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ABSTRACT

Background: Although the prognosis of recurrent pancreatic cancer (RPC) is improving with the
appearance of new anticancer drugs, prognostic indicators for RPC are still poorly understood. The aim of
this study was to evaluate significance of the inflammation-based prognostic score, including modified
Glasgow Prognostic Score (mGPS), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), lymphocyte-to-monocyte ratio (LMR), and Prognostic Nutritional Index (PNI), in patients with RPC.
Methods: This study reviewed 263 patients of pancreatic ductal adenocarcinoma at our institution be-
tween 2006 and 2015. A receiver operating characteristics curve analysis was performed to determine
the cut-off values. The prognostic significance of the inflammation-based prognostic scores were eval-
uated by a multivariate analysis.

Results: 172 patients (65.4%) who had recurrence was included in this study. The optimal PNI for pre-
dicting 1-year survival after recurrence was 40 with higher area under receiver operating characteristics
curve value (0.704) in comparison with other inflammation-based prognostic scores. A univariate and
multivariate analysis revealed that liver metastasis (P <0.001) and PNI <40 (P < 0.001) were indepen-
dently associated with the survival time after recurrence. When each of the two predictors was counted
as one point and the points were calculated for all cases, a good stratified survival curve was obtained,
showing the shorter survival in the higher points: median survival times of 2, 1, and 0 points were 4.3,
11.1, and 21.2 months, respectively (P < 0.001).

Conclusions: Inflammation-based prognostic scores, especially PNI is useful clinical biomarker for pre-
dicting the survival time after recurrence in patients with pancreatic adenocarcinoma.

© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

nanoalbumin-paclitaxel (nab-PTX) [3]. In management of recurrent
patients, predicting the life expectancy and planning the optimal

Although survival of pancreatic ductal adenocarcinoma (PDAC)
has been prolonged with the progress of multidisciplinary treat-
ment [1], an appreciable proportion of patients develop recurrence
even after curative treatment. Recently, the prognosis of unre-
sectable or recurrent pancreatic cancer (RPC) is improving with the
appearance of novel anti-cancer drugs such as fluorouracil, leuco-
vorin, irinotecan, and oxaliplatin (FOLFIRINOX) [2], and
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treatment strategy are thought to lead to an improvement in the
patient's prognosis. To date, there is no well validated and widely
accepted prognostic model in daily clinical practice for RPC.

It is well known that systemic inflammatory response plays an
important role in cancer progression [4]. With the recognition of
the prognostic importance of the systemic inflammatory response
in cancer, a variety of inflammation-based prognostic scores have
been developed [5—9]. As inflammation-based prognostic scores,
modified Glasgow Prognostic Score (mGPS) consisted of albumin
value and C-reaction protein [5], neutrophil-to-lymphocyte ratio
(NLR) [7], platelet-to-lymphocyte ratio (PLR) [9], lymphocyte-to-
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monocyte ratio (LMR) [8], and prognostic nutrition index (PNI)
consisted of lymphocyte count and albumin value [6] have been
reported for survival predictors of various cancers. In primary
PDAC, these markers were also identified as the independent pre-
dictors of the postoperative prognosis [5,6,10,11]. However, no re-
ports have investigated the role of the inflammation-based
prognostic scores in patients with RPC, and its usefulness was still
unknown.

The object of this study was to systematically evaluate signifi-
cance of representative inflammation-based prognostic scores
including mGPS, NLR, PLR, LMR, and PNI in patients with RPC.

Patients and methods

Patients

Between January 2006 to December 2015, a total of 286
consecutive patients were histopathologically diagnosed as PDAC
and underwent pancreatectomy in Nara Medical University Hos-
pital. Among them, 16 patients of para-aortic lymph node metas-
tasis, 5 patients of R2 resection, and 2 patients who died in a short
period postoperatively due to perioperative morbidity were
excluded. As a result, remaining 263 patients were reviewed
retrospectively and analyzed. Of the 263 patients, 175 patients
(66.5%) had recurrence in the follow-up period. Since hematologic
data at the recurrence time were not available in 3 cases, 172 pa-
tients were finally enrolled as RPC in this study. This study was
approved by the Local Ethics Committee on Clinical Investigation of
Nara Medical University. Written informed consent was obtained
from all of the patients.

The following clinicopathological characteristics were obtained
retrospectively from the patients’ medical records: age, sex, loca-
tion of primary tumor, resectability status at initial diagnosis, his-
tologic differentiation, tumor depth, nodal involvement, tumor
stage, pre- and postoperative treatment, perioperative blood
transfusion, pattern of recurrence. Tumors were classified accord-
ing to the TNM staging system of the Union for International Cancer
Control version 7th. Resectability status was defined according to
the National Comprehensive Cancer Network Guidelines Version 2.
2016. An RO resection was designated as surgical margins free of
microscopic or macroscopic tumor involvement.

We also collected the results of blood tests performed at the
time of pretreatment and recurrence, including the serum levels of
albumin, C-reactive protein, carbohydrate antigen (CA) 19-9, and
neutrophil, lymphocyte, monocyte, and platelet counts in the pe-
ripheral blood. The mGPS was determined on the basis of previous
study [5]. The NLR was calculated as the neutrophil count divided
by the lymphocyte count. The PLR was calculated as platelet count
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divided by lymphocyte count. The LMR was calculated as
lymphocyte count divided by monocyte count. The PNI was
calculated using the following formula: 10 x serum albumin value
(g/dL) + 0.005 x total lymphocyte counts in the peripheral blood
(/mm?3). The predictive values of the inflammation-based prog-
nostic scores at recurrence were evaluated by receiver operating
characteristic (ROC) analysis. The accuracy of predicting prognosis
was assessed by calculating the area under the curve (AUC). The
cut-off values of CA19-9 at recurrence was determined of below 37
U/ml as normal range.

Perioperative management and oncologic follow-up

Neoadjuvant chemoradiotherapy (NACRT) and adjuvant
chemotherapy protocols in our institute have been previously
described [12,13]. Since September 2008, all patients have been
subjected to NACRT to achieve local control and a complete cure. In
brief, the NACRT regimen consists of gemcitabine (GEM) and
concomitant radiation of 54 Gy. Systemic GEM at 1000 mg/m?
administered weekly. Surgery was performed within three to five
weeks after the completion of NACRT. Surgery involved subtotal
stomach-preserving pancreatoduodenectomy (SSPPD), distal
pancreatectomy (DP) with or without celiac axis resection, and
total pancreatectomy (TP). Regional lymph node dissection was
performed in most patients.

As postoperative adjuvant therapy, patients received combina-
tion therapy of weekly hepatic arterial infusion of high-dose 5-
fluorouracil and systemic infusion of GEM as previously described
[13]. Some patients received adjuvant chemotherapy with GEM or
S-1 (TS-1; Taiho Pharmaceutical, Tokyo, Japan) alone based on the
patient’s condition or choice. Adjuvant chemotherapy was deemed
completed when the planned number or cycles of chemotherapy
had been reached: WHF/GEM, 9 infusions of WHF and 18 admin-
istrations of GEM; GEM, 18 administrations of GEM; S-1, 16 weeks of
oral administration.

The patients were followed-up every 3 months for up to 2 years
after initial operation by CT or MRI with blood examination. Follow
up was performed at least every 3—4 months between 3 and 5 years
after, and then every 6 months thereafter. The recurrence of PDAC
was defined as diagnosis by imaging studies (CT, MRI, and so on),
regardless of laboratory examination. The pattern of recurrence
was classified as liver, lung, local, peritoneum, and lymph node,
according to the site of recurrence.

Statistical analysis

The final follow-up date was December 31, 2017. Overall survival
was defined as the period from initial treatment to cause-specific
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Fig. 1. Kaplan-Meier estimates of the post-recurrence survival. (A) All patient (B) Survival curves according to the presence of chemotherapy for recurrence.
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death or censored until the date of last follow-up. Recurrence-free
survival was calculated from the time of surgery to the first
detection of recurrence. Post-recurrence survival was defined as
the interval from documented recurrence to time of death or last
follow-up. Kaplan—Meier survival calculations and the corre-
sponding log-rank tests were carried out to determine differences
in survival rates. Categorical variables were presented as number
and percentage, and groups were compered using x-squared test or
Fisher's exact test. Continuous variables were expressed as median,
and were compered using Mann-Whitney U test. The univariate
and multivariate hazard ratios (HRs) were calculated using a Cox
proportional hazard model. A P value < 0.05 was considered sta-
tistically significant. All statistical analysis was performed by using
JMP software ver. 13.2 (SAS Institute Inc. Cary, NC, USA).

Results
Patient characteristics

The median overall survival of all 263 patients was 41.2 months
(41-138.5), and the median recurrence-free survival was 22.0
months (1.1-120.2). Thirty-three patients (12.5%) recurred within
12 months after the initial treatment.

The sites of recurrence were as follows: liver, n =51 (29.7%);
lung, n=48 (27.9%); local, n=48 (27.9%); peritoneum, n =38
(22.1%); lymph nodes, n=22 (12.8%); and bone, n=1 (0.6%).
Thirty-three patients (19.2%) had at least two concurrent sites of
the recurrence.

After the diagnosis of recurrence, a total of 151 patients (87.8%)
received systemic chemotherapy. The first line chemotherapy

Table 1
Clinicopathological characteristics at recurrence and median survival time after recurrence.

Variables n MST (months) p

Age, years >70 85 (49) 13.8 0.923
<70 87 (51) 14.2

Sex Male 102 (59) 12.0 0.279
Female 70 (41) 15.1

Location of primary tumor Ph 106 (62) 13.9 0.999
Pb/ Pt 66 (38) 13.6

Resectability of primary tumor Resectable 118 (69) 15.1 0.013
BR/ UR-LA 54 (31) 111

Neoadjuvant therapy Received 98 (57) 144 0.778
Not received 74 (43) 13.1

Adjuvant chemotherapy Completed 97 (56) 21.8 <0.001
Incompleted 75 (44) 8.5

Perioperative blood transfusion Performed 48 (28) 10.3 0.013
Not performed 124 (72) 14.7

Histologic differentiation Differentiated 149 (87) 14.3 0.083
Undifferentiated 23 (13) 133

Tumor depth of primary tumor T1-2 19(11) 21.2 0.115
T3-4 153 (89) 121

Nodal involvement of primary tumor NO 102 (59) 14.3 0.255
N1 70 (41) 12.2

Resection status RO 145 (84) 13.9 0.764
R1 27 (16) 13.1

CA19-9%, U/mL > 37 109 (55) 103 <0.001
<37 60 (44) 243

Duration from surgery to recurrence, months >12 107 (62) 16.2 <0.001
<12 65 (38) 10.2

mGPS 0-1 157 (91) 14.3 <0.001
2 15(9) 3.1

NLR > 3.0 60 (35.9) 6.8 0.002
<30 112 (65.1) 15.5

PLR > 121 51(29.7) 119 0.008
<121 121 (70.3) 18.1

LMR >3.25 61 (35.5) 17.1 0.035
<325 111 (64.5) 114

PNI > 40 125 (73) 16.2 <0.001
<40 47 (27) 6.1

Liver metastasis Present 51 (30) 7.8 <0.001
Absent 121 (70) 15.5

Lung metastasis Present 48 (28) 253 <0.001
Absent 124 (72) 12.0

Local recurrence Present 48 (28) 133 0.852
Absent 124 (72) 14.3

Peritoneal metastasis Present 38(22) 54 0.007
Absent 134 (78) 143

Lymph node metastasis Present 22 (13) 131 0.989
Absent 150 (87) 13.9

Multiple organ metastasis Present 33(19) 6.5 0.010
Absent 139 (81) 143

Chemotherapy for recurrence Received 151 (88) 14.3 <0.001
Not received 21(12) 42

MST: median survival time, Ph: pancreas head, Pb: pancreas body, Pt: pancreas tail, BR: borderline resectable, UR-LA: unresectable locally advanced, CA19-9: carbohydrate
antigen 19-9, mGPS: modified Glasgow Prognostic Score, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio.

LMR: lymphocyte-to-monocyte ratio, PNI: prognostic nutrition index.
¢ Data not available for three patients. Values in parentheses are percentages.
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regimens included S-1 monotherapy (n=58, median post-
recurrence survival time 21.2 months), a combination of GEM and
S-1 (n=39, 13.9 months), a combination of GEM and nab-PTX
(n=22, 13.3 months) and the others (n =32, 10.1 months). There
were no statistical differences in survival between first-line
chemotherapy regimens (P = 0.056). Two cases of local recurrence
and 12 cases of lung metastasis underwent resection of recurrence
sites. Twenty-four patients were not subjected to treatment by
poor general condition or patient choice, and best supportive care
was provided to them.

Post-recurrence survival and prognostic significance of the
inflammation based prognostic score

At the final follow-up, 140 (81.4%) patients had died, and 32
(18.6%) remained alive. Among them, 137 (97.9%) patients were
cause-specific death, and remaining 3 patients died of pneumonia.
Overall, the median post-recurrence survival was 13.8 months
(0.2—81.3), and the 1-, 2- and 3-year post-recurrence survival rates
were 56.2, 29.3 and 18.0%, respectively (Fig. 1A). In addition, there
were significant difference in survival curves of chemotherapy-
received group and non-received group (Fig. 1B, P < 0.001).

In the present study, the cut-off value of NLR, PLR, LMR, and PNI
at recurrence were determined by ROC curve based on prognostic
outcomes of 1-year after recurrence set with reference to the me-
dian survival time after recurrence in this cohort, and were defined
as 3.0, 121, 3.25, and 40, respectively. Although there were no sig-
nificant differences in each ROC curves (P = 0.248), the AUC of NLR,
PLR, LMR, and PNI were 0.610, 0.645, 0.639, and 0.704, respectively.
As a result, the AUC of the PNI at recurrence was higher than the
other inflammation-based prognostic scores (with a sensitivity of
86.7%, a specificity of 45.2%, AUC = 0.704).

The associations between the clinicopathological characteristics
and the survival time after recurrence are also shown in Table 1. The
patients with higher mGPS, NLR and PLR group had a significantly
shorter survival time than those with lower group. The survival
time was significantly shorter in the patients with a lower LMR and
PNI than in those with higher group. According to the survival
analysis, other factors including borderline or unresectable at initial

Table 2
Univariate and multivariate analysis of the survival time after recurrence.

diagnosis, incompletion of adjuvant chemotherapy, perioperative
blood transfusion, higher CA19-9 level, recurrence including liver
metastasis, recurrence including peritoneal metastasis, multiple
organ metastasis, and no chemotherapy for recurrence, were also
associated with a shorter survival time after recurrence.

To evaluate the significance of the inflammation-based prog-
nostic scores for RPC, we performed univariate and multivariate
Cox regression analyses using a model including mGPS and PNI at
recurrence and recurrence pattern. Among various clinicopatho-
logical factors, incompletion of adjuvant chemotherapy, perioper-
ative blood transfusion, higher CA19-9 level, higher mGPS level,
lower PNI level, liver metastasis, peritoneal metastasis, and no
chemotherapy for recurrence were significant prognostic factor.
When adjusted for these factors in multivariate analysis, incom-
pletion of adjuvant chemotherapy, higher CA19-9 level, lower PNI,
liver metastasis, and no chemotherapy for recurrence were the
independent prognostic factor associated with the post-recurrence
survival (Table 2).

Prediction model using the inflammation based prognostic score

When each of the two predictors, lower PNI level at recurrence
and liver metastasis, was counted as one point and the points were
calculated for all 172 cases, a good stratified survival curve was
obtained, showing the shorter survival in the higher points: median
survival times of 2, 1, and 0 points were 4.3, 11.1, and 21.2 months,
respectively (Fig. 2A, P <0.001). Furthermore, the similarly strati-
fied curves were shown both in the subgroup who underwent the
chemotherapy (Fig. 2B, P <0.001) and the group who did not un-
dergo the chemotherapy for recurrence (Fig. 2C, P =0.002).

Relationship between PNI and clinicopathological factors

Next, to explore the relationship between PNI at recurrence and
clinicopathological characteristics, we compered the higher PNI
(>40) group and the lower PNI (<40) group (Table 3). While pre-
treatment lymphocyte count and albumin value were equivalent
among the groups, there was a significant decrease of each pa-
rameters in the lower PNI group at recurrence. There was no

Variables Univariate Multivariate

Hazard ratio (95% CI) p Hazard ratio (95% CI) p
Age at recurrence, years, > 70 1.017 (0.727-1.423) 0.923
Gender, Male 1.206 (0.859-1.704) 0.279
Location of primary tumor, Ph 0.999 (0.710—1.419 0.998
Resectability, Borderline or Unresectable-locally advanced 1.568 (1.086-2.233) 0.017 1.403 (0.955-2.098) 0.085
Neoadjuvant therapy, Not received 0.952 (0.678-1.343) 0.779
Adjuvant chemotherapy, incompleted 3.133 (2.193-4.492) <0.001 1.960 (1.252-3.073) 0.003
Perioperative blood transfusion, Performed 1.571 (1.087-2.237) 0.017 0.956 (0.624-1.433) 0.544
Histologic differentiation, Undifferentiated 1.496 (0.921-2.321) 0.100
Tumor depth of primary tumor, T3-4 1.578 (0.926-2.939) 0.097
Nodal involvement of primary tumor, N1 1.217 (0.863-1.706) 0.259
Resection status, R1 0.931 (0.565-1.457) 0.763
Duration from surgery to recurrence, months, < 12 1.966 (1.410-2.815) <0.001
Liver metastasis, Present 2.359 (1.614-3.417) <0.001 2.225 (1.428-3.459) <0.001
Lung metastasis, Present 0.485 (0.319-0.717) <0.001 0.890 (0.560-1.383) 0.610
Local recurrence, Present 0.964 (0.649-1.399) 0.852
Peritoneal metastasis, Present 1.693 (1.136-2.463) 0.011 1.308 (0.806-2.082) 0.272
Lymph node metastasis, Present 0.997 (0.587-1.594) 0.989
CA19-9 at recurrence, U/ml, > 37 2.361 (1.631-3.489) <0.001 1.848 (1.222-2.842) 0.003
mGPS at recurrence, 2 2.905 (1.622-4.834) <0.001 1.075 (0.543-2.036) 0.828
PNI at recurrence, < 40 2.621 (1.793-3.777) <0.001 2.019 (1.348-3.239) <0.001
Chemotherapy for recurrence, Not received 2.954 (1.723-4.781) <0.001 3.085 (1.679-5.366) <0.001

CI: confidence interval, Ph: pancreas head, BR: borderline resectable, UR-LA: unresectable locally advanced, CA19-9: carbohydrate antigen 19-9, mGPS: modified Glasgow

Prognostic Score, PNI: prognostic nutrition index.
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Fig. 2. A combined analysis of the PNI and liver metastasis. 0: The subgroup of non-
liver metastasis together with PNI >40, 1: The subgroup of either liver metastasis or
PNI <40, 2: The subgroup of both liver metastasis and PNI <40. (A) All patients. The PNI
>40 together with non-liver metastasis is associated with a probability of the longest
survival time. (B) The subgroup who underwent the chemotherapy for recurrence. (C)
The subgroup who did not undergo the chemotherapy for recurrence.

significant association between the status of the PNI and CA19-9 at
recurrence. Although the proportion of pancreas head cancer at
initial diagnosis was significantly higher in lower PNI group, there
were no significant differences in the other tumor related factors
including CA19-9 value at recurrence and pattern of recurrence.
The proportion of patients who underwent neoadjuvant therapy
was significantly higher in the lower PNI group, and the completion
rate of adjuvant chemotherapy was significantly higher in the
higher PNI group. Moreover, the implementation rate of chemo-
therapy for recurrence was significantly lower in the lower PNI
group.

Discussion

Previously, there were several reports of prognostic factors for
initial unresectable and metastatic pancreatic cancer [14,15].
However, prognostic factors of RPC after multidisciplinary treat-
ment are still poorly understood. Previous studies showed that the
systemic inflammatory response could influence the surgical
complications and outcome of chemotherapy in pancreatic cancer
[6,10,11,16]. There were several reports on impact of various
inflammation-based prognostic scores as the prognostic factor for
pre- and postoperative resectable PDAC [17,18]. To our knowledge,
the present study represents the first analysis to evaluate the
impact of various indicators based on the systemic inflammatory
factors for RPC after multidisciplinary treatment. Our study
revealed that treatment history for primary tumor, pattern of
recurrence, treatment for recurrence and the inflammation-based
prognostic scores were important prognostic factors of RPC.

As predicted, the post-recurrence survival time was better for
patients with PNI >40 than for patients with PNI <40. Our study
also demonstrated that CA19-9 at the time of recurrence and liver
metastasis were associated with poor prognosis after recurrence
according to multivariate analysis. Previous studies reported the
importance of CA19-9 and the pattern of recurrence in RPC [19,20].
However, approximately 5—10% of the general population is Lewis
antigen A and B-negative, which means that they do not synthesize
the CA19-9 antigen and will not have elevated levels, even with
PDAC. There was no significant association between PNI and CA19-
9 or recurrence patterns in our study, suggesting that PNI was
tumor-independent prognostic factors. Moreover, the subgroup of
non-liver metastasis together with PNI >40 at the time of recur-
rence were associated with a probability of better prognosis.
Although chemotherapy for recurrence has the highest hazard ratio
in multivariate analysis, the presence of liver metastasis and PNI at
recurrence have the advantage that the prognosis can be predicted
before starting the treatment of recurrence. Therefore, we chose
these factors in order to predict prognosis at the recurrence and for
decision-making of treatment strategy. Data suggested that the
prognosis after recurrence may be dependent on tumor-related as
well as patient-related factors. Therefore, therapeutic strategies for
both factors are needed for improving the prognosis after
recurrence.

In this study, the PNI had the highest prognostic accuracy among
various inflammation-based prognostic scores, and that was an
independent prognostic factor in RPC. The PNI is considered to be
an indicator not only for systemic inflammation, but also the pa-
tient's nutritional status. Although the underlying mechanisms for
the prognostic significance of PNI in RPC remain unclear, one
possible explanation is that systemic inflammation response may
reflect tumor burden and aggressive behavior. Low PNI implies a
combination of lymphocytopenia and hypoalbuminaemia. It is
known that systemic inflammation, some cytokines and other
chemical messengers promote cancer cell proliferation, tumor
angiogenesis and metastasis [4,21,22]. Among them, lymphocytes



K. Nakagawa et al. / Pancreatology 19 (2019) 722—728 727

Table 3
Relationship between PNI and clinicopathological characteristics at recurrence.
Variables PNI >40 PNI <40 p
Age, years Median, range 70 (34-88) 70 (47-82) 0.868
Sex Male 76 (61) 26 (55) 0514
Pretreatment lymphocyte?,/mm? Median, range 1209 (118-3596) 1000 (342-4582) 0.132
Pretreatment albumin®, g/dL Median, range 3.9(2.7-4.8) 3.8(2.7-5.1) 0.234
Lymphocyte at recurrence,/mm?> Median, range 1400 (500-3784) 700 (264-2500) <0.001
Albumin at recurrence, g/dL Median, range 4.1 (3.0-5.1) 3.0 (1.8-3.7) <0.001
Location of primary tumor Ph 68 (54) 38 (81) 0.002
Resectability of primary tumor Resectable 85 (68) 33(70) 0.781
Neoadjuvant therapy Received 79 (63) 19 (40) 0.007
Adjuvant chemotherapy Completed 81 (65) 16 (34) <0.001
Perioperative blood transfusion Performed 34 (27) 14 (30) 0.736
Histologic differentiation Differentiated 106 (85) 43 (91) 0.251
Tumor depth of primary tumor T3-4 111 (89) 42 (89) 0.917
Nodal involvement NO 77 (62) 25 (53) 0.317
Resection status RO 106 (85) 39 (83) 0.769
Metastasis Liver 36 (29) 15(32) 0.690
Lung 38 (30) 10 (21) 0.235
Local 33(26) 15 (32) 0472
Peritoneum 23 (18) 15 (32) 0.057
Lymph node 12 (10) 10 (21) 0.096
Multiple organ metastasis Present 24 (19) 9(19) 0.994
CA19-9, U/mL Median, range 62 (1-4264) 108 (1-11668) 0.142
Chemotherapy for recurrence Received 115 (92) 36 (77) 0.006

Ph: pancreas head, CA19-9: carbohydrate antigen 19-9, PNI: prognostic nutrition index.

¢ Data before initial treatment of primary tumor. Values in parentheses of categorical variables are percentages.

play a central role in anticancer immunity, and lymphocytopenia
reflects the impairment of cellular adaptive immunity against
cancer cells. Therefore, lymphocytopenia is thought to be a bio-
logical marker of immune suppression. Furthermore, PDAC is
thought to be associated with the most significant lymphocytope-
nia compared to the other gastrointestinal tumors [23]. On the
other hand, albumin is one of the most reliable indicators of mid-
and long-term nutritional status [24]. Hypoalbuminaemia is asso-
ciated with poor tissue healing, decreased collagen synthesis in
surgical wounds and at anastomoses, and impairment of immune
responses such as macrophage activation and granuloma formation
[25—28]. Therefore, compromised immunonutritional status is an
important factor that can lead to increased spread of the tumor.
Another explanation is that PNI reflects the tolerability to systemic
chemotherapy. Our study revealed that implementation rate of
chemotherapy for recurrence in the low PNI group was significantly
worse compared to the higher PNI group. Our previous study also
showed that lower PNI was critical risk factor for the failure to
complete adjuvant chemotherapy [29]. Ikeya et al. also reported the
association between the inflammation-based prognostic scores and
continuity of chemotherapy among patients with unresectable
colorectal cancer, suggesting that patients with a high PNI were
able to continue to a long-term treatment because of an adequate
physical reserve [30].

In this study, we observed that the PNI at recurrence was
significantly associated with patients' performance status, primary
tumor location, completion rate of adjuvant chemotherapy and
blood transfusion, while there were no associations between PNI
and any other patients’ and tumor factors including pattern of
recurrence. These findings suggest that low PNI at recurrence may
be result of the decrease of the lymphocyte and albumin due to
chronic physical exhaustion following to more invasive treatment.
Therefore, since keeping or enhancing PNI level may lead to
adequate long-term treatment after recurrence, continuous inter-
vention such as long-term nutritional support or monitoring may
be crucial to improve patient prognosis even after the completion
of multidisciplinary treatment for resectable pancreatic cancer.
However, since there are limited medical evidence to support our
hypothesis, further studies are needed.

The current study has some limitations. This was a retrospective
cohort study at single institution. In addition, there was some
heterogeneity of multidisciplinary treatment including first-line
chemotherapy after recurrence and patient selection, and the
number of enrolled patients was relatively small. Therefore, biases
inherent to retrospective studies could not be completely avoided.
However, our results strongly support the idea that PNI can be a
promising prognostic biomarker for RPC and may have critical
implications for the future therapeutic strategies. To verify the
usefulness of PNI in treating patients with RPC, further prospective
studies are required.

In conclusion, the inflammation-based prognostic scores,
especially PNI, were useful predictive indicators for recurrent
pancreatic cancer. Therefore, measuring these indicators at recur-
rence could be helpful in prediction of prognosis and decision-
making of treatment strategy in daily clinical practice.
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