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Purpose: Pancreatic body and tail adenocarcinoma (PBTA) remains one of the deadliest cancers, 

and current radiological modalities still have limitations on the staging of PBTA. Improving 

PBTA staging will contribute to the management of this disease.

Patients and methods: Clinicopathological characteristics of 91 surgically treated PBTA 

patients were retrospectively retrieved. Clinical data associated with postoperative tumor staging 

(pTNM) were assessed using ordinal logistic regression model. Discriminant analysis was per-

formed using function formula based on multivariate analysis results; further cross-validation 

was conducted by Bootstrap methods.

Results: Multivariate analysis showed that carbohydrate antigen 19-9 $955.0 U/L, albumin, 

and alkaline phosphatase/total bilirubin ratio were independent factors contributing to improved 

accuracy of pTNM staging. Discriminant analysis exhibited better performance and showed 

that the probability of accurate prediction of pTNM stage was 90.6% and the probability of 

cross-validation was 85.9%. After excluding patients with preoperative diagnosis of stage IV 

disease, the probability of accurate prediction of pTNM stage was 86.1% and the probability 

of cross-validation was 75.0%.

Conclusion: The combination of imaging and clinical data has higher accuracy in staging 

PBTA than radiological data alone. A model proposed in this study will improve the manage-

ment of PBTA.

Keywords: pancreatic cancer, pancreatic body and tail adenocarcinoma, TNM staging, 

diagnostic imaging

Introduction
Pancreatic cancer is a generic designation for cancer arising in the pancreas and includes 

a number of subtypes with different cell origins.1 Pancreatic adenocarcinoma is the 

most common subtype, and “pancreatic cancer” is commonly used to indicate this 

subtype.2,3 Patients with pancreatic cancer have poor prognosis with 5-year survival 

rate ,5%.4,5 Therefore, it is urgent to develop diagnosis and therapy for pancreatic 

cancer.6,7 Based on the tumor location, pancreatic cancer can be divided into two types, 

designated as “pancreatic head adenocarcinoma (PHA)” and “pancreatic body and tail 

adenocarcinoma (PBTA)”.8 Compared to PHA, PBTA is less frequent and associated 

with poorer outcomes.8–10 Evidence increasingly suggests that PBTA is quite differ-

ent from PHA not only in biological behavior but also in disease progression and 

outcomes.11,12 Therefore, further studies on PBTA would be necessary for successful 

management of patients with PBTA.
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Surgical tumor resection remains the best therapy 

modality for PBTA patients without metastasis.10,13 Surgi-

cal indication largely depends on accurate staging of the 

disease.14–17 Currently, PBTA staging is based on radiological 

and endoscopic evaluations and they have similar advantages 

and disadvantages in tumor staging.18 Imaging techniques 

such as computed tomography (CT) and magnetic resonance 

imaging (MRI) are of limited benefit for the diagnosis of 

lymph node metastasis or superior mesenteric artery (SMA) 

and celiac trunk.19 Endoscopic ultrasonography (EUS) has 

limitation in distinguishing lymph node metastasis from 

inflammatory hyperplasia, and the technique is largely 

operator dependent.20–22 Although laparoscopy enables the 

identification of obscure and occult metastases, it is inva-

sive with possible anesthesia-associated complications 

restricting its routine application.23,24 Thus, radiological and 

endoscopic examinations have limitation in accurate TNM 

staging of PBTA.

Recently, molecular biomarkers have provided help 

with cancer staging including pancreatic adenocarcinoma, 

but their reliability is still a major concern.25,26 Until now, 

carbohydrate antigen 19-9 (CA19-9) has been a very common 

marker for pancreatic cancer staging, but its expression levels 

vary greatly in different patients.27 Furthermore, CA19-9 is 

expressed in some benign diseases such as thyroiditis, bile 

duct stones, obstructive jaundice, and acute pancreatitis 

as well as several malignant cancers associated with the 

gallbladder and bile duct.28 Thus, CA19-9 is not a perfect 

marker for pancreatic cancer. The development of a simple 

and reliable model that can be used in clinical staging of 

PBTA will greatly improve clinical management. In present 

study, we established several discriminant functions based 

on preoperative TNM stage, albumin (ALB), alkaline phos-

phatase (ALP)/total bilirubin (TBIL) ratio, and CA19-9 to 

predict the TNM stage of PBTA. Our findings indicated that 

the combination of radiological imaging and clinical data 

has higher accuracy for the prediction of TNM stage than 

imaging alone.

Patients and methods
Patients
All PBTA patients were recruited from January 2006 to 

January 2016. Clinicopathological data were retrospectively 

retrieved from the electronic database. Patients meeting 

any of the following criteria were excluded: 1) the primary 

location of tumor in the pancreas was hard to distinguish; 

2) tumor mass affecting the whole pancreas; 3) tumor origin 

was not clear even after surgery, although PBTA was highly 

suspected; 4) exact tumor stage could not be diagnosed 

because surgery was contraindicated; 5) patient was sur-

gically unfit, although the tumor resection was indicated 

radiologically; and 6) unclear histological diagnosis even 

after surgery, or pathological analysis revealed a diagnosis 

other than adenocarcinoma. This study was approved by the 

Medical Ethics Committee of Hunan Provincial People’s 

Hospital. Written informed consent was obtained from all 

patients or their families.

Preoperative evaluation
Only the most recent preoperative results and imaging 

analyses before surgery were considered in this study. 

Preoperative evaluation included physical examination, 

routine blood biochemistry, detection of tumor markers 

such as carcinoembryonic antigen (CEA) and CA19-9, chest 

radiography, abdominal ultrasound, CT, MRI, or magnetic 

resonance cholangiopancreatography. In the majority of 

cases, preoperative stage was determined by 64-row multi-

detector CT. A 3.0 T MRI was used for preoperative staging 

in patients intolerant to intravenous contrast medium for CT. 

Preoperatively “undefined PBTA” cases mentioned in this 

study were defined as follows: 1) there was an absence of 

imaging-detectable tumor mass in the pancreatic body or tail; 

2) pancreatic pseudocyst formation after acute pancreatitis 

was radiologically diagnosed with no evidence of PBTA; 

3) imaging showed a space-occupying lesion in the left 

upper abdomen that could not be localized in the pancreatic 

body or tail; or 4) PBTA was identified during surgery for 

other abdominal disorders. The standardized reconstructed 

unenhanced 5 mm axial images, pancreatic phase 2.5 mm 

axial images, and portal venous phase 5 mm axial images 

were generated and analyzed by a resident radiologist and 

an attending radiologist in a blind manner.

surgical procedure
All surgical procedures were conducted following informed 

consent of the patients and their families. In potentially 

resectable cases, operative intervention was made to exclude 

metastatic disease prior to resection. Intraoperative findings 

were considered the most reliable factors for determining 

further management. The abdominal cavity was examined 

such as by intraoperative ultrasonography of the liver to 

detect radiographically occult peritoneal or liver metastasis. 

Neoplasms with direct invasion of adjacent major arteries 

(such as the celiac artery and SMA) confirmed by frozen 

section examination were considered stage III tumors. 

Multivisceral resections and suitable venous reconstruction 
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were performed whenever necessary to resect all viable 

cancer cells.

Left-sided pancreatectomy/distal pancreatectomy with 

splenectomy was performed in potentially resectable patients, 

while in some patients, en bloc resection (including locally 

involved structures) and/or venous reconstruction were 

performed to achieve R0 resection. Peripancreatic lymph 

nodes were dissected and collected for pathological 

examination to accurately restage patients. Patients with 

micrometastases of the liver and peritoneum underwent 

palliative surgery instead of the scheduled resection. Pallia-

tive operations included biliary drainage, gastrojejunostomy, 

gastrojejunostomy combined with hepatojejunal bypass, 

T-tube biliary drainage, and laparotomy. The resection margin 

status was pathologically examined and classified into three 

groups including R0 (no microscopic residual tumor), R1 

(microscopic residual tumor), and R2 (macroscopic residual 

tumor). Patients with unresectable locoregional (stage III) or 

metastatic PBTA (stage IV) identified by preoperative imag-

ing were scheduled to receive palliative hepatojejunal and/or 

gastrojejunal bypass as well as pathological confirmation of 

PBTA. Appropriate postoperative adjuvant therapy such as 

chemotherapy, radiotherapy, and radiochemotherapy was 

suggested in all patients with histologically proven PBTA.

Tumor staging and pathological diagnosis
The tumor stage was determined based on American Joint 

Committee on Cancer TNM staging system.29 In patients 

who had resection, pathological diagnosis was based on the 

resected specimen. In patients who underwent palliative or 

only exploration procedures, biopsy specimen was taken for 

pathological diagnosis.

statistical analysis
Measurement data are presented as median. For continuous 

variables, receiver operating characteristic (ROC) curve 

analysis with area under the curve, sensitivity, and specificity 

was used to determine the cutoff values. Logistic regression 

was used to conduct univariate and multivariate analyses 

of the factors that affect TNM stage. After multivariate 

analysis, the discriminant functions were established by 

Bayesian discriminant analysis. The performance of the 

established discriminant functions was determined by a 

Bootstrap method, which has been successfully used for 

estimating the sampling distribution from a limited data set 

and the statistical properties of the derived quantities.30 The 

accuracy of pTNM staging using the established discriminant 

functions was compared with that of the simple radiological 

TNM staging. Statistical analysis was performed with PASW 

software Version 18.0, and P,0.05 was considered signifi-

cant difference.

Results
Patient characteristics
This retrospective study was performed from January 2006 

to January 2016  at our hospital. During that period, a total 

of 197 PBTA patients were admitted into our department. 

Ninety-one patients were eventually recruited into this study 

and others were excluded due to the following reasons: 

1) imaging and surgery could not determine the primary 

tumor site in the pancreas (11 cases); 2) tumor involved the 

whole pancreas (three cases); 3) the origin of tumor could 

not be determined even after surgery (six cases); 4) patients’ 

comorbidities did not allow or patients declined surgery 

(14 cases); 5) preoperative imaging staged the tumor at 

TNM IV in the absence of definitive pathological evidence 

(69 cases); and 6) failure to achieve histological diagnosis 

even after surgery or pathological diagnosis other than 

adenocarcinoma (three cases). Data of 91 enrolled patients 

are shown in Table 1. The male/female ratio was 2.3/1. 

The average age was 61.8±9.7 years (range 37–84 years), 

and the mean duration of disease was 3.4±3.1 months 

(range 0.1–26.0 months). Main symptoms were epigastric 

pain (82.4%, 75/91), unexplained weight loss (47.3%, 43/91), 

abdominal discomfort (35.2%, 32/91), jaundice (11.0%, 

10/91), abdominal mass (5.5%, 5/91), and combination with 

pancreatic cyst at the body or tail (19.8%, 18/91). Surgical 

findings were used as the criteria for all patients.

Tumor staging and treatment
The preoperative tumor stage of all the patients except 

13 cases was determined before surgery. The percentage 

of patients in each stage was 1.1% (stage IA, 1/91), 4.4% 

(stage IB, 4/91), 8.8% (stage IIA, 8/91), 5.5% (stage IIB, 

5/91), 8.8% (stage III, 8/91), and 57.1% (stage IV, 52/91) 

(Table 2). PBTA was diagnosed surgically in 13 preop-

eratively undefined cases, among which four cases showed 

no tumor mass during preoperative imaging, three cases 

showed a pancreatic cyst after acute pancreatitis, three 

cases presented a mass in the left upper quadrant, but the 

exact origin could not be determined, one case was treated 

for gastric tumor, and two cases were treated for bowel 

obstruction. Postoperative TNM stage was obtained in all 

patients. The percentage of patients in each pTNM stage was 

0% (stage IA, 0/91), 0% (stage IB, 0/9), 5.5% (stage IIA, 

5/91), 1.1% (stage IIB, 1/91), 14.3% (stage III, 13/91) and 
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Table 1 Patients’ clinical profile: pre- and postoperative stages

Factor Case 
number

Pre-TNM stage pTNM stage

Undefined 
(n=13)

IA (1) + IB (4) 
(n=5)

IIA (8) + IIB (5) 
(n=13)

III 
(n=8)

IV 
(n=52)

IIA (5) + IIB (1)  
(n=6)

III 
(n=13)

IV 
(n=72)

gender, M/F 63/28 10/3 1/0
3/1

6/2
4/1

5/3 34/18 5/0
1/0

8/5 49/23

Age (years)
#50 10 1 1/0/0 1/4/3 1 6 1/0/4 2 7
51–60 32 3 0/0/4 0/3/2 2 20 0/1/0 3 28
$60 49 9 5 26 8 37

Duration (months)a 2.4 1.5 1.4
4.2

3.0
3.5

5.7 2.1 1.5
0.9

4.7 2.3

Weight loss .5 kg, yes/no 41/50 4/9 0/1
0/4

4/4
3/2

7/1 23/29 1/4
0/1

5/8 35/37

Preoperative blood sugar 
.6.1 mmol/l, yes/no

47/44 9/4 0/1
1/3

6/2
2/3

2/6 27/25 4/1
0/1

5/8 38/34

With diabetes, yes/no 4/87 0/13 0/1
0/4

0/8
0/5

1/7 3/49 0/5
0/1

0/13 4/68

With acute pancreatitis, 
yes/no

5/86 1/12 0/1
0/4

2/6
1/4

0/8 1/51 0/5
0/1

1/12 4/68

Main pancreatic duct dilation 
.0.3 cm, yes/no

11/80 2/11 0/1
0/4

0/8
1/4

0/8 8/44 0/5
0/1

0/13 11/61

With chronic pancreatitis, 
yes/no

27/64 6/7 0/1
0/4

3/5
1/4

3/5 14/38 1/4
0/1

6/7 20/52

With pancreatic duct stones, 
yes/no

1/90 1/12 0/1
0/4

0/8
0/5

0/8 0/52 0/5
0/1

0/13 1/71

Preoperative ascites, yes/no 23/68 1/12 0/1
1/3

1/7
2/3

1/7 17/35 0/5
0/1

1/12 22/50

Tumor size (cm)a,b 5.1 5.3 2.0
3.5

4.8
8.3

4.2 5.2 3.1
10.2

4.1 5.5

AlT (U/l) 14.10 13.40 11.40
12.50

9.95
20.20

16.40 16.65 11.10
13.70

10.00 17.50

AsT (U/l) 30.5 30.5 14.0
33.0

21.9
26.0

24.5 34.1 25.5
19.0

22.9 31.3

TBil $34.0 µmol/l, yes/no 10/81 1/12 0/1
2/2

1/7
0/5

0/8 6/46 2/3
0/1

0/13 8/64

serum amylase (U/l) 51.2 55.3 94.3
71.7

41.5
93.8

46.1 49.3 104.2
68.7

41.5 54.2

AlB (g/l)
#30 5 0 0/0/1 0/1/7 0 4 0/1/4 0 5
30–35 21 2 0/0/4 1/2/2 1 15 0/0/1 0 20
$35 65 11 7 33 13 47

WBc (×109/l)a 7.0 6.6 4.6
6.1

6.2
7.1

5.3 8.1 4.9
10.3

6.3 7.2

neutrophils (%)a 70.6 69.6 66.5
70.7

71.2
68.7

60.7 72.1 68.5
82.3

66.5 70.8

lymphocytes (%)a 19.7 22.8 28.4
22.7

19.6
22.3

25.7 18.3 22.8
10.9

23.7 19.4

nlra 3.6 2.9 2.4
3.2

3.7
3.1

2.3 3.9 2.9
7.5

2.9 3.6

PlT (×109/l) 143.0 131.0 91.0
155.0

113.5
140.0

126.0 151.0 119.0
324.0

116.0 144.0

AlP (U/l) 98.5 88.9 47.7
90.5

85.6
95.0

97.7 125.2 66.0
109.7

82.9 108.4

AlP/TBil cutoff
#6.8 28 4 0/0/1 4/0/4 3 13 1/1/3 10 17
6.8–7.1 3 1 3/0/1 1/0/4 1 1 0/0/1 0 2
$7.1 60 8 4 38 3 53

(Continued)
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79.1% (stage IV, 72/91) (Table 2). Radical resection was 

planned in 39 patients. Eventually, 11 (28.2%, 11/39) patients 

underwent left-sided pancreatectomy combined with sple-

nectomy, among whom two patients also underwent partial 

gastrectomy and three patients additionally underwent left 

colon resection. The number of patients in different groups 

by resection margin status was R0 (27.3%, 3/11), R1 (9.1%, 

1/11), and R2 (63.6%, 7/11). Gastrojejunostomy and biliary 

drainage were performed in one (2.6%, 1/39) patient, gas-

trojejunostomy was performed in three (7.7%, 3/39) patients, 

bile duct exploration and T-tube drainage were performed 

in one (2.6%, 1/39) patient, and simple laparotomy was 

performed in 23 (59.0%, 23/39) patients.

Preoperative imaging showed TNM stage IV disease 

in 52 patients. Thus, palliative bypass surgery was planned 

in these patients, including gastrojejunostomy in 22 cases, 

jejunostomy in four cases, and colostomy in three cases. The 

planned bypass surgery was abandoned in 15 cases due to 

extensive peritoneal metastasis. After further discussion of 

intraoperative findings with eight patients’ family members 

during the operation, any further surgical intervention was 

ruled out.

All patients eventually had a histologically proven 

diagnosis of adenocarcinoma. Final pathology revealed 

well-differentiated adenocarcinoma in 43 (47.3%, 43/91) 

cases, moderately differentiated adenocarcinoma in 14 

(15.4%, 14/91) cases, and poorly differentiated adenocarci-

noma in 34 (37.4%, 34/91) cases.

Identification of factors affecting 
pTnM stage
By ROC curve analysis, we found that ALP was associated 

with pTNM stages II, III, and IV, the ratio of ALP/TBIL 

and ALB was associated with pTNM stages III and IV, and 

CA19-9 was associated with pTNM stages III and IV. WBC, 

neutrophil percentage, and neutrophil/lymphocyte ratio 

(NLR) were not associated with pTNM stage (Table 2).

Univariate analysis showed that ALB, PA, ALP, ALP/

TBIL, and CA19-9 $955.0 U/L were associated with 

pTNM stage (Table 2). Multivariate analysis showed that 

CA19-9 $955.0 U/L, ALB level, and ALP/TBIL ratio were 

independent factors affecting pTNM stage (Table 3).

Based on only radiological data, the probability of 

accurate prediction of preoperative and postoperative TNM 

stage was 76.9% and the probability of cross-validation was 

75.8% (Table 4). After excluding patients with a definite 

preoperative diagnosis of stage IV disease, the probability of 

accurate prediction of preoperative and postoperative TNM 

stage was 41.0% and the probability of cross-validation was 

38.5% (Table 5).

evaluation of discriminant functions 
for each pTnM stage
Discriminant functions were developed based on multivari-

ate analysis results. Categorical data were assigned the same 

numeric values as those in multivariate analysis: 1) preopera-

tive TNM stage: undefined, 0; IA, 1; IB, 2; IIA, 3; IIB, 4; III, 5; 

IV, 6; and 2) CA19-9 $955.0 U/L: yes, 1; no, 0. The func-

tion for each pTNM stage was as follows: pTNM IIA, 

Y=−44.424+1.726× (preoperative TNM stage) +2.204× 

ALB +0.227× ALP/TBIL +1.726× CA19-9 $955.0 U/L; 

pTNM IIB, Y=−48.557+1.497× (preoperative TNM 

stage) +2.244× ALB +0.296× ALP/TBIL +6.988× 

CA19-9 $955.0 U/L; pTNM III, Y=−59.454+2.863× 

(preoperative TNM stage) +2.545× ALB +0.244× ALP/

TBIL +2.044× CA19-9 $955.0 U/L; and pTNM IV, 

Y=−63.497+3.784× (preoperative TNM stage) +2.512× 

ALB +0.305× ALP/TBIL +3.917× CA19-9 $955.0 U/L. 

Using these discriminant functions, we calculated the score 

for each patient based on the preoperative TNM stage, 

Table 1 (Continued)

Factor Case 
number

Pre-TNM stage pTNM stage

Undefined 
(n=13)

IA (1) + IB (4) 
(n=5)

IIA (8) + IIB (5) 
(n=13)

III 
(n=8)

IV 
(n=52)

IIA (5) + IIB (1) 
(n=6)

III 
(n=13)

IV 
(n=72)

ceA .5.0 µg/l, yes/no 41/50 3/10 0/1
3/1

1/7
3/2

3/5 28/24 1/4
1/0

4/9 35/37

CA19-9 (U/L)
#37.0 19 5 0/1/0 2/3/3 1 10 4/1/0 5 10
37.0–955.0 26 6 1/3/0 0/1/4 1 11 0/0/1 7 18
$955.0 46 2 6 31 1 44

Notes: aMedian. bTumor size was defined as the maximum tumor diameter.
Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, glutamic pyruvic transaminase; AST, aspartate aminotransferase; CA19-9, carcinoembryonic antigen 19-9; 
ceA, carcinoembryonic antigen; F, female; M, male; nlr, neutrophils/lymphocyte ratio; PA, prealbumin; PlT, platelet; pTnM, postoperative tumor staging; TBil, total 
bilirubin; WBc, white blood cell.
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Table 2 Univariate analysis of factors associated with pTnM stage

Factor Estimate SE Wald df Sig 95% confidence interval

Lower bound Upper bound

gender
Female 0.369 0.584 0.399 1 0.528 −0.776 1.513
Male 0 0

Age (years)
#50 −0.275 0.755 0.133 1 0.716 −1.754 1.204
51–60 0.844 0.629 1.797 1 0.180 −0.390 2.077
$61 0 0

Disease course (months) −0.036 0.069 0.281 1 0.596 −0.171 0.098
Weight loss .5 kg

no −0.785 0.547 2.059 1 0.151 −1.856 0.287
Yes 0 0

TBil $34.0 µmol/l
no −0.145 0.849 0.029 1 0.864 −1.810 1.519
Yes 0 0

Preoperative blood sugar .6.1 mmol/l
no 0.120 0.540 0.049 1 0.825 −0.940 1.179
Yes 0 0

With acute pancreatitis
no 0.734 0.714 1.057 1 0.304 −0.666 2.134
Yes 0 0

With chronic pancreatitis
no 0.333 0.543 0.376 1 0.540 −0.732 1.398
Yes 0 0

Preoperative ascites
no −2.087 1.064 3.848 1 0.050 −4.171 −0.002
Yes 0 0

Tumor size (cm)a

Indefinite −0.818 0.588 1.933 1 0.164 −1.971 0.335
#2 −0.452 1.233 0.135 1 0.714 −2.869 1.964
2–4 −0.679 0.763 0.791 1 0.374 −2.175 0.818
$4 0 0

AlT (U/l) 0.016 0.012 1.747 1 0.186 −0.008 0.039
AsT (U/l) 0.030 0.017 2.966 1 0.085 −0.004 0.063
AlB (g/l) −0.141 0.064 4.795 1 0.029* −0.267 −0.015
serum amylase (iU/l) 0.001 0.008 0.032 1 0.858 −0.014 0.016
WBc (×109/l) 0.120 0.105 1.318 1 0.251 −0.085 0.325
hgB (g/l) 0.000 0.013 0.001 1 0.975 −0.026 0.027
neutrophils (%) 0.012 0.023 0.245 1 0.621 −0.034 0.058
lymphocytes (%) −0.035 0.028 1.578 1 0.209 −0.090 0.020
nlr 0.102 0.095 1.151 1 0.283 −0.084 0.288
PlT 0.001 0.004 0.055 1 0.814 −0.007 0.009
PA −0.018 0.008 5.012 1 0.025* −0.034 −0.002
AlP (U/l) 0.012 0.006 4.319 1 0.038* 0.001 0.024
AlP/TBil ratio

#6.8 −1.404 0.554 6.412 1 0.011* −2.490 −0.317
6.8–7.1 −1.714 1.192 2.069 1 0.150 −4.050 0.622
$7.1 0 0

AlP/TBil ratio 0.123 0.054 5.219 1 0.022* 0.018 0.230
ceA .5.0 µg/l

no −0.668 0.555 1.446 1 0.229 −1.756 0.421
Yes 0 0
CA19-9 (U/mL) 0.001 0.001 3.007 1 0.083 −0.000 0.002

CA19-9 $955.0 U/ml
no −2.316 0.788 8.633 1 0.003* −3.861 −0.771
Yes 0 0

Notes: *P,0.05. aTumor size was defined as the maximum tumor diameter.
Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, glutamic pyruvic transaminase; AST, aspartate aminotransferase; CA19-9, carcinoembryonic antigen 19-9; 
ceA, carcinoembryonic antigen; hgB, hemoglobin; nlr, neutrophils/lymphocyte ratio; PA, prealbumin; PlT, platelet; pTnM, postoperative tumor staging; TBil, total bilirubin; 
WBc, white blood cell.
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ALP/TBIL, and CA19-9 $955.0 U/L. The highest score 

indicated the patient’s pTNM stage.

To evaluate the established discriminant functions, we 

analyzed the patients’ TNM stage. Based on multivariate 

results, we performed Bayesian discriminant analysis and 

established the discriminant function for each pTNM stage 

(Table 6). Based on our results, the probability of accurate 

prediction of pTNM stage was 90.6% and the probability of 

cross-validation was 85.9%. After excluding patients with 

an established preoperative diagnosis of stage IV disease, 

the probability of accurate prediction of pTNM stage was 

86.1% and the probability of cross-validation was 75.0% 

(Table 7). If we simultaneously excluded patients with 

confirmed preoperative diagnosis of stage IV disease and 

those with uncertain diagnosis, the probability of accurate 

prediction of pTNM stage was 92.3% and the probability 

of cross-validation was 92.3% (Table 8). Therefore, the 

accuracy of TNM staging by our established discriminant 

functions was much better than that of the procedure based 

exclusively on radiological data.

Discussion
In the absence of specific clinical symptoms, most PBTA cases 

are diagnosed at late stage.31–33 Complete surgical resection is 

an efficient treatment for PBTA patients, and R2 resection is 

a negative prognostic factor for postoperative outcome.34–36 

Table 3 Multivariate analysis of factors associated with pTnM stage

Factor Estimate SE Wald df Sig 95% confidence interval

Lower bound Upper bound

AlB (g/l) −0.140 0.068 4.209 1 0.042* −0.274 −0.006
AlP 0.035 0.024 2.127 1 0.145 −0.012 0.081
AlP/TBil ratio 0.224 0.109 4.218 1 0.039* 0.010 0.438
AlP/TBil ratio cutoff

#6.8 −0.647 0.849 0.581 1 0.446 −2.312 1.018
6.8–7.1 −1.388 1.431 0.940 1 0.332 −4.192 1.417
$7.1 0 0

CA19-9 $955.0 (U/l)
no −2.258 0.875 6.664 1 0.010* −3.972 −0.544
Yes 0 0

Note: *P,0.05.
Abbreviations: ALB, albumin; ALP, alkaline phosphatase; CA19-9, carcinoembryonic antigen 19-9; pTNM, postoperative tumor staging; TBIL, total bilirubin.

Table 4 Cross-validation of pre- and postoperative TNM stages 
classified by radiological TNM staging system

pTNM 
stage

Predicted group membership Total

IIA IIB III IV

Original
count

iiA 0 4 1 0 5
iiB 0 1 0 0 1
iii 1 2 7 3 13
iV 0 6 4 62 72
iiA 0 80 20 0 100
iiB 0 100 0 0 100
iii 7.7 15.4 53.8 23.1 100
iV 0 8.3 5.6 86.1 100

Cross-validated
count

iiA 0 4 1 0 5
iiB 1 0 0 0 1
iii 1 2 7 3 13
iV 0 6 4 62 72
iiA 0 80 20 0 100
iiB 100 0 0 0 100
iii 7.7 15.4 53.8 23.1 100
iV 0 8.5 5.6 85.9 100

Abbreviation: pTnM, postoperative tumor staging.

Table 5 Cross-validation of pre- and postoperative TNM stages 
classified by radiological TNM staging after excluding patients 
with a preoperative TnM stage iV disease

pTNM 
stage

Predicted group membership Total

IIA IIB III IV

Original
count

iiA 0 4 1 0 5
iiB 0 1 0 0 1
iii 1 2 2 8 13
iV 0 6 1 13 20
iiA 0 80 20 0 100
iiB 0 100 0 0 100
iii 7.7 15.4 15.4 61.5 100
iV 0 30 5 65 100

Cross-validated
count

iiA 0 4 1 0 5
iiB 1 0 0 0 1
iii 1 2 2 8 13
iV 0 6 1 13 20
iiA 0 80 20 0 100
iiB 100 0 0 0 100
iii 7.7 15.4 15.4 61.5 100
iV 0 30 5 65 100

Abbreviation: pTnM, postoperative tumor staging.
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The selection of R2 resection or complete surgical resection 

is largely dependent on accurate preoperative diagnosis of 

disease stage. Currently, PBTA staging is dependent on imag-

ing modalities including CT, MRI, and EUS, particularly 

during the initial work-up.37 However, current PBTA staging 

system based on imaging data has several limitations and 

the development of a simple and reliable method of staging 

is of great significance in the management of patients with 

PBTA as well as the improvement of overall outcomes. We 

hypothesized that the combination of imaging with clinical 

pathological data provides accurate prediction. Our results 

showed that preoperative TNM stage, ALB, ALP/TBIL, 

and CA19-9 $955.0 U/L reliably predicted the stage. Based 

on these factors, we established several functions for each 

stage of the disease. The probability of accurate predic-

tion of pTNM stage and the probability of cross-validation 

were .90%, significantly higher than those obtained using 

imaging findings alone. Thus, the staging procedure com-

bining imaging and clinical data might be useful for future 

clinical application.

Despite recently dramatically increased resolution of 

imaging techniques such as CT and MRI, ~10% of primary 

tumors were not distinguished due to similar density. 

Furthermore, liver metastasis or peritoneal metastasis was 

easily misdiagnosed by CT or MRI.38 Remarkably, we 

found 13 patients who had negative findings on abdominal 

CT examination, although their tumors were refractory to 

surgical intervention. The presence of chronic pancreatitis 

has been shown to limit the accuracy of EUS considerably. 

Furthermore, EUS is limited in its ability to facilitate the 

Table 6 Cross-validation of pre- and postoperative TNM stages 
classified by Bayesian discriminant functions

pTNM 
stage

Predicted group membership Total

IIA IIB III IV

Original
count

iiA 4 0 0 0 4
iiB 0 1 0 0 1
iii 1 0 11 0 12
iV 2 2 3 61 68
iiA 100 0 0 0 100
iiB 0 100 0 0 100
iii 8.3 0 91.7 0 100
iV 2.9 2.9 4.4 89.8 100

Cross-validated
count

iiA 3 0 1 0 4
iiB 1 0 0 0 1
iii 1 0 10 1 12
iV 3 3 2 60 68
iiA 75 0 25 0 100
iiB 100 0 0 0 100
iii 8.3 0 83.4 8.3 100
iV 4.4 4.4 2.9 88.3 100

Abbreviation: pTnM, postoperative tumor staging.

Table 7 Cross-validation of pre- and postoperative TNM stages 
classified by Bayesian discriminant functions after excluding 
patients with a preoperative TnM stage iV disease

pTNM 
stage

Predicted group membership Total

IIA IIB III IV

Original
count

iiA 4 0 0 0 4
iiB 0 1 0 0 1
iii 1 0 10 1 12
iV 1 1 1 16 19
iiA 100 0 0 0 100
iiB 0 100 0 0 100
iii 8.3 0 83.3 8.4 100
iV 5.3 5.3 5.3 84.1 100

Cross-validated
count

iiA 3 0 1 0 4
iiB 0 0 0 1 1
iii 1 0 10 1 12
iV 2 1 2 14 19
iiA 75 0 25 0 100
iiB 0 0 0 100 100
iii 8.3 0 83.3 8.4 100
iV 10.5 5.3 10.5 73.7 100

Abbreviation: pTnM, postoperative tumor staging.

Table 8 Cross-validation of pre- and postoperative TNM stages 
classified by Bayesian discriminant functions after excluding 
patients with preoperative diagnosis of TnM stage iV and 
undefined PBTA

pTNM 
stage

Predicted group membership Total

IIA IIB III IV

Original
count

iiA 2 0 0 2 2
iii 0 9 1 10 0
iV 0 1 13 14 0
iiA 100 0 0 100 100
iii 0 90 10 100 0
iV 0 7.1 92.9 100 0

Cross-validated
count

iiA 2 0 0 2 2
iii 0 9 1 10 0
iV 0 1 13 14 0
iiA 100 0 0 100 100
iii 0 90 10 100 0
iV 0 7.1 92.9 100 0

Abbreviations: PBTA, pancreatic body and tail adenocarcinoma; pTnM, 
postoperative tumor staging.
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evaluation of N stage or the invasion of SMA and celiac 

artery.21,22 Therefore, it is almost impossible to overcome 

these limitations by using imaging techniques alone. In the 

present study, despite extensive preoperative evaluation and 

resections, the exploration rate of 59.0% (23/39) is still high. 

Identification of peritoneal or liver metastases undetectable 

with preoperative imaging techniques resulted in aborted 

surgical resection. In our study, all potentially resectable 

patients received intention-to-treat curative resection. How-

ever, R0 resection rate of only 27.3% (3/11) and a disappoint-

ing higher rate of positive resection margins demonstrated 

that PBTA has been a diagnostic challenge with imaging 

modalities. The combined use of CA19-9 and laparoscopy 

was suggested to avoid unnecessary laparotomies, suggest-

ing that the combination of multiple biologically unrelated 

factors might be a better approach.23,24

CA19-9 was used as a marker for the diagnosis of pan-

creatic cancer, assessment of response to chemotherapy, 

evaluation of prognosis, and prediction of tumor recurrence.39 

However, CA19-9 was associated with significant limita-

tions such as the lack of sensitivity and false-negative or 

false-positive elevation results.40 Therefore, determination of 

the cutoff level of CA19-9 is important. Here, we found that 

CA19-9 $955.0 U/mL was a sensitive marker to predict the 

stage of PBTA. For patients with pTNM stage IV disease, 

the sensitivity and specificity of CA19-9 $955.0 U/mL 

were 58.0% and 88.2%, respectively. For patients with 

pTNM stage III disease, the sensitivity and specificity were 

55.4% and 91.7%, respectively. Combining CA19-9 with 

the other three factors dramatically increased the probability 

of accurate prediction of PBTA staging. Thus, the combina-

tion of multiple factors might overcome the limitations of 

a single factor.

NLR is an indicator of systemic inflammatory response, 

and its role as an independent prognostic marker for primary 

operable PC and advanced PC has been intensively explored. 

Previous reports showed that NLR was a marker for the 

prognosis of pancreatic cancer.40 In the current study, we tried 

to analyze the potential application of NLR in the staging 

of PBTA. Unexpectedly, we failed to find the association 

between pTNM stages and WBC, neutrophil percentage, or 

NLR. These findings suggest that pancreatic tumors derived 

from different locations may have different features. It might 

also imply a potential biological difference between PHA 

and PBTA, which needs to be further determined.

Another interesting finding in our study was the identifi-

cation of two other stage-associated factors, ALP/TBIL ratio 

and ALB. We found that ALP/TBIL ratio but not ALP or 

TBIL alone predicted the PBTA stage, suggesting that the 

basic levels of ALP and TBIL might be partially regulated 

by PBTA-independent factors. Therefore, reducing the 

background variation using ALP/TBIL ratio might facilitate 

the staging of PBTA. Low ALB is a prognostic marker for 

pancreatic cancer.41,42 Although we found that the four factors 

could be used to stage PBTA, their exact biological function 

and functional interaction are still largely unknown. Our 

findings suggest that the biological behavior and pathological 

process of PHA and PBTA might be different, despite similar 

clinical presentation and histological appearance.

As the treatment of PBTA continues to evolve and 

requires a multimodal approach, accurate staging becomes 

increasingly important to match therapeutic strategies with 

disease stage. In our opinion, diagnostic laparoscopy prior to 

laparotomy and resection is useful in avoiding unnecessary 

laparotomies in highly selected patients whose preoperative 

evaluation strongly precludes radical resection and directs 

them for neoadjuvant chemoradiation. In this regard, our 

study provided an easy-to-use model, which combines mea-

surable clinical data and radiological findings, to help make 

clinical decisions.

CT and MRI and not EUS play a primary role in our PC 

imaging protocol and tumor staging. The past years witnessed 

significant improvements in CT technology such as higher 

image resolution and faster image acquisition. In this study, 

PBTA diagnosis and staging were based on long-term and 

heterogeneous CT techniques, which may be a limitation of 

this study. In addition, several newly developed techniques 

such as endoscopic ultrasonography (EUS) and positron 

emission tomography–computed tomography (PET–CT) 

have been shown to increase the accuracy of PBTA staging. 

However, these techniques are expensive and not routinely 

applied in clinical practice. Since only a small portion of our 

patients underwent preoperative EUS or PET–CT evaluation, 

we did not include these imaging data in our analysis. Future 

studies should carefully address these issues.

Conclusion
By analyzing clinical data of patients with PBTA, we have estab-

lished the discriminant functions based on preoperative TNM 

stage, ALB, ALP/TBIL, and CA19-9 to improve the staging 

accuracy. The current study underscores the importance of 

radiographic staging combined with clinical data for risk 

stratification of patients, in tailoring therapy and management. 

However, our study was based on a limited number of patients 

and large-scale studies are required to validate our findings. 

Nonetheless, we believe that the combination of different 
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factors to predict the PBTA stage as well as PHA is useful. 

The combination of multiple, biologically unrelated factors 

might be useful for staging cancer patients and help overcome 

the limitations associated with staging based on similar or 

biologically related factors.
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