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Background. -e incidence of pancreatic cancer continues to rise globally, with pancreatic head cancer accounting for nearly
60–70%. Pancreatic head cancer occurs mainly in people over the age of 60, and its morbidity and mortality increase with age. We
investigated whether these elderly patients with nondistant metastases would benefit more from expanded pan-
creaticoduodenectomy (EPD) compared with standard pancreaticoduodenectomy (SPD). Methods. 3317 elderly patients with
pancreatic head cancer from the SEER database were included in the study based on the inclusion and exclusion criteria. -ese
patients were divided into a nonsurgical group and surgical group (including EPD and SPD). Univariate and multivariate Cox
proportional hazards models were applied to identify the independent risk factors for cancer-specific survival (CSS). -e survival
differences between the nonsurgical group and surgical group were compared. Propensity score matching (PSM) methods were
applied to balance covariates and reduce the interference of confounding variables. -e two groups of patients were matched in a
1 :1 ratio, and the covariates between the two groups were compared to verify the matching validity. -e survival difference in
different groups was compared after the matching analysis. Results. 3317 enrolled patients were divided into the surgical group
(n� 984) and nonsurgical group (n� 2333). Before PSM, there were significant differences in overall survival (OS) and CSS
between the nonsurgical group and surgical group (median OS: 8 months vs. 20 months, P< 0.001; median CSS: 8 months vs. 22
months, P< 0.001). -e multivariate CSS Cox regression analysis demonstrated surgery is an independent risk factor. However,
no significant differences were founded between the SPD and EPD groups (median OS: 20 months vs. 22 months, P � 0.636;
median CSS: 22 months vs. 22 months, P � 0.270). After PSM, there were also no significant differences in OS and CSS between
the SPD and EPD groups (median OS: 23 months vs. 18 months, P � 0.415; median CSS: 26 months vs. 18 months, P � 0.329).
Conclusion. -is study uses PSM to evaluate the effects of EPD and SPD for elderly patients with nondistant metastatic pancreatic
head adenocarcinoma. It found that surgery is an independent prognostic factor, but expanded surgery has no survival advantage
for these patients, whereas SPD provides a better survival advantage than EPD. SPD is a reasonable treatment option for
these patients.

1. Introduction

-e incidence of pancreatic cancer continues to rise globally.
Statistics from the United States in 2021 showed that the
incidence of pancreatic cancer ranks 10th among males and
9th among females. It is the 4th cause of cancer-related
mortality after lung, prostate (male), breast (female), and
colon cancer and is expected to be the second cause by 2030
[1, 2]. -e anatomy of the pancreas is divided into head,

body, and tail. Pancreatic head cancer accounts for nearly
60–70% [3, 4]. Adenocarcinoma accounts for more than 90%
of all pathological types of pancreatic malignancies [5].
Pancreatic cancer occurs mostly in people over 60 years old,
and its morbidity and mortality increase with age [6, 7]. It is
foreseeable that its incidence will increase with the accel-
erating aging process. Elderly patients generally have a worse
prognosis than younger patients due to their poor condi-
tions and comorbidities [8, 9]. Even for those with good
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physical conditions, factors such as age and postoperative
complications may prevent them from receiving more
radical treatments [10].

-e treatment options and efficacy have improved in
recent years. Surgery, chemotherapy, and drug-targeted
therapy have been proved to be beneficial for survival.
However, the average 5-year survival rates are still less than
10% [1, 11]. Primary tumors of the pancreatic head often
invade surrounding blood vessels, especially the portal vein
(PV) and superior mesenteric vein (SMV) due to their bi-
ological characteristics and anatomical particularities [12],
which may relate to a poor prognosis. Currently, surgery is
the only effective treatment that may cure pancreatic cancer
[11, 13, 14]. However, since most patients are already at an
advanced stage when they are first diagnosed, only 20% of
patients have the surgery opportunity [15]. With the de-
velopment of surgical technology, the postoperative mor-
tality in some experienced centers has dropped to 1%, but
the 5-year survival rate after surgery is still not optimistic
[16]. For patients diagnosed with locally resectable lesions,
the 5-year survival rate after surgery is only 20% [17]. A
population-based study in the United States showed that the
postoperative 5-year survival rate for clinical stage I patients
was 24.6% [18]. Even for most patients who received radical
resection, their 5-year survival rate is less than 25% [11].

-e classic surgical treatment for pancreatic head cancer
is standard pancreaticoduodenectomy (SPD), also known as
Whipple surgery [12]. Some scholars believe that the
Whipple procedure is difficult to achieve radical resection,
and expanded pancreaticoduodenectomy (EPD) should be
prioritized. -e International Study Group for Pancreatic
Surgery (ISGPS) defined the scope of extended resection,
which mainly includes adjacent invaded blood vessels and
organs, not involving expanded lymph node dissection [19].

However, which surgical method can provide a better
survival advantage is still controversial, especially for these
elderly patients, and whether they would benefit more from
radical surgery than less invasive operation has not been
determined. Currently, there are few reliable large-scale
studies of pancreatic head cancer patients over 60 years of
age without distant metastasis.

Surveillance, Epidemiology, and End Results (SEER) is a
publicly available oncology database that collects informa-
tion of nearly 30% of the US population [20]. In this work,
we collected the data of pancreatic head cancer patients aged
over 60 without distant metastases (stage I–III, AJCC 8th
edition) in the SEER database to determine whether more
radical surgery should be recommended and explore the
survival risk factors.

2. Materials and Methods

2.1. Data Source. Data were collected from SEER∗Stat soft-
ware, version 8.3.9.2, of the National Cancer Institute.
According to the third edition of the International Classifi-
cation of Oncological Diseases (ICD-0-3), the code for ductal
adenocarcinoma is 8140/3. -e following information was
collected: pathological type, primary site, marital status, age,
race, sex, diagnosis year, grade, tumor size, Tstage, N stage, M

stage, regional positive nodes, surgery method, radiation,
chemotherapy, survival time, overall survival (OS) and
cancer-specific survival (CSS) outcome, etc. -e inclusion
criteria were as follows: (1) pathologically proven pancreatic
cancer (histological code 8140/3, adenocarcinoma, NOS), (2)
primary lesions located in the pancreatic head (site code
C25.0, pancreatic head), (3) diagnosed from January 1, 2004,
to December 31, 2015, (4) age 60 years or older, and (5) no
distant metastasis. -e following exclusion criteria were
adopted: (1) samples with missing or incomplete clinical
information, (2) no detailed surgical methods records, and (3)
survival less than 1 month. -e 8th edition of the clinical
AJCC TNM staging manual was applied in this study. -e
SEER database did not require ethical approval from official
agencies.We signed a usage agreement form to access the data
file, and the reference number is 15873-Nov2020.

2.2. Study Design. Since the SEER provides relatively
complete clinical data and outcome events, a clinical ret-
rospective study was used to explore the effect of different
surgical methods on the prognosis of patients. Firstly, the
enrolled patients were included in cohort 1 based on the
above inclusion and exclusion criteria and divided into the
nonsurgical group and surgical group. We compared the
differences in baseline data between the two groups. Sub-
sequently, the independent risk factors for CSS in those
patients were analyzed to determine whether surgery is one
of them.We further integrated the original surgical variables
and divided them into SPD and EPD and compared survival
differences between the groups. Propensity score matching
(PSM) is a statistical method that effectively reduces the
confounding bias of observational studies and makes them
similar to randomized controlled studies [21]. Surgery was
used as the grouping variable to match the patients at a ratio
of 1 :1. Match tolerance was set to 0.02, which makes the
matching covariates more balanced. Cohort 2 was formed
after matching analysis.-en, the baseline data of the groups
were compared, as well as the difference in survival between
the groups.

2.3. Statistical Analysis. -e baseline data of the nonsurgical
group and the surgical group were compared by the t-test or
χ2 test. X-tile software was used to find the best cutoff values
for age and tumor size, which were prepared for subsequent
Cox analysis. Univariate and multivariate Cox proportional
hazards models were applied to identify the independent risk
factors for CSS in cohort 1.-e Kaplan–Meier survival curve
was used to determine the OS and CSS rates, the log-rank
test was used for assessing the difference, and the average
survival time of different groups was recorded. PSM was
used to balance covariates for match patients. -e forest plot
of HR is used to assess the intensity of the association be-
tween potential prognostic factors and CSS. P< 0.05 was
considered statistically significant, and the hazard ratios with
95% confidence interval (CI) are also recorded. All statistical
analyses were conducted by Statistical Products and Services
Solutions software (SPSS, version 26.0) and R software
(version∗ 64 4.1.1).

2 International Journal of Endocrinology



3. Results

3.1. Clinical Features. A total of 3317 eligible patients were
included from the SEER database. 984 patients received the
above-mentioned two surgical methods, and 2333 patients
were in the nonsurgical group. -e baseline characteristics
before PSM is summarized in Table 1.-e age of the surgical
group was slightly younger than that of the nonsurgical
group, 70.61 (±6.67) and 75.55 (±8.70), respectively,
P< 0.001. -e tumor size in the surgery group was slightly
smaller than that in the nonsurgical group, 31.96 (±13.87)
and 35.13 (±17.79), respectively, P< 0.001. -e statistical
differences also can be seen in the other 9 categorical var-
iables. After PSM, the distribution of all variables for the 704
patients (352 pairs) became more balanced, and baseline
characteristics can be found in Table 2.

3.2. Univariate and Multivariate Cox Regression Analysis.
X-tile software was used to find out the optimal cutoff for age
and tumor size.-e optimal cutoff values for age were 73 and
82 years; and the optimal cutoff values of tumor size were 26
and 41mm (Supplementary Figure 1). Some risk factors
were closely related to CSS probability in the univariate and
multivariate Cox proportional hazard ratio models, as
shown in Table 3. For example, surgery (HR: 0.338; 95% CI:
0.296–0.386; P< 0.001) and tumor size (HR: 1.261; 95% CI:
1.138–1.299; P< 0.001). In addition, age (HR� 1.148; 95%
CI: 1.087–1.211; P< 0.001), N stage (HR� 1.281; 95% CI:
1.180–1.390; P< 0.001), radiotherapy (HR� 0.863; 95% CI:
0.794–0.939; P � 0.001), and chemotherapy (HR� 0.555;
95% CI: 0.508–0.607; P< 0.001) were also independent risk
factors of CSS in pancreatic head adenocarcinoma patients
over 60 years old.

3.3. Survival Analysis. -e Kaplan–Meier survival curves of
OS and CSS before and after PSM are shown in Figures 1 and
2, respectively. -e median follow-up time of OS in the
nonsurgical group and the surgical group before PSM was
8.00 (4.00–14.00) and 20.00 (12.00–44.00), respectively. -e
figure in CSS was 8.00 (4.00–15.00) and 22.00 (12.00–53.00),
respectively. -e results showed that the median follow-up
time of OS and CSS in the surgical group was significantly
higher than those in the nonsurgical group (P � 0.001),
indicating that patients with pancreatic head adenocarci-
noma aged 60 years or older can obtain a significant survival
advantage from surgery.-emedian follow-up time of OS in
the SPD and EPD groups before PSM was 20.00
(12.00–45.00) and 22.00 (10.00–38.00), P � 0.636, respec-
tively. -e figure in CSS was 22.00 (12.00–53.00) and 22.00
(11.00–38.00), P � 0.270, respectively. -e results showed
that there was no difference in the median follow-up time of
OS and CSS between the SPD and EPD groups before PSM.
-e variable distribution of 704 cases (352 pairs) became
more balanced after PSM. -e median follow-up time of OS
in the nonsurgical group and the surgical group before PSM
was 9.00 (4.00–16.00) and 22.00 (12.00–62.00), respectively.
-e figure in CSS was 10.00 (4.00–17.00) and 25.00
(13.00–76.00), respectively. -e survival curve of the

nonsurgical group was lower than that of the surgical group
in OS and CSS (P< 0.001). -emedian follow-up time of OS
in the SPD and EPD groups after PSM was 23.00
(12.00–64.00) and 18.00 (12.00–44.00), P � 0.415, respec-
tively. -e figure in CSS was 26.00 (13.00–76.00) and 18.00
(12.00–60.00), P � 0.329, respectively. -ere was no differ-
ence in the median follow-up time of OS and CSS between
the SPD and EPD groups after PSM. -e multivariate CSS
Cox regression analysis results of cohort 2 are displayed in
the forest plot. As depicted in Figure 3, surgery is an in-
dependent risk factor. -e HR of patients undergoing EPD
surgery was 0.249 (0.143–0.436), and the HR in the SPD
group was 0.302 (0.248–0.368). Although the HR value of
EPD is lower, it shows that the patients can benefit more
from EPD compared with the nonsurgical group. However,
considering that there is no difference in survival data be-
tween the SPD and EPD groups, SPD is a more suitable
surgical method for these patients.

4. Discussion

Pancreatic cancer is a highly malignant tumor, and its in-
cidence increases by 1% per year [1]. -e acceleration of
social aging may lead to an increase in the morbidity. -e
detailed pathogenesis of pancreatic cancer is still unknown,
but some factors have proven to be relevant significant
independent risk factors, such as smoking, obesity, chronic
pancreatitis, and diabetes [22]. Currently, R0 surgical re-
section is the only effective treatment for pancreatic cancer
[15]. However, less than 20% of patients underwent surgery
after initial diagnosis, and the invasive biological behavior of
tumors leads to an advanced stage for most patients during
the first diagnosis. Surgical resection in early-stage elderly
patients was insufficient [16, 23]. -eir age, underlying
disease, and medical expenses may be key factors that affect
the willingness of surgery for elderly patients. Pancreatic
head cancer is the most common anatomical type, ac-
counting for nearly 60–70% [3]. Tumor epidemiological
characteristics and social aging make elderly patients ac-
count for larger proportions. It is still controversial whether
they can benefit from more radical operations. Few studies
are focusing on the optimization of surgical methods for
these patients. -erefore, it is necessary to find a better
surgical option for elderly patients with pancreatic head
cancer.

-e prognosis of patients who received surgical resection
is significantly better than that of unresectable patients [15].
A systematic meta-analysis by Tan et al. demonstrated that
elderly patients can receive surgery safely with acceptable
risks by specialists in experienced centers and age should not
be the only decisive factor in choosing patients for surgical
treatment [24]. A population-based study in the Netherlands
found the long-term survival rate of octogenarians who
underwent operation is similar to that of the younger pa-
tients despite the high short-term mortality [25]. In our
study, patients in the surgical group, including SPD and
EPD, had better survival rates than those who did not receive
surgery. -is conclusion is the same as the results of some
previous studies [26].
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SPD is classical surgery for pancreatic head cancer, and
its surgical resection rate was nearly 15%. For those patients
who received the operation, the median survival time was
12–16 months, and the 5-year survival rate was only 5% [27].
Owing to the poor postoperative prognosis after SPD sur-
gery, some scholars proposed a radical operation method
based on the SPD, namely EPD surgery [28]. Recently, it has
become more common in clinical practice with the im-
provement of surgical techniques and perioperative man-
agement. In many medical centers, EPD increased the
operation time and intraoperative blood loss, but it did not
increase the incidence of postoperative complications and
guaranteed the safety of surgery [29].

However, whether expanding the surgical coverage can
improve the survival benefit is still controversial. Fabrice
et al. [30] found that the postoperative complication and
mortality rate after EPD were significantly higher than those
in the SPD group, and extended resection is an independent
risk factor for postoperative death. Werner et al. [31]
demonstrated that the mortality and long-term survival after
EPD have no statistical differences with SPD, and the
complication rate in EPDwas higher than SPD.-ere is little
research aimed at nonmetastatic pancreatic head cancer for
the elderly.

In this study, accurate enrollment criteria are important
prerequisites to explore the risk factors that affect the

Table 1: Baseline characteristics of all cases.

Terms
No. of patients (%)

P-value
Nonsurgery (N� 2333) Surgery (N� 984)

Marital status (%)
<0.001Unmarried 1037 (44.4) 336 (34.5)

Married 1296 (55.6) 648 (65.9)
Race (%)

<0.001
White 1839 (78.8) 842 (85.6)
Black 274 (11.7) 75 (7.6)
American Indian/Alaska Native 18 (0.8) 1 (0.1)
Asian or Pacific Islander 202 (8.7) 66 (6.7)

Sex (%)
0.016Male 1056 (45.3) 491 (49.9)

Female 1277 (54.7) 493 (50.1)
Grade (%)

<0.001

Well differentiated; grade I 84 (3.6) 71 (7.2)
Moderately differentiated; grade II 193 (8.3) 417 (43.7)
Poorly differentiated; grade III 185 (7.9) 356 (35.6)
Undifferentiated; grade IV 13 (0.6) 10 (1.0)
Unevaluated 1858 (79.6) 130 (13.2)

T (%)

<0.001

T1a 3 (0.1) 10 (1.0)
T1b 9 (0.4) 11 (1.1)
T1c 231 (9.9) 156 (15.9)
T2 1197 (51.3) 604 (61.4)
T3 408 (17.5) 167 (17.0)
T4 485 (20.8) 36 (3.6)

N (%)

<0.001N0 2259 (96.8) 368 (37.4)
N1 72 (3.1) 364 (37.0)
N2 2 (0.1) 252 (25.6)

Radiation (%)
<0.001None 1556 (66.7) 580 (58.9)

Yes 777 (33.3) 404 (41.1)
Chemotherapy (%)

<0.001None 1010 (43.3) 267 (27.1)
Yes 1323 (56.7) 717 (72.9)

Age, years <0.001Mean (SD) 75.55 (8.70) 70.61 (6.67)
Diagnosis year

<0.001
2004–2006 380 (16.3) 208 (21.1)
2007–2009 490 (21.0) 261 (26.5)
2010–2012 687 (29.4) 260 (26.4)
2013–2015 776 (33.3) 255 (26.0)

Tumor size <0.001Mean (SD) 35.13 (17.79) 31.96 (13.87)
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survival of elderly patients with nondistant metastatic
pancreatic head adenocarcinoma. -e eligible patients who
have detailed clinical variables were collected from the SEER
database, which makes the clinical analysis more convincing
and rigorous. Independent risk factors were concluded from
univariate and multivariate Cox models. PSM analysis was
applied to adjust confounding variables and reduce selection
bias, which makes the systematic differences of results can be
attributed to treatment methods. -e average survival time
and median survival time are indicators commonly used in

cancer research [32]. We also use this variable to compare
the survival difference in this study and found that there was
no survival difference between the EPD and SPD groups
before and after PSM, and the surgical expansion did not
bring significant survival benefits. -e increase in surgical
time, intraoperative blood loss, and postoperative compli-
cations also reduced postoperative quality of life, which has
been demonstrated by many clinical studies. Hence, SPD is a
better choice for nondistant metastatic pancreatic head
adenocarcinoma patients compared with EPD. Except for

Table 2: Baseline characteristics of propensity-score-matched cases.

Terms
No. of patients (%)

P-value
Nonsurgery (N� 352) Surgery (N� 352)

Marital status (%)
0.277Unmarried 141 (40.1) 126 (35.8)

Married 211 (59.9) 226 (64.2)
Race (%)

0.140
White 276 (78.4) 293 (83.2)
Black 45 (12.8) 28 (8.0)
American Indian/Alaska Native 0 (0.0) 1 (0.3)
Asian or Pacific Islander 31 (8.8) 30 (8.5)

Sex (%)
0.651Male 164 (46.6) 171 (48.6)

Female 188 (53.4) 181 (51.4)
Grade (%)

<0.001

Well differentiated; grade I 75 (21.3) 17 (4.8)
Moderately differentiated; grade II 115 (32.7) 118 (33.5)
Poorly differentiated; grade III 43 (12.1) 120 (34.1)
Undifferentiated; grade IV 3 (0.9) 4 (1.1)
Unevaluated 116 (33.0) 93 (26.5)

T (%)

0.320

T1a 3 (0.9) 2 (0.6)
T1b 1 (0.3) 3 (0.9)
T1c 62 (17.6) 66 (18.8)
T2 199 (56.5) 198 (56.2)
T3 46 (13.1) 57 (16.1)
T4 41 (11.6) 26 (7.4)

N (%)

0.312N0 291 (82.7) 293 (83.2)
N1 59 (16.8) 53 (15.1)
N2 2 (0.5) 6 (1.7)

Radiation (%)
0.312None 226 (64.2) 212 (60.2)

Yes 126 (35.8) 140 (39.8)
Chemotherapy (%)

0.203None 128 (36.4) 111 (31.5)
Yes 224 (63.6) 241 (68.5)

Age, years

<0.001<73 179 (50.9) 197 (56.0)
73–82 114 (32.3) 133 (37.8)
>82 59 (16.8) 22 (6.2)

Diagnosis year

0.038
2004–2006 96 (27.3) 66 (18.8)
2007–2009 85 (24.1) 95 (27.0)
2010–2012 94 (26.7) 94 (26.7)
2013–2015 77 (21.9) 97 (27.5)

Tumor size (mm)

0.017<26 103 (29.3) 133 (37.8)
26–41 194 (55.1) 157 (44.6)
>41 55 (15.6) 62 (17.6)
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surgery, the molecular type currently has guidance for
clinical treatment. Immunotype pancreatic cancer has
benefited from immunotherapy due to the expression of
tumor-specific antigens and related immunocytes [33]. In
addition, chemotherapy has improved the status in the
treatment with the emergence of new chemotherapy strat-
egies (albumin-binding paclitaxel, gemcitabine, and Folfir-
inox) [34, 35]. Preoperative new adjuvant chemotherapy is

also an option. It is possible to screen the beneficial patients,
increase the R0 resection rate and surgical efficacy, and
promote survival benefits. As far as we know, this is the first
study of nonmetastatic pancreatic head adenocarcinoma
based on large sample size. -is may provide surgeons with
some help when making a better choice for these patients.

-ere are also some limitations to our study. Firstly, we
conducted the PSM analysis to reduce the influence of
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Figure 1: OS (overall survival) and CSS (cancer-specific survival) analysis of pancreatic head cancer patients before PSM (propensity score
matching). SPD: standard pancreaticoduodenectomy; EPD: expanded pancreaticoduodenectomy.
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confounding factors and eliminate selection bias. -e smaller
sample and loss of representativeness after PSM are still
inevitable. -e survival benefit of EPD needs to be verified by
more prospective randomized clinical trials. Secondly, many
variables in the SEER database do not exist or are incomplete,
but they are closely related to the survival rate, such as R0 or
R1 resection, information about postoperative radiotherapy,

chemotherapy, and postoperative complications, etc. -irdly,
the SEER data were collected from multiple centers rather
than a single hospital, and the treatment level of different
hospitals has a great impact on the prognosis of patients.
Given higher incidence of postoperative complications, EPD
is recommended by the surgeon with rich experience in the
large pancreatic cancer centers.
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Figure 2: OS (overall survival) and CSS (cancer-specific survival) analysis of pancreatic head cancer patients after PSM (propensity score
matching). SPD: standard pancreaticoduodenectomy; EPD: expanded pancreaticoduodenectomy.

8 International Journal of Endocrinology



N

T

Yes

None

Yes

None

EPD

SPD

No operation

N2

N1

N0

>41

26−41

<26

T4

T3

T2

T1c

T1b

T1a

Unevaluable

Grade IV

Grade III

Grade II

Grade I

2013−2015

2010−2012

2007−2009

2004−2006

Female

Male

Asian or Pacific Islander

American Indian/Alaska Native

Black

White

>82

93−82

<73

Married

Unmarried

(N=465)

(N=239)

(N=266)

(N=438)

(N=18)

(N=334)

(N=352)

(N=8)

(N=112)

(N=584)

(N=117)

(N=351)

(N=236)

(N=67)

(N=103)

(N=397)

(N=128)

(N=4)

(N=5)

(N=209)

(N=7)

(N=163)

(N=233)

(N=92)

(N=174)

(N=188)

(N=180)

(N=162)

(N=369)

(N=335)

(N=61)

(N=1)

(N=73)

(N=569)

(N=81)

(N=247)

(N=376)

(N=437)

(N=267)

0.517

0.925

0.249

0.302

1.284

1.485

1.881

1.148

2.639

1.761

2.122

2.006

0.989

1.621

2.832

2.390

1.800

0.747

0.727

0.822

0.951

0.928

2.387

1.080

1.545

1.262

0.937

(0.420 − 0.637)

(0.761 − 1.125)

(0.143 − 0.436)

(0.248 − 0.368)

(0.561 − 2.938)

(1.170 − 1.886)

(1.121 − 3.156)

(0.875 − 1.505)

(0.765 − 9.103)

(0.484 − 6.411)

(0.642 − 7.008)

(0.618 − 6.510)

(0.161 − 6.083)

(1.176 − 2.236)

(1.183 − 6.779)

(1.724 − 3.314)

(1.340 − 2.416)

(0.580 − 0.962)

(0.572 − 0.925)

(0.648 − 1.043)

(0.792 − 1.143)

(0.681 − 1.265)

(0.328 − 17.381)

(0.810 − 1.442)

(1.155 − 2.066)

(1.042 − 1.528)

(0.771 − 1.138)

<0.001 ***

0.4362 

<0.001 ***

<0.001 ***

0.5543 

0.0011 **

0.0167 *

0.3185 

0.1245 

0.3908 

0.2172 

0.2465 

0.9905 

0.0032 **

0.0194 *

<0.001 ***

<0.001 ***

0.024 *

0.0095 **

0.1071 

0.594 

0.6356 

0.3902 

0.5998 

0.0034 **

0.0174 *

0.513 

# Events: 557; Global p−value (Log−Rank): 9.7764e−44
AIC: 6235.26; Concordance Index: 0.73 

0.2 0.5 1 2 5 10 20

Hazard ratio in CSS Cox analysis a�er PSM

Marital

Age

Race

Sex

Diagnosis year

Grade

Tumor size

Surgery

Radiation

Chemotherapy

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Reference

Figure 3: Hazard ratios in CSS (cancer-specific survival) Cox analysis after PSM (propensity score matching).
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5. Conclusion

In short, surgery is an independent prognostic factor of
elderly patients with nondistant metastatic pancreatic head
adenocarcinoma, which has a better survival outcome than
nonsurgical options. Age should not be the only decisive
factor in choosing patients for surgical treatment. In the
selection of specific surgical methods, SPD may provide
these patients a better survival advantage compared with
other surgical methods. We believe that SPD is a reasonable
treatment option for patients with nondistant metastatic
pancreatic head adenocarcinoma. Of course, this may re-
quire more randomized controlled clinical trials for further
verification.
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and J. Kleeff, “Preoperative/neoadjuvant therapy in pancreatic
cancer: a systematic review and meta-analysis of response and
resection percentages,” PLoSMedicine, vol. 7, no. 4, Article ID
e1000267, 2010.

[17] M. D. Chandrasegaram, D. Goldstein, J. Simes et al., “Meta-
analysis of radical resection rates and margin assessment in
pancreatic cancer,” British Journal of Surgery, vol. 102, no. 12,
pp. 1459–1472, 2015.

[18] J. D. Mizrahi, R. Surana, J. W. Valle, and R. T. Shroff,
“Pancreatic cancer,” Lancet, vol. 395, no. 10242,
pp. 2008–2020, 2020.

[19] S. A. Ahmad, M. J. Edwards, J. M. Sutton et al., “Factors
influencing readmission after pancreaticoduodenectomy,”
Annals of Surgery, vol. 256, no. 3, pp. 529–537, 2012.

[20] L. Chen, Y. Wang, K. Zhao, Y. Wang, and X. He, “Postop-
erative nomogram for predicting cancer-specific and overall
survival among patients with medullary thyroid cancer,”
International Journal of Endocrinology, vol. 2020, Article ID
8888677, 13 pages, 2020.

[21] P. C. Austin, “A critical appraisal of propensity-score
matching in the medical literature between 1996 and 2003,”
Statistics in Medicine, vol. 27, no. 12, pp. 2037–2049, 2008.

10 International Journal of Endocrinology

https://seer.cancer.gov/data/
https://downloads.hindawi.com/journals/ije/2022/6469740.f1.pdf


[22] A. Vincent, J. Herman, R. Schulick, R. H. Hruban, and
M. Goggins, “Pancreatic cancer,” Lancet, vol. 378, no. 9791,
pp. 607–620, 2011.

[23] W. He, H. Zhao, W. Chan, D. Lopez, R. T. Shroff, and
S. H. Giordano, “Underuse of surgical resection among elderly
patients with early-stage pancreatic cancer,” Surgery, vol. 158,
no. 5, pp. 1226–1234, 2015.

[24] E. Tan, J. Song, S. Lam, M. D’Souza, M. Crawford, and
C. Sandroussi, “Postoperative outcomes in elderly patients
undergoing pancreatic resection for pancreatic adenocarci-
noma: a systematic review and meta-analysis,” International
Journal of Surgery, vol. 72, pp. 59–68, 2019.

[25] L. G. M. van der Geest, M. G. H. Besselink,
Y. R. B. M. van Gestel et al., “Pancreatic cancer surgery in
elderly patients: balancing between short-term harm and
long-term benefit. A population-based study in the Nether-
lands,” Acta Oncologica, vol. 55, no. 3, pp. 278–285, 2016.

[26] G. Lahat, R. Sever, N. Lubezky et al., “Pancreatic cancer:
surgery is a feasible therapeutic option for elderly patients,”
World Journal of Surgical Oncology, vol. 9, no. 1, p. 10, 2011.

[27] R. Delcore, F. J. Rodriguez, J. Forster, A. S. Hermreck, and
J. H. -omas, “Significance of lymph node metastases in
patients with pancreatic cancer undergoing curative resec-
tion,” .e American Journal of Surgery, vol. 172, 1996.

[28] W. Hartwig, C. M. Vollmer, A. Fingerhut et al., “Extended
pancreatectomy in pancreatic ductal adenocarcinoma: defi-
nition and consensus of the international study group for
pancreatic surgery (ISGPS),” Surgery, vol. 156, no. 1, pp. 1–14,
2014.

[29] Y. Nimura, M. Nagino, S. Takao et al., “Standard versus
extended lymphadenectomy in radical pan-
creatoduodenectomy for ductal adenocarcinoma of the head
of the pancreas,” Journal of Hepato-Biliary-Pancreatic Sci-
ences, vol. 19, no. 3, pp. 230–241, 2012.

[30] F. Muscari, B. Suc, S. Kirzin et al., “Risk factors for mortality
and intra-abdominal complications after pan-
creatoduodenectomy: multivariate analysis in 300 patients,”
Surgery, vol. 139, no. 5, pp. 591–598, 2006.

[31] W. Hartwig, T. Hackert, U. Hinz et al., “Multivisceral re-
section for pancreatic malignancies,” Annals of Surgery,
vol. 250, no. 1, pp. 81–87, 2009.

[32] E.-L. Røssell Johansen, M. L. Lousdal, M. Vinther Skriver,
M. Væth, I. Sønbø Kristiansen, and H. Støvring, “Predicting
difference in mean survival time from reported hazard ratios
for cancer patients,” Medical Decision Making, vol. 39, no. 3,
pp. 228–238, 2019.

[33] A. A. Connor, R. E. Denroche, G. H. Jang et al., “Association
of distinct mutational signatures with correlates of increased
immune activity in pancreatic ductal adenocarcinoma,”
JAMA Oncology, vol. 3, no. 6, pp. 774–783, 2017.

[34] T. Conroy, F. Desseigne, M. Ychou et al., “FOLFIRINOX
versus gemcitabine for metastatic pancreatic cancer,” New
England Journal of Medicine, vol. 364, no. 19, pp. 1817–1825,
2011.

[35] D. D. VonHoff, T. Ervin, F. P. Arena et al., “Increased survival
in pancreatic cancer with nab-paclitaxel plus gemcitabine,”
New England Journal of Medicine, vol. 369, no. 18,
pp. 1691–1703, 2013.

International Journal of Endocrinology 11


