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Low Pretreatment CALLY Index Predicts Early Recurrence in Resected 
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Objective: We aimed to identify the inflammation-based prognostic score (IBPS) that can be used to predict 
the recurrence of early-stage pancreatic ductal carcinoma (PDAC).
Methods: In this retrospective study, the data of 109 patients with Union for International Cancer Control 
(UICC) stage I PDAC who underwent pancreatectomy between January 2005 and December 2020 at Tokai 
University Hospital were assessed. The clinicopathological and risk factors for early recurrence were com-
pared between the early (within 12 postoperative months) recurrence (ER) group (n = 29) and non-ER group 
(n = 80).
Results: The median overall survival (OS) durations of the ER and non-ER groups were 15.0 (95% confidence 
interval [CI]: 8.0-22.0) and 109.0 (95% CI: 91.4-120.9) months, respectively (p < 0.001). The patients in the ER 
group had a significantly poorer prognosis. Multivariate analysis showed that the C-reactive protein-albu-
min-lymphocyte (CALLY) index ( < 4.4) (hazard ratio [HR]: 2.71, 95% CI: 1.21-6.02]), positive venous invasion 
(HR: 4.67, 95% CI: 1.10-19.90), tumor differentiation (moderately/poorly) (HR: 2.25, 95% CI: 2.05-13.43), and 
failure to complete adjuvant chemotherapy (HR: 12.50, 95% CI: 5.30-29.50) were independent risk factors 
for early recurrence. 
Conclusions: Low pretreatment CALLY index was a useful predictor of early recurrence in patients with 
UICC stage I PDAC.
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INTRODUCTION

 Pancreatic ductal adenocarcinoma (PDAC) is the 
fourth leading cause of cancer-related deaths in the 
United States of America [1]. Of gastrointestinal can-
cers, its prognosis is particularly poor; however, the 
number of patients with PDAC has been increasing in 
recent years, and it is expected to become the second 
leading cause of death by 2030 [2]. Recent advances 
in diagnostic imaging and other modalities have led to 
the early detection of PDAC [3, 4]. Patients with small 
PDAC tumors, with diameters of 2 cm or less, have 
been reported to have a good prognosis, with a 5-year 
survival rate of 77.9% [5]. However, patients with ear-
ly-stage PDAC without lymph node metastasis tend to 
experience early recurrence and poor prognosis.

 Although there are many reports on the risk factors 
for early recurrence of PDAC, including tumor size, 
high preoperative colorectal carcinoma antigen (CA19-
9) level, positive retroperitoneal invasion, and tumor 
differentiation grade [6-8], few studies have focused 
on the risk of recurrence and prognosis of early-stage 
PDAC [9-12]. Recently, inflammation-based prognostic 
scores (IBPSs) such as neutrophil-to-lymphocyte ratio 
(NLR), platelet-to-lymphocyte ratio (PLR), lympho-
cyte-to-monocyte ratio (LMR), modified Glasgow 

prognostic score (mGPS), C-reactive protein (CRP)-
to-albumin ratio (CAR), prognostic nutritional index 
(PNI), and CRP-albumin-lymphocyte (CALLY) index 
have been reported to be correlated with recurrence 
and prognosis in some carcinomas including PDAC [9, 
13-20]. In this study, we aimed to determine the IBPS 
that can be used to predict the risk of early recurrence 
in patients with early-stage pancreatic cancer. 

MATERIALS AND METHODS

Patients
This study was a retrospective study. Of the 354 pa-

tients with resectable pancreatic cancer diagnosed and 
resected at Tokai University in Isehara, Japan, between 
January 2005 and December 2020, the data of 146 
patients with stage IA or IB Union for International 
Cancer Control (UICC) PDAC were assessed. Of these, 
four patients who received neoadjuvant chemotherapy, 
six who died from other causes, six with cancers other 
than adenocarcinoma, and 16 who were followed up 
at other hospitals were excluded, thus, we had 109 
patients in the final analysis (Fig. 1). Staging was 
performed according to the UICC tumor-node-me-
tastasis (TNM) classification, 8th edition [21]. The 
resectability of pancreatic cancer in each patient was 
determined according to preoperative imaging find-
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ings in accordance with the National Comprehensive 
Cancer Network (NCCN) guidelines [22]. Postoperative 
complications were evaluated using the Clavien–Dindo 
classification [23]. This study was approved by the 
Institutional Ethics Board of Tokai University Hospital 
(IRB No. 19R-112). The investigation conforms with 
the principles outlined in the Declaration of Helsinki. 

Definition of early recurrence and measurement of 
IBPS

Some reports define early recurrence as recurrence 
within 6 months after surgery, whereas others define 
it as recurrence within 12 months. Because this study 
included patients with only UICC stage I PDAC, we de-
fined early recurrence as recurrence within 12 months 
of surgery. We divided the patients into two groups: the 
early recurrence group (ER group) comprising patients 
who had postoperative recurrence within 12 months 
and the non-ER group comprising patients without 
postoperative recurrence within 12 months irrespective 
of recurrence after 12 months. The diagnosis of recur-
rence was made using contrast-enhanced computed 
tomography (CT), and liver metastasis was confirmed 
using contrast-enhanced magnetic resonance imaging 
(MRI). If CT and MRI were difficult to identify re-
currence, positron emission tomography was used for 
diagnosis as needed.

 The following IBPSs were analyzed: mGPS, as de-
fined in previous studies [18, 19]; CRP-albumin ratio 
(CAR), based on a combination of CRP and albumin 
(Alb) levels (patients with normal levels of CRP [ ≤ 1.0 
mg/dL] and any level of Alb received a score of 0; 
patients with elevated CRP levels [ > 1.0 mg/L] and 
normal albumin levels [ > 3.5 g/L] received a score of 
1; and patients with elevated CRP levels [ > 1.0 mg/L] 
and hypoalbuminemia [ ≤ 3.5 g/L] received a score of 
2); PNI, defined as 10 × albumin + 0.005 × total lym-
phocytes [24]; NLR; PLR; LMR; and CRP-albumin-
lymphocyte (CALLY) index, defined as 10000 [(albu-
min × lymphocytes)/(CRP × 10000)] [20]. All factors 
were determined by blood biochemistry tests within 2 
days before treatment initiation. 

SURGICAL PROCEDURE

Pancreaticoduodenectomy with regional lymph 
node dissection was performed for pancreatic head 
cancer. Distal pancreatectomy with regional lymph 
node dissection was performed for pancreatic body 
and tail cancers. Until 2009, pyloric ring-preserving 
pancreaticoduodenectomy was performed, and from 
2010 onwards, subtotal stomach preserving pancreati-
coduodenectomy was performed. These two techniques 
do not affect the oncologic long-term prognosis. 
Reconstruction was performed using the modified 
Child procedure. Laparoscopic surgery is increasingly 
being performed for pancreatic cancer; it is also per-
formed in our department. However, during the study 
period, laparoscopic distal pancreatectomy was per-
formed only in one eligible patient. There were no ma-
jor changes in the surgical techniques followed by our 
department during the study period. Moreover, neoad-
juvant chemotherapy is increasingly being adopted for 
the treatment of resectable pancreatic cancer. During 
the study period, the decision to use neoadjuvant treat-
ment was made by the attending physician, and up-
front surgery was generally performed. Radiotherapy 
is not indicated for resectable pancreatic cancer in our 
department. In the present study, patients who had 
received preoperative adjuvant chemotherapy were ex-
cluded because of its influence on blood biochemistry 
test results.

Postoperative follow-up and adjuvant chemothera-
py

All the patients underwent routine postoperative 
surveillance. Patients receiving postoperative adjuvant 
chemotherapy also underwent monthly tumor marker 
measurements (carcinoembryonic antigen [CEA] and 
CA19-9) for the first 6 months after surgery, every 3 
months until 3 years after surgery, and every 6 months 
thereafter. Patients who did not receive postoperative 
adjuvant chemotherapy underwent tumor marker 
measurements every 3 months. Chest and abdomi-
nal CT scans were performed every 3 months after 
surgery for the first 3 years, every 6 months for the 
following 2 years, and annually thereafter. The choice 

Fig. 1	 Flowchart of patients with resected UICC-stage I PDAC
	 UICC, Union for International Cancer Control; PDAC, pan-

creatic ductal carcinoma
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of postoperative adjuvant chemotherapy was based on 
the attending physician’s discretion; before 2016, gem-
citabine-based chemotherapy was introduced following 
the result of the CONKO-001 trial [25], and since the 
publication of the JASPAC01 trial results, S-1 therapy 
has been the mainstay [26].

STATISTICAL ANALYSIS

All statistical analyses were performed using SPSS 
(version 26.0; New York, IBM Corporation). Chi-square 
and Mann–Whitney U tests were used to analyze cate-
gorical and continuous variables, respectively. Overall 
survival (OS) was analyzed using the Kaplan–Meier 
method, and statistical significance was evaluated us-

Table 1	 Comparison of clinicopathological findings between the ER and non-ER groups

Variables ER Non-ER p-value

(n =  29) (n =  80)

Age, years, median (range) 73 (58-85) 68 (41-84) 0.065

Sex (Male/Female) 16/13 52/28 0.237

Location (Head/Body and tail) 17/12 48/32 0.534

Albumin (g/dL), median (range) 4.0 (2.6-4.7) 4.2 (1.6-5.0) 0.025

CRP (mg/dL), median (range) 0.26 (0.1-3.5) 0.10 (0.1-4.8) 0.038

CAR, median (range) 0.04 (0.02-1.14) 0.03 (0.02-1.18) 0.039

Neutrophil count (/μL), median (range) 3397 (1910-6842) 3379 (1845-12231) 0.964

Lymphocyte count (/μL), median (range) 1440 (457-2532) 1668 (548-2684) 0.040

Monocyte count (/μL), median (range) 291 (118-576) 291 (151-666) 0.959

Platelet count, (×103/μL), median (range) 210 (112-505) 204 (88-410) 0.781

mGPS (0,1/2) 27/2 77/3 0.402

PNI, median (range) 47.1 (31.5-54.3) 49.9 (25.0-60.2) 0.020

NLR, median (range) 2.4 (1.3-5.5) 2.1 (1.0-7.4) 0.211

PLR, median (range) 146.5 (86.9-597.0) 131.6 (57.2-368.6) 0.097

LMR, median (range) 4.9 (1.4-13.0) 5.7 (2.0-13.8) 0.216

CALLY index, median (range) 3.2 (0.1-9.5) 5.7 (0.1-11.5) 0.018

Total bilirubin (mg/dL), median (range) 0.6 (0.2-15.2) 0.6 (0.2-8.7) 0.293

Preoperative biliary drainage, n (%) 8 (27.6) 23 (28.8) 0.555

CEA (ng/mL), median (range) 4.7 (0.8-24.0) 3.5 (0.9-43.8) 0.234

CA19-9 (U/mL), median (range) 110.8 (1.0-930.3) 45.7 (1.0-1766.5) 0.029

Operation time (min), median (range) 323 (102-497) 281 (115-564) 0.277

Portal vein resection, n (%) 2 (6.9) 12 (15.0) 0.219

Blood loss (mL), median (range) 828 (162-2539) 546 (32-3071) 0.060

Blood transfusion (Yes), n (%) 7 (24.1) 6 (7.5) 0.025

Complication (Clavien–Dindo classification ≥  3a) 15 (51.7) 34 (42.5) 0.261

Postoperative pancreatic fistula (Grade ≥  B) 11 (37.9) 28 (35.0) 0.474

Duration of hospitalization (day), median (range) 25 (13-63) 23 (9-132) 0.365

Tumor size (mm), median (range) 28.0 (11.0-40.0) 24.5 (1.0-38.0) 0.035

Anterior serosal invasion (positive), n (%) 15 (51.7) 24 (30.0) 0.032

Retroperitoneal invasion (positive), n (%) 20 (69.0) 57 (71.3) 0.496

Extrapancreatic nerve plexus invasion (positive), n (%) 7 (24.1) 9 (11.3) 0.088

Portal/Splenic vein invasion (positive), n (%) 4 (13.8) 14 (17.5) 0.445

Lympho-vessel invasion (positive), n (%) 25 (86.2) 51 (63.8) 0.018

Vascular invasion (positive), n (%) 27 (93.1) 55 (68.8) 0.006

Perineural invasion (positive), n (%) 26 (89.7) 59 (73.8) 0.061

Tumor differentiation (Moderately, Poorly) 23 (79.3) 35 (43.8) 0.001

Resected margin status (R1) 2 (6.9) 4 (5.0) 0.507

Adjuvant chemotherapy (Yes), n (%) 19 (65.5) 69 (86.3) 0.018

Completion of adjuvant chemotherapy, n (%) 9 (31.0) 64 (80.0) < 0.001

ER, early recurrence; CRP, C-reactive protein; mGPS, modified Glasgow prognostic score; CAR, CRP-to-albumin ratio; PNI, prognostic nutritional index; 
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CALLY, CRP-albumin-lymphocyte ratio; CEA, carci-
noembryonic antigen; CA19-9, colorectal cancer antigen.
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ing the log-rank test. Univariate and multivariate Cox 
proportional hazard regression analyses were conduct-
ed to identify the risk factors for the early recurrence 
of UICC stage 1 PDAC. Variables with p < 0.05 in 
univariate analyses were included in the multivariate 
analysis. Statistical significance was set at p < 0.05. The 
cut-off values for preoperative albumin, CRP, CEA, 
CA19-9, CAR, PNI, NLR, PLR, LMR, and CALLY in-
dex that could predict early recurrence were calculated 
using receiver operating characteristic (ROC) curves.

RESULTS

Of the 109 patients, 41 were male, and 68 were 
female, with a median age of 69 years (range: 41-85 
years). The median observation period was 49 months 
(range: 5-159 months). The tumors were located in the 
pancreatic head in 65 patients and in the pancreatic 
body and tail in 44. TNM stages 1A and 1B tumors 
were observed in 44 and 65 patients, respectively. R0 
resection was achieved in 103 patients (94.5%). As ad-
juvant chemotherapy, the patients received S-1 (n = 49, 
45.0%), gemcitabine (n = 24, 22.0%), and gemcitabine 
combined with S-1 (n = 10, 9.2%). In all, 70 patients 
completed adjuvant chemotherapy (64.2%). 

A comparison of the clinicopathological factors 
between the ER and non-ER groups is shown in Table 
1. Preoperative CA19-9 level was significantly higher 
in the ER group (p = 0.029). There were no signifi-
cant differences in serum bilirubin and preoperative 
biliary drainage levels. Preoperative peripheral blood 
tests revealed no significant differences in neutrophil, 

monocyte, or platelet counts. Lymphocyte counts 
were significantly lower in the ER group (p = 0.040). 
Preoperative serum albumin (p = 0.025) and CRP 
levels (p = 0.038) were significantly lower in the ER 
group. Regarding IBPS, the PNI (p = 0.020) and 
CALLY index (p = 0.018) were significantly lower 
and CAR was significantly higher (p = 0.039) in the 
ER group. Regarding the perioperative outcomes, the 
amounts of blood loss were not significantly different, 
but the number of blood transfusions was significantly 
higher in the ER group (p = 0.025). However, there 
were no significant differences in operating time or 
postoperative complications between the two groups. 
Among the histopathological factors, the values of 
tumor diameter (p = 0.035), anterior serosal invasion 
(p = 0.032), lympho-vessel invasion (p = 0.018), and 
venous invasion (p = 0.006) were significantly higher 
in the ER group; the tumors were often moderately or 
poorly differentiated (p = 0.001) in this group.

In addition, significantly more patients in the ER 
group failed to complete adjuvant chemotherapy 
(p < 0.001). Of the patients who did not complete che-
motherapy, 20 patients relapsed early before complet-
ing adjuvant chemotherapy, 11 patients did not receive 
chemotherapy at the patient’s request or physician’s dis-
cretion, and 5 patients did not continue chemotherapy 
due to adverse events or poor general condition.

The 1-, 3-, and 5-year survival rates were 88.1%, 
63.7%, and 52.0%, respectively, with a median survival 
duration of 64.0 months (95% confidence interval 
[CI]: 49.0-79.0). The 1-, 3-, and 5-year recurrence-free 

Fig. 2	 Comparison of overall survival (OS) between patients 
with early recurrence (ER) and non-early recurrence 
(non-ER)

Table 2	 Recurrence sites in the ER and non-ER groups

Variables ER Non-ER p-value

(n =  29) (n =  80)

Recurrence 29 (100) 38 (47.5) < 0.001

Local 13 (44.8) 30 (37.5) 0.605

Liver 11 (37.9) 5 (6.3) 0.004

Peritoneum 5 (17.2) 4 (5.0) 0.174

Lung 2 (6.9) 3 (3.8) 0.459

Distant lymph node 3 (10.3) 0 0.051

ER, early recurrence
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survival rates were 73.4%, 48.3%, and 38.9%, respec-
tively, with a median recurrence-free survival duration 
of 36.0 months (95% CI: 17.5-54.5). The 1-, 3-, and 
5-year survival rates were 55.2%, 8.3%, and 4.1% in 
the ER group and 100.0%, 83.4%, and 68.9% in the 
non-ER group, respectively. The median OS durations 
of the ER and non-ER groups were 15.0 (95% CI: 
8.0-22.0) and 109.0 (95% CI: 91.4-120.9) months, 
respectively (p < 0.001). The patients in the ER group 
had a significantly poorer prognosis (Fig. 2). When 
comparing recurrence between the groups, liver me-
tastasis tended to be more common in the ER group 
(p = 0.004). No significant differences were observed 
in other recurrence sites (Table 2). 

The cut-off values for each IBPS within 12 months 
were calculated using ROC curves. The optimal cut-off 
points were defined as the points on the ROC curve 
plotted closest to the point in the upper-left corner. The 
area under the curve values were 0.640, 0.619, 0.626, 
0.647, 0.579, 0.604, 0.578, 0.650, 0.575, and 0.637 for 
albumin, CRP, CAR, PNI, NLR, PLR, LMR, CALLY 
index, CEA, and CA19-9, respectively. The optimal 

cut-off albumin, CRP, CAR, PNI, NLR, PLR, LMR, 
CALLY index, CEA, and CA19-9 values were 4.2 g/
dL, 0.20 mg/dL, 0.04, 49.0, 2.2, 135.9, 5.0, 4.4, 3.9 
ng/mL, 58.0 U/mL, respectively (Table 3).

In the univariate analysis, the following factors were 
significantly associated with early recurrence: preop-
erative CA19-9 level ( > 58.0 U/mL), CAR ( > 0.04), 
PNI ( < 49.0), and CALLY index ( < 4.4); use of blood 
transfusion; positive anterior serosal invasion, venous 
invasion, and lympho-vessel invasion; tumor differen-
tiation (moderately/poorly); absence of postoperative 
adjuvant chemotherapy; and failure to complete post-
operative adjuvant chemotherapy. Multivariate analysis 
showed that CALLY index ( < 4.4) (hazard ratio [HR]: 
2.71, 95% CI:1.21-6.02, p = 0.015), positive venous 
invasion (HR: 4.67, 95% CI: 1.10-19.90, p = 0.037), 
tumor differentiation (moderately/poorly) (HR: 5.25, 
95% CI: 2.05-13.43, p = 0.001), and failure to complete 
adjuvant chemotherapy (HR: 12.50, 95% CI: 5.30-
29.50, p < 0.001) were independent risk factors for 
early recurrence (Table 4). In terms of IBPS, only the 
preoperative CALLY index was found to be an inde-

Table 3	 Predictive ability of IBPS and tumor markers for early recurrence

Variables Cut-off value AUC (95%CI) Sensitivity Specificity

(%) (%)

Albumin (g/dL) 4.2 0.640 (0.519-0.761) 56.2 66.2

CRP (mg/dL) 0.20 0.619 (0.499-0.740) 59.0 67.5

CAR 0.04 0.625 (0.506-0.745) 59.0 66.8

PNI 49.0 0.647 (0.521-0.773) 65.5 70.0

NLR 2.2 0.579 (0.453-0.704) 62.1 55.0

PLR 135.9 0.604 (0.480-0.717) 58.6 55.0

LMR 5.0 0.578 (0.451-0.704) 51.7 60.0

CALLY index 4.4 0.650 (0.534-0.762) 65.5 64.3

CEA (ng/mL) 3.9 0.575 (0.447-0.703) 58.6 55.0

CA19-9 (U/mL) 58.0 0.644 (0.525-0.762) 72.4 63.7

IBPS, inflammation-based prognostic score; CRP, C-reactive protein; CAR, CRP-to-albumin ratio; PNI, prognostic nutritional 
index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CALLY 
index, CRP-albumin-to-lymphocyte ratio; CEA, carcinoembryonic antigen; CA19-9, colorectal cancer antigen

Fig. 3	 Comparison of overall survival by number of risk factors for 
early recurrence of UICC-stage I PDAC

	 UICC, Union for International Cancer Control; PDAC, pan-
creatic ductal carcinoma
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pendent risk factor for early recurrence.
The risk factors for early recurrence identified 

in this study, consisting of one preoperative factor 
(CALLY index) and three postoperative factors (positive 
venous invasion, moderately to poorly differentiated 
adenocarcinoma, and failure to complete adjuvant 
chemotherapy) were combined to classify patients into 
groups with zero or one, two, three, or four risk fac-
tors, and the OS durations were compared. The groups 
with zero or one risk factor did not reach the median 
survival time, while the median survival times for the 
groups with two, three, or four risk factors were 68.0 
months (95% CI: 54.8-81.2), 28 months (95% CI: 17.6-
38.4) and 10 months (95% CI: 2.8-17.2), respectively. 
The prognosis worsened as the number of risk factors 

increased (p < 0.001) (Fig. 3).

DISCUSSION

In this study, a CALLY index of < 4.4 was the only 
pretreatment factor identified as a risk factor for early 
recurrence after radical resection for UICC stage I 
PDAC. Other risk factors for early recurrence includes 
positive vascular invasion, moderately or poorly dif-
ferentiated adenocarcinoma, and failure to complete 
adjuvant chemotherapy. Patients with a high number 
of risk factors had poorer prognoses.

In approximately 80% of the PDAC cases, the tumor 
is unresectable at diagnosis due to locally advanced 
disease or distant metastasis [27, 28]. However, in re-
cent years, advances in diagnostic imaging, including 

Table 4	 Risk factors of early recurrence in UICC-stage I PDAC by univariate and multivariate analyses

Factors Univariate analysis Multivariate analysis

HR (95%CI) p-value HR (95% CI) p-value

Age ( > 69) 1.68 (0.79-3.55) 0.176

Sex (Female) 1.42 (0.68-2.94) 0.352

Location (Body and tail) 1.03 (0.49-2.16) 0.938

Albumin ( < 4.2 g/dL) 1.68 (0.77-3.69) 0.196

CRP ( > 0.2 mg/dL) 1.63 (0.76-3.51) 0.210

mGPS (2) 1.71 (0.41-7.20) 0.464

CAR ( < 0.04) 2.56 (1.22-5.36) 0.013 0.71 (0.15-3.40) 0.672

PNI ( < 49.0) 2.73 (1.27-5.88) 0.010 1.87 (0.76-4.59) 0.176

NLR ( > 2.2) 1.47 (0.71-3.05) 0.305

PLR ( > 135.9) 1.46 (0.70-3.06) 0.314

LMR ( < 5.0) 1.41 (0.68-2.93) 0.353

CALLY index ( < 4.4) 2.54 (1.18-5.46) 0.017 2.71 (1.21-6.02) 0.015

Total bilirubin ( > 2.0 mg/dL) 2.56 (0.77-8.47) 0.125

Preoperative biliary drainage (Yes) 1.01 (0.47-2.22) 0.970

CEA ( > 3.9 ng/mL) 1.65 (0.79-3.45) 0.186

CA19-9 ( > 58.0 U/mL) 3.73 (1.65-8.44) 0.002 1.53 (0.61-3.85) 0.371

Operation time ( > 290 min) 1.61 (0.77-3.34) 0.203

Blood loss ( > 607 mL) 2.13 (0.99-4.57) 0.053

Blood transfusion (Yes) 2.92 (1.24-6.87) 0.014 1.36 (0.51-3.62) 0.451

Portal vein resection (Yes) 0.48 (0.12-2.05) 0.326

Clavien–Dindo classification ( > 3a) 1.39 (0.67-2.88) 0.376

Tumor size ( > 20 mm) 3.01 (1.23-7.41) 0.016 1.29 (0.41-4.10) 0.661

Anterior serosal invasion (positive) 2.20 (1.06-4.57) 0.034 1.13 (0.41-3.15) 0.811

Retroperitoneal invasion (positive) 0.85 (0.86-4.72) 0.684

Extrapancreatic nerve plexus invasion (positive) 2.02 (0.86-4.72) 0.107

Portal vein invasion (positive) 0.77 (0.27-2.20) 0.620

Lympho-vessel invasion (positive) 3.09 (1.07-8.87) 0.036 2.88 (0.94-8.79) 0.063

Vascular invasion (positive) 4.98 (1.18-20.95) 0.029 4.67 (1.10-19.90) 0.037

Perineural invasion (positive) 2.68 (0.81-8.87) 0.105

Resection margin status (R1) 1.35 (0.32-5.69) 0.681

Tumor differentiation (Moderately/Poorly) 4.01 (1.63-9.85) 0.002 5.25 (2.05-13.43) 0.001

Adjuvant chemotherapy (No) 2.91 (1.36-6.22) 0.006 0.65 (0.26-1.68) 0.377

Completion of adjuvant chemotherapy (No) 6.69 (3.03-14.76) < 0.001 12.50 (5.30-29.50) < 0.001

HR, hazard ratio; CI, confidence interval; mGPS, modified Glasgow prognostic score; CRP, C-reactive protein; CAR, CRP-to-albumin ratio; PNI, prog-
nostic nutritional index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; CALLY, CRP-albumin-
lymphocyte; CEA, carcinoembryonic antigen; CA19-9, colorectal cancer antigen
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contrast-enhanced CT and ultrasound endoscopy and 
the development of diagnostic tools such as circulating 
tumor DNA and artificial intelligence-based algorithms 
have enabled the diagnosis of pancreatic cancer at 
early stages [29-33]. According to a report published 
by the Japan Pancreatic Cancer Registry, the 5-year 
survival rates of patients with UICC stage IA and IB 
pancreatic cancer were 68.4% and 59.7% [34]. The 
5-year survival rate of our study sample was 52.0%, 
with a median survival time of 64.0 months. These 
results are relatively favorable in pancreatic cancer, 
where the 5-year survival rate is still less than 20%. 
Thus, early PDAC detection and therapeutic interven-
tions are crucial.

However, even patients with early-stage PDAC have 
a considerable risk of experiencing early postoperative 
recurrence and poor prognosis. In this study, relapse 
was reported in 29 patients (26.6%) within 12 months. 
Early recurrence has been reported to be associated 
with liver metastases [35, 36], and similarly in this 
study, liver metastasis was more common in the ER 
group. Few studies have examined the risk factors for 
early recurrence and prognostic factors for early-stage 
PDAC. In previous studies, preoperative NLR, pre-
operative CA19-9 levels, tumor differentiation grade, 
resection margin status, and use of adjuvant and neo-
adjuvant chemotherapy have been reported to predict 
poor RFS and OS in patients with early-stage PDAC 
[9-12]. 

In addition to the clinicopathological factors, we in-
vestigated whether preoperative IBPSs were risk factors 
for early recurrence. The correlation between cancer 
and inflammation was first reported by Virchow 
in 1863 [37]. Since then, several markers of cancer, 
inflammation, host immunity, and nutritional status 
have been identified. Various IBPSs have been report-
ed to be associated with RFS and OS in patients with 
PDAC. However, few studies have reported on IBPS 
and the prognosis of patients with early-stage PDAC. 
Abe et al. reported that a high preoperative NLR (NLR 
>  2.2) was a poor prognostic factor for both RFS and 
OS in patients with early-stage pancreatic cancer below 
stage IIA [9]. However, in the present study, there was 
no significant difference in the median NLR between 
the ER and non-ER groups, as some patients in the 
non-ER group also had high NLR. 

The preoperative CALLY index is a new IBPS that 
was first reported by Iida et al. to predict prognosis 
after the resection of hepatocellular carcinoma (HCC) 
[20]. Cancer cells produce pro-inflammatory cytokines 
such as interleukin (IL)-6 and IL-10. CRP is produced 
in the liver and reflects systemic inflammation. In 
addition to being an indicator of infection, it has also 
been reported to be a prognostic marker in some 
cancers [38]. Albumin reflects the nutritional status of 
patients with cancer, whereas peripheral blood lym-
phocyte count reflects their immune status. In other 
words, the CALLY index is an immunonutritive score 
that combines the PNI and CRP level. Serum albumin 
levels and peripheral blood lymphocyte counts are 
reduced in patients with cancer because of their poor 
nutritional status and weakened immune system, 
whereas serum CRP levels are elevated because of an 
exacerbated inflammatory response. Therefore, as a 
patient’s general condition deteriorates, the CALLY 

index decreases. The combination of three factors̶
serum CRP level, serum albumin level, and peripheral 
blood lymphocyte count̶makes this index more 
reflective of a patient’s cancer immunity and nutri-
tional status than the PNI, CAR, and mGPS alone. Its 
prognostic value in not only HCC but also epithelial 
ovarian, oral cavity, and colorectal cancers has been 
reported [39-42]. To the best of our knowledge, this is 
the first report on the usefulness of the CALLY index 
as a prognostic factor for PDAC. The CALLY index is 
a useful predictor of recurrence in early-stage PDAC. 
However, the present study is a retrospective study of 
a relatively small number of patients and our results 
require further validation by prospective studies with 
patients with diverse backgrounds and treatment pro-
tocols.

Perioperative blood transfusion has been reported 
to be involved in poor prognostic outcomes in several 
cancers, including PDAC. In the present study, blood 
transfusion was not an independent poor prognostic 
factor, but was significantly performed in the ER 
group. Although the association between blood trans-
fusions and poor prognosis is not yet clear, a number 
of potential factors have been identified that can have 
a significant negative impact on the host’s immune 
system in transfusions. These immunomodulatory 
mediators include: leukocyte-derived mediators, plate-
let-derived factors, and hemolytic components such as 
heme and iron. It has been speculated that a patient’s 
inflammatory and immunosuppressive state are likely 
to influence the immunologic response to blood trans-
fusion [43, 44].

Pre- and postoperative adjuvant chemotherapies 
have become essential aspects of PDAC treatment in 
recent years, and many studies have reported their 
efficacy in improving the prognosis of patients with 
early-stage PDAC [10-12, 45, 46]. However, it is still 
unclear which patients will benefit the most from 
them. Patients at a high risk of early recurrence with a 
low preoperative CALLY index, as in the present study, 
require preoperative treatment, including preoperative 
adjuvant chemotherapy, nutritional management, and 
immunological intervention. In a prospective study by 
Tumas et al. of 70 patients who had undergone pan-
creaticoduodenectomy, increased nutritional risk was 
identified in 22.4%, with 41.4% ultimately diagnosed 
with cachexia. A high rate of nutritional impairment 
was identified in a cohort of patients with early-stage 
pancreatic cancer, including abnormal body composi-
tion phenotypes, such as a low lumbar skeletal muscle 
index. These factors have negative effects on postop-
erative outcomes [47]. A review article by Gilliland et 
al. on the perioperative nutritional management of 
patients with pancreatic cancer outlined four points 
regarding nutritional management strategies: First, pa-
tients with albumin < 2.5 mg/dL or weight loss > 10% 
should postpone surgery and begin aggressive nutri-
tional supplementation. Second, patients with albumin 
< 3 mg/dL or weight loss between 5% and 10% should 
receive nutrition supplementation prior to surgery. 
Third, postoperative enteral nutrition is the preferred 
intervention for total parenteral nutrition. Fourth, a 
multidisciplinary approach should be used for early 
detection of symptoms of endocrine and exocrine pan-
creatic insufficiency, along with the implementation of 
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appropriate treatment to improve the patient’s quality 
of life (QOL) [48]. Kim et al. reported that the oral nu-
tritional supplement (ONS) intervention improved the 
nutritional status of patients with pancreatic carcinoma 
and cholangiocarcinoma undergoing chemotherapy; 
after one course of treatment, the body weight, fat-
free mass, skeletal muscle mass, body cell mass, and 
fat mass increased, whereas the patients who did not 
receive ONS showed a decrease in all indicators [49]. 
Combining ONS with cancer treatment is important 
for improving nutritional status and maintaining 
patients’ QOL; this strategy is indispensable in the 
current era of pre- and postoperative adjuvant chemo-
therapy for PDAC.

This study had some limitations. First, this was a 
retrospective, single-center study with a relatively small 
number of patients. Second, the influence of obstruc-
tive jaundice or acute cholangitis on serum albumin 
and CRP levels before treatment initiation could not 
be completely excluded. However, in the present study, 
high serum CRP levels, jaundice, and preoperative 
biliary drainage had no prognostic impact. It may be 
beneficial to consider IBPS in cancers of the pancreatic 
body and tail, which are less susceptible to cholangitis 
or obstructive jaundice, before starting treatment. 
Finally, the lack of uniformity in postoperative ad-
juvant chemotherapy regimens and post-recurrence 
therapy due to the long research period may have led 
to a selection bias. Therefore, a multi-institutional pro-
spective study is needed to clarify the clinical impact 
and optimal treatment strategy for early-stage PDAC.

In conclusion, low preoperative CALLY index was 
found to be a risk factor for early recurrence in pa-
tients with UICC stage I PDAC. Therefore, to improve 
the prognosis of patients with early-stage PDAC, they 
should be screened for low preoperative CALLY index 
before the start of treatment, and preoperative treat-
ment as well as nutritional and immunological support 
should be provided.
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