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Abstract

BACKGROUND

Multiple studies have demonstrated that neoadjuvant chemotherapy (NACT) can
prolong the overall survival of pancreatic ductal adenocarcinoma (PDAC) patients.

However, most studies have focused on open surgery following NACT.

AIM
To investigate the efficacy and safety of laparoscopic radical resection following NACT

for PDAC.

METHODS

We retrospectively analyzed the clinical data of 15 patients with pathologically
confirmed PDAC who received NACT followed by laparoscopic radical surgery in our
hospital from December 2019 to April 2022. All patients underwent abdominal contrast-
enhanced computed tomography (CT) and positron emission tomography-CT before

surgery to accurately assess tumor stage and exclude distant metastasis.

RESULTS

All 15 patients with pancreatic cancer were successfully converted to surgical resection
after NACT, including 8 patients with pancreatic head cancer and 7 patients with
pancreatic body and tail cancer. Among them, 13 patients received the nab-paclitaxel
plus gemcitabine regimen (gemcitabine 1000 mg/m? plus nab-paclitaxel 125 mg/ m? on
days 1, 8, and 15 every 4 wk) and 2 patients received the modified FOLFIRINOX
regimen (intravenous oxaliplatin 68 mg/m?, irinotecan 135 mg/m?, and leucovorin 400
mg/m? on day 1 and fluorouracil 400 mg/m? on day 1, followed by 46-h continuous
infusion of fluorouracil 2400 mg/m?). After each treatment cycle, abdominal CT, tumor
markers, and circulating tumor cell counts were reviewed to evaluate the treatment
efficacy. All 15 patients achieved partial remission. The surgical procedures included

laparoscopic pancreaticoduodenectomy (LPD, n = 8) and laparoscopic radical antegrade
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modular pancreatosplenectomy (L-RAMPS, n = 7). None of them were converted to a
laparotomy. One patient with pancreatic head carcinoma was found to have portal vein
involvement during the operation, and LPD combined with vascular resection and
reconstruction was performed. The amount of blood loss and operation times of L-
RAMPS vs LPD were 435.71 + 32.37 mL vs 343.75 + 145.01 mL and 272.52 + 49.14 min vs
444 38 + 68.63 min, respectively. The number of dissected lymph nodes was 16.87 + 4.10,
and 3 patients had positive lymph nodes. One patient developed grade B postoperative
pancreatic fistula (POPF) after L-RAMPS, and one patient experienced jaundice after
LPD. None of the patients died after surgery. As of April 2022, progressive disease was
noted in 4 patients, 2 patients had liver metastasis, and one had both liver metastasis

and lymph node metastasis and died during the follow-up period.

CONCLUSION
Laparoscopic radical resection of PDAC after NACT is safe and effective if it is
performed by a surgeon with rich experience in LPD and in a large center of pancreatic

surgery.
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Laparoscopic pancreaticoduodenectomy; Laparoscopic radical antegrade modular

pancreatosplenectomy; Complications
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Core Tip: We retrospectively analyzed the clinical data of 15 patients with
pathologically confirmed pancreatic cancer who received neoadjuvant therapy followed
by laparoscopic radical surgery in our hospital from December 2019 to April 2022. All

patients underwent abdominal contrast-enhanced computed tomography (CT) and
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positron emission tomography-CT before surgery to accurately assess tumor stages and
exclude distant metastasis. This retrospective study demonstrated that laparoscopic
radical resection of pancreatic cancer after neoadjuvant therapy is safe and effective if it
is performed by a surgeon with rich experience in laparoscopic

pancreaticoduodenectomy in a large center of pancreatic surgery.

HTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is a_highly malignant digestive system
tumor with an extremely poor prognosisl'#l. Surgical resection remains the only
potentially curative therapy for pancreatic cancer, but only 10%-20% of PDAC patients
are operable at diagnosis. Even among patients who have undergone surgery, the 5-
year survival rate is below 20%[25. Although surgery is still the main treatment to
achieve long-term survival in PDAC patients, the cancer is often diagnosed in an
advanced stage or a progressive stage, during which the large tumor size and increased
number of nodules make surgical resection particularly risky and difficult to perform.
Moreover, advances in surgical technology and increased surgical safety have not
significantly improved the prognosis of PDAC patients, and surgical resection alone can
no longer meet the comprehensive treatment needs of patientsl®. Therefore, the
principle of the diagnosis and treatment of PDAC has gradually transitioned from
“surgery first” to surgery-centered multidisciplinary modes to improve the overall
outcomes of patientsl7l.

With the increased clinical application of neoadjuvant chemotherapy (NACT), many
studies have indicated that by shrinking the primary tumor and reducing vascular
invasion and micrometastatic lesions, NACT for PDAC can increase the resectability
rate, lower the incidence of postoperative complications, and ultimately prolong
survival and improve prognosis(10l. The 2021 National Comprehensive Cancer
Network® (NCCN) guidelines recommend NACT for patients with high-risk resectable
PDAC, borderline resectable PDAC, and locally advanced PDACI.
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In recent years, with the development of surgical instruments and minimally invasive
techniques, laparoscopic techniques have been increasingly applied in PDAC, and more
studies have been performed in multicenter settings/'213. However, severe fibrosis of
local tumor tissue may occur after NACT; in addition, most tumors are borderline
resectable or advanced PDAC, with large tumor sizes and close relationships with
blood vessels, making the surgical procedure more complicated and difficultl. Most
reported patients with PDAC underwent open surgery after NACTI[!>17]. On the basis of
our experience in laparoscopic surgery and open surgery for PDACI218], we performed
laparoscopic radical resection of PDAC after NACT. This study aimed to investigate the
efficacy and safety of laparoscopic radical resection following NACT for PDAC.

MATERIALS AND METHODS

Patients

We retrospectively analyzed the clinical data of patients with PDAC in our hospital
from December 2019 to April 2022. The patients were diagnosed with borderline
resectable PDAC or locally advanced PDAC, which was confirmed by pathology and
further assessed by medical imaging, and received NACT followed by laparoscopic
surgery. All patients underwent abdominal contrast-enhanced computed tomography
(CT) and positron emission tomography (PET)-CT before surgery to accurately assess
tumor stage and exclude distant metastasis. This retrospective observational study was
approved by the Medical Ethics Committee of our hospital and was conducted in
accordance with the Declaration of Helsinki and the International Ethical Guidelines for
Biomedical Research Involving Human Subjects (2022-r177-01). Written informed
consent was obtained from all the patients.

Inclusion criteria were as follows: (1) PDAC was confirmed by pathology of
endoscopic ultrasonography-guided fine-needle biopsy specimens; (2) NACT was
recommended by a multidisciplinary team (MDT), as they believed that direct or
immediate surgical resection was not feasible due to the inoperability of the tumor

and/or other underlying diseases; and (3) Patients received at least 2 cycles of NACT.
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The exclusion criteria were as follows: (1) Distant metastasis found on preoperative
PET-CT or other imaging examinations; (2) Received other antitumor treatments, such
as radiotherapy or targeted therapy, before surgery; (3) Radical resection was not
performed as scheduled during the operation; and (4) Presence of other malignant

tumors.

Methods

NACT: First-line treatment regimens were adopted. Nab-paclitaxel plus gemcitabine
regimen (AG regimen) "l (n = 13, 86.7%): gemcitabine 1000 mg/m?2 plus nab-paclitaxel
125 mg/m? on days 1, 8, and 15 every 4 wk; modified FOLFIRINOX regimen!'?2] (n = 2,
13.3%): intravenous oxaliplatin 68 mg/m?, irinotecan 135 mg/m?, and leucovorin 400
mg/m? on day 1 and fluorouracil 400 mg/m? on day 1, followed by 46-h continuous
infusion of fluorouracil 2400 mg/m? 14 d as a cycle. Before each treatment, clinicians
assessed the patient’s physical status and individual differences to adjust the drug dose
and treatment cycle.

After each treatment cycle, abdominal CT, tumor markers, and circulating tumor cell
(CTC) counts were reviewed to evaluate the treatment efficacy. The course of treatment
consisted of 2-4 treatment cycles. After 2 treatment cycles, the treatment efficacy was
assessed using the 2021 NCCN Guidelines and the Response Evaluation Criteria in
Solid Tumors (version 1.1)21. NACT was judged as effective by a MDT if: (1) The tumor
diameter was reduced; (2) The carbohydrate antigen 19-9 (CA19-9) level markedly
decreased; (3) The CTC count significantly decreased; (4) The patient’s symptoms were
obviously improved; and (5) There was no distant metastasis on PET-CT. After
communicating with the patients and their families and obtaining written informed
consent, we performed laparoscopic surgery. If the above criteria were not met, NACT
might be continued. For borderline resectable or advanced PDAC, if the portal vein or
superior mesenteric vein is partially involved or has a thrombus, resection should be

considered only when appropriate vascular reconstruction at the distal and proximal
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ends is possible after vascular resection. The imaging findings before and after NACT

are shown in Figure 1.

Surgical procedure: All patients laid in the prone position, with two legs apart. Under
general anesthesia, the five-hole method was used to distribute the trocar position. The
pneumoperitoneum pressure value was 12-14 mmHg, a 10-mm trocar was placed on
the lower edge of the umbilicus to establish an observation port, two 12-mm trocars
were placed on the left and right mid-clavicular lines parallel to the umbilicus, two 12-
mm trocars were placed on the left and right anterior axillary lines, and one 5-12 mm
trocar was placed on the costal edge to establish the main and auxiliary operating ports.
The operator stood at the right side of the patient, the assistant stood at the left side of
the patient, and the camera holder stood between the two legs of the patient.

The right-sided superior mesenteric artery (SMA) approach was used during
laparoscopic pancreaticoduodenectomy (LPD), and the other surgical steps were the
same as in the literaturel'8]. The lymph nodes on the right side of the SMA were
dissected using a 180-degree arc incision. When the surgical maneuver was difficult, the
“Easy First” approach was used instead, during which a vascular occlusion belt was
placed, which made the difficult LPD safe and feasiblel2l. After the operation, one
abdominal drainage tube was placed ahead the pancreatic duct-jejunal anastomosis and
one behind the bile duct-jejunal anastomosis, respectively.

Laparoscopic radical antegrade modular pancreatosplenectomy (L-RAMPS) was
performed for pancreatic body and tail tumors. A retropancreatic tunnel was
established in front of the superior mesenteric vein in the neck of the pancreas. After the
pancreas was severed, the splenic artery and vein were isolated and then severed at
their roots. The lymph nodes on the left side of the celiac trunk and SMA were
dissected. Then, the pancreatic body and tail containing the tumor, the spleen, the left
prerenal fascia, the left adrenal gland, and the left prerenal fat sac were removed en bloc
from the back of the left prerenal fascia to the left along the surface of the left renal vein.

Finally, the lymph nodes on the right side of the SMA were dissected, and the
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Heidelberg triangle (i.e., an anatomic triangle bordered by the SMA, celiac axis, and

portal vein) was exposed.

Postoperative management: All patients received prophylactic antibiotics, proton-
pump inhibitors, and parenteral nutrition during the perioperative period, and the
nasogastric tube was removed on the 2" postoperative day (POD 2). Patients started
drinking water after feeling hungry, and a liquid diet was given after exhaustion. All
patients were routinely tested for amylase levels in the drainage fluid on POD 3. When
the amylase level in the drainage fluid was less than three times the normal upper limit
of serum amylase and the risk of intra-abdominal hemorrhage was excluded, the
abdominal drainage tube was removed (usually on day 5).

According to the International Study Group of Pancreatic Fistulal?], POPF was
defined as a drainage amylase level of more than three times the normal serum amylase
level on or after POD 3. The diagnosis of delayed gastric emptying (DGE) was based on
the definition suggested by the ISGPS in 2007124} i.e., a diagnosis of DGE was made if
one of the following conditions occurred after excluding mechanical factors such as
anastomotic obstruction by upper gastrointestinal barium study or gastroscopy: (1) The
gastric tube needed to be indwelled for more than three days after surgery; (2) The
gastric tube needed to be reinserted due to vomiting and other reasons after extubation;
or (3) Solid food was still not allowed seven days after surgery. The diagnosis of
surgical site infection was based on the criteria developed by the United States
Nosocomial Infections Surveillance System, United States Centers for Disease
Control®l. The short-term postoperative complications were graded using the 2004

Clavien-Dindo system!?],

Statistical analysis
Statistical analysis was performed using the SPSS 26.0 software package (SPSS Inc.,
IBM, Armonk, NY, United States). The measurement data were first tested for

normality. Normally distributed data are presented as the means + SD; otherwise,
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medians (interquartile ranges) are used. The count data are expressed as the number of

cases. The survival curve was plotted by the Kaplan-Meier method.

RESULTS

General outcome

Fifteen patients with PDAC were included. After NACT, all patients were converted to
resectable from borderline resectable or unresectable, including 8 patients (53.3%) with
pancreatic head cancer and 7 patients (46.7%) with pancreatic body and tail cancer.
Partial response (PR) to NACT was achieved jn these 15 patients, and laparoscopic
surgery was then performed. The demographic characteristics of all patients are shown
in Table 1. There were 7 males (46.7%) and 8 females (53.3%) aged 55.53 + 7.89 years.
The average body mass index was 2229 + 294 kg/m? Compared with the
measurement/count values before NACT, the tumor diameter, CA19-9 level, and CTC
count decreased by 28.40% +9.71%, 57.07% + 32.07%, and 65.33% + 12.09%, respectively,
after NACT. After the tumors were assessed as resectable, all patients underwent PET-

CT to rule out the possibility of distant metastases.

Intraoperative conditions

All surgeries were completed under laparoscopy, and none of them were converted to
laparotomy. The surgical procedures included LPD (n = 8, 53.3%) and L-RAMPS (n =7,
46.7%). One patient (6.67 %) with pancreatic head carcinoma was found to have portal
vein involvement during the operation, and LPD combined with vascular resection and
reconstruction was performed. The L-RAMPS time was 27252 + 49.14 min, and the
average intraoperative blood loss was 435.71 + 32.37 mL; LPD lasted 444.38 + 68.63 min,
and the average intraoperative blood loss was 343.75 + 145.01 mL. Intraoperative blood
transfusion was administered in 4 patients (26.66%). The number of dissected lymph
nodes was 16.87 + 4.10. In one patient (6.67%) with pancreatic body and tail cancer,
grade B POPF occurred after L-RAMPS and was improved after drainage, pancreatic

enzyme replacement therapy, and nutritional counseling. One patient (6.67%) with
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pancreatic head cancer developed jaundice after LPD, in whom percutaneous
transhepatic biliary drainage (PTBD) was performed after surgery, and the drainage
catheter was removed two weeks later; the condition was improved after the placement
of a biliary metal stent. None of the patients died after surgery. The average hospital
stay was 13 (12-14) d (Table 2).

Results of pathological examination

RO resection was achieved in all 15 patients. The postoperative pathology showed that
all the tumors were PDAC, and rea'dual cancer was detected by multipoint sampling in
one patient. The tumors were moderately differentiated in 11 patients (73.33%),
moderately to pgorly differentiated in 3 patients (20%), and poorly differentiated in 1
patient (6.67%). According to the 8th edition of the American Joint Committee on Cancer
(AJCC) staging system, 4 patients (26.66% ) were in stage IA, 7 (46.66%) were in stage 1B,
1 (6.67%) was in stage IIB, 1 (6.67%) was in stage IIIA, 1 (6.67%) was in stage IIIB, and 1
(6.67%) was in stage IIIC. The number of dissected lymph nodes was 16.87 + 4.10, and 3
patients (20%) had positive lymph nodes (Table 3).

Postoperative results

One patient (6.67%) developed a grade B POPF after surgery, which improved after
drainage, pancreatic enzyme replacement therapy, and nutritional counseling. One
patient (6.67%) had jaundice after LPD, and abdominal ultrasonography and MRCP
showed anastomotic stenosis and dilated intrahepatic bile duct above the anastomosis.
Thus, jaundice was considered to be caused by biliary-enteric anastomotic stenosis after
cholangiojejunostomy. PTBD was then performed, and the drainage catheter was
removed two weeks later. The biliary obstruction was alleviated after the placement of a
biliary metal stent. We assumed that the patient had a small bile duct diameter, and

anastomotic stenosis was caused by continuous suturing.

Postoperative adjuvant therapy
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All patients who underwent surgery after NACT were evaluated for their physical
status and nutritional status, and postoperative adjuvant therapy was scheduled if they
could tolerate it. The adjuvant treatment regimen was selected according to the efficacy
of NACT. After multidisciplinary discussions, 15 patients received 6 cycles of treatment
after surgery. Generally, adjuvant therapy was started 6 to 8 wk after surgery and
repeated every 3 wk. Routine blood tests and biochemical tests were performed before
each chemotherapy session. Gastrointestinal tumor marker detection, CTC counts, and
contrast-enhanced CT or magnetic resonance imaging (MRI) were performed every 3

cycles to determine whether the tumor had recurred or metastasized.

Postoperative follow-up

The patients were followed up every 3 mo after adjuvant chemotherapy was completed,
during which routine blood tests, biochemical tests, gastrointestinal tumor marker
detection, CTC counts, and contrast-enhanced CT or MRI examinations were
performed. Follow-up was conducted by telephone, the WeChat app, and outpatient
visits, and the date of the last follow-up visit was recorded. As of April 2022, all 15
patients had been followed up for 7 mo (range: 5-16 mo). Progressive disease was noted
in 4 patients (26.66%), including liver metastases in 2 patients (13.3%), among whom
one patient (6.67%) had both liver metastasis and lymph node metastasis. Adjuvant
therapy was repeated when PD was detected during the follow-up period according to
the opinions of the MDT. The patient with both liver metastasis and lymph node
metastasis died due to tumor progression (Table 2). To date, the 1- and 2-year survival
rates are both 50.00%, and the 1- and 2-year disease-free survival (DFS) rates are 60.00%
and 40.00%, respectively (Table 2 and Figure 2).

DISCUSSION
Many studies have demonstrated that NACT can increase the RO resection rate, prolong
DFS, and increase the long-term survival rate in patients with borderline resectable

PDACI80L Therefore, guidelines on PDAC treatment have included NACT as a
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recommended treatment option for resectable PDAC, borderline PDAC, and locally
advanced PDAC with high-risk factors (high serum CA19-9 level, large primary tumor,
extensive lymph node metastasis, significant weight loss, and extreme pain)''l
Treatments for PDAC include chemotherapy, radiotherapy, and immunotherapy.
Among them, NACT is the core treatment, resulting in notable efficacy when combined
with other therapies!'!l.

The currently available NACT regimens for PDAC include FOLFIRINOX, modified
FOLFIRINOX, AG regimen, and gemcitabine + S-111Z1 It has been reported that
FOLFIRINOX and the AG regimen showed no significant difference in terms of the RO
resection rate and overall survivall?8l. However, the AG regimen has many advantages:
Acceptable toxicities; good tolerance, which leads to good compliance and a high rate of
treatment completion; and good feasibility for the Chinese population(?l. Therefore, the
AG regimen is used in most of the patients in our center, and modified FOLFIRINOX is
also used in someﬁtients. For patients with poor physical performance, gemcitabine +
S-1 may be used to improve the quality of life and prolong the survival time. In the
present study, the 15 patients whose diseases were successfully converted after NACT
were all treated with the AG regimen, and these patients were in good general
condition during the treatment and had no chemotherapy-induced myelosuppression.

Based on the Chinese and foreign guidelines!? I, we used imaging findings (tumor
diameter, relationship between tumor and adjacent blood vessels, and surrounding
lymph nodes) before and after NACT, tumor markers [mainly CA19-9 but also
carcinoembryonic antigen (CEA)], and improvement in clinical symptoms to evaluate
the treatment cycle. For patients receiving NACT for PDAC, an abdominal contrast-
enhanced CT examination was performed upon the completion of each cycle, CTA was
performed every 2 cycles, and the levels of CA19-9, CEA, and other tumor markers
were measured during each follow-up visit. Changes in clinical symptoms were
monitored and recorded. CA19-9 can be easily influenced by various factors, such as
inflammation and infection, and its potential as a biomarker for monitoring PDAC

progression and recurrence has been compromised by false negative results before
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surgery. The use of microRNAs has been reported in the literaturel®-%2], but with limited
clinical value. CTCs have been used as a predictor of long-term survival in patients with
PDAC, and the overall survival and progression-free survival rates significantly
decreased in patients with total CTCs = 6133341, In our study, we used the Canpatrol™
CTC assay (SurExam, Guangzhou, China) to detect CTCs before NACT and re-
examined CTCs after each cycle of treatment. It was observed that the CTC count
markedly increased in patients with elevated CA19-9 levels; in CA19-9-negative
patients, the CTC count was also significantly higher than the normal value but
gradually dropped with the application of NACT. Therefore, we speculate that CTCs
may be one of the predictors of ae resectability of PDAC. In the absence of standard
evaluation criteria, monitoring changes in imaging features and tumor markers is
currently an important method to evaluate the efficacy of NACT for PDACI?71.

Our criteria for the resectability of PDAC after NACT are as follows: (1) The diameter
of the pancreatic tumor decreased, and the relationship between the tumor and the
surrounding blood vessels improved; (2) The CA19-9 level and CTC count notably
dropped (ideally, decreased by 50% or returned to the normal ranges); and (3) The pain
was relieved or other symptoms were improved. If one or more of the above criteria are
met, NACT is considered effective following multidisciplinary consultations, and
surgery may be performed after communicating with patients and their families and
obtaining written informed consent. If none of the above criteria is met, NACT will be
continued.

RO resection and lymph node negativity are key factors to ensure survival after PDAC
surgery3>¥l, In addition to negative surgical margins, it is important to ensure a
sufficient number of negative lymph nodes and negative vascular margins. After NACT
for PDAC, the diameter of the primary lesion is decreased, along with a lowered rate of
positive lymph nodes, which can reduce vascular invasion and micrometastases.
According to the 8th edition of the AJCC guidelines, the number of lymph nodes to be
dissected should be no less than 12. In the present study, the total number of lymph

nodes dissected during surgery in the 15 patients was 16.87 + 4.10, and the rate of
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positive lymph nodes was 2.1%, reaching the AJCC guideline-recommended
requirement for lymph node dissection in pancreatic cancer. Another key factor in
achieving RO resection is a negative vascular margin. In a recent study, compared with
laparotomy, LPD had similar short- and long-term prognoses, and LPD combined with
venous resection and reconstruction was safe; notably, the laparoscopic technique was
easier to perform.

Mokdad et all’5l reported on patients with resectable PDAC who received NACT
followed by radical resection, and the study results showed that NACT significantly
improved the overall survival of the patients (26 mo vs 21 mo, P < 0.01) and could
reduce the positive rate of surgical margins (17% vs 24%, P < 0.01). The study by Reni et
all®® came to similar conclusions, with an overall survival time of 38.2 mo for patients
with resectable PDAC who received NACT followed by surgery, compared with overall
survival times of 20.4 mo and 26.2 mo for patients who underwent surgery followed by
NACT. We have performed radical resection of PDAC following NACT since December
2019. Thus far, a total of 15 patients have achieved RO resection, and the
lymphadenectomy rate in these patients is high with a low positive rate, but during the
follow-up process, 3 patients had liver metastasis, 1 patient had lymph node metastasis,
and the rest were tumor-free. The 1-year survival rate and 2-year survival rate were
50.00%, the 1-year tumor-free survival rate was 60.00%, and the 2-year tumor-free
survival rate was 40.00%. Most of our patients had been followed up for no more than 2
years (less than 1 year in most cases), which may explain the low 1- and 2-year survival
rates.

We believe that resection is the challenging part of LPD after NACT for PDCA, and
the difficulty of resection is the management of anatomical structure and vessels. Our
experience is as follows: (1) Although more challenging, LPD after NACT can be
performed by a surgeon with rich experience in LPD surgery; (2) It is very difficult to
find a single approach that suitable for all cases. During the operation, we preferentially
adopt the “early first” principle, and gradually separate and resect to complete.

However, in some cases, we chose different arterial approaches according to the
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direction of tumor invasion; (3) Due to portal vein adhesion and tumor invasion after
NACT in some pancreatic cases, procedures of the superior mesenteric vein behind the
neck of the pancreas may cause bleeding, and the establishment of a retropanctreatic
tunnel is more challenging. In these cases, the pancreas can be separated and resected
from 2-3 cm to the left side of the superior mesenteric vein and the neck of the pancreas.
The advantage of choosing here is that it is far away from the tumor, the tissue
separation is easier than performing behind the neck of the pancreas, and the space
between the splenic vein and the pancreas can be easily separated. It is safer to search
the superior mesenteric vein after the resection of the pancreas and dissection of
surrounding tissues from left to right; and (4) The digestive tract reconstruction was
performed according to a routine procedure after lesion resection in

pancreaticoduodenectomy and was barely affected by NACT.

CONCLUSION

Laparoscopic radical resection of PDAC after NACT is safe and feasible if it is
performed by an operator with experience of at least 100 cases of relevant surgeries in a
specialist pancreas center. However, since our study was a retrospective analysis with a
small sample from a single center, the safety and feasibility of this technique need to be
verified by prospective large-sample randomized controlled trials in multiple

pancreatic centers.

ARTICLE HIGHLIGHTS

Research background
Multiple studies have demonstrated that neoadjuvant chemotherapy (NACT) can
prolong the overall survival of pancreatic ductal adenocarcinoma (PDAC) patients.

However, most studies have focused on open surgery following NACT.

Research motivation
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Despite the development of surgical instruments and minimally invasive techniques,
laparoscopic techniques have been increasingly applied in pancreatic surgery.
However, most reported cases of PDAC patients underwent open surgery after NACT.

At present, we performed laparoscopic radical resection of PDAC after NACT.

Research objectives
Our aims were to investigate the efficacy and safety of laparoscopic radical resection

following NACT for PDAC.

Research methods

We retrospectively analyzed the clinical data of 15 patients with pathologically
confirmed PDAC who received NACT followed by laparoscopic radical surgery in our
hospital from December 2019 to April 2022. All patients underwent abdominal contrast-
enhanced computed tomography (CT) and positron emission tomography-CT before

surgery to accurately assess tumor stage and exclude distant metastasis.

Research results

All 15 patients with PDAC were successfully converted to surgical resection after
NACT, including 8 patients with pancreatic head cancer and 7 patients with pancreatic
body and tail canceb Among them, 13 patients received the nab-paclitaxel plus
gemcitabine regimen (gemcitabine 1000 mg/m?2 plus nab-paclitaxel 125 mg/m? on days
1, 8, and 15 every 4 wk), and 2 patients received the modified FOLFIRINOX rggimen
(intravenous oxaliplatin 68 mg/m?, irinotecan 135 mg/m?, and leucovorin 400 mg/m?
on day 1 and fluorouracil 400 mg/m?2 on day 1, followed by a 46-h continuous infusion
of fluorouracil 2400 mg/m?). After each treatment cycle, abdominal CT, tumor markers,
and circulating tumor cell (CTC) counts were reviewed to evaluate the treatment
efficacy. All 15 patients achieved partial remission. The surgical procedures included
laparoscopic pancreaticoduodenectomy (LPD, n = 8) and laparoscopic radical antegrade

modular pancreatosplenectomy (L-RAMPS, n = 7). One patient with pancreatic head
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carcinoma was found to have portal vein involvement during the operation, and LPD
combined with vascular resection and reconstruction was performed. One patient
developed grade B postoperative pancreatic fistula after L-RAMPS, and one patient

experienced jaundice after LPD. None of the patients died after surgery.

Research conclusions
Laparoscopic radical resection of PDAC after neoadjuvant therapy is safe and effective
if it is performed by a surgeon with rich experience in LPD and L-RAMPS in a large

center of pancreatic surgery.

Research perspectives

With the increased clinical application of NACT, many studies have indicated that by
shrinking the primary tumor and reducing vascular invasion and micrometastatic
lesions, NACT for PDAC can increase the resectability rate, lower the incidence of
postoperative complications, and ultimately prolong survival and improve prognosis.
Most reported cases of pancreatic cancer patients underwent open surgery after NACT.
LPD has certain advantages, such as less trauma, quick recovery, less bleeding, and a
good postoperative quality of life. Therefore, laparoscopic surgery after NACT for
PDAC has certain advantages.
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