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Abstract

BACKGROUND

As the lymph-node metastasis rate and sites vary among pancreatic head carcinomas
(PHCs) of different T stages, selective extended lymphadenectomy (ELD) performance

may improve the prognosis of patients with PHC.

AIM
To investigate the effect of ELD on the long-term prognosis of patients with PHC of

different T stages.

METHODS

We analyzed data from 216 patients with PHC who underwent surgery at our hospital
between January 2011 and December 2021. The patients were divided into extended and
standard lymphadenectomy (SLD) groups according to extent of lymphadenectomy
and into T1, T2, and T3 groups according to the 8% edition of the American Joint
Committee on Cancer’s staging system. Perioperative data and prognoses were
compared among groups. Risk factors associated with prognoses were identified

through univariate and multivariate analyses.

RESULTS

The 1-, 2- and 3-year overall survival (OS) rates in the extended and SLD groups were
69.0%, 39.5%, and 26.8% and 55.1%, 32.6%, and 22.1%, respectively (P = 0.073). The 1-, 2-
and 3-year disease-free survival rates in the extended and SLD groups of patients with
stage-T3 PHC were 50.3%, 25.1%, and 15.1% and 22.1%, 1.7%, and 0%, respectively (P =
0.025); the corresponding OS rates were 65.3%, 38.1%, and 21.8% and 36.1%, 7.5%, and
0%, respectively (P = 0.073). Multivariate analysis indicated that portal vein invasion

and lymphadenectomy extent were risk factors for prognosis in patients with stage-T3

PHC.
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CONCLUSION
ELD may improve the prognosis of patients with stage-T3 PHC and may be of benefit if

performed selectively.

Key Words: Pancreatic head carcinoma; Extended lymphadenectomy; T stage; Surgical

treatment; Risk factor; Long-term prognosis
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Core Tip: Since the lymph node metastasis rate and site differ in pancreatic head
carcinoma(PHC) patients at different T stage, we hypothesized that selectively
performing extended lymphadenectomy (ELD) can improve the outcome of surgical
treatment in PHC patients. The result confirmed that proceeding ELD in T3 stage PHC
patients can increase long-term prognosis, providing a new idea to optimized the
surgical procedure of PHC. Therefore we concluded that it may be beneficial to perform
ELD in PHC patients at T3 stage and potentially increase the clinical outcome of these

patients.

INTRODUCTION

Pancreatic arcinoma, a common digestive system pathology, is a highly malignant
cancer and the third leading cause of cancer-related death, according to the American
Cancer Societyl!l. Its morbidity rate has increased recently?4l. Pancreatic head
carcinoma (PHC) is located at the head and uncinate process of the pancreas, and
radical surgery is currently the only potential curative therapy for itl’l. However, the
postoperative long-term prognosis of patients with PHC is unsatisfactory due to local

and distant recurrence in the early postoperative stage.
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Lymph-node metastasis is an important PHC transfer pathway, and radical lymph-
node dissection is mandatory following anti-tumor treatmentlél. Fortner!! first proposed
extended lymphadenectomy (ELD) in 1973, and this technique has been adopted
increasingly widely with its improvement. However, randomized controlled trials have
shown that although this procedure increases the lymph-node count, it does not
improve the metastatic lymph-node count or long-term prognosis, and thus is of limited
clinical valueBl. Variations in the lymph-node metastasis rate and sites among PHC
stages may explain this phenomenon. Song et all’! reported that patients with higher T-
stage gastric cancer tend to have higher lymph-node metastasis rates, and confirmed
the potential beneficial effect of extensive station-7 lymph-node resection. Considering
the positive correlation between the lymph-node metastasis rate and tumor size in
patients with PHC, as well as the tendency for distant lymph-node metastasis in
advanced PHC1011, the selective performance of ELD in patients with PHC of higher T
stages may improve the PHC prognosis. In this study, we evaluated the effect of ELD
on the long-term prognoses of patients with PHC of different T stages, and the potential

clinical value of this procedure.

MATERIALS AND METHODS

Sample and ethical considerations

We retrospectively analyzed data from patients with PHC who received surgical
treatment in the Hepatobiliary Surgery Department of Beijing Chaoyang Hospital
between January 2011 and December 2021. The application of the inclusion and
exclusion criteria yielded a sample of 216 patients. The inclusion criteria were: (1) Age
20-85 years; (2) No distant metastasis on preoperative evaluation; (3) No celiac axis,
common hepatic artery, or superior mesenteric artery invasion on preoperative
evaluation; (4) Surgical treatment including successful en-bloc resection; (5)
Postoperative pathological confirmation of the diagnosis of pancreatic ductal
adenocarcinoma; and (6) Completeness of clinical and follow-up information. The

exclusion criterion was postoperative loss to follow-up.
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All surgical procedures and treatment strategies examined in this study were
performed with the informed consent of the patients and their family members. The
Ethics Committee of Beijing Chaoyang Hospital approved the study and granted access
to the patients’ clinical information (No. 2020-D.-302).

Sample characteristics

The sample of 216 patients comprised 124 males and 92 females (male:female ratio,
1.3:1) with a mean age of 63.6 + 10.4 (range: 29-84) years. The patients’ initial symptoms
included jaundice (n = 110), abdominal pain (n = 78), and atypical gastrointestinal
symptoms (n = 9); PHC was detected by physical examination in 19 patients. Sixty-eight
(34.5%) patients had diabetes. Sixty-one of the patients exhibiting jaundice received
preoperative jaundice-reducing treatment, consisting of endoscopic retrograde
cholangiopancreatography (n = 10) and percutaneous transhepatic biliary drainage (n =

51).

Patient grouping and definitions

The patients were divided according to T stage, based on the 8% edition of the American
Joint Committee on Cancer manual, into T1 (tumor diameter <2 cm, n = 44), T2 (2cm <
tumor diameter < 4 cm, n = 127), and T3 (tumor diameter > 4 cm, n = 45) groups. They
were divided into standard and ELD groups according to the extent of
lymphadenectomy intraoperatively, with lymph-node stations designated using the
Japan Pancreas Society’s nomenclature for peripancreatic lymph nodes!'?l. The standard
lymphadenectomy (SLD) group (Figures 2A and 2C) consisted of cases in which station-
5 (suprapyloric), station-6 (infrapyloric), station-8a (anterosuperior along the common
hepatic artery), station-12b and c (along the bile duct and around the cystic duct),
station-13a and p (on the posterior aspect of the superior and inferior portions of
pancreas head), and station-17a and p (on the anterior surface of the superior and
inferior portions of the pancreas head) lymph nodes were removed. The ELD group

(Figures 2B and 2D) consisted of cases not only involving the above-mentioned lymph
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nodes, but also in which station-8p (posterior along the common hepatic artery),
station-9 (around the celiac artery), station-12a and p (along the proper hepatic artery
and posterior to the portal vein), station-14a and b (on the right side of the superior
mesenteric artery), station-14c and d (on the left side of the superior mesenteric artery),
and station-16 (around the abdominal aorta) lymph nodes were removed.

Portal vein invasion was categorized as type I (< 1/4 of the superior mesenteric-portal
vein circumference), type II (> 1/4 of the superior mesenteric-portal vein
circumference), type III (superior mesenteric/splenic vein junction), and type IV
(superior mesenteric-portal vein including the portal vein trunk and superior
mesenteric vein branches), according to the Chaoyang vascular classification proposed
by our center!’®l: Patients with type I invasion underwent partial venous excision and
direct closure, those with type II invasion underwent direct end-to-end anastomosis or
allogenic vein reconstruction after segmental venous excision, those with type III
invasion underwent allogenic vein reconstruction after segmental venous excision, and
those with type IV invasion underwent phleboplasty of the superior mesenteric vein

branch ends and allogenic vein reconstruction after segmental venous excision.

Index analysis and follow-up

General preoperative data and intraoperative and postoperative recovery data were
obtained from the patients” medical records. The perioperative data were compared
among different groups. The patients underwent follow-up evaluations in the first and
third months after surgery, and then every 3 mo until 2 years postoperatively and every
6 mo thereafter. The follow-up evaluations consisted of blood testing [routine
bloodwork, blood biochemistry, and carbohydrate antigen (CA)19-9 level
measurement], imaging examinations (pulmonary and enhanced abdominal computed
tomography), postoperative treatment, and the assessment of tumor recurrence and
survival. Tumor recurrence and death were follow-up visit endpoints. The long-term

prognoses of patients in different groups were analyzed and compared.
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Statistical analysis

The data are presented as means + standard errors of the mean. Nominal and
continuous data were compared using the chi-squared and student’s f tests,
respectively. Survival outcomes were calculated using the Kaplan-Meier method and
compared using the log-rank test. Variables that were significant in univariate analysis
were included in a multivariate Cox proportional-hazards regression model. All
statistical analyses were performed using SPSS (version 24.0; IBM Corporation,
Armonk, NY, United States), with two-sided P values < 0.05 considered to be

significant.

RESULTS

Perioperative characteristics

All surgeries were successful, and no intraoperative death occurred. Seven patients died
in the perioperative period, of abdominal hemorrhage secondary to pancreatic fistula,
pulmonary infection (n = 2 each), abdominal infection, renal failure, and heart failure (n
= 1 each); the perioperative mortality rate was 3.2%. The SLD group consisted of 88
patients and the ELD group consisted of 128 patients. Portal vein invasion was
observed in 116 patients; 83 of these patients underwent allogenic vascular replacement,
27 underwent end-to-end anastomosis after vascular resection, while 6 patients
underwent direct suturing after wedge vascular resection. The average volume of
intraoperative blood loss was 500 mL (400, 800), and 103 (47.7%) patients received blood
transfusions. The average operative time was 11.0 + 2.9 h (range: 6-20 h).

Postoperative complications were observed in 69 (31.9%) cases, comprising 26 (12.0%)
cases of postoperative diarrhea, 24 (11.1%) cases of gastric emptying disturbance, 22
(10.2%) cases of abdominal infection, 9 (4.2%) cases of biochemical fistula, 7 (3.2%) cases
of abdominal hemorrhage, 6 (2.8%) cases of level-C pancreatic fistula, 5 (2.3%) cases of
pulmonary infection, 4 (2.8%) cases of level-B pancreatic fistula, 4 (1.9%) cases of biliary

fistula, 4 (1.9%) cases of gastrointestinal hemorrhage, 4 (1.9%) cases of lymphorrhagia, 3
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(1.4%) cases of wound infection, 2 (0.9%) cases of intestinal fistula, 1 (0.5%) case of
portal vein thrombosis, 1 (0.5%) case of renal failure, and 1 (0.5%) case of heart failure.
All patients were diagnosed with pancreatic ductal adenocarcinoma, confirmed by
postoperative pathological examination. The numbers of cases of highly, moderately,
and poorly differentiated adenocarcinoma were 18 (8.3%), 126 (58.3%), and 72 (33.3%),
respectively. The average tumor diameter was 3.5 + 1.5 cm. Postoperative pathological
examination led to the detection of an average of 24.2 + 13.5 lymph nodes per patient
and 145 metastatic lymph nodes overall; the lymph-node metastasis rate was 67.1%.
Radical resection (R0) was achieved in 201 (93.1%) cases, and R1 resection was achieved
in the remaining cases [5 (2.3%) cases each with positive pancreatic and peripancreatic
excision margins, 3 (1.4%) cases with positive portal-vein excision margins, and 2 (0.9%)

cases with positive uncinate-process excision margins].

Overall long-term prognoses

The study follow-up period ended in March 2022. During this period, 109 (50.5%)
patients received 1-12 cycles of postoperative adjuvant chemotherapy. The median
disease-free survival (DFS) period in the total sample was 15 mo, and the 1-, 2-, and 3-
year postoperative DFS rates were 56.3%, 33.1%, and 18.3%, respectively (Figure 3A).
The median overall survival (OS) period was 17 mo, and the 1-, 2-, and 3-year
postoperative OS rates were 60.7%, 35.3%, and 23.9%, respectively (Figure 3B). The
median DFS periods for patients with stage-T1-, -T2, and -T3 PHC were 23, 15, and 11
mo, respectively; the 1-, 2-, and 3-year postoperative DFS rates for these patients were
75.6%, 47.7%, and 31.9%; 56.3%, 32.8%, and 16.6%; and 36.4%, 18.7%, and 9.3%,
respectively (P = 0.002, Figure 3C). The median OS periods for patients with stage-T1-, -
T2, and -T3 PHC were 26, 15, and 13 mo, respectively; the 1-, 2-, and 3-year
postoperative OS rates for these patients were 74.0%, 51.8%, and 36.7%; 59.2%, 33.0%,
and 23.1%; and 51.0%, 24.1%, and 12.1%, respectively (P = 0.005, Figure 3D).

Comparisons of perioperative and survival data
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More lymph nodes were detected postoperatively in the extended han in the SLD
group (P < 0.05; Table 2). The incidence rates of postoperative complications and the
mortality rate did not differ between the extended and SLD groups, except that more
patients in the former had postoperative diarrhea (P < 0.05; Table 3).

The median DFS periods for patients in the extended and SLD groups were 16 and 14
mo, respectively; the 1-, 2-, and 3-year postoperative DFS rates in these groups were
59.9%, 32.1%, and 20.7% and 53.8%, 34.6%, and 16.7%, respectively (P = 0.227, Figure
4A). The median OS periods for patients in the extended and SLD groups were 18 and
15 mo, respectively; the 1-, 2-, and 3-year postoperative OS rates in these groups were
69.0%, 39.5% and 26.8% and 55.1%, 32.6%, and 22.1%, respectively (P = 0.073, Figure
4B).

Comparisons of perioperative and survival data according to T stage and
lymphadenectomy extent

ELD increased the numbers_gf lymph nodes detected in patients with stage-T1- and -T3
disease (P < 0.05; Table 4). Patients in the ELD group were younger than those in the
SLD group (P < 0.05). ELD increased the incidence rate of postoperative diarrhea in
patients with stage-T2- and -T3 disease (P < 0.05) without affecting the incidence rates
of other perioperative complications or the mortality rate (Table 5).

The median DFS periods for patients with stage-T1 PHC in the extended (n = 16) and
standard (n = 28) lymphadenectomy groups were 21 and 23 mo, respectively; the 1-, 2-,
and 3-year DFS rates in these groups were 74.0%, 47.1%, and 39.3% and 76.4%, 47.6%,
and 26.5%, respectively (P = 0.797, Figure 5A). The OS periods for patients with stage-
T1 disease in the extended and SLD groups were 41 and 26 mo, respectively; the 1-, 2-,
and 3-year OS rates in these groups were 79.3%, 50.5% and 50.5% and 70.8%, 53.1%, and
29.0%, respectively (P = 0.322, Figure 5B).

The median DFS periods for patients with stage-T2 PHC in the extended (n = 51) and
standard (n = 76) lymphadenectomy groups were 15 and 13 mo, respectively; the 1-, 2-,
and 3-year DFS rates in these groups were 59.5%, 29.9%, and 16.8% and 54.0%, 35.0%,
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and 16.6%, respectively (P = 0.549, Figure 5C). The OS periods for patients with stage-T2
disease in the extended and SLD groups were 17 and 13 mo, respectively; the 1-, 2-, and
3-year OS rates in these groups were 67.2%, 36.7%, and 21.5% and 54.1%, 30.7%, and
24.2%, respectively (P = 0.411, Figure 5D).

The median DFS periods for patients with stage-T3 PHC in the extended (n = 21) and
standard (n = 24) lymphadenectomy groups were 14 and 9 mo, respectively; the 1-, 2-,
and 3-year DFS rates in these groups were 50.3%, 25.1%, and 15.1% and 22.1%, 1.7%,
and 0%, respectively (P = 0.025, Figure 5E). The OS periods for patients with stage-T3
disease in the extended and SLD groups were 18 and 12 mo, respectively; the 1-, 2-, and
3-year OS rates in these groups were 65.3%, 38.1%, and 21.8% and 36.1%, 7.5%, and 0%,

respectively (P = 0.005, Figure 5F).

Risk factors associated with the postoperative prognosis in patients with stage-T3
PHC

In the univariate analysis, the postoperative long-term prognosis served as the
dependent variable and preoperative data (sex, age, CA19-9 level), intraoperative data
(operation time, blood loss), pathological data (tumor differentiation, lymph-node
metastasis, metastatic lymph node count, portal vein invasion, excision margin
condition, lymphadenectomy extent), and postoperative adjuvant therapy data served
as independent variables. The univariate analysis results are shown in Table 6. Lymph-
node metastasis, portal vein invasion, and lymphadenectomy extent were significant
risk factors in the univariate analysis and were included in the Cox proportional-hazard
model. Portal vein invasion [relative risk (RR) = 2.471, 95% confidence interval (CI):
1.028-5.942] and the extent of lymphadenectomy (RR = 2.395, 95%CI: 1.065-5.383) were
independent risk factors associated with the long-term prognosis of patients with stage-
T3 PHC (Table 7). Among these patients, those with no portal vein invasion who

underwent ELD tended to have better long-term prognoses.

DISCUSSION
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Pancreatic carcinoma is a highly malignant cancer originating from the pancreatic
ductal epithelial cells. It is usually characterized by early local invasion and distant
metastasis, leading to poor long-term prognosisi'4. Although radical surgery remains
the only potential curative therapy for PHCI>15], the long-term postoperative prognosis
remains unsatisfactory, emphasizing the importance and necessity of optimizing
surgical procedures for PHC, especially that of advanced T stages.

Lymph-node metastasis is an important pancreatic carcinoma transfer pathway; it is
confirmed by postoperative pathological examination in about 60% of patients!'®l. It has
also been recognized as an independent predictor of postoperative recurrencel!7-191 and

factor affecting the long-term prognosis of patients with pancreatic carcinomal2?l. The
International Study Group on Pancreatic Surgery has published recommendations for
the extent and minimum number of retrieved lymph nodes for SLDI2!l. However,
Nakao et all??2]l observed in resected PHC specimens lymph-node metastasis rates of 23%
and 26% at stations 14 and 16, reflecting incomplete removal of involved lymph nodes
by SLD. Imamura et allZl found that the lymph-node recurrence rate was as high as 21%
and that recurrence was seen most commonly at stations 14 and 16, contributing to 11%
and 10% of all recurrence, in patients. Thus, expansion of the lymphadenectomy extent
may be beneficiall?4l.

According to the 2021 Chinese guidelines for the diagnosis and treatment of
pancreatic cancer(’l, ELD in patients who have undergone pancreaticoduodenectomy
for PHC should involve the excision of station-8p, -9, -12a, -12p, -14p, -14d, -16a2, and -
16b1 lymph nodes in addition to those excised in SLD. However, recent research has
shown that ELD not only prolongs the operation time, but increases intraoperative
blood loss, the incidence rate of perioperative complications, and the perioperative
mortality ratel826271, Thus, the safety of ELD remains controversial. In contrast to these
findings, the operation time, intraoperative blood loss, perioperative mortality rate, and
incidence rates of perioperative complications except postoperative diarrhea did not
differ between the extended and SLD groups in this study. The circumferential

dissection of lymphatic and connective tissue around the root of the superior mesenteric
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artery in ELD may explain the higher incidence of postoperative diarrhea in patients
who have undergone this procedurel227l. Farnell ef all?8] reported that the incidence
rates of postoperative diarrhea at 4, 8, and 14 mo postoperatively in patients with PHC
who underwent extended and SLD were 42%, 11%, and 15% and 8%, 11%, and 0%,
respectively, with no difference between groups at 8 and 14 mo. Nimura ef all?7l found
that the influence of diarrhea on the quality of life of patients with PHC who had
undergone ELD gradually decreased, with no significant difference from patients who
had undergone SLD at 1 year postoperatively. Thus, postoperative diarrhea secondary
to ELD is a controllable and temporary complication with no long-term patient effect.
Considering that ELD did not increase the incidence rate of postoperative complications
or the perioperative mortality rate, we believe that it can be performed feasibly and
safely.

Radical surgery that reduces the tumor load via complete removal of the tumor and
lymph nodes is currently considered to be a precondition for a promising prognosis for
patients with PHC and to lay a foundation for postoperative adjuvant
chemoradiotherapyl®l. ELD, which enables the removal of potentially invaded lymph
nodes, can be used to achieve radical resection and, theoretically, improve the prognosis
of patients with PHC®. However, recent research indicates that although this
procedure increases the number of lymph nodes retrieved for postoperative
pathological examination, it does not increase the positive lymph-node count or
improve the long-term PHC prognosis!®2330-31. Notably, little attention has been paid in
this research to differences in the lymph-node metastasis rate and sites according to the
PHC stage or the clinical value of the selective performance of ELD in patients with
PHC at certain stages. Our previous study confirmed that ELD improved the OS and
DFS rates in patients with borderline resectable PHC34, emphasizing the potential
clinical value of the selective performance of ELD in patients at greater risk of lymph-
node metastasis and local invasion (in whom radical resection may not be achieved
with SLD). Muralidhar ef all! reported that lymph-node metastasis was more likely to

occur in patients with larger pancreatic tumors at advanced T stages, illustrating the
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potential correlation between the T stage and lymph-node metastasis. Pu et alll%l found
that the lymph-node metastasis rate reached a plateau of 70%-80% in patients with
pancreatic tumors of > 40 mm diameter, and that about 50% of patients with stage-T3
pancreatic carcinoma and lymph-node metastasis were categorized as stage N2. After
researching the mode of lymph node metastasis in pancreatic carcinoma patients,
Kanda et al™l reported that distant lymph-node metastasis was seen only in stage-T3-
and -T4 pancreatic carcinoma, with station-16 metastasis observed in 10.7% and 33.3%
of cases, respectively. These findings shows that patients with advanced T-stage
pancreatic carcinoma tend to have higher lymph-node metastasis rates and distant
lymph-node metastasis, and thus that SLD is insufficient to achieve radical resection in
these patients. Hence, we hypothesized that the selective performance of ELD in
patients with PHC of advanced T stages would improve these patients’ long-term
prognosis. Our results showed that ELD increased the retrieved and positive lymph
node counts and improved the long-term prognosis of patients with stage-T3 PHC,
supporting our hypothesis.

PHC usually invades the peri-pancreatic plexus and vessels, and the perivascular
region and lymph nodes are the most common sites of local recurrence after surgical
treatmentl?®l, Kovac et all®®l reported that ELD with the achievement of R0 resection
reduced the local recurrence rate in patients with PHC. The peripancreatic connective
tissue and nerve plexus are excised during ELD, constituting the radical removal of
potential invasion and recurrence sites, which may explain the ability of this procedure
to improve the prognosis of patients with stage-T3 PHC. In our study, the positive
lymph node count and long-term prognosis after ELD were not improved in patients
with stage-T1 and -T2 disease. Radical resection can be achieved with SLD in these
patients due to the relatively low lymph-node metastasis rate and absence of distant
lymph-node metastasisI'®!l, which may explain the limited benefit of ELD in these
cases. The clinical value of ELD in patients with stage-T1 and -T2 PHC needs to be

analyzed further.
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As ELD inevitably causes complications such as diarrhea, delayed gastric emptying,
and malnutrition(2727], surgeons must balance the pros and cons of performing itll. Due
to technical limitations, the N stage of pancreatic carcinoma cannot be determined
precisely3l, the T stage is the only accessible preoperative index. The selective
performance of ELD based on the T stage can help surgeons not only to make
reasonable surgical plans and radically excise potentially invaded lymph nodes, but
also to avoid severe postoperative complications secondary to extensive surgical
excision. Thus, our results have certain clinical value.

With rapid progress in medical technology, the treatment of PHC is becoming more
comprehensive and surgically focused. Perioperative chemotherapy, especially
preoperative neoadjuvant chemotherapy, has gained popularity as a part of PHC
treatment due to its ability to improve the RO resection ratel3*40l. Currently, neoadjuvant
chemotherapy is considered to be the first-line treatment for patients with borderline
resectable pancreatic carcinoma, according to the National Comprehensive Cancer
Network’s guidelines. Postoperative chemotherapy, most commonly mFORFILRINOX,
has been widely adopted in PHC treatmentl*!l. Molecular targeting agents are currently
suitable only for patients confirmed to have related gene mutations. Despite the
progress in perioperative adjuvant chemotherapy, surgery remains the focus of PHC
treatment, and radical surgery with comprehensive perioperative chemotherapy is
understood to improve long-term patient survival. Thus, determination of the
relationships between ELD and perioperative chemotherapeutic parameters is of
clinical value. Only a few patients who received neoadjuvant chemotherapy were
included in this retrospective study, making the statistical assessment of such
relationships difficult. Whether patients benefit from ELD combined with perioperative
chemotherapy remains unknown. With the popularity of perioperative therapy, our
department began to perform ELD with postoperative neoadjuvant chemotherapy and
additional follow-up chemotherapy for patients with PHC. The accumulation of data on
such cases and cooperation among departments and medical centers are needed to

further explore the clinical value of ELD in comprehensive PHC treatment.
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Our study has several limitations. First, it had a single-center retrospective design.
Second, the ELD group was younger than the SLD group, which may have confounded
the results due to selection bias. However, as age has not been identified as an
independent prognostic factor for the postoperative prognosis of patients with PHC,
any such bias effect was likely slight. A multicenter prospective study is needed to
verify our findings. Third, as we found that ELD increases the retrieved and positive
lymph-node counts, it may enable more accurate postoperative N staging. The selective
provision of postoperative chemoradiotherapy based on the postoperative N and tumor
stages may be of benefit to patients with PHC; additional research on this possibility is

needed.

CONCLUSION

ELD can be performed in patients with PHC feasibly and safely. Its performance may
improve the long-term prognosis of patients with stage-T3 PHC through the expansion

of the lymphadenectomy extent and elimination of potentially invaded lymph nodes.

ARTICLE HIGHLIGHTS

Research background

Pancreatic head carcinoma (PHC) is a highly malignant tumor, and radical surgery is
the only potential curative treatment. However, the long-term postoperative prognosis
remains unsatisfactory. As lymph-node metastasis is commonly seen in patients with
PHC and has been identified as an independent prognostic factor for postoperative
prognosis, extended lymphadenectomy (ELD) has been proposed for the resection of
potentially invaded lymph nodes and improvement of the surgical outcome. However,
no such improvement in prognosis has been observed. The PHC lymph-node metastasis
rate correlates with the T stage, and selective ELD performance for advanced T-stage

cases may improve the long-term prognosis.

Research motivation

15 /17




Given the increases in the lymph-node metastasis rate and sites in patients with PHC,
particularly that of advanced T stage, selective ELD performance for patients with
advanced T-stage PHC may enable the elimination of more potentially invaded lymph

nodes and improvement of the postoperative prognosis.

Resegrch objectives
The objective of this study was to assess the therapeutic effect of ELD in patients with
PHC of different T stages.

Research methods

We retrospectively analyzed data from 216 patients diagnosed with pancreatic ductal
adenocarcinoma who underwent surgical treatment at Beijing Chaoyang Hospital
bet'weerﬁanuary 2011 and December 2021. The patients were allocated to T1, T2, and T3
groups according to the 8% edition of the American Joint Committee on Cancer’s
staging manual and divided into ELD and standard lymphadenectomy (SLD) groups
according to the intraoperative extent of lymphadenectomy. Perioperative data and
prognoses were compared between the ELD and SLD groups at the T1, T2, and T3
stages, and univariate and multivariate analyses were performed to identify risk factors.

El

Research results

The 1-, 2-, and 3-year disease-free survival (DFS) rates in the ELD and SLD groups were
59.9%, 32.1%, and 20.7% and 53.8%, 34.6%, and 16.7%, respectively (P = 0.227);
corresponding overall survival (OS) rates were 69.0%, 39.5%, and 26.8% and 55.1%,
32.6%, and 22.1%, respectively (P = 0.073). The 1-, 2-, and 3-year DFS rates for patients
with stage-T3 PHC in the ELD and SLD groups were 50.3%, 25.1%, and 15.1% and
221%, 1.7%, and 0%, respectively (P = 0.025),_corresponding OS rates were 65.3%,
381%, and 21.8% and 36.1%, 7.5%, and 0%, respectively (P = 0.005). Multivariate
analysis indicated that portal vein invasion and lymphadenectomy extent were risk

factors affecting the prognosis of patients with stage-T3 PHC.

16 / 17




Research conclusions
Our research confirmed that ELD can be performed safely for PHC. Although ELD may
not improve the overall prognosis of patients with PHC, its selective performance in

patients with stage-T3 PHC may improve the long-term postoperative prognosis.

Research perspectives

Several limitations of this study must be recognized. First, it was a single-center
retrospective study; our findings need to be verified in multicenter prospective studies.
Second, the stage-T3 SLD and ELD groups differed in age, which may have confounded
our results; further research with more balanced samples is needed. As ELD increases
the retrieved land positive lymph node counts, it may enable more accurate N staging,
which may aid decision making about postoperative adjuvant therapy; further research

on this possibility is needed.
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