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INTRODUCTION 

The incidence of pancreatic cancer is increasing globally 

with 5 year survival rates amongst the lowest of all 

cancers.1 The majority of patients are not suitable for 

curative intent treatment at presentation; either due to a 

primary that is locally unresectable, metastatic disease or 

poor performance status. For patients with lesions in or 

near the head of the pancreas only 15-20% are suitable to 

undergo curative intent treatment in the form of 

pancreaticoduodenectomy or ‘Whipples’ procedure at the 

time of diagnosis.2 Pancreatic ductal adenocarcinoma 

(PDAC) is by far the most common solid pancreatic 

neoplasm (70-95%) and despite treatment advancing in 

recent years, these carcinomas continue to have poor long-

term outcomes with a 5-year survival remaining less than 

10%.3,4 In those few patients eligible to have a 

pancreatoduodenectomy for PDAC, outcomes remain poor 

with 5-year survival less than 20%, high morbidity rates of 

greater than 50%, and early rates of recurrence with almost 
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40% developing disease recurrence within 12 months of 

upfront surgery.5-7  

The closest surgical margin is one parameter used to 

determine the extent of resection and can demonstrate 

surgical quality and possible risk of local recurrence.8 

Moreover, margin status is an independent predictor of 

local recurrence.9,10 Surgical margins in pancreatic cancer 

are classified using the R status, however, inconsistencies 

in the definition and reporting of R0 and R1 resections has 

led to international debate and a call to standardise the 

criteria. Historically an R0 resection, or clear margin, was 

defined as no direct tumour involvement. Recently the 

definition of R0 has been revised to state the R0 margin 

should be clear by >1 mm. This definition was endorsed 

by the International study group of pancreatic surgery 

(ISGPS), however, this is not universally accepted.11 

Studies have even reported that patients may only 

experience significant benefits from tumour free margins 

of 2mm, thus creating a dynamic and important space for 

research.12  

Cancer in the head of the pancreas carries a high morbidity 

not only from its typically aggressive tumour biology but 

also the highly complex surgical resection required to 

attempt to cure the disease. Pancreatoduodenectomy,  

a technically demanding operation, is associated with a 

high rate of complications including a pancreatic 

anastomotic leak, post-operative haemorrhage, delayed 

gastric emptying and significant surgical site 

infections.13,14 There is a paucity of studies describing long 

term survival following pancreaticoduodenectomy in the 

Australian context. This study aimed to investigate clinical 

outcomes and describe the impact of factors like the closest 

resection margin on overall survival following open 

pancreatoduodenectomy at a tertiary referral centre over a 

ten-year period. 

METHODS 

All patients who underwent a pancreatoduodenectomy at a 

Flinders Medical Centre between 2009-2019 were 

included in this retrospective study and in the analysis of 

post-operative complications. Patients who were intended 

for pancreatoduodenectomy but underwent a palliative 

bypass surgery were excluded from the study. Only 

patients with malignancy were included in the analysis of 

resection margins, type of malignant histology and 

systemic treatments on overall survival. Patient 

demographics including age, gender and ASA physical 

status classification were retrieved from online medical 

records and previous databases collected for auditing. 

Tumour histological subtype (pancreatic ductal 

adenocarcinoma, ampullary carcinoma, neuroendocrine 

tumour or benign lesions), histological features (tumour 

size, perineural invasion, lymphovascular invasion), 

closest resection margin (0 mm, <1 mm, 1-2 mm and >2 

mm) and portal vein involvement were analysed to 

determine their role in overall survival. The survival 

benefits of neoadjuvant (NACT) and adjuvant (ACT) 

chemotherapy were also compared to those who 

underwent surgical resection only. The study examined the 

incidence and type of postoperative complication which 

were categorised based on Clavien-Dindo criteria. 

Anastomotic leaks were defined as per the ISGPS 

classifications, and the use of octreotide in their prevention 

was also analysed. This study was submitted to the South 

Australian department for health and wellbeing human 

research ethics committee (HREC) for ethics approval. 

This study was deemed by HREC as low/negligible risk 

and it was exempt from formal ethics processing. 

Statistical analysis  

All statistical analyses were conducted using R version 

4.2.2. Patients’ demographic and clinical characteristics 

were expressed as percentages of the respective 

denominator. Survival was measured from the date of 

surgery to the date of death, or individuals were censored 

at date of loss to follow-up or end of follow-up. The end 

of follow-up was assigned on 31 December 2019. Cox 

proportional hazard models were applied to examine the 

survival outcomes. The estimates were calculated using 

the likelihood ratio method and were expressed as hazard 

ratios (HRs) - lower the HR, longer the survival. 

Proportional hazard assumption was tested by log-log plot 

of survival and Schoenfeld residuals. Survival curves for 

patient survival were evaluated by standard Kaplan-Meier 

survival curves and patient cohorts were compared by log-

rank test. The survival curves were restricted to 5 years’ 

death, or the time of last follow-up or loss to follow-up. 

The median survival time was estimated from Kaplan-

Meier survival curves as the smallest survival time for 

which the survivor function is less than or equal to 0.5. The 

two-sided test was performed for all analysis, 95% 

confidence intervals were reported, and the level of 

significance was set at =0.05. 

RESULTS 

Demographics and postoperative complications 

Between 2009-2019 there were 134 open 

pancreaticoduodenectomy procedures completed at a 

tertiary South Australian Centre. The patient 

demographics are cited in Table 1. Within this cohort, 

56.7% of patients experienced some form of complication 

ranging from Clavien Dindo classification grades 1-5 

(grade 3a, 3b, 14.5%, grade 4, 4a, 4b, 10.5%, and grade 5, 

6.6%). 5 in-hospital deaths were recorded and 12 ISPGF 

grade B or C pancreatic anastomotic leaks (n=5, n=7 

respectively). Octreotide was administered as per surgeon 

preference to 77 patients to prevent pancreatic anastomotic 

leaks. There was no significant difference in the rate of 

pancreatic anastomotic leaks between patients who 

received octreotide, 8/77 (10.4%), compared to those that 

did not, 4/56 (7.1%) (p=0.5). Other notable complications 

included delayed gastric emptying (3.7%), postoperative 
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ileus (11.9%), sepsis (7.5%) and post-operative 

haemorrhage requiring return to theatre (7.5%) (Table 2).  

Table 1: Patient demographics who underwent 

pancreatoduodenectomy between 2009-2019. 

Characteristics N (%) 

Total patients 134 

Age (years)  

<65 50 (37.3) 

65-75 55 (41.0) 

>76  29 (21.6) 

Gender  

Male 73 (54.5) 

Female 61 (45.5) 

ASA classification  

1 6 (4.5) 

2 37 (27.6) 

3 85 (63.4) 

4 6 (4.5) 

Table 2: Surgical complications post 

pancreatoduodenectomy. 

Characteristics N (%) 

Any complication   

Yes 76 (56.7) 

No 58 (43.3) 

Number of complications  

0 58 (43.3) 

1 38 (28.4) 

2 14 (10.4) 

3 13 (9.7) 

>4 11 (7.4) 

Complication  

In hospital mortality 5 (3.7) 

Pancreatic anastomotic leak (grade B, 

C) 
12 (9) 

Delayed gastric emptying  5 (3.7) 

Post-operative ileus  16 (11.9) 

Septicaemia  10 (7.5) 

Post-operative haemorrhage 10 (7.5) 

Clavien Dindo classification  

1 13 (17.1) 

2 39 (51.3) 

3a, 3b 11 (14.5) 

4, 4a, 4b 8 (10.5) 

5 5 (6.6) 

25 patients (28.7%) underwent portal vein or superior 

mesenteric vein resection (PV/SMV) (Table 3). Of those 

who underwent PV/SMV resection, 21 patients had 

pancreatic adenocarcinoma histology (PDAC). PV/SMV 

resection did not result in an overall survival difference in 

the PDAC population compared to those who did not 

undergo venous resection (p=0.98). 

Table 3: Histopathological features of benign and 

malignant resected specimens. 

Characteristics (all specimens) N (%) 

Malignant   

Yes 119 (88.8) 

No 15 (11.2) 

Histology  

Pancreatic adenocarcinoma 66 (49.3) 

Ampullary  21 (15.7) 

Neuroendocrine 6 (4.5) 

Other  26 (19.4) 

Benign 15 (11.2) 

Tumour size (cm)   

<2 27 (20.1) 

2-3 41 (30.6 ) 

>3 59 (44.0) 

Other  7 (5.2) 

Portal vein resected   

Yes 25 (28.7) 

No 109 (81.3) 

Characteristics: all malignancy 

Lymph node positivity   

0 48 (40.2) 

1-2 33 (27.7) 

3-4 23 (19.3) 

>5 15 (12.6) 

Lymphovascular invasion   

Yes  63 (52.9) 

No 56 (47.1) 

Perineural invasion   

Yes 69 (58) 

No 50 (42) 

Surgical resection margin (mm)   

0 17 (14.5) 

<1  29 (24.8) 

1-2  18 (15.4) 

>2  53 (45.3) 

Histopathological features of resected specimens and 

their influence on overall survival  

Of the 134 specimens, histology was malignant for 88% 

(n=119) of specimens. Benign histology included normal 

pancreatic tissue, chronic pancreatitis, tubulovillous 

adenoma, microcystic cystadenoma or non-invasive 

intraductal papillary mucinous neoplasm (IPMN). 

Combined malignant and benign tumours were most 

commonly >3 cm in size (44%) compared to 2-3 cm or less 

than 2 cm (30.6% and 20.1%). Malignant tumours 

included PDAC (n=66), ampullary carcinomas (n=21), 

neuroendocrine tumours (NET) (n=6) and other cancers 

(metastatic renal cell carcinoma, gastrointestinal stromal 

tumour, primary biliary melanoma, duodenal cancers, 

cholangiocarcinoma, intramucosal carcinoma, acinar cell 

carcinoma, carcinosarcoma, hepatoid carcinoma and 

invasive intrapapillary mucinous neoplasia (IPMN) 
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(n=26)). Histology significantly influenced overall 

survival for patients who underwent 

pancreatoduodenectomy.  

The overall 5-year survival for patients with any 

malignancy was 32% (Figure 1). Patients who underwent 

resection for PDAC had poorer survival (17% at 5 years) 

compared to ampullary (62% at 5 years), NET (67% at 5 

years) and other malignancies (46% at 5 years) (p=0.03) 

(Figure 2). Lymphovascular invasion (LVI) and perineural 

invasion (PNI) were present in the majority of malignant 

specimens (52.9% and 58% respectively). There was no 

significant difference in overall survival of PDAC patients 

with positive or negative LVI or PNI (p=0.39 and p=0.70). 

In patients with malignancy, the closest resection margin 

was recorded. The majority were >2 mm (45%), followed 

by <1 mm (24.8%), 1-2 mm (15.5%) and 0 mm (14.5%) 

(Table 3).  

A resection margin of <1 mm or 1-2 mm did not show any 

overall survival benefit compared to a positive, 0 mm 

margin (p=0.6 and p=0.2). A resection margin of >2 mm 

had a significantly improved overall survival compared to 

0 mm (Figure 3, p=0.01). The median survival for a 

resection margin of >2 mm was more than triple (6.8 years) 

compared to 1-2 mm (3 years), <1 mm (2.8 years) and 0 

mm (2.1 years). 

Neoadjuvant and adjuvant chemotherapy  

Most patients with malignancy received some form of 

chemotherapy, with only 6 patients receiving neoadjuvant 

treatment. 63% of patients with malignancy received 

adjuvant chemotherapy (80% of PDAC, 41.5% of other 

malignancies). Patients with PDAC who received adjuvant 

chemotherapy achieved a statically significant improved 

overall 5-year survival compared to those who underwent 

surgical resection only (Figure 4, p=0.033). Despite 

surgical and medical therapies for these pancreatic 

malignancies, 65 patients (54.6%) experienced either local 

or distal disease recurrence by the end of the study period. 

 

Figure 1: Comparison of overall survival for patient with pancreatic malignancies compared to benign tumours 

with NET excluded. 

 

Figure 2: Comparison of overall survival for pancreatic adenocarcinoma (red), ampullary carcinoma (green), 

neuroendocrine tumours (blue) and other malignancies (purple). 
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Figure 3: Comparison of overall survival based on resection margins (0 mm, <1 mm, 1-2 mm, >2 mm) in 

malignancy (p=0.01 for 0 mm versus >2 mm). 

 

Figure 4: Comparison of overall survival in pancreatic malignancy (PDAC) in patients who received adjuvant 

chemotherapy compared to no adjuvant chemotherapy.

DISCUSSION 

This study provides some of the only long-term survival 

data for Australian patients undergoing an open 

pancreatoduodenectomy. Our 1-, 3- and 5- year survival 

rates from 1998-2008 and 2009-2019 were 62%, 31% and 

27% and 79%, 33% and 17% respectively.15 The 

improvement in 1-year overall survival reflects the 

advances in surgical and perioperative techniques. 

Unfortunately, a decrease in 5-year survival was found in 

our study, however, this is consistent with data published 

from other Australian centres from the same time period 

where 5-year overall survival is quoted between 14.7 and 

22%.16-19 The lack of improvement in 5-year overall 

survival may be attributed to small volume of patients who 

received neoadjuvant chemotherapy (NACT) (n=6). 

NACT was increasingly used towards the end of the study 

period, thus its benefit, it not likely to be reflected in the 

results. The majority of patients with pancreatic 

malignancy received adjuvant chemotherapy (Figure 4) 

which has previously been shown to improve overall 

survival. ESPAC-1, published in 2004, was the first 

landmark trial to demonstrate that surgery with adjuvant 

chemotherapy is superior to surgery alone.20 It reported a 

5-year overall survival improvement of 16% with the 

addition of adjuvant chemotherapy(20). This was 

confirmed in our results which demonstrated that PDAC 

patients who received adjuvant chemotherapy had superior 

overall survival compared to surgery alone (Figure 4, 

p=0.033). Furthermore, ESPAC-4 demonstrated superior 

outcomes with combination multi-agent adjuvant 

chemotherapy compared to monotherapy.21 5-year overall 

survivals for patients who received multi-agent adjuvant 

chemotherapy was 40%, however it is important to note 

that the patients in this trial had both low biological and 

surgical risk. Following ESPAC-4, PRODIGE 24 set the 

standard of care with superior outcomes with adjuvant 

FOLFIRINOX compared to capcitabine/gemcitabine.22 

Clinical equipoise exists with regards to chemotherapy 

treatment sequencing for resectable PDAC (i.e. NACT 

versus ACT) and practise at our institution continues to 

evolve. Despite the clear survival benefit for adjuvant 

chemotherapy, only 50-60% of patients receive it, even in 
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patients with excellent pre-operative fitness. This is largely 

due to the high postoperative functional/physiological 

burden that follows pancreaticoduodenectomy. 

Multiple phase 2 studies have demonstrated high rates of 

tolerance to NACT with 90% completing the intended 

course, compared to only 60% of the 50-60% who actually 

receive adjuvant chemotherapy.23 In our study, 

neoadjuvant chemoradiotherapy is unlikely to have 

demonstrated a significant impact upon our results as only 

5% of patients with malignancy received neoadjuvant 

therapy. NACT allows assessment of tumour biology and 

patient robustness. There are promising studies that 

demonstrate favourable serological response with drop in 

CA 19.9 with this approach, however there is a paucity of 

data to suggest improved outcomes.24 The ESPAC5 study 

demonstrated that patients who received short course 

NACT (8 weeks) in borderline resectable PDAC had 

improved survival compared to those who underwent 

immediate surgery, however, there was no difference in 

resection rates.25 The theoretical disadvantages of NACT 

for resectable PDAC include a possible increase in surgical 

morbidity and mortality related to the chemotherapy. 

Chemotherapy can cause malnutrition and functional 

decline, both of which are associated with poor surgical 

outcomes. The prep-02/JSAP-05 PII/III RCT assessed 

outcomes of NACT versus ACT for resectable PDAC.26 

The same percentage of patients between arms proceeded 

to resection. Overall, 11 patients in the NACT arm did not 

proceed to the operating table, but of those who did, a 

higher rate of proceeding to curative resection was 

achieved compared to the upfront surgery arm.26 The most 

recent SWOG S1505 demonstrated that patients can 

tolerate modern NA systemic therapy and then undergo 

successful surgical resection without prohibitive 

perioperative complications.27 It also demonstrated a 

promising 30% major pathological response. Moreover, 

85% of patients completed the NA treatment regimen, 

though, 30% of patients did not proceed to resection.  

The rate of R0 resection is considered an important 

indicator of the quality of the oncological surgical 

resection.28 Local recurrences most commonly occurs 

along the adventitia of cardinal visceral vessels (i.e. 

superior mesenteric artery (SMA) or common/proper 

hepatic artery). This occurs in concordance with the 

known biological behaviour of PDAC in that it tends to 

propagate along the neurovascular structures on a 

histological level.29 An involved pancreatic, or R1, 

resection margin is associated with early recurrence and 

decreased overall survival.6 However, the definition of an 

R1 resection; R1 direct margin involvement versus R1<1 

mm clearance, and the impact this has upon survival is a 

matter of international debate. From a technical 

standpoint, achieving a routine 1 mm margin may be 

challenging, largely due to the intrinsic nature of the local 

anatomy - an area confined by critical vasculature. As 

such, one of the most common sites for local recurrence 

occurs is within the adventitia of the SMA or the adjacent 

mesopancreatic tissue. Several operative approaches have 

been described to achieve superior oncological clearance. 

These include the artery first approach (determine arterial 

involvement and improve access for SMA 

skeletonisation), peri-arterial SMA divestment, 

TRIANGLE dissection (clearance of tissue from SMA to 

CT), vascular resection and extended lymphadenectomy. 

The risk to benefit ratio of performing more extensive 

dissection needs to be carefully considered. Moreover, 

peri-arterial divestment can result in severe intractable 

diarrhoea (stripping of autonomic nerves from SMA), 

which can significantly reduce functional/physiological 

outcomes following pancreaticoduodenectomy. 

Additionally, enthusiasm for SMA resection and 

reconstruction has ‘waxed and waned’ over the years, 

predominantly due to unacceptably high morbidity and 

mortality rates without a clear improvement in oncological 

outcomes.30 All procedures that involve close SMA 

dissection/reconstruction can increase the risk of post-

pancreatectomy haemorrhage in the presence of a 

postoperative pancreatic fistula. The optimal combination 

of neoadjuvant treatment and surgical technique to achieve 

R0 resection is currently not well understood. Neoadjuvant 

chemo-radiotherapy (NACRT) is another approach to 

improve R0 resection rates, however, it is yet to show a 

consistent survival or resection benefit.31-33 The revised R0 

definition (>1 mm margin) was endorsed by the 

International study group of pancreatic surgery (ISGPS), 

however it is not universally accepted because it has not 

been prospectively validated as an indicator of survival.11 

Several studies have failed to demonstrate that R1 <1 mm 

conveys a prognostic benefit, whereas others have shown 

that resection margin is an independent risk factor.9,10,34,35-

38 A meta-analysis by Chandrasgaram et al demonstrated 

that reported R0 resection rates in the literature varied 

between 15% and 83%. They also highlighted the need for 

uniform pathological processing and reporting.39 The lack 

of a commonly accepted definition of R status has 

hampered its ability to be assessed and used as an indicator 

of prognosis. Recent evidence is mounting to support the 

new R status definition. A recent cohort study by Strobel 

et al confirmed that resection status is independently 

associated with survival. R0 and R1 (<1 mm) versus R1 

(direct margin involvement) was associated with median 

survival times of 41.6, 27.5, and 23.4 months and 5-year 

survival rates of. 37.7%, 30.1% and 20.3% respectively 

(p<0.0001).12 This study did not include the locations of 

the positive margin. The importance of resection margin 

vs circumferential margins is not well understood. A 

retrospective study by Jamieson et al indicated that a close 

transection margin was associated with poorer survival 

whereas anterior and posterior margins were not.40 Our 

series demonstrated the surgical margin only achieved a 

statistically significant survival benefit once the margin 

was >2 mm (p>0.01), Interestingly, <1 mm and 1-2 mm 

margin did not have a statistically significant impact on 

survival (p=0.6 and p=0.2 respectively) (Figure 3). This is 

supported by several other studies showing survival 

benefit was only seen in margins greater than 1.5 or 2 

mm.36,40-42 We have previously published our results with 

sequential margin analysis revealing that long term 
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survival difference only became significant when the 

margin was clear by 2 mm (p<0.01).15  

This project has been limited by the number of patients 

who did not undergo neoadjuvant chemotherapy. This 

likely reflects the shift in treatment approach over the past 

decade at this institution where patients towards the end of 

the study received neoadjuvant therapy and those a decade 

prior did not. The study was also limited by the small 

sample size resulting in the inclusion of non PDAC 

patients in some figures to ensure adequate statistical 

analysis. With a greater sample size, histological subtypes 

could be analysed independently which would improve 

assessment of overall survival given different pancreatic 

neoplasms can vary significantly in morbidity and 

recurrence. A greater sample size could be achieved with 

a national clinical quality registry which would combine 

the data of many individual centres.43,44  

CONCLUSION 

Despite advances in adjuvant chemotherapy and surgical 

technique, outcomes are strikingly unchanged since our 

previous audit published in 2009. In order to accurately 

describe and comment on the significance resection 

margins, a consistent R status definition needs to be 

established internationally such that R0 >1 mm. This study 

has shown a 2 mm margin is required to show a survival 

benefit and it is possible that this may be achieved with the 

use of NACT. Thus, a paradigm shift towards NACT for 

upfront and borderline resectable pancreatic cancer with a 

2 mm resection margin should be explored. There is a lack 

of quality long term survival data for Australian PDAC 

patients, with most studies focusing on short term survival 

outcomes. Therefore, a national clinical quality registry 

could be key to improving the management of PDAC in 

Australia. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: The study was approved by the 

Institutional Ethics Committee 

REFERENCES 

1. Barreto SG, D'Onise K. Pancreatic cancer in the 

Australian population: identifying opportunities for 

intervention. ANZ J Surg. 2020;90(11):2219-26. 

2. Chari ST, Kelly K, Hollingsworth MA, Thayer SP, 

Ahlquist DA, Andersen DK, et al. Early detection of 

sporadic pancreatic cancer: summative review. 

Pancreas. 2015;44(5):693-712. 

3. Iglesias-Garcia J, de la Iglesia-Garcia D, Olmos-

Martinez JM, Lariño-Noia J, Dominguez-Muñoz JE. 

Differential diagnosis of solid pancreatic masses. 

Minerva Gastroenterol Dietol. 2020;66(1):70-81. 

4. Rawla P, Sunkara T, Gaduputi V. Epidemiology of 

Pancreatic Cancer: Global Trends, Etiology and Risk 

Factors. World J Oncol. 2019;10(1):10-27. 

5. Hartwig W, Werner J, Jäger D, Debus J, Büchler 

MW. Improvement of surgical results for pancreatic 

cancer. Lancet Oncol. 2013;14(11):e476-85. 

6. Crippa S, Belfiori G, Bissolati M, Partelli S, 

Pagnanelli M, Tamburrino D, et al. Recurrence after 

surgical resection of pancreatic cancer: the 

importance of postoperative complications beyond 

tumor biology. HPB (Oxford). 2021;23(11):1666-73. 

7. Pugalenthi A, Protic M, Gonen M, Kingham TP, 

Angelica MI, Dematteo RP, et al. Postoperative 

complications and overall survival after 

pancreaticoduodenectomy for pancreatic ductal 

adenocarcinoma. J Surg Oncol. 2016;113(2):188-93. 

8. Leonhardt CS, Niesen W, Kalkum E, Klotz R, Hank 

T, Büchler MW, et al. Prognostic relevance of the 

revised R status definition in pancreatic cancer: meta-

analysis. BJS Open. 2022;6(2). 

9. Hartwig W, Hackert T, Hinz U, Gluth A, Bergmann 

F, Strobel O, et al. Pancreatic cancer surgery in the 

new millennium: better prediction of outcome. Ann 

Surg. 2011;254(2):311-9. 

10. Campbell F, Smith RA, Whelan P, Sutton R, Raraty 

M, Neoptolemos JP, et al. Classification of R1 

resections for pancreatic cancer: the prognostic 

relevance of tumour involvement within 1 mm of a 

resection margin. Histopathology. 2009;55(3):277-

83. 

11. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, 

Milicevic M, Sandberg AA, et al. Borderline 

resectable pancreatic cancer: a consensus statement 

by the International Study Group of Pancreatic 

Surgery (ISGPS). Surgery. 2014;155(6):977-88. 

12. Strobel O, Hank T, Hinz U, Bergmann F, Schneider 

L, Springfeld C, et al. Pancreatic Cancer Surgery: 

The New R-status Counts. Ann Surg. 

2017;265(3):565-73. 

13. Karim SAM, Abdulla KS, Abdulkarim QH, Rahim 

FH. The outcomes and complications of 

pancreaticoduodenectomy (Whipple procedure): 

Cross sectional study. Int J Surg. 2018;52:383-7. 

14. Russell TB, Aroori S. Procedure-specific morbidity 

of pancreatoduodenectomy: a systematic review of 

incidence and risk factors. ANZ J Surg. 

2022;92(6):1347-55. 

15. Chen JW, Bhandari M, Astill DS, Wilson TG, Kow 

L, Brooke-Smith M, et al. Predicting patient survival 

after pancreaticoduodenectomy for malignancy: 

histopathological criteria based on perineural 

infiltration and lymphovascular invasion. HPB 

(Oxford). 2010;12(2):101-8. 

16. Huang Y, Damodaran Prabha R, Chua TC, Arena J, 

Kotecha K, Mittal A, et al. Safety and Efficacy of 

Pancreaticoduodenectomy in Octogenarians. Front 

Surg. 2021;8:617286. 

17. Kwok KH, Rizk J, Coleman M, Fenton-Lee D. 

Pancreaticoduodenectomy - outcomes from an 

Australian institution. ANZ J Surg. 2010;80(9):605-

8. 

18. Kanhere HA, Trochsler MI, Kanhere MH, Lord AN, 

Maddern GJ. Pancreaticoduodenectomy: outcomes 



Shepherdson M et al. Int Surg J. 2024 Apr;11(4):581-589 

                                                                                              
                                                                                            International Surgery Journal | April 2024 | Vol 11 | Issue 4    Page 588 

in a low-volume, specialised Hepato Pancreato 

Biliary unit. World J Surg. 2014;38(6):1484-90. 

19. Queensland Government. Pancreatoduodenectomy 

in Queensland public and private hospitals 2004-

2013. 2015. Available at: https://cancerallianceqld. 

health.qld.gov.au/Website/media/1560/pancreaticod

uodenectomy-in-qld-public-and-private-hospitals-

2004-2013.pdf. Accessed on 05 January 2024. 

20. Neoptolemos JP, Stocken DD, Friess H, Bassi C, 

Dunn JA, Hickey H, et al. A randomized trial of 

chemoradiotherapy and chemotherapy after resection 

of pancreatic cancer. N Engl J Med. 

2004;350(12):1200-10. 

21. Neoptolemos JP, Stocken DD, Dunn JA, Almond J, 

Beger HG, Pederzoli P, et al. Influence of resection 

margins on survival for patients with pancreatic 

cancer treated by adjuvant chemoradiation and/or 

chemotherapy in the ESPAC-1 randomized 

controlled trial. Ann Surg. 2001;234(6):758-68. 

22. Conroy T, Hammel P, Hebbar M, Abdelghani MB, 

Wei AC-c, Raoul J-L, et al. Unicancer GI PRODIGE 

24/CCTG PA.6 trial: A multicenter international 

randomized phase III trial of adjuvant 

mFOLFIRINOX versus gemcitabine (gem) in 

patients with resected pancreatic ductal 

adenocarcinomas. J Clin Oncol. 

2018;36(18):LBA4001. 

23. Motoi F, Kosuge T, Ueno H, Yamaue H, Satoi S, Sho 

M, et al. Randomized phase II/III trial of neoadjuvant 

chemotherapy with gemcitabine and S-1 versus 

upfront surgery for resectable pancreatic cancer 

(Prep-02/JSAP05). Jpn J Clin Oncol. 

2019;49(2):190-4. 

24. Lee T, Teng TZJ, Shelat VG. Carbohydrate antigen 

19-9 - tumor marker: Past, present, and future. World 

J Gastrointest Surg. 2020;12(12):468-90. 

25. Ghaneh P, Palmer D, Cicconi S, Jackson R, Halloran 

CM, Rawcliffe C, et al. Immediate surgery compared 

with short-course neoadjuvant gemcitabine plus 

capecitabine, FOLFIRINOX, or chemoradiotherapy 

in patients with borderline resectable pancreatic 

cancer (ESPAC5): a four-arm, multicentre, 

randomised, phase 2 trial. Lancet Gastroenterol 

Hepatol. 2023;8(2):157-68. 

26. Motoi F, Kosuge T, Ueno H, Yamaue H, Satoi S, Sho 

M, et al. Randomized phase II/III trial of neoadjuvant 

chemotherapy with gemcitabine and S-1 versus 

upfront surgery for resectable pancreatic cancer 

(Prep-02/JSAP05). Japanese J Clin Oncol. 

2019;49(2):190-4. 

27. Ahmad SA, Duong M, Sohal DPS, Gandhi NS, Beg 

MS, Wang-Gillam A, et al. Surgical Outcome 

Results From SWOG S1505: A Randomized Clinical 

Trial of mFOLFIRINOX Versus Gemcitabine/Nab-

paclitaxel for Perioperative Treatment of Resectable 

Pancreatic Ductal Adenocarcinoma. Ann Surg. 

2020;272(3):481-6. 

28. Merkow RP, Bilimoria KY, Bentrem DJ, Pitt HA, 

Winchester DP, Posner MC, et al. National 

assessment of margin status as a quality indicator 

after pancreatic cancer surgery. Ann Surg Oncol. 

2014;21(4):1067-74. 

29. Selvaggi F, Melchiorre E, Casari I, Cinalli S, Cinalli 

M, Aceto GM, et al. Perineural Invasion in Pancreatic 

Ductal Adenocarcinoma: From Molecules towards 

Drugs of Clinical Relevance. Cancers (Basel). 

2022;14(23). 

30. Mollberg N, Rahbari NN, Koch M, Hartwig W, 

Hoeger Y, Büchler MW, et al. Arterial resection 

during pancreatectomy for pancreatic cancer: a 

systematic review and meta-analysis. Ann Surg. 

2011;254(6):882-93. 

31. Okano K, Suto H, Oshima M, Ando Y, Matsukawa 

H, Kamada H, et al. Role of Short-Term Neoadjuvant 

Chemoradiotherapy for Potentially Resectable 

Pancreatic Cancer. Am Surg. 2022;88(6):1298-303. 

32. Jang JY, Han Y, Lee H, Kim SW, Kwon W, Lee KH, 

et al. Oncological Benefits of Neoadjuvant 

Chemoradiation With Gemcitabine Versus Upfront 

Surgery in Patients With Borderline Resectable 

Pancreatic Cancer: A Prospective, Randomized, 

Open-label, Multicenter Phase 2/3 Trial. Ann Surg. 

2018;268(2):215-22. 

33. Versteijne E, Suker M, Groothuis K, Akkermans-

Vogelaar JM, Besselink MG, Bonsing BA, et al. 

Preoperative Chemoradiotherapy Versus Immediate 

Surgery for Resectable and Borderline Resectable 

Pancreatic Cancer: Results of the Dutch Randomized 

Phase III PREOPANC Trial. J Clin Oncol. 

2020;38(16):1763-73. 

34. Sugiura T, Uesaka K, Mihara K, Sasaki K, Kanemoto 

H, Mizuno T, et al. Margin status, recurrence pattern, 

and prognosis after resection of pancreatic cancer. 

Surgery. 2013;154(5):1078-86. 

35. Butturini G, Stocken DD, Wente MN, Jeekel H, 

Klinkenbijl JHG, Bakkevold KE, et al. Influence of 

Resection Margins and Treatment on Survival in 

Patients With Pancreatic Cancer: Meta-analysis of 

Randomized Controlled Trials. Arch Surg. 

2008;143(1):75-83. 

36. Gebauer F, Tachezy M, Vashist YK, Marx AH, 

Yekebas E, Izbicki JR, et al. Resection margin 

clearance in pancreatic cancer after implementation 

of the Leeds Pathology Protocol (LEEPP): clinically 

relevant or just academic? World J Surg. 

2015;39(2):493-9. 

37. Neoptolemos JP, Stocken DD, Bassi C, Ghaneh P, 

Cunningham D, Goldstein D, et al. Adjuvant 

chemotherapy with fluorouracil plus folinic acid vs 

gemcitabine following pancreatic cancer resection: a 

randomized controlled trial. JAMA. 

2010;304(10):1073-81. 

38. Konstantinidis IT, Warshaw AL, Allen JN, 

Blaszkowsky LS, Castillo CF, Deshpande V, et al. 

Pancreatic ductal adenocarcinoma: is there a survival 

difference for R1 resections versus locally advanced 

unresectable tumors? What is a "true" R0 resection? 

Ann Surg. 2013;257(4):731-6. 

39. Chandrasegaram MD, Goldstein D, Simes J, Gebski 

V, Kench JG, Gill AJ, et al. Meta-analysis of radical 



Shepherdson M et al. Int Surg J. 2024 Apr;11(4):581-589 

                                                                                              
                                                                                            International Surgery Journal | April 2024 | Vol 11 | Issue 4    Page 589 

resection rates and margin assessment in pancreatic 

cancer. Br J Surg. 2015;102(12):1459-72. 

40. Jamieson NB, Foulis AK, Oien KA, Going JJ, Glen 

P, Dickson EJ, et al. Positive mobilization margins 

alone do not influence survival following 

pancreatico-duodenectomy for pancreatic ductal 

adenocarcinoma. Ann Surg. 2010;251(6):1003-10. 

41. Chang DK, Johns AL, Merrett ND, Gill AJ, Colvin 

EK, Scarlett CJ, et al. Margin clearance and outcome 

in resected pancreatic cancer. J Clin Oncol. 

2009;27(17):2855-62. 

42. Jamieson NB, Chan NI, Foulis AK, Dickson EJ, 

McKay CJ, Carter CR. The prognostic influence of 

resection margin clearance following 

pancreaticoduodenectomy for pancreatic ductal 

adenocarcinoma. J Gastrointest Surg. 

2013;17(3):511-21. 

43. Aitken RJ. Pancreaticoduodenectomy in Australia: a 

national quality improvement clinical registry is long 

overdue. ANZ J Surg. 2022;92(1-2):6-8. 

44. Australian Government. Maximising the value of 

Australia's clinical quality outcomes data. A national 

strategy for Clinical Quality Registry and Virtual 

Registries 2020-2030. 2021. Available at: 

https://www.safetyandquality.gov.au/sites/default/fil

es/2023-01/summary_paper_-_framework_for_aus 

tralian_cqrs_second_edition_and_case_studies_dece

mber_2022.pdf. Accessed on 08 December 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Shepherdson M, Kilburn D, 

Webb MM, Ullah S, Chen J, Smith MB. Need for a 

paradigm shift? Survival post-pancreatoduodenec-

tomy remains poor despite surgical and oncological 

advances. Int Surg J 2024;11:581-9. 


