown CRP 97
IBI

<30 689

>30 552 0.57 0.51-0.65 0.001 0.65 0.6-0.8 <0.001

Unknown IBI 53

NLR—neutrophil to lymphocyte ratio; PLR—platelet to lymphocyte ratio; LMR—lymphocyte to monocyte ratio;
CAR—CRP to albumin ratio; IBl—inflammatory benchmark index; CRP—C-reactive protein.

4. Discussion

By assessing inflammatory-based prognostic markers, we were able to demonstrate
statistical correlations of advanced age (p < 0.001), gender (p = 0.001), tumor stage (p < 0.001),
CA19-9 (p < 0.001), NLR (p = 0.001), LMR (p = 0.038) and CAR (p < 0.001) to overall survival
in multivariate analyses, thus emphasizing their role as independent prognostic biomarkers
in pancreatic cancer. To our knowledge, this retrospective study represents the largest
patient cohort of 1294 patients at a single high-volume cancer center and thus represents
robust data. Whilst the range of other retrospective studies accounted for cohorts between
54 and a maximum of 474 patients (see Table 4), the patient cohort included in this study
accounted for a sample size similar to formally published meta-analyses.

As previously reported by Hanahan et al., tumor-promoting inflammation represents
one of the hallmarks of cancer, representing a key role in tumorigenesis, malignant transfor-
mation, tumor progression and metastasis [11]. While inflammation caused by hepatitis B,
human papillomavirus and Helicobacter pylori is known to promote cancer development,
a malignant tumor itself can trigger regional inflammatory reactions. This in turn leads
to a release of pro-inflammatory cytokines such as interleukin-1,-2,-6, VEGF, TNF-« and
TGEF-3 [12].

The induced inflammatory reaction within the microenvironment of malignancies
causes a systemic elevation of neutrophils, platelets and C-reactive protein (CRP), as well
as a depletion of lymphocytes. The exact mechanisms of these changes, however, have not
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yet been fully elucidated. By tumor secretion of IL-6, for example, megakaryocytes are pro-
moted, resulting in elevated platelet levels [13]. Moreover, it has been reported that tumor
secretion of TNF-a and IL-10 leads to lymphopenia and lymphocyte dysfunction [14,15].
As lymphocyte infiltration correlates with long-term oncological outcomes in pancreatic
cancer, lymphopenia presents a means of immune evasion [2].

Based on these findings, many cohort studies analyzed the effect on immune cells and
their corresponding inflammatory biomarkers on the overall survival of pancreatic cancer
patients. In our study cohort, we were able to correlate high levels of lymphocytes and
thrombocytes as well as low levels of neutrophils, monocytes and leukocytes to a longer
mOS (see Table 2).

The most commonly reported inflammatory parameter is the NLR. Low NLR val-
ues are known to correlate with longer median overall survival in various retrospective
study cohorts (see Table 4). Up to present, the largest meta-analysis considering the
NLR included 40,599 patients from 57 cohort studies including various types of solid
tumors (breast, renal, HCC, ovarian, etc.). The NLR was found to be highly significant
(HR =1.81, 95% CI = 1.67-1.97, p < 0.001) with respect to mOS. Moreover, a meta-analysis
of 8252 patients including 43 cohort studies of pancreatic cancer patients also underscored
the relevance of the NLR as an independent prognostic marker for mOS (HR = 1.81, 95%
CI = 1.59-2.05, p < 0.00001) [16]. In agreement with previous findings, the NLR of our
study cohort proved to be an independent prognostic marker in the multivariate analy-
sis. Whereas other study cohorts only considered certain subgroups of pancreatic cancer
patients, specifically resected-only or metastasized-only, this study cohort comprises the
entire spectrum of patients, empowering the multivariate prognostic impact. Moreover, it
should be emphasized that no clear cut-off values of the NLR have been agreed on. When
examining our study cohort, we identified the optimal cut-off value to be 4.0, which is in
the range of and in very good agreement with previously reported values varying from 2
to 5 [16]. While the majority of NLR studies reported a statistical significance, some studies
with smaller patient cohorts did not find a correlation between mOS and NLR [17-19],
indicating the vast heterogeneity of former study cohorts.

The LMR is another inflammatory-based prognostic marker that has been examined
over the last years (see Table 4). A meta-analysis by Hu et al. was able to include 10 cohort
studies with 2557 patients suffering from pancreatic cancer. A low LMR was correlated to a
shorter mOS (HR = 0.60, 95% CI = 0.50-0.71, p < 0.001) with cut-off values varying from
2.05 to 4.62 [20]. When assessing our study population, the LMR was identified to be an
independent prognostic marker with a specific cut-off value of 1.6. The optimal cut-off
value (1.6) determined with ROC analysis for our study cohort, however, was lower than
the range of previously reported studies. As former LMR studies were based on smaller
cohorts of 97 to a maximum of 474 patients, one could argue that the calculated cut-off value
of our cohort with 1294 patients provides a more robust assessment. Additionally, some
studies pointed out the LMR to be not statistically significant with respect to mOS [3,21].

Another inflammatory-based marker to be considered is represented by the PLR. In a
meta-analysis of 17 cohorts a low PLR was linked to longer mOS (HR =1.28, 95% CI = 1.17-1.40,
p = 0.00001). Cut-off values ranged from 126 to 300 [22]. Many retrospective study cohorts
identified the PLR to be an independent multivariate factor for mOS (see Table 4). Others did
not identify a correlation of PLR with mOS [17,18]. In our study cohort, the PLR was the only
inflammatory marker which did not show a statistical multivariate correlation to the overall
survival.

As ECOG is a strong and robust prognostic factor for overall survival [10], further
subgroup analyses of our cohort proved the NLR, CAR and the IBI to be independent of
ECOG status.

Of course, there are limitations of the study presented. First, a retrospective cohort
was used. Second, the database only includes patients treated at a single high-volume
center. Independent validation is necessary to integrate the score or the results obtained
into clinical practice. A weakening limitation for our determined score is that we are
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currently not able to validate the results with an independent cohort. The available data
from other working groups are only available for smaller patient numbers, with which no
meaningful validation according to given guidelines is possible. The further project plan is
to validate the data on the entirety of the patients in our further prospective single-center
cohort with the data of cooperating working groups to have a sufficient validation cohort.

Third, the current study did not take into account other hallmarks of cancer besides
inflammation and did not stratify by pre-existing illness, genetic/mutational status of the
tumor, therapeutic regimens and tumor stroma content. Moreover, in addition to peripheral
immune cell counts there are also genetic inflammatory markers accessible. Genes such as
deoxyribonuclease 1-like 3 (DNASE1L3), encoding for deoxyribonuclease gamma, have
previously been identified as additional inflammation-based markers [23]. A DNASE1L3
deficiency, for example, results in chronic inflammation with respect to anti-DNA responses
and autoimmune diseases such as systemic lupus erythematosus [24]. Higher expressions
of DNASEI1L3 were recently correlated to longer overall survival after radical resection of
hepatocellular carcinoma [24].

For the purpose of the largest single-center retrospective study presented here, how-
ever, one may assume that certain variabilities might be compensated for.

Table 4. Summary of reported retrospective analyses of inflammation-based prognostic indicators in
pancreatic cancer.

Author Year Country Patient No Parameter Cut-Offs Multivariate HR (95% CI) Status
Sierzega [25] 2017 Poland 54 NLR 5.0 1.66 [1.12-2.46]; p = 0.012 Resected
Pointer [3] 2020 USA 277 NLR 5.0 2.13 [1.41-3.22]; p = 0.002 Resected
Giakoustidis [26] 2018 UK 127 NLR 4.0 2.05[1.11-3.78]; p = 0.020 Resected
Tawi [27] 2020 Japan 119 NLR 3.7 2.43 [1.48-3.98]; p < 0.001 Non-Resectable
Ventriglia [4] 2018 Italy 70 NLR 5.0 2.77 [1.30-5.70]; p = 0.006 Metastasized
McLellan [5] 2020 France 172 NLR 5.0 2.01 [1.33-3.05]; p = 0.001 Metastasized
Giakoustidis [26] 2018 UK 127 PLR 120.0 1.47 [0.88-2.45]; p = 0.138 Resected
Martin [28] 2015 Australia 124 PLR 200.0 1.158 [1.07-2.33]; p = 0.020 Non-Resectable
Li[29] 2019 China 134 PLR 123.0 1.72 [1.16-2.55]; p = 0.007 Metastasized
Sierzega [25] 2017 Poland 54 LMR 3.0 1.65 [1.06-2.58]; p = 0.026 Resected
Li [30] 2016 China 144 LMR 2.6 0.15[0.09-0.25]; p < 0.001 Resected
Stotz [31] 2015 Austria 474 LMR 2.8 0.81 [0.66-0.99]; p = 0.040 Mixed
. Non-Resectable +
Xue [32] 2017 Japan 405 LMR 2.8 0.46 [0.31-0.69]; p < 0.001 Metastasized
Van Wijk [33] 2020 Netherlands 163 CAR 0.20 1.75 [1.20-2.54]; p = 0.004 Resected
Funamizu [34] 2022 Japan 203 CAR 0.09 34.51 [11.75-101.38]; p < 0.001 Resected
Haruki [35] 2016 Japan 113 CAR 0.03 1.73 [1.04-2.87]; p = 0.035 Resected
Fan [36] 2019 China 595 CAR 0.18 1.84 [1.51-2.24]; p < 0.001 N?\Z"Res"“?able *
etastasized

5. Conclusions

In conclusion, we were able to present robust data on the largest retrospective study
cohort of a single high-volume center analyzing inflammatory-based prognostic markers.
We identified the NLR, LMR and CAR to be independent predictive biomarkers with
respect to the median overall survival of patients suffering from pancreatic cancer. We
were also able to identify and confirm optimal cut-off values for our study population.
These values were in accordance with previously reported cut-off values. Moreover, we
systematically screened all possible combinations of potential inflammatory scores and
identified an optimal combinational score termed the inflammatory benchmark index (IBI).
This newly developed score includes not only two values of the differential blood count,
but all four values (neutrophils, lymphocytes, monocytes, platelets) and CRP. The score fits
both the adjuvant and palliative situation (Figure le-h), thus reflecting the basic biological
character of the cancer disease. In addition to tumor stage, this easily accessible prognostic
benchmark index may provide additive guidance for further treatment decision-making
and may be useful as a stratification parameter for trials aimed at patient inflammation or
immune response.
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