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Neoadjuvant chemoradiation and pancreaticoduodenectomy for initially locally advanced head pancreatic adenocarcinoma
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BACKGROUND:

The most accepted treatment for locally advanced pancreatic adenocarcinoma (LAPA) is chemoradiotherapy (CRT). We sought to determine the benefit of pancreaticoduodenectomy (PD) in patients with LAPA initially treated by neoadjuvant CRT.

METHODS:

From January 1996 to December 2006, 64 patients with LAPA (borderline, n=49; unresectable, n=15) received 5-fluorouracil-cisplatin-based CRT. Of the 64 patients, 47 had progressive disease at restaging. Laparotomy was performed for 17 patients, and PD was performed in 9 patients (resected group). Fifty-five patients had CRT followed by gemcitabine-based chemotherapy (unresected group).

RESULTS:

The median survival and overall 5-years survival duration of all 64 patients were 14 months and 12%, respectively. The mean delay between diagnosis and surgical resection was 5.5 months. Mortality and morbidity from PD were 0% and 33%, respectively. The median survival of the resected group versus the unresected group was 24 months vs. 13 months. Three specimens presented a major pathological response at histological examination. No involved margins were found and positive lymph nodes were found in one patient. Resected patients developed distant metastases.

CONCLUSIONS: PD after CRT was safe and resected patients had interesting survival rates.

However, resected patients developed metastatic disease and new neoadjuvant regimens are needed to improve the survival of these patients.

Introduction

Resection and perioperative treatment for patients with resectable pancreatic adenocarcinoma has improved survival over the last two decades but overall patient survival remains poor [START_REF] Oettle | Adjuvant chemotherapy with gemcitabine vs observation in patients undergoing curative-intent resection of pancreatic cancer: a randomized controlled trial[END_REF][START_REF] Evans | Resectable pancreatic cancer: The role for neoadjuvant/preoperative therapy[END_REF] . At the time of diagnosis, tumors are classified according to radiological findings: the improvement of helical dual phase scanning sensitivity and surgeons' experience has advanced the classification from resectable and unresectable to resectable, borderline and unresectable [START_REF] Varadhachary | Borderline resectable pancreatic cancer : definitions, management and role of preoperative therapy[END_REF][START_REF] Katz | Borderline resectable pancreatic cancer: the importance of this emerging stage of disease[END_REF] . Locally advanced pancreatic adenocarcinoma (LAPA), comprising both borderline and unresectable tumors, is characterized by the abutment or invasion of major vascular structures preventing surgeons from achieving optimal R0 resection. Thus, patients diagnosed with LAPA are likely to be spared from surgery; rapid disease progression and poor clinical status means patients undergo exclusively medical treatment with poor survival rates [START_REF] Sultana | J Meta-analyses of chemotherapy for locally advanced and metastatic pancreatic cancer[END_REF][START_REF] Haddock | Gemcitabine, cisplatin, and radiotherapy for patients with locally advanced pancreatic adenocarcinoma: results of the North Central Cancer Treatment Group Phase II Study N9942[END_REF] . However, patients diagnosed with non-metastatic LAPA with a good clinical status are likely to undergo chemoradiation (CRT) [START_REF] White | The role of chemoradiation therapy in locally advanced pancreatic cancer[END_REF] . Although it is impossible for patients with arterial adhesion/invasion to undergo resection, venous involvement proved not to be a contraindication to resection [START_REF] Ishikawa | Preoperative indications for extended pancreatectomy for locally advanced pancreas cancer involving the portal vein[END_REF][START_REF] Sasson | En bloc resection for locally advanced cancer of the pancreas: is it worthwhile?[END_REF][START_REF] Tseng | Pancreaticoduodenectomy with vascular resection: Margin status and survival duration[END_REF][START_REF] Fuhrman | Rationale for en bloc vein resection in the treatment of pancreatic adenocarcinoma adherent to the superior mesenteric-portal vein confluence. Pancreatic Tumor Study Group[END_REF][START_REF] Carrere | Pancreaticoduodenectomy with mesentericoportal vein resection for adenocarcinoma of the pancreatic head[END_REF][START_REF] Wang | Pancreaticoduodenectomy with vascular resection for local advanced pancreatic head cancer: a single center retrospective study[END_REF] . Thus, despite low resection rates, several reports showed interesting results on overall survival [START_REF] Wanebo | Preoperative Chemotherapy, Radiotherapy, and Surgical Resection of Locally Advanced Pancreatic Cancer[END_REF][START_REF] Mehta | Preoperative chemoradiation for marginally resectable adenocarcinoma of the pancreas[END_REF][START_REF] Ammori | Surgical resection following radiation therapy with concurrent gemcitabine in patients with previously unresectable adenocarcinoma of the pancreas[END_REF][START_REF] Aristu | Surgical resection after preoperative chemoradiotherapy benefits selected patients with unresectable pancreatic cancer[END_REF][START_REF] Massucco | Locally advanced pancreatic resections after chemoradiotherapy for locally advanced ductal adenocarcinoma: analysis of perioperative outcome and survival[END_REF][START_REF] Lind | Efficacy of preoperative radiochemotherapy in patients with locally advanced pancreatic carcinoma[END_REF][START_REF] Katz | Borderline resectable pancreatic cancer: the importance of this emerging stage of disease[END_REF] after pancreaticoduodenectomy (PD) for LAPA. Moreover, not resecting the tumor exposed patients to recurrent biliary and digestive obstruction, increasing the incidence of uncontrollable pain and a poor quality of life [START_REF] Crippa | Quality of life in pancreatic cancer: analysis by stage and treatment[END_REF] . In 1996, we started a neoadjuvant approach for pancreatic adenocarcinoma and we sought to determine the impact of PD after CRT in patients initially diagnosed with LAPA.

M A N U S C R I P T A C C E P T E D ARTICLE IN PRESS

Methods

Patient selection

Between January 1996 and December 2006, 151 patients were diagnosed with a histologically proven non-metastatic adenocarcinoma of the pancreatic head and were considered eligible for neoadjuvant CRT. Pancreatic cancer was staged by physical examination, chest radiography, biopsy (fine needle aspiration with Wilson-Cook 22 gauge, 8cm needles) obtained by endoscopy under ultrasound guidance (EUS) (Pentax-Hitachi, Hamburg, Germany), and thin-section contrastenhanced helical dual phase scanning (CT scan). Patients with adenocarcinoma of the tail or neck of the pancreas, intraductal papillary mucinous adenocarcinoma, tumors of neuroendocrine origin or with carcinoma of the duodenum, distal common bile duct, or ampulla of Vater were excluded from this study. Patients having any major comorbidity precluding consideration of pancreatic surgery were also excluded. Resectability was assessed by both surgeons and radiologists and tumors were classified as resectable (n=87), borderline (n=49) and unresectable (n=15) (table 1). Biliary stenting by a 10-French plastic stent was performed before or during neoadjuvant CRT if any sign of cholangitis or complete biliary obstruction occurred.

Primary treatment and restaging (n=64)

Neoadjuvant CRT consisted of standard-fractionation radiotherapy (45 Gy for 5 weeks) combined with concurrent chemotherapy, including continuous infusion of 5-fluorouracil (650 mg/m [START_REF] Evans | Resectable pancreatic cancer: The role for neoadjuvant/preoperative therapy[END_REF] 

Explorative laparotomy (n=17)
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Laparoscopic evaluation of vascular involvement using echolaparoscopy was not used routinely because: a) CRT and/or the presence of metallic biliary stents made it difficult to achieve an appropriate analysis of the tumor boundaries, b) endosonographic encasement did not allow for diagnosis of the real features of the involvement (post-radic or tumoral), and c) biopsy under echolaparoscopy of perivascular tissue was hazardous if needed. During laparotomy, 4 explorative steps were always carried out.

Step one: careful examination of the entire abdomen using a laparoscopic approach.

Step two: dissection of the superior mesenteric artery (SMA) on its left side, pulling down the duodenojejunal angle. The SMA was then completely dissected on both face and multiples biopsies were performed to prevent any tumoral adhesion and R1/R2 resection. This allowed for a complete lymph node resection if required (SMA lymphadenectomy).

Step tree:

dissection of the inferior side of the pancreas, including entire dissection of the portal vein (PV) and the superior mesenteric portal vein (SMPV) confluent.

Step four: dissection of the upper side of the pancreas to identify encasement of the hepatic artery (HA) or celiac trunk CT. This allowed for the complete resection of the lymph nodes of the corresponding area. Multiple perivascular biopsies were routinely performed to distinguish post-radic tissue with tumor involvement. No false positive or negative results were noted after frozen section analyses. Patients underwent a resection with the intention of a cure if the biopsies were negative.

Resection (n=9)

Nine patients (resected group) had a PD with extended lymphadenectomy. Two patients needed an enlarged resection adjacent to nearby organs (right colon, n=2). We routinely performed staining of the pancreatic section, posterior margin and PV bed margin in the operating room. Pathological examination included the margin status, lymph node involvement, gross tumor size and perineural invasion. The absence of residual cancer in the resected specimen (sterilized specimen) after CRT was defined as a complete pathological response (ypT0). Minimal residual disease was defined by presence of tumor < 2mm in the resected specimen. No resected patients had adjuvant chemotherapy. Fifty-five patients (unresected group) had CRT followed by systemic gemcitabinebased chemotherapy for an unresectable tumor.

Follow-up and statistical analysis
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All living patients were evaluated by a combined medical and surgical team at 1, 4 and 6 months postoperatively, and every year thereafter. Physical examination, thin-section contrast-enhanced helical dual phase CT scan and tumor markers (CEA, CA 19-9) were routinely obtained in follow-up. The type of recurrence was noted (metastasis, carcinomatosis or local recurrences). Survival was measured from the date of diagnosis to the date of death or January 1, 2008, the censor date. Survival was examined using the Kaplan-Meier method. Statistical comparisons were conducted using log rank tests; p<0.05 was considered to be statistically significant.
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Results

Entire population, restaging (n=64)

No patients were lost to follow-up, with a mean follow-up of 38 months (range 12-117). Overall 1, 3 and 5 years survival of all 64 patients who underwent primary treatment and restaging were 58%, 12% and 12%, respectively; the median overall survival was 14 months. The mean delay between diagnosis and surgical resection was 5.5 months (range 3-8). In patients without distant disease found at restaging (n=34), local tumor progression was documented in 12 patients, stable disease was documented in 16 patients, and partial remission was documented in one patient.

Patients who underwent explorative laparotomy (n=17) and resected patients (n=9)

The characteristics of patients having an explorative laparotomy are summarized in Table 2.

Pathological findings and outcomes of resected patients (n=9) are summarized in Table 3.

Mortality and morbidity were 0% and 33% (gastric emptying, n=2; pancreatic fistula, n=1), respectively. Overall 1 and 3 years survival rates of the resected group versus the unresected group were 78% vs. 53% (p=0.04) and 65% vs. 3% (p<0.01), respectively. The median survival of the resected group vs. the unresected group was 24 months vs. 13 months (figure 1), respectively.

Pathological findings (table 3)

Three patients had a sterilized (ypT0, n=1) or minimal residual disease (n=2) at histological examination. No involved margins were found. Positive lymph nodes were found in 1 patient.

Recurrences (table 3)

Four patients of the resected group developed distant metastatic recurrence. Four patients were alive without recurrence with a mean follow up of 32 months. One patient died of another cause (myocardial infarction) than pancreatic cancer during follow up.
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Discussion

Using strict CT-scan criteria to evaluate LAPA, complete resection was achieved in only 14% of patients. However, the overall survival time seemed to be improved due to the local effect of CRT (no margin involved, downstaging of tumors) and time-selection sparing patients with progressive disease.

Resection rate

Resection rates vary from 13% to 63% in the literature (table 4) due to a) CT-scan and endoscopic criteria chosen to define LAPA and/or b) the fact that studies focus on borderline tumors. Arterial involvement remains a contraindication for resection due to the high morbidity involved and low benefit gained with regards to survival. On the other hand, several reports [START_REF] Ishikawa | Preoperative indications for extended pancreatectomy for locally advanced pancreas cancer involving the portal vein[END_REF][START_REF] Sasson | En bloc resection for locally advanced cancer of the pancreas: is it worthwhile?[END_REF][START_REF] Tseng | Pancreaticoduodenectomy with vascular resection: Margin status and survival duration[END_REF][START_REF] Fuhrman | Rationale for en bloc vein resection in the treatment of pancreatic adenocarcinoma adherent to the superior mesenteric-portal vein confluence. Pancreatic Tumor Study Group[END_REF][START_REF] Carrere | Pancreaticoduodenectomy with mesentericoportal vein resection for adenocarcinoma of the pancreatic head[END_REF][START_REF] Wang | Pancreaticoduodenectomy with vascular resection for local advanced pancreatic head cancer: a single center retrospective study[END_REF] showed that resection/reconstruction of the PV or SMPV confluent were safe and improved survival. Therefore, tumors in contact with major venous vasculature without circumferential encasement, PV thrombosis or large involvement of the SMPV confluent must be considered resectable tumors. Those findings help to optimize the resectability classification: pancreatic head adenocarcinoma could be staged as resectable, borderline or unresectable. However, the total encasement of the SMA or CT (previously an unresectable tumor) was associated with a poor resection rate compared to a case of tumor abutment (previously classified as a borderline tumor) (7% versus 16%, respectively).

Survival

The median survival of patients with LAPA was poor (14 months) as reported in table 4. However, patients with LAPA who underwent curative PD had comparable median survival times than patients with initially resectable tumors 22 . However, there were two major criticisms of our study. Firstly, the mean delay between diagnosis and surgery was over 5 months, higher than we reported [START_REF] Moutardier | A reappraisal of preoperative chemoradiation for localized pancreatic head ductal adenocarcinoma in a 5-year single-institution experience[END_REF] for patients with initially resectable tumors. In the early experience of the series, the persistence of periarterial thickness at restaging was concerning and patients underwent a supplementary observation time before undergoing a laparotomy. In 2005, Sa Cuhna et al [START_REF] Cunha | Surgical resection after radiochemotherapy in patients with unresectable adenocarcinoma of the pancreas[END_REF] showed that the thickness around SMA or celiac axis could be treated by CRT and did not preclude a laparotomy. Thus, we scheduled surgery 5 weeks after completion of CRT, as for neoadjuvant CRT for resectable tumors. We supposed that our additional time-selection of CRT participated to spare patients with disease progression and identified good candidates for surgery. Secondly, the small number of patients in the resected group precluded from emphatic conclusions. Nevertheless, our findings seem to be comparable to other series and we found that patients who underwent PD for LAPA did have an improved survival time.
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Future strategies

CRT associated with PD enabled the optimal local control of the disease, as confirmed by tumor downstaging (one patient with ypT0 stage tumor and 2 patients with minimal residual disease), margin free resections and no identified local recurrences [START_REF] Ishikawa | Clinical and histopathological appraisal of preoperative irradiation for adenocarcinoma of the pancreatoduodenal region[END_REF][START_REF] Kim | Does Neoadjuvant Chemoradiation Downstage Locally Advanced Pancreatic Cancer?[END_REF][START_REF] Sasson | Neoadjuvant chemoradiotherapy for adenocarcinoma of the pancreas: Analysis of histopathology and outcome[END_REF][START_REF] White | Significance of histological response to preoperative chemoradiotherapy for pancreatic cancer[END_REF] . However, outstanding local control did not prevent distant recurrences and 4 resected patients experienced metastatic spread. On the other hand, 53% of patients with initially diagnosed localized disease developed metastasis during CRT and consequently underwent inappropriate local treatment. We strongly advocate that systemic chemotherapy should be used in the management of patients diagnosed with apparently nonmetastatic LAPA. We suggest that a neoadjuvant approach should be preferred and should include gemcitabine-based chemotherapy and radiation therapy. This makes sense, particularly since delayed recovery after surgery precludes adjuvant therapy in approximately 30% of patients who undergo elective PD as the initial treatment for pancreatic adenocarcinoma [START_REF] Aloia | Delayed recovery after pancreaticoduodenectomy: a major factor impairing the delivery of adjuvant therapy?[END_REF][START_REF] Snady | Survival advantage of combined chemoradiotherapy compared with resection as the initial treatment of patients with regional pancreatic carcinoma. An outcomes trial[END_REF] . However, the best neoadjuvant regimen is still to be determined [START_REF] Kim | Is there an optimal neoadjuvant therapy for locally advanced pancreatic cancer?[END_REF] . Recently, new neoadjuvant strategies have shown interesting results in resectable and locally advanced pancreatic cancer [START_REF] Moureau-Zabotto | Concomitant administration of weekly oxaliplatin, fluorouracil continuous infusion, and radiotherapy after 2 months of gemcitabine and oxaliplatin induction in patients with locally advanced pancreatic cancer: a Groupe Coordinateur Multidisciplinaire en Oncologie phase II study[END_REF] . However, further studies are needed to determine the impact on the postoperative course and overall survival in resected patients with initially diagnosed LAPA.

Conclusions

Patients with pancreatic cancer should be discussed within a multidisciplinary staff setting to determine tumor resectability and decide on appropriate neoadjuvant treatment (drugs, doses, sequences and so on). Patients who underwent curative resection had comparable survival to patients with an initially resectable tumor. Thus, despite low resection rates, the opportunity for curative resection should not be refuted based on a CT-scan assessment. While waiting for more effective therapies besides gemcitabine and 5-FU, new neoadjuvant regimens have to be assessed in order to increase arguments for surgery as a last approach.
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