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Introduction

Pancreatic carcinoma has ranked as one of the most lethal 
diseases and its 5-year overall survival (OS) is less than 
8%, which will become the second most common cause 
in the USA of cancer-related deaths by the year (1-3).  
Pancreaticoduodenectomy (PD) is the widely used 

operation in approximately 75% of patients with pancreatic 
head carcinoma (PHC). Current treatment strategies need 
to be highlighted and improved due to its highly aggressive 
nature with poor prognosis. Nowadays, surgical resection 
is considered as the potentially curative therapy. However, 
because of its difficulty in definite early diagnosis, merely 
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20% of patients have the opportunity for successful 
resection when diagnosed (4). Therefore, the established 
and promising surgical procedures will be focused to 
improve postoperative recovery and survival.

The classic PD procedure was considered as the 
operation of choice for PHC, which was refined and 
popularized by Whipple et al. in 1935 (5). In this procedure, 
an en bloc resection of the pancreatic head, the common 
bile duct, the gallbladder, the duodenum, the upper 
jejunum, the distal portion of the stomach and the adjacent 
lymph nodes was encompassed (6). In addition, the extended 
PD procedure included extended lymphadenectomy, 
extended organic resection, and extended vascular resection 
and reconstruction (7-10).

The benefits of extended lymphadenectomy had not been 
specified, and many multicenter randomized controlled 
trials reported that radical PD combined with extended 
lymphadenectomy was not beneficial to long-term survival 
in resectable PHC patients, and on the contrary, it may 
lead to levels of morbidity and mortality when compared to 
patients with standard lymphadenectomy (8,10,11). Besides, 
surgery for PHC commonly required vascular resection 
and reconstruction, such as the superior mesenteric vein 
(SMV) and portal vein (PV), however, the splenic vein (SV) 
sometimes also needed to be incised when it was involved 
by tumor (12).

The evidence of evaluating the safety and efficacy of 
vascular resection mainly came from single institutional 
retrospective studies, which showed mixed results in both 
perioperative complications and survival. Among these 
cases, some have reported decreased survival and elevated 
perioperative complication rates with extended resection 
(13,14), while others have demonstrated similar short- 
and long-term survival with or without extended resection 
(15,16), which is controversial.

In this study, the objective was to assess whether the 
results of extended PD procedure were equal to those 
of the classic PD procedure in PHC patients, especially 
concerning survival outcomes.

Methods

Patients and clinical data

The data of patients were obtained from the Surveillance, 
Epidemiology, and End Results (SEER) database in 
our study and the selection criterion were as previously 
described (17). Besides, patients diagnosed from 2004 to 

2014 with PD or extended PD surgical procedures with 
following chemotherapy and having available data for sex, 
race/ethnicity, age, grade, tumor size, liver metastasis, lung 
metastasis, TNM stage, regional lymph node examined, 
regional lymph node positive, insurance, marriage, and 
survival information were analyzed. Other patients with 
partial pancreatectomy, total pancreatectomy, and pylorus-
preserving PD were all excluded. The AJCC 8th staging 
system was still evaluated as previous publications (4,17). 
Following the criteria, the whole cohort was finally 
included.

Statistical analysis

In this study, R project version 3.3.4 (http://www.r-project.
org/) and SPSS 21.0 statistical package (SPSS Inc., Chicago, 
IL, USA) were used in statistical analyses. Propensity 
score matching (PSM) was applied to cut down selection 
bias. The propensity scores, which were defined as the 
probability of being assigned to the PD or extended PD 
groups by considering all potential confounders, were 
computed by the MatchIt package in R project with an 
algorithm of 2:1 matching by age, race/ethnicity, and AJCC 
8th staging system. The nearest neighbor matching with 
a caliper width of 0.05 was employed. Correlations and 
differences between categorical variables were analyzed 
by the χ2 test and Fisher’s exact test, while continuous 
variables by Student’s t-test. The cancer-specific survival 
(CSS) and OS were depicted by Kaplan-Meier curves via 
Survminer package in the R project. CSS was calculated by 
the time from treatment to cancer-related death, while OS 
was defined as the time from treatment to the last follow-
up or death. Univariate and multivariate analyses with Cox 
proportional hazards regression model were used to identify 
its independent prognostic factors. All P value <0.05 were 
considered the statistically significant difference.

Results

Demographic and clinicopathological characteristics

There were 7,084 histologically confirmed patients of 
PHC in this study, including 6,541 (92.3%) and 543 (7.7%) 
patients who received PD and extended PD surgical 
procedures, respectively. The mean ratio of extended PD 
procedure use was 7.7% (ranging from 5.9% in 2009 to 
9.0% in 2005). There was no extensive application during 
these years; the detailed frequency of PD or extended 

http://www.r-project.org/
http://www.r-project.org/
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PD procedure use is shown in Figure 1. In the whole 
cohort, there were 3,640 male and 3,444 female patients 
whose median age was 65.9 (ranging from 29 to 95) years 
old. Among these patients, liver metastasis was detected 
in 98 patients (1.4%) and lung metastasis in 24 patients 
(0.3%). The mean tumor size was 32.3±16.9 mm, and the 
average number of examined and positive lymph nodes was 
15.9±10.3 and 2.6±3.3, respectively. For further analysis, 
the mean number of lymph nodes examined and positive 
with PD procedure was 15.9±10.3 and 2.6±3.3 respectively, 
while 16.1±10.1 and 2.6±3.1 respectively with extended 
PD procedure, which showed no significance between two 
groups. By the AJCC 8th TNM staging system, 659, 3,399, 
2,499 and 527 patients were respectively classified into stage 
I, II, III and IV disease, respectively. The other detailed 
characteristics were displayed in Table 1.

PSM for PD and extended PD

Patients who were older, of white ethnicity, and with higher 
TNM stage were more likely to receive extended PD 
procedure. To reduce confounder and reflect the nature of 
two surgical procedures, a PSM model based on these three 
indicators was built. As a result, 543 patients with extended 
PD procedure and 1,084 patients with PD procedure were 
completely matched using PSM. The distribution and 
histograms of propensity scores before and after matching 
were shown in Figure 2. The detailed characteristics of the 
unmatched and matched cohorts were listed in Table 1.

The prognostic factors before or after matching

The older age, male, higher grade (P<0.001), larger 

Figure 1 The frequency of PD and extended PD procedure used 
in 2004–2014. PD, pancreaticoduodenectomy.
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Figure 2 The distribution and histograms of propensity scores before and after matching.
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tumor size, liver metastasis, lung metastasis and advanced 
TNM stage were significantly considered as risk factors 
for CSS before matching in univariate analysis. Besides 
these factors, divorce was also a risk factor for OS before 
matching. However, after matching, older age, higher 
grade, lung metastasis, and advanced TNM stage were still 
considered as risk factors for CSS, as well as divorce for 
OS (Table 2). In multivariate analysis, age, sex, grade, the 
AJCC 8th stage, and tumor size remained as independent 
prognostic indicators for CSS before matching, while only 
age, grade, and the AJCC 8th stage were independent 
prognostic factors after matching. For OS before matching, 
age, sex, grade, tumor size, marriage, and the AJCC 8th 
stage were all considered as independent risk factors, while 
after matching, there were only age, grade, marriage, and 

the AJCC 8th stage remaining (Table 3). In the matched 
populations, the surgical procedures had no effect on CSS 
[hazard ratio (HR): 1.030; 95% confidence interval (CI): 
0.906–1.172, P=0.648] or OS (HR: 1.017; 95% CI: 0.900–
1.148, P=0.790).

CSS and OS

The median CSS and OS of the whole population was 20.0 
and 18.0 months, respectively. The 1-, 3- and 5-year CSS 
rates were 69.7%, 29.0% and 15.8%, respectively, while 
the OS rates at 1, 3 and 5 years were 66.3%, 25.2%, and 
15.8%, respectively. Stratified by surgical procedures, the 
median CSS of patients received PD procedure were a little 
larger than that of patients with extended PD procedure 
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(20.0 vs. 19.0 months), so did median OS (19.0 vs. 18.0 
months). However, it was still lack of significant differences 
(Figure 3A,B). The cumulative CSS rates of patients with 
PD procedure at 1, 3 and 5 years were 70.0%, 29.2% and 
19.7%, whereas in extended PD group, they were 65.8%, 
26.3% and 16.1%, respectively. The cumulative OS rates of 
patients with PD procedure at 1, 3 and 5 years were 66.6%, 
25.5%, and 16.0%, whereas in extended PD group, they 
were 62.6%, 22.5% and 13.1%, respectively.

After PSM, the median CSS and OS changed to 19.0 
and 18.0 months, respectively. The CSS rates of 1, 3 and 
5 years in the matching group were 67.3%, 27.2%, and 
17.1%, whereas the OS rates were 63.6%, 23.6% and 
13.7%, respectively. For further analysis of surgical effects, 
the median CSS of both PD and extended PD procedure 
groups was 19.0 months. In PD procedure group, the 1-, 
3- and 5-year CSS rates were 68.1%, 27.7%, and 17.5%, 
respectively, while in extended PD procedure group, they 
were 65.8%, 26.3% and 16.1%, respectively. Regarding 
the OS, the median OS of both groups was 18.0 months. 
The cumulative OS rates in PD procedure group at 1, 3 
and 5 years were 64.1%, 24.2%, and 13.9%, whereas in 
extended PD procedure group, they were 62.6%, 22.5%, 
and 13.1%, respectively. Therefore, the CSS and OS were 
still not comparable between two surgical groups after PSM  
(Figure 3C,D).

Discussion

In this study, we analyzed the outcomes of different surgical 
procedures on PHC patients. A total of 7,084 PHC 
patients with PD or extended PD procedure were enrolled 
in the unmatched group. After the PSM of age, race and 
TNM stage, 1,627 matched patients were finally analyzed. 
The results showed that the survival outcomes were 
similar between PD and extended PD procedure in both 
unmatched and matched groups.

Through the above analysis, we found that the average 
of lymph nodes examined and positive with PD procedure 
was 15.9±10.3 and 2.6±3.3 respectively, while 16.1±10.1 
and 2.6±3.1 respectively with extended PD procedure, 
which showed no difference between two populations. After 
PSM, the average of lymph nodes examined and positive 
with PD procedure changed into 15.6±9.5 and 2.8±3.5 
respectively, while 15.8±8.9 and 2.6±3.1 with extended PD 
procedure respectively. The results meant that the extended 
PD procedure in this study mainly included the PD with 
extended resection and reconstruction instead of the PD 
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with extended lymphadenectomy. As the results showed, the 
CSS rate of 5 years in both matched populations was 17.5% 
and 16.1%, respectively. Regarding the 5-year OS, it was 
respectively 13.9% and 13.1%. Patients had no significant 
difference in CSS or OS, which was following many 
previous studies (16,18,19). However, Kantor et al. (20)  
demonstrated that PD with major vascular resection 
increased the rate of severe adverse effects, readmissions, 
a total length of hospital stay and costs. Despite the rates 
of R0 resection and overall relapse were similar between 
two cohorts, decreased OS occurred in combination 
with vascular resection. Podda et al. (16) obtained similar 
conclusions that the median OS for standard PD was 21 
months and for PD with venous resection was 18 months 
(P=0.588). However, patients undergoing PD procedure 
with venous and arterial resection had a median OS of 
7 months, which was less than standard PD procedure 
significantly (P=0.044). In addition, the PD with venous 
resection had no increased risk of procedure specific 
postoperative complications compared to standard PD. 

On the other hand, no survival benefit was obtained in PD 
procedure with venous resection and arterial resection. All 
of these studies indicated that the extended PD procedure 
had no survival benefit and may lead to a higher risk of 
morbidity and mortality (14,21).

It was not clear about the potential etiology for the 
growing complications with the extended PD procedure. 
The cross-clamping of the PV may consist of the higher 
complication profile, and then might result in growing 
propensity for ileus, malnutrition, and delayed gastric 
emptying induced by transient intestinal ischemia. All of the 
complications occurred among populations with extended 
PD procedure in increased frequency (22,23), which 
contributed to the prolonged hospitalization and admission. 
In addition, longer length of hospital stay, a principal 
adverse contributor to patient debilitation and quality of 
life, was a widely known risk indicator for delays to adjuvant 
chemotherapy (20).

From the results of multivariate analysis, we found 
age, differentiated grade, and TNM stage level were 

Figure 3 Kaplan-Meier survival curves for OS and CSS of patients with PD or extend PD procedures. CSS (A) and OS (B) between PD and 
extended PD in unmatched cohort. CSS (C) and OS (D) between PD and extended PD in matched cohort. OS, overall survival; CSS, cancer 
specific survival; PD, pancreaticoduodenectomy.
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independent prognostic factors for CSS. Intriguingly, 
marital status was an additional independent risk for OS. 
Asano et al. (24) reported that age contributed to the 
risk stratification in resected PC patients. In addition, 
differentiation grade, and TNM stage may reflect its 
biological activity highlighted in plenty of studies for 
its critical role in survival and some recent reports even 
combines these factors with other biomarkers to improve 
the predictive power (25-27). However, to our surprise, 
the single or divorced patients may have a poorer OS than 
those of being married. The reasons for that may include 
the lonely, anxious and depressed life, lack of enough care 
and high occurrence rate of accidents (28,29).

We recognize some possible limitations in this study. This 
study was limited as retrospective research, the data was lack 
of the morbidities and complications, and the extended PD 
was not classified specifically. Therefore, a multi-center and 
large-scale prospective study need be performed to eliminate 
the selective bias for further confirmation.

This population-based study shows that there is no 
distinctly different survival outcome between PHC patients 
with PD or extended PD procedure. The clinical indicators 
for the individual patient, such as age, differentiated grade, 
and TNM stage, may reveal a superior risk stratification to 
obtain an optimal treatment modality.
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