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Abstract
Background: The latest 8th edition of the AJCC staging system emphasizes the importance of tumor size however,
the clinical significance of the combination of tumor location with tumor size remains unknown.
Methods: We conducted this study to investigate the prognostic role of tumor location in T1 resectable pancreatic
ductal adenocarcinoma (PDAC). Resectable PDAC patients from Surveillance, Epidemiology, and End Results (SEER)
database (2004–2014) were selected for the propensity score matching analysis. We used matched cohort to
analyze the relationship between clinicopathologic features and survival of patients.
Result: Eight thousand, four hundred nine patients were included in the propensity score matching analysis and
4571 patients were selected for final analysis. In T1 patients, the patients with pancreatic head tumor had worse
prognosis compared to the patients with body/tail tumors. Multivariate analysis result showed that pancreatic
body/tail location was an independent indicator for better chances of survival in T1 PDAC patients (hazard ratio,
0.69; 95%CI, 0.52–0.93; P = 0.01). The modified staging system was more efficient than the AJCC 8th staging system.
Conclusion: Modified staging system exhibited a good assessment of the survival rate. The tumor location is a
good prognostic indicator for T1 resectable PDAC patients. Modification of T1 subgroup according to tumor
location exhibited favorable survival prediction effects.
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Background
Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal disease. It has become the fourth-leading cause of
cancer-related deaths and is projected to become the
second leading cause of cancer-related deaths in the
United States by 2030 [1, 2]. It is refractory to most
treatment and exhibits a general 5-year survival rate of
8% [2, 3]. For now, surgical resection is the only potential treatment for PDAC patients [4]. Hence, it is important to assess the extent of tumor progression to
determine the suitable surgical procedure. The American
* Correspondence: fengtiaoyushun422@163.com; heshuiwu@hust.edu.cn
†
Zibo Meng, Mingsi Cao and Yushun Zhang are contributed equally to this
work.
1
Department of Pancreatic Surgery, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430022, China
Full list of author information is available at the end of the article

Joint Committee on Cancer (AJCC) staging system is the
most widely used indicator in malignancies prognosis
predictions. In the latest 8th edition of the AJCC staging
system, the importance of tumor size for patients’ prognosis is further emphasized in T-staging systems. Resectable PDACs are more likely to have a smaller tumor
volume than extensively metastatic tumors, and the selection of appropriate surgical treatment for resectable
PDAC, especially T1 tumors, is very urgent.
Different tumor locations have different infiltration periods in blood vessels and the surrounding organs. Due
to their anatomical location, pancreatic tumors located
in the head and body/tail require very different surgical
methods. Several studies suggested that the location of
the tumor may have prognostic value for PDAC, but no
consensus has been reached [5–7]. In addition, the 8th
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edition of the AJCC staging system for PDAC does
not consider the impact of the location of the tumor.
The aim of our study is to find out the influence of
the tumor location on prognosis, and propose modifications for the 8th AJCC T-staging system in PDAC.
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vital statuses. We transformed the AJCC 7th stage into
AJCC 8th stage according to the definition of these two
systems [8]. Since our data was from SEER public database, no specific patient’s information was recorded so
ethical consent was not necessary.

Methods
Patients and data collection

Statistical analysis

The Surveillance, Epidemiology, and End Results (SEER)
database (2004–2014) of the US National Cancer Institute was utilized for this research. We used SEER*Stat
software (Version 8.3.4) to retrieve the patient’s data. Patients with PDAC were identified using the topography
codes (C25.0-C25.4 and C25.7-C25.9) and histology
codes (8500/3 and 8140/3) of the International Classification of Diseases for Oncology, third edition
(ICD-O-3). Other variants of pancreatic malignancies
were excluded. Patients with undefined tumor size or
unclear tumor location (for example overlapping lesion
of pancreas, pancreatic duct, pancreatic neck, and other
unspecific locations), who were younger than 18 years
old, and did not have surgeries performed on them, were
excluded in our study. We collected demographic data,
including age, race, and gender. Tumor information, including tumor location, size, grade, AJCC 7th TNM
stages, lymph nodes information, and operation methods
were retrieved. We extracted survival information such
as number of months survived, causes of deaths, and

Statistical data were analyzed using SPSS software version 20.0 (SPSS Inc., Chicago, IL, USA) and MedCalc
Statistical Software version 15.2.2 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org; 2015).
Continuous variables were shown as means and standard
deviations, while categorical variables were exhibited as
frequencies and percentages. The survival month was
calculated according to the time from diagnosis to the
data of death or the last follow-up. In order to simulate
the randomized controlled trials and reduce the effect of
selection bias, a 1-to-3 propensity score matching
method was conducted using the nearest-neighbor
method with a stringent caliper of 0.05 [9]. We used
Kaplan-Meier curves with log-rank test to perform the
survival analysis. To determine the prognostic factors of
resectable PDAC, we used Cox proportional-hazards
model with backwards-stepwise selection [10]. The results of multivariate regression analysis and univariate
regression analysis were demonstrated as hazard ratios
(HR) and 95% confidence intervals (CI). We also used

Fig. 1 Flowchart of this study
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receiver operating characteristic (ROC) curve analysis to
compare the discriminatory ability of the 2 staging systems [11]. All tests were 2-sided and a p < 0.05 was considered statistically significant.

Results
Clinicopathologic characteristics

As shown in Fig. 1, a total of 8409 PDAC patients were
brought into analysis under the above inclusion and exclusion criteria. Among them, 7146 patients had pancreatic
head PDACs and 1263 patients had pancreatic body/tail

tumors. The original group showed a significant difference
between pancreatic head group and pancreatic body/tail
group in baseline characteristics (Table 1). Then, we used
this cohort to apply the 1-to-3 propensity score matching
based on the year of diagnosis, race, gender, marital status,
T stage, N stage, and pathology grade. The matched cohort (n = 4571) contained 3321 patients with pancreatic
head tumor and 1250 patients with pancreatic body/tail
tumors. The baseline variables were matched very well between two groups except T stage so we conducted subgroup analysis based on T stage.

Table 1 Clinical features between pancreatic head PAAD and pancreatic body/tail PAAD in original and matched cohorts
Original cohort (n = 8409)

Matched cohort (n = 4571)

Characteristics

Head

Body/Tail

Age at diagnosis

65.3 ± 10.4

66.4 ± 10.8

Year of diagnosis

P

Characteristics

Head

Body/Tail

< 0.001

Age at diagnosis

66.2 ± 10.3

66.4 ± 10.8

< 0.001

Year of diagnosis

2004–2008

2813

431

2004–2008

1170

427

4333

832

2009–2014

2151

823

White

5900

982

White

2615

977

Yellow

478

114

Yellow

281

110

Black

706

158

Black

397

154

Others

62

9

Others

28

9

< 0.001

Gender

0.540
0.499

2009–2014
Race

P

Race

0.934
0.032

Gender

Female

3542

662

Male

3604

601

Married

4516

805

Single

840

Divorced

741

Widowed
Unknown

0.062

Female

1706

651

Male

1615

599

Married

2095

795

128

Single

367

127

125

Divorced

320

125

849

163

Widowed

437

161

200

42

Unknown

102

42

T1

1281

177

T1

492

177

T2

4497

559

T2

1680

559

T3

1368

527

T3

1149

514

N0

2233

606

N0

1469

595

N1

3037

476

N1

1307

474

N2

1876

181

N2

545

181

Grade 1

654

123

Grade 1

301

121

Grade 2

3488

649

Grade 2

1733

638

Grade 3

2523

403

Grade 3

1063

403

Grade 4

59

14

Grade 4

35

14

Unknown

422

74

Unknown

189

74

Marital status

0.669

Marital status
0.319

T stage

0.891

T stage

N stage

< 0.001

< 0.001

Pathology grade

0.171

N stage

< 0.001

0.087

Pathology grade

0.947
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The relationship between tumor location and CSS in
matched cohort

Of the 4571 PDAC patients in matched cohort, 3321
(72.7%) patients had pancreatic head whereas 1250
(27.3%) patients had pancreatic head/tail tumors. In T1
PDAC patients, 73.5% (492/669) tumors originated in
the pancreatic head. 25.0% (559/2239) T2 patients had
pancreatic head PDAC and 69.1% (1149/1663) T3 tumors occurred in the pancreatic head.
As is shown in Fig. 2, we compared CSS between
the head and body/tail subgroups. The survival rate
of pancreatic head PDAC patients in T1 (p = 0.003)
was significantly poorer. In T1 group, 1, 3 and
5-years survival rates were 88.0, 47.6 and 34.6%, respectively. For pancreatic head tumors (T1 h); 1, 3
and 5-years survival rates were 88.7, 62.2 and 52.6%
for pancreatic body/tail tumors (T1b/t), respectively.
Interestingly, there was no significant correlation between tumor location and survival in patients with
PDAC in T2 (p = 0.185) and T3 (p = 0.215) patients.
These results showed that tumor location is associated with survival in patients with T1 PDAC.
Correspondence between tumor location and
histopathology characters in T1 stage

Using the matched group, we explored the histopathological evidence because of the poor survival of pancreatic head PDAC patients. Positive lymph nodes and
tumor size information were further used to make comparisons between the head and body/tail subgroups. In
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the matched two groups, patients had similar lymph
nodes positive rate (p = 0.053) and positive lymph nodes
(p = 0.147) in T1 stage. Although we limited the size of
the tumor to no more than 2 cm, the average tumor size
was larger in the pancreatic head group (1.66 cm vs.
1.48 cm, P < 0.001).
Because we used a well matched cohort, the year of
diagnosis, race, age, gender, marital status, N stage and
pathology grades showed no significant difference between two groups.
Prognostic factors for patients with early T1 PDAC

We performed univariate and multivariate analysis to determine the prognostic indicators for the early T-stage
PDAC. 9 potential factors were selected: the year of diagnosis, size, age, gender, N stage, tumor location, pathology
grade, race and marital status (Table 2). Among these, the
year of diagnosis, N stage, and tumor location was statistically significant.
We included factors whose p < 0.1 in univariate analysis and parameter with important clinical significance
(pathology grade) into multivariate analysis. Among
them, tumor location, year of diagnosis, and N stage
were independent prognostic indicators for T1 PDAC
patients.
Proposed modification of 8th edition AJCC T-staging
system based on the tumor location

Through analyzing the survival rate and median/mean
CSS of patients in each sub-stage from SEER cohort, we

Fig. 2 Prognostic effect of tumor location in resectable PDAC according to T stage. a. T1-T3 stage; b. T1 stage; c. T2 stage; d. T3 stage
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found some insufficiencies in the current 8th edition
AJCC T-staging system. As shown in Table 3, the average CSS rate of T1c stage was higher than that of T1b
stage (61.4 vs. 51.4). The survival curve showed that the
short-term survival of PDAC were not clearly distinguished among each group, especially T1 (Fig. 3a). Existing 8th AJCC T-staging system had some shortages that
needed to be improved.

We subdivided the T1 PDAC according to the tumor
location. The modified T classification effectively distinguished patients’ prognosis (Fig. 3b). Compared with the
current AJCC 8th edition T-staging system, the survival
rate was significantly different from each period in
modified systems and average CSS varied evidently. The
modified T-staging system showed a better diagnostic effect. The results were 0.535 (95% CI, 0.496–0.573) for

Table 2 Prognostic factors for T1 PAAD patients. HR: hazard ratio. CI: confidence interval
Univariate analysis

Multivariate analysis
95%CI

Standard
error

Wald chisquare

P

HR

95%CI

Down Up

Year of diagnosis
2004–
2008

Reference

2009–
2014

0.12

Standard Wald chierror
square

2004–2008
18.96

< 0.001 0.60 0.47

0.75 2009–2014

Down Up

Reference
0.12

18.62

< 0.001 0.60

0.47

0.76

Race

White

Reference

Yellow

0.22

0.99

0.32

0.81 0.53

1.23

Yellow

Black

0.18

0.07

0.79

1.05 0.73

1.51

Black

Others

0.71

0.43

0.51

0.63 0.16

2.53

Others

White

0.01

0.11

0.74

1.00 0.99

1.01 Age

Gender

Gender

Male

Reference

Female

0.12

Male
1.66

0.20

0.86 0.68

1.08

Marital status

Female
Marital status

Married

Reference

Single

0.23

2.50

0.11

0.70 0.45

1.09

Single

Divorced

0.21

0.11

0.74

0.93 0.62

1.41

Divorced

Widowed

0.16

1.22

0.27

1.19 0.87

1.62

Widowed

Unknown

0.34

0.14

0.71

0.88 0.45

1.72

Unknown

0.02

8.89

0.003

1.05 1.02

1.08 Size

Size

HR

Year of
diagnosis

Race

Age

P

Married

N stage

N stage

N0

Reference

N1

0.13

26.95

< 0.001 1.92 1.50

2.45

N2

0.23

12.17

< 0.001 2.22 1.42

3.47

Site

N0

Reference

N1

0.13

17.52

< 0.001 1.71

1.33

2.19

N2

0.23

11.28

0.001 2.17

1.38

3.40

6.18

0.01

0.69

0.52

0.93

Site

Head

Reference

Body/Tail

0.15

Head
8.55

0.003

0.65 0.49

0.87

Pathology grade

Body/Tail

Reference
0.15

Pathology grade

Grade 1

Reference

Grade 1

Reference

Grade 2

0.17

1.96

0.16

1.28 0.91

Grade 3

0.19

9.06

0.003

1.79 1.23

1.79

Grade 2

0.18

1.17

0.28

1.21

0.86

1.70

2.62

Grade 3

0.20

7.19

0.01

1.70

1.15

2.50

Grade 4

0.60

0.85

0.36

Unknown

0.28

0.42

0.52

1.73 0.54

5.60

Grade 4

0.60

0.72

0.40

1.66

0.51

5.37

1.20 0.69

2.09

Unknown

0.28

0.55

0.46

1.23

0.71

2.15
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Table 3 Patients’ survival rates in different T-staging systems
AJCC 8th T stage

Modified 8th T stage
Survival rates, %

Survival (month)

n

1 year

3 years

5 years

mean

median

T1a

29

88.7

83.1

83.1

98.6

–

T1b

22

88.5

58.4

46.7

51.4

38

T1c

618

88.2

49.8

37.2

61.4

36

T2

2239

73.7

32.7

22.8

41.0

T3

1663

64.2

23.5

14.5

31.1

Survival rates, %

Survival (month)

n

1 year

3 years

5 years

mean

median

T1b/t

177

88.7

62.2

52.6

76.6

89

T1 h

492

88.0

47.6

34.6

58.8

34

22

T2

2239

73.7

32.7

22.8

41.0

22

17

T3

1663

64.2

23.5

14.5

31.1

17

8th T-staging system and 0.559 (95% CI, 0.520–0.597)
for modified T-staging system.

Effect of modified T-stage on the 8th edition of AJCC
system

The modification of T1 stage mainly affected the stage IA
(T1N0M0). We subdivided stage IA into T1b/tN0M0
(IAb/t) and T1 hN0M0 (IAh). As shown in Fig. 4, compared with the survival curves using the current AJCC
system, the modified staging system effectively discriminated the stage IA, especially the short-term survival rate.
Within AJCC 8th edition system, the 1-year CSS rate in
stage IA didn’t produce significant differences in survival
with size changes. Group IAc had a better average CSS
compared with IAb group (69.7 vs. 59.1). However, the
1-year, 3-year and 5-year survival rate, respectively, declined gradually with the modified stages, respectively. It
can be seen that the modified classification successfully
stratified the patients’ prognosis. AUC analysis result for
the 8th staging system was 0.570(95% CI, 0.532–0.608)
and 0.611(95% CI, 0.573–0.648) for the modified staging
system, and the difference between two curves was
0.041(95% CI, 0.018–0.063, p < 0.001) which meant that
the prognostic effect of the modified staging system is better than that of the 8th edition AJCC staging system.

Discussion
In our study, we investigated the prognostic value of
tumor location for T1 resectable PDAC patients. The
pancreatic head location was associated with the bigger
size and had worse survival rates compared with the
pancreatic body/tail location. To the best of our knowledge, it is the first indication that the pancreatic head
location was an indicator for a bad outcome in T1 resectable PDAC.
The newly-introduced 8th edition of the AJCC staging
system highlights the importance of tumor size for T staging systems, and also. In addition, T1 (≤2 cm) patients
are a considerable part of the patients who can undergo
surgical treatment which is why it is crucial to identify
the prognostic factors of these patients. As displayed in
Table 2, the year of diagnosis and N stage were
well-known prognostic factors. Locations of tumors,
which can be evaluated before surgery, have a direct effect on the patients’ prognosis.
For now, the prognostic significance of tumor location
in pancreatic cancer is still controversial. Several researches reported that tumors located at the body and
tail of the pancreas had higher mortality risks. An explanation for these results is that the timing of diagnosis
or lead-time bias may result in the difference between
pancreatic head and pancreatic body/tail tumors.

Fig. 3 a. Comparison of survival according to T stage with subclassification of tumors by the 8th edition of the AJCC T-staging system. b.
Comparison of survival according to T stage with subclassification of tumors by the tumor location
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Fig. 4 a. Comparison of survival according to conventional TNM classification with subclassification of early T-stage tumors by the 8th edition of
the AJCC T-staging system. b. Comparison of survival according to conventional TNM classification with subclassification of early T-stage tumors
by the modified T-staging system

Patients with pancreatic head tumors gained additional
period from earlier diagnosis, rather than tumor biology
or intervention differences [12]. Ling et al. found out
that patients with pancreatic body/tail tumors had a
higher rate of overall-survival and tumor-free survival
[13]. Another study reported that local-stage pancreatic
body/tail cancer patients had better survival rates compared with local-stage pancreatic head cancer patients
[14]. Pancreatic body and tail tumors, due to the late
symptoms, give us a subjective impression that it tends
to be more advanced, larger, and worse prognoses for
patients [15–17]. Ruess et al. showed that although the
tumor sizes were larger, the prognosis of resectable pancreatic body and tail PDAC patients were similar to that
of pancreatic head PDAC [18]. Our result exhibited that
pancreatic head PDAC had a bigger tumor size, and in
the T1 stage, pancreatic body/tail PDAC patients had better
survival rates compared to the pancreatic head group. Several reasons may be a factor of this phenomenon. Firstly,
the tumor site is the primary determinant of the surgical
approach and different surgical methods have an impact on
the patient’s gastrointestinal function which has distinct
complications that determined patients’ outcome-especially
on short-term survival [19, 20]. Radical antegrade modular
pancreatosplenectomy, reported in 2003, may get higher
margin-free resection rates which improved the prognosis
after distal pancreatic tumor resection [21, 22]. Secondly,
according to the Japan Pancreas Society, it is stated that in
the nomenclature of peripancreatic lymph nodes, the pancreatic head has a more complex lymphatic drainage system compared with the distal pancreas, and the extent of
lymphadenectomy during pancreatectomy for pancreatic
head PDAC is still disputed [23, 24]. Several studies also
showed that pancreatic body/tail tumors have less frequent nodal involvement, which could explain the
better outcome of these patients [25, 26]. In our results after the propensity score matching, two groups

had similar number of positive lymph nodes and
lymph nodes positive rate. The survival between
groups were still different, which showed that the impact of location cannot be ignored. The pancreatic
head is adjacent to many important organs and blood
vessels. Compared with the resection of pancreatic
head tumors which have a greater impact on important structures, multivisceral resection of the distal
pancreatic tumor is safer and more feasible [27–29].
What’s more, pancreatic head PDAC can lead to the
malignant biliary obstruction and complications after
preoperative biliary drainage which cause the delay or
even omission of surgery [30]. Hyoun et al. reported
that tumors in proximal locations, although smaller in
size, were more dedifferentiated than distal tumors
which resulted in poor prognosis [26]. Ling et al. reported that pancreatic body/tail PDAC had remarkably lower expressions of miR-501-3p compared with
the pancreatic head one. The in vivo and in vitro experiments proved that miR-501-3p could enhance the
invasiveness of PDAC cells and resulted in tumor recurrence [13]. Another Study also showed that pancreatic head and pancreatic body/tail PDAC had
distinct genetic and molecular features [31].We also
improved the subcategories of T1 staging according
to the tumor locations. The modified T-staging system exhibited good patient survival stratification for
it had better prognosis-discrimination effect than the
8th AJCC staging system. The significance of AJCC
staging system is to accurately stratify the patients’
prognosis. Therefore, we proposed the subgroups of
T1 according to the tumor locations to promote the
precision of AJCC staging system. Compared with the
current AJCC 8th edition system, our modified
T-staging and corresponding TNM staging system effectively separated the survival curves between stages,
especially for the differentiation of short-term survival
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of patients. There are some advantages of this modified staging system. From a clinical point of view, the
determination of tumor location is relatively easy and
has more operability in clinical practice. Moreover,
the majority of patients are diagnosed at an advanced
stage [32, 33], and patients with < 1 cm tumors account for a very small proportion of total patients
which can also be observed in our cohort. Hence, the
size-based sub-stage of T1 may not be practical in
clinical work.
There are also some limitations of this study: 1) only
selected SEER cohort; 2) lacked a validation group; 3)
only selected resectable PDAC which occurred in the
head and the body/tail of the pancreas (excluding patients with PDAC in the pancreatic neck, overlapping lesion of pancreas and other unclear locations); 4) lacked
small-sized tumor patients; 5) Multi-center prospective
study needed to be applied for further studies; 6) The
SEER database was only able to provide basic clinical information hence our research lacked the exploration of
further biological mechanisms.

Conclusions
Tumor location is a predictor of resectable ≤2 cm
PDAC. Modification of T1 sub stage according to tumor
location is accurate and effective in prognostic prediction of PDAC.
Abbreviations
95%CI: 95% confidence intervals; AJCC: the American Joint Committee on
Cancer; C-index: concordance index; CSS: cancer-specific-survival; HR: hazard
ratios; PDAC: pancreatic ductal adenocarcinoma; SEER database: Surveillance,
Epidemiology, and End Results database; T1 h: T1-stage pancreatic-head-side
tumors; T1b/t: T1-stage pancreatic-body/tail-side tumors
Acknowledgements
Not applicable.
Funding
Supported by grants from the National Natural Science Foundation of China,
No. 81372261. The funding body have no role in study design, collection,
management, analysis, interpretation of data, writing the manuscript, or
decision to submit the manuscript for publication.
Availability of data and materials
The datasets used or analyzed during the current study are available from
the corresponding author on reasonable request. All data were available in
the SEER database.
Authors’ contributions
Study design: HSW, ZBM and YSZ; Data acquisition and statistical analysis:
MSC, ZBM and SHW; Manuscript preparation and editing: ZBM, YSZ and ZQL.
All authors have reviewed and approved the manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not Applicable.
Competing interests
The authors report no conflict of interest.

Page 8 of 9

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Pancreatic Surgery, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan 430022, China.
2
Institute of Cardiology, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, China.
Received: 14 February 2019 Accepted: 4 April 2019

References
1. Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, Matrisian LM.
Projecting cancer incidence and deaths to 2030: the unexpected burden of
thyroid, liver, and pancreas cancers in the United States. Cancer Res. 2014;
74(11):2913–21.
2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 2017;
67(1):7–30.
3. Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. N Engl J Med.
2014;371(11):1039–49.
4. Wagner M, Redaelli C, Lietz M, Seiler CA, Friess H, Buchler MW. Curative
resection is the single most important factor determining outcome in
patients with pancreatic adenocarcinoma. Br J Surg. 2004;91(5):586–94.
5. Zhang DX, Dai YD, Yuan SX, Tao L. Prognostic factors in patients with
pancreatic cancer. Exp Ther Med. 2012;3(3):423–32.
6. Park JK, Yoon YB, Kim YT, Ryu JK, Yoon WJ, Lee SH. Survival and prognostic
factors of unresectable pancreatic cancer. J Clin Gastroenterol. 2008;42(1):
86–91.
7. Lee KJ, Yi SW, Chung MJ, Park SW, Song SY, Chung JB, Park JY. Serum CA
19-9 and CEA levels as a prognostic factor in pancreatic adenocarcinoma.
Yonsei Med J. 2013;54(3):643–9.
8. Chun YS, Pawlik TM, Vauthey JN. 8th edition of the AJCC Cancer staging
manual: pancreas and hepatobiliary cancers. Ann Surg Oncol. 2018;25(4):
845–7.
9. Sturmer T, Joshi M, Glynn RJ, Avorn J, Rothman KJ, Schneeweiss S. A review
of the application of propensity score methods yielded increasing use,
advantages in specific settings, but not substantially different estimates
compared with conventional multivariable methods. J Clin Epidemiol. 2006;
59(5):437–47.
10. Harrell FE Jr, Lee KL, Califf RM, Pryor DB, Rosati RA. Regression modelling
strategies for improved prognostic prediction. Stat Med. 1984;3(2):143–52.
11. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under
two or more correlated receiver operating characteristic curves: a
nonparametric approach. Biometrics. 1988;44(3):837–45.
12. Artinyan A, Soriano PA, Prendergast C, Low T, Ellenhorn JD, Kim J. The
anatomic location of pancreatic cancer is a prognostic factor for survival.
HPB (Oxford). 2008;10(5):371–6.
13. Ling Q, Xu X, Ye P, Xie H, Gao F, Hu Q, Liu Z, Wei X, Roder C, Trauzold A, et
al. The prognostic relevance of primary tumor location in patients
undergoing resection for pancreatic ductal adenocarcinoma. Oncotarget.
2017;8(9):15159–67.
14. Lau MK, Davila JA, Shaib YH. Incidence and survival of pancreatic head and
body and tail cancers: a population-based study in the United States.
Pancreas. 2010;39(4):458–62.
15. Wentz SC, Zhao ZG, Shyr Y, Shi CJ, Merchant NB, Washington K, Xia F,
Chakravarthy AB. Lymph node ratio and preoperative CA 19-9 levels predict
overall survival and recurrence-free survival in patients with resected
pancreatic adenocarcinoma. World J Gastrointest Oncol. 2012;4(10):207–15.
16. Bilici A. Prognostic factors related with survival in patients with pancreatic
adenocarcinoma. World J Gastroenterol. 2014;20(31):10802–12.
17. Lee SR, Kim HO, Son BH, Yoo CH, Shin JH. Prognostic factors associated
with long-term survival and recurrence in pancreatic adenocarcinoma.
Hepatogastroenterology. 2013;60(122):358–62.
18. Ruess DA, Makowiec F, Chikhladze S, Sick O, Riediger H, Hopt UT, Wittel UA.
The prognostic influence of intrapancreatic tumor location on survival after
resection of pancreatic ductal adenocarcinoma. BMC Surg. 2015;15:123.
19. Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. Lancet. 2016;
388(10039):73–85.

Meng et al. BMC Gastroenterology

(2019) 19:59

20. Kawarada Y, Yokoi H, Isaji S, Naganuma T, Tabata M, Machishi H, Das BC,
Takahashi K, Murabayashi K. Modified standard pancreaticoduodenectomy
for the treatment of pancreatic head cancer. Digestion. 1999;60(Suppl 1):
120–5.
21. Strasberg SM, Drebin JA, Linehan D. Radical antegrade modular
pancreatosplenectomy. Surgery. 2003;133(5):521–7.
22. Parikh PY, Lillemoe KD. Surgical management of pancreatic cancer--distal
pancreatectomy. Semin Oncol. 2015;42(1):110–22.
23. Kawarada Y. New classification of pancreatic carcinoma--Japan pancreas
society. Nihon Shokakibyo Gakkai Zasshi. 2003;100(8):974–80.
24. Tol JA, Gouma DJ, Bassi C, Dervenis C, Montorsi M, Adham M, AndrenSandberg A, Asbun HJ, Bockhorn M, Buchler MW, et al. Definition of a
standard lymphadenectomy in surgery for pancreatic ductal
adenocarcinoma: a consensus statement by the international study group
on pancreatic surgery (ISGPS). Surgery. 2014;156(3):591–600.
25. Sohn TA, Yeo CJ, Cameron JL, Koniaris L, Kaushal S, Abrams RA, Sauter PK,
Coleman J, Hruban RH, Lillemoe KD. Resected adenocarcinoma of the
pancreas-616 patients: results, outcomes, and prognostic indicators. J
Gastrointest Surg. 2000;4(6):567–79.
26. Moon HJ, An JY, Heo JS, Choi SH, Joh JW, Kim YI. Predicting survival after
surgical resection for pancreatic ductal adenocarcinoma. Pancreas. 2006;
32(1):37–43.
27. Shoup M, Conlon KC, Klimstra D, Brennan MF. Is extended resection for
adenocarcinoma of the body or tail of the pancreas justified? J Gastrointest
Surg. 2003;7(8):946–952; discussion 952.
28. Roch AM, Singh H, Turner AP, Ceppa EP, House MG, Zyromski NJ, Nakeeb A,
Schmidt CM. Extended distal pancreatectomy for pancreatic
adenocarcinoma with splenic vein thrombosis and/or adjacent organ
invasion. Am J Surg. 2015;209(3):564–9.
29. Christein JD, Kendrick ML, Iqbal CW, Nagorney DM, Farnell MB. Distal
pancreatectomy for resectable adenocarcinoma of the body and tail of the
pancreas. J Gastrointest Surg. 2005;9(7):922–7.
30. van der Gaag NA, Rauws EA, van Eijck CH, Bruno MJ, van der Harst E,
Kubben FJ, Gerritsen JJ, Greve JW, Gerhards MF, de Hingh IH, et al.
Preoperative biliary drainage for cancer of the head of the pancreas. N Engl
J Med. 2010;362(2):129–37.
31. Dreyer SB, Jamieson NB, Upstill-Goddard R, Bailey PJ, McKay CJ. Australian
pancreatic Cancer genome I, Biankin AV, Chang DK: defining the molecular
pathology of pancreatic body and tail adenocarcinoma. Br J Surg. 2018;
105(2):e183–91.
32. Alexakis N, Halloran C, Raraty M, Ghaneh P, Sutton R, Neoptolemos JP.
Current standards of surgery for pancreatic cancer. Br J Surg. 2004;91(11):
1410–27.
33. Gillen S, Schuster T, Meyer Zum Buschenfelde C, Friess H, Kleeff J.
Preoperative/neoadjuvant therapy in pancreatic cancer: a systematic review
and meta-analysis of response and resection percentages. PLoS Med. 2010;
7(4):e1000267.

Page 9 of 9

