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performed for malignancy: A single-centre study
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Backgrounds/Aims: The aim of this study was to describe short- and long-term outcomes of patients who underwent pancreatoduo-
denectomy (PD) at a typical United Kingdom hepatopancreatobiliary unit.

Methods: A retrospective analysis of all PD patients with histologically-confirmed pancreatic ductal adenocarcinoma (PDAC), amp-
ullary adenocarcinoma (A A), or distal cholangiocarcinoma (CC) from September 1st, 2006 to May 31st, 2015 was carried out. The fol-
lowing information was obtained: demographics, comorbidities, preoperative investigations, neoadjuvant treatment, operative details,
postoperative management, complications, adjuvant treatment, five-year recurrence, and five-year survival. Effects of selected preop-
erative variables on short- and long-term outcomes were investigated.

Results: Of 271 included patients, 57.9% had PDAC, 25.8% had AA, and 16.2% had CC. In total, 67.9% experienced morbidity and
17.3% developed a Clavien-Dindo grade > III complication. The 90-day mortality was 3.3%. Clinically-relevant postoperative pancre-
atic fistula, bile leak, gastrojejunal leak, postpancreatectomy haemorrhage and delayed gastric emptying affected 8.1%, 4.1%, 0.0%, 9.2%,
and 19.9% of patients, respectively. American Society of Anesthesiologists grade III-VI correlated with overall morbidity (p = 0.002)
and major morbidity (p = 0.009), but not 90-day mortality or five-year survival. The same pattern was observed in patients with a pre-
operative serum bilirubin > 29 pmol/L and/or a neutrophil/lymphocyte ratio > 3.1. Five-year cancer recurrence and five-year survival
were 68.3% and 22.5%, respectively. PDAC patients had higher five-year recurrence but lower five-year survival rates (both p = 0.001).
Conclusions: In our series, the majority of patients experienced a complication. However, few patients experienced major morbidity.

Surgical risk factors did not affect five-year survival.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) of the pancreatic
head is a leading cause of cancer-related death in the Western
world. Its incidence is set to increase across the globe [1]. Un-
fortunately, most patients (up to 80%) present with metastatic
disease and prognosis is very poor [1]. Although ampullary
adenocarcinoma (AA) and distal cholangiocarcinoma (CC) are
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less common than PDAC, their prognoses are only marginally
better [2,3]. Patients with one of these cancers may undergo
pancreaticoduodenectomy (PD) providing they present with
resectable disease and have an appropriate performance status.
Whilst this offers some patients (up to 20%) the possibility of
long-term survival, overall morbidity is often quoted at 50%
and rates of early recurrence are high [4,5]. The aim of this
study was to describe the experience of a typical tertiary hepa-
topancreatobiliary (HPB) unit in the United Kingdom (UK) by
compiling a PD complication profile and investigating effects
of selected variables on short- and long-term outcomes.

MATERIALS AND METHODS

This study adhered to the standards laid down in the Dec-
laration of Helsinki (revised 2013). It was approved by North
West - Greater Manchester South Research Ethics Commit-
tee (20/N'W/0397) as part of the Recurrence After Whipple’s
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(RAW) study (IRAS ID: 280423) and our own research and
development department. Patients were included if they un-
derwent PD at our centre between September 1st, 2006 and
May 31st, 2015. In all cases, the procedure was performed or
supervised by a consultant HPB surgeon. An attempt was made
to include all eligible patients since our HPB unit was formally
established. The end date of May 31st, 2015 was chosen to com-
plete five-year follow-up for all included patients. Patients were
excluded if they were lost to follow-up before the five-year fol-
low-up or if their medical notes were lost, destroyed or unavail-
able. Potentially eligible patients were screened from a pro-
spectively maintained departmental database. Eligibility was
confirmed and data were collected from physical and electron-
ic patient records. If follow-up data were not available locally,
this was collected from referring hospitals. A purpose-built
electronic database was created using REDCap (v11.0.3; Van-
derbilt University, Nashville, TN, USA) to collect information
on the following: demographics, comorbidities, preoperative
investigations, neoadjuvant treatment (if given), operative de-
tails, postoperative management and complications, histology
results, adjuvant treatment (if given), cancer recurrence, pallia-
tive treatment (if given), and five-year survival.

Definitions of complications are shown in Supplementary
Table 1-5. Postoperative pancreatic fistula (POPF) was catego-
rised as biochemical leak (formerly grade A POPF) or clinical-
ly-relevant (CR)-POPF (grade B or grade C POPF) according to
the International Study Group of Pancreatic Surgery 2016 defi-
nitions [6]. Bile leak was categorised as grades A, B, and C per
the International Study Group for Liver Surgery (ISGLS) 2011
definitions [7]. Postpancreatectomy haemorrhage (PPH) [8]
and delayed gastric emptying (DGE) [9] were defined as grades

Assessed for eligibility (n = 351)

A, B and C per ISGPS 2007 definitions. Patients were consid-
ered to have had a chest infection if they were given antibiotics
during their index admission for a clinically or radiologically
diagnosed chest infection. Intra-abdominal collection was
radiologically diagnosed (usually by computed tomography).
Surgical site infection was clinically diagnosed. All complica-
tions were graded using the Clavien-Dindo (CD) classification
of surgical complications [10]. If not confirmed radiologically,
cancer recurrence was assumed if a patient had a raised CA
19-9 with relevant signs/symptoms. Patients were deemed to
have had a cardiovascular comorbidity if any of the following
had been previously diagnosed: hypertension, atrial fibrillation
(AF), cardiac arrythmia (other than AF), ischaemic heart dis-
ease, heart failure, peripheral vascular disease, previous stroke
or previous transient ischaemic attack. Patients were deemed
to have had a respiratory comorbidity if any of the following
had been previously diagnosed: asthma, chronic obstructive
pulmonary disease, pulmonary fibrosis or pulmonary embo-
lism. Concerning postoperative histology, a positive resection
margin (R1) included any resection margin where tumour cells
were visible within 1 mm of the margin. A negative resection
margin (RO) included all margins where no cancer cells were
visible at the margin or within 1 mm of the margin.

Statistical methods

Categorical data are presented as frequency counts and asso-
ciated percentages. Continuous data are presented as medians
with range. When comparing patients by their histological
diagnosis, medians were compared using the Kruskal-Wallis
test. Other variables were compared using Fisher’s exact test.
The latter was also used to investigate correlations of selected

Excluded (n = 62)
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+ Primary procedure was not PD (n = 0)
- PD was not performed in study window (n = 2)
- Histology other than PDAC, AA or CC (n = 60)
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Eligible patients (n = 289)
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Fig. 1. Flow diagram showing the selection
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of the study cohort. PD, pancreatoduo-
denectomy; PDAC, pancreatic ductal adeno-
carcinoma; AA, ampullary adenocarcinoma;
CC, cholangiocarcinoma.
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preoperative variables (age, body mass index [BMI], comorbid- tio [NLR]) with overall morbidity, major morbidity (CD grade
ities, American Society of Anesthesiologists [ASA] grade, se- I-II complications excluded), 90-day mortality and five-year
rum albumin, serum bilirubin and neutrophil/lymphocyte ra- survival. These variables were selected as this information for

Table 1. Demographics of patients who underwent PD for histologically-confirmed PDAC, AA, or CC

Variable All patients (n =271) PDAC (n=157) AA (n=70) CC(n=44) p-value

Age (yr) 66 (33-83) 67 (41-82) 66.5 (33-83) 65 (42-83) 0.871
Body mass index (kg/mz) 25.9 (16.4-53.4) 25.1(16.4-53.3) 26.7 (19.2-41.6) 25.9 (16.6-36.9) 0.080
Comorbidity

Diabetes 42 (15.5) 32(20.4) 7(10.0) 2 (4.5) 0.013*

Cardiovascular 104 (38.4) 64 (40.8) 22 (31.4) 18 (40.9) 0.381

Respiratory 46 (17.0) 24 (15.3) 9(12.9) 13 (29.5) 0.048*
Prior history of cancer 28(10.3) 20(12.7) 4(5.7) 4(9.1) 0.263
Pre-op treatment

Biliary stent 221 (81.5) 124 (79.0) 58(82.9) 39(88.6) 0.327

Chemotherapy 3(1.1) 3(1.9) 0(0.0) 0(0.0) -

Radiotherapy 2(0.8) 2(1.3) 0(0.0) 0(0.0) -
Pre-op blood tests

Bilirubin (umol/L) 29 (3-916) 30(3-916) 26 (4-288) 36.5 (6-277) 0.353

Albumin (g/L) 40 (12-51) 40 (21-51) 40.5 (21-48) 42 (22-49) 0.363

Neutrophils (x10°/L) 5.2(1.6-29) 5.1(1.6-29) 5.5 (2.6-20) 4.9(2.2-14.2) 0.549

Lymphocytes (x10%/L) 1.8(0.2-7.1) 1.8 (0.2-5.0) 1.7 (0.6-7.1) 1.9 (0.5-3.0) 0.780

NLR 3.1(0.5-28.4) 3.2(0.9-28.4) 2.8(0.5-22.8) 3.2(1.4-284) 0.891
ASA grade I/l 177 (65.3) 102 (66.7) 50 (73.5) 24 (58.5) 0.266

Unknown: 9 Unknown: 4 Unknown: 2 Unknown: 3

Type of pancreatic anastomosis

Not performed 1(0.4) 0(0.0) 1(1.4) 0(0.0) -

PG 195 (72.0) 121 (77.1) 44 (62.9) 30(68.2) 0.073

PJ 75(27.7) 36 (22.9) 25 (35.7) 14 (31.2) 0.110
Vascular resection performed

Venous 35(12.9) 32(20.4) 1(1.4) 2 (4.5) <0.001*

Arterial 7 (2.6) 6(3.2) 0(0.0) 1(2.3) 0.620
Intra-operative blood transfusion received 32(11.8) 22 (14.0) 8(11.4) 2(4.5) 0.323
Post-op destination

Critical care 197 (72.7) 121 (77.1) 50(71.4) 26 (59.1) 0.059

Surgical ward 74 (27.3) 36 (22.9) 20 (28.6) 18 (40.9) 0.059
Post-op nutritional support received 81(29.9) 42 (26.8) 22(31.4) 17 (38.6) 0.300
30-day return to theatre 15 (5.5) 6(3.8) 6(8.6) 3(6.8) 0.324
Median length of stay (day) 11 (3-102) 10 (3-69) 11 (3-102) 12 (5-50) 0.842
30-day readmission 18 (6.6) 12 (7.6) 4(5.7) 2(4.5) 0.732
90-day mortality 9(3.3) 6(3.8) 3(4.3) 0(0.0) 0.869
Tumour size (mm) 30 (5-130) 32(12-130) 24 (5-80) 24.5 (10-50) <0.001*
Resection margin (R) status

RO 101 (37.3) 30(19.1) 53(75.7) 26 (59.1) <0.001*

R1 166 (61.3) 123(78.3) 17 (24.3) 18 (40.9) <0.001*

R2 4(1.5) 4(2.5) 0(0.0) 0(0.0) -
Number of resected nodes 16 (1-38) 16 (1-34) 15 (2-33) 16 (4-38) 0.299
Number of involved nodes 2(0-21) 4(0-21) 1(0-11) 2(0-12) <0.001*

Values are presented as median (range) or number (%).

PD, pancreatoduodenectomy; PDAC, pancreatic ductal adenocarcinoma; AA, ampullary adenocarcinoma; CC, cholangiocarcinoma; Pre-op, preoperative;
ASA, American Society of Anesthesiologists; NLR, neutrophil/lymphocyte ratio; PG, pancreato-gastrostomy; PJ, pancreato-jejunostomy.

*Denotes statistical significance.
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Table 2. Recorded complications

Number of cases by Clavien-Dindo grade

Complication and incidence

| Il llla 11]9) IVa IVb V

Postoperative pancreatic fistula: 52 (19.2%) 25 14 6 3 0 4 0
Biochemical leak: 30 (11.1%)
Clinically relevant: 22 (8.1%)

GradeB: 17

Grade C: 5
Bile leak: 11 (4.1%) 7 2 1 1 0 0 0

Grade A: 6

Grade B:5

Grade C: 0
Gastrojejunal anastomotic leak: 0 (0.0%) 0 0 0 0 0 0 0

Grade A: 0

Grade B: 0

Grade C: 0
Postpancreatectomy haemorrhage: 25 (9.2%) 2 7 4 6 4 1 1

Grade A: 3

Grade B: 13

Grade C: 9
Delayed gastric emptying: 54 (19.9%) 26 28 0 0 0 0 0

Grade A: 31

Grade B: 13

Grade C: 10
Acute kidney injury: 6 (2.2%) 1 3 0 0 1 1 0
Cardiac arrythmia: 16 (5.9%) 1 13 1 0 1 0 0
Chest infection: 45 (16.6%) 0 44 0 0 0 0 1
Cholangitis: 3 (1.1%) 0 2 0 0 1 0 0
Chyle leak: 12 (4.3%) 6 3 2 1 0 0 0
Clostridium difficile infection: 4 (1.5%) 0 4 0 0 0 0 0
lleus: 26 (9.6%) 12 14 0 0 0 0 0
Intra-abdominal collection: 36 (13.3%) 1 14 12 7 0 2 0
Liver abscess: 2 (0.7%) 0 1 0 1 0 0 0
Myocardial infarction: 2 (0.7%) 0 2 0 0 0 0 0
Pancreatic necrosis: 0 (0.0%) 0 0 0 0 0 0 0
Pancreatitis: 3 (1.1%) 1 2 0 0 0 0 0
PV/SMV thrombosis: 2 (0.7%) 0 0 1 1 0 0 0
Sepsis of unknown origin: 5 (1.8%) 0 5 0 0 0 0 0
Splenic vein thrombosis: 1 (0.4%) 0 0 0 1 0 0 0
Surgical site infection: 59 (21.8%) 22 36 0 0 1 0 0
Urinary tract infection: 10 (3.7%) 0 10 0 0 0 0 0
Deep vein thrombosis: 3 (1.1%) 0 2 0 1 0 0 0
Pulmonary embolism: 2 (0.7%) 0 2 0 0 0 0 0
Other complications from “free text": 22 (8.1%) 5 6 1 2 1 3 4

Liver infarct: 4

Wound dehiscence: 4

Bowel ischaemia: 2

Hypotension: 2

Urinary retention: 2

Bowel perforation: 1

Enterocutaneous fistula: 1

Epistaxis: 1

Graft thrombosis: 1

Line sepsis: 1

Liver failure: 1

Pleural effusion: 1

Thrombocytopaenia: 1
Sum total of complications by CD grade 109 214 28 24 9 1 6

PV, portal vein; SMV, superior mesenteric vein; CD, Clavien-Dindo.
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collected as part of the RAW study. The Kaplan-Meier method
was used to compare survival among patients with PDAC, AA
and distal CC (patients with intra- or hilar CC were not in-
cluded). The Mantel-Cox method was used to test for statistical
significance. A p-value of less than 0.05 was considered statis-
tically significant. All statistical analyses were performed using
Microsoft Excel (v2013; Microsoft Corp., Redmond, WA, USA),
GraphPad Prism (v9.3.1; GraphPad software, San Diego, CA,
USA) and IBM SPSS Statistics (v2015; IBM Corp., Armonk,
NY, USA).

RESULTS

In total, 351 records were screened for eligibility. Eighty pa-
tients were excluded as they did not meet the inclusion criteria
(Fig. 1). The final analysis included 271 patients. Of these pa-
tients, 157 (57.9%) had a postoperative histological diagnosis of
PDAC, 70 (25.8%) had an AA, and 44 (16.2%) had a distal CC
(Table 1). The median age was 66 years (range: 33-83 years).
The median BMI was 25.9 kg/m’ (range: 16.4-53.4 kg/m?).
Concerning comorbidities, 42 (15.5%) patients had a prior his-
tory of diabetes, 104 (38.4%) had a cardiovascular comorbidity,
and 46 (17.0%) had a respiratory comorbidity. Diabetes was

significantly more common in patients with PDAC (p = 0.013).
Respiratory comorbidities were more common in those with a
CC (p = 0.048). A total of 28 (10.3%) patients had a prior histo-
ry of cancer (excluding those being treated with PD). The deci-
sion was made to include these patients in the analyses as none
died secondary to recurrence of their non-PD-related cancer.
In addition, five-year survival rates were similar between
those who had a prior cancer and those who did not (21.4% vs.
22.6%, p = 1.000). A total of 221 (81.5%) patients had received
a preoperative biliary stent. Very few patients received neoad-
juvant chemotherapy (1.1%) or radiotherapy (0.8%). A majority
(65.3%) of patients were ASA grade I-II. Of all patients, 72.0%
received a pancreato-gastrostomy. A total of 35 (12.9%) patients
underwent concomitant venous resection and seven (2.6%) un-
derwent concomitant arterial resection. Venous resection was
significantly more common in patients with PDAC (p < 0.001).
The median length of stay was 11 days (range: 3-102 days). A
total of 18 (6.6%) patients were readmitted to hospital within
30 days of discharge. Nine (3.3%) patients died within 90 days
of their index procedure. Two patients developed early disease
recurrence and died with disseminated disease. One died of
intra-abdominal sepsis. One died with gastrointestinal haem-
orrhage. One died secondary to a splenic artery haemorrhage.

Table 3. Selected preoperative factors and their associations with morbidity (any complication), major morbidity (at least one complication Clavien-Dindo
grade Ill or higher), 90-day mortality and five-year survival (comorbidity refers to a preoperative diagnosis of diabetes mellitus, cardiovascular disease or

respiratory disease)

Preoperative variable/factor T 1117 p-value M‘aj.or p-value 90—c.iay p-value 5jyear p-value
(%) morbidity (%) mortality (%) survival (%)

Age (yr)
<66 69.1 0.698 173 >0.999 2.2 0.325 21.6 0.772
> 66 66.7 17.4 4.5 24.2

BMI (kg/m?)
<259 65.3 0.579 20.3 0.500 25 0.500 21.2 0.642
>259 69.5 16.1 5.1 246

Comorbidity
Pre-op comorbidity 70.7 0.297 133 0.055 2.7 0.519 213 0.662
No pre-op comorbidity 64.5 223 4.1 24.0

ASA grade
111 62.1 0.002* 13.0 0.009* 23 0.155 243 0.539
n-v 81.2 27.1 5.9 18.8

Pre-op bilirubin (umol/L)
<29 61.6 0.027* 11.6 0.016* 29 0.746 26.8 0.109
>29 744 233 3.8 18.0

Pre-op albumin (g/L)
<40 68.4 0.522 16.9 0.874 29 0.748 20.6 0.470
> 40 64.4 17.8 3.7 24.4

NLR
<3.1 61.8 0.037* 11.2 0.006* 2.2 0.334 25.7 0.245
> 3.1 741 237 4.4 19.3

Pre-op, preoperative; BMI, body mass index; ASA, American Society of Anesthesiologists; NLR, neutrophil lymphocyte ratio.

*Denotes statistical significance.
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One patient died secondary to hospital acquired pneumonia.
One patient developed multiorgan failure secondary to faecal
peritonitis caused by a stercoral perforation. For the remaining
two cases, the cause of death was unclear. Both patients un-
derwent a post-mortem examination. In one, the patient was
found to have an infarcted liver without other significant find-
ings. In the other case, the cause of death was not identified.

The median tumour size was 30 mm (range: 5-130 mm).
Patients with PDAC had significantly larger tumours (p <
0.001). Concerning resection margins, 101 (37.3%) patients had
no positive margins (R0), 166 (61.3%) had at least one positive
margin (R1) and four (1.5%) patients had an incomplete (R2)
resection. An RO resection was the most common in those with
AA (p <0.001). An R1 resection was most common in patients
with PDAC (p < 0.001). The median number of resected nodes
was 16 (range: 1-38). The median number of involved nodes
was 2 (range: 0-21). The number of involved nodes was signifi-
cantly higher in patients with PDAC (p < 0.001).

One hundred and eighty-four (67.9%) patients experienced at
least one complication and 47 (17.3%) experienced a CD grade
> IIT complication. A total of 401 postoperative complications
were recorded (Table 2). Of them, 109 (27.2%) were CD grade I,
214 (53.2%) were grade II, 52 (12.7%) were grade III, 18 (4.4%)
were grade IV and six (1.5%) were grade V. CR-POPF affected
22 (8.1%) cases (17 grade B and five grade C). Bile leak affected
11 (4.1%) cases (six grade A and five grade B). No patients expe-
rienced a gastrointestinal leak. PPH affected 25 (9.2%) patients
(three grade A, 13 grade B and ten grade C). Other common-
ly occurring complications included surgical site infection
(21.8%), chest infection (16.6%), intra-abdominal collection
(13.3%) and ileus (9.6%). Other complications of note included
cardiac arrythmia (5.9%) and chyle leak (4.3%).

When patients aged > 66 years (median age) were compared

Table 4. Postoperative treatment, recurrence and survival statistics

to those aged < 66 years, there was no significant difference in
overall morbidity (69.1% vs. 66.7%, p = 0.698), major morbidity
(17.3% vs. 17.4%, p > 0.999) or 90-day mortality (2.2% vs. 4.5%,
p = 0.325) (Table 3). The median was used as the cut-off so that
two equal sized groups could be compared. The same pattern
was observed concerning preoperative BMI and serum albu-
min. Patients with a preoperative bilirubin < 29 pmol/L less
often experienced morbidity (61.6% vs. 74.4%, p = 0.027) and
major morbidity (11.6% vs. 23.3%, p = 0.016). However, a pre-
operative bilirubin < 29 pmol/L did not affect 90-day mortality
(2.9% vs. 3.8%, p = 0.746). Similarly, those with a preoperative
neutrophil/lymphocyte ratio (NLR) < 3.1 had lower rates of
morbidity (61.8% vs. 74.1%, p = 0.037) and major morbidity
(11.2% vs. 23.7%, p = 0.006), but the difference in 90-day mor-
tality was not significant (2.2% vs. 4.4%, p = 0.334). Patients
with a preoperative diagnosis of diabetes mellitus (DM) or
cardiorespiratory disease had similar overall morbidity (70.7%
vs. 64.5%, p = 0.297), major morbidity (22.3% vs. 13.3%, p =
0.055) and 90-day mortality (2.7% vs. 4.1%, p = 0.519) to those
without these conditions. In contrast, an ASA grade of III-IV
correlated with increased overall morbidity (81.2% vs. 62.1%,
p =0.002) and major morbidity (27.1% vs. 13.0%, p = 0.009),
although the difference in 90-day mortality was not significant
(5.9% vs. 2.3%, p = 0.155).

A total of 151 (57.2%) patients received adjuvant chemothera-
py (Table 4). The median number of cycles was six (range: 1-12).
Of those who commenced adjuvant chemotherapy, 75.8% com-
pleted the planned course. Five-year cancer recurrence affected
68.3% of patients. Recurrence was significantly more frequent
among patients with PDAC than in those with AA (77.1% vs.
55.7%, p < 0.001). Among patients who developed recurrent
disease, the median time to diagnosis was nine months (range:
0-58 months). This was shortest among those with PDAC

Postoperative treatment/long-term outcome All patients (n =271) PDAC (n=157) AA (n=70) CC(n=44) p-value
Adjuvant chemotherapy received <0.001*
Yes 151 (57.2) 101 (65.6) 24 (35.3) 26 (61.9)
Unknown 7 3 2 2
Completed planned course 0.253
Yes 113 (75.8) 73(73.0) 17 (73.9) 23(88.5)
Unknown 2 1 1
5-year cancer recurrence 185 (68.3) 121 (77.1) 39 (55.7) 25 (56.8) 0.001*
Median time to recurrence in months (range) 9 (0-58) 7 (0-58) 16 (1-50) 11.5 (2-43) 0.017*
Palliative chemotherapy received” 0414
Yes 58(31.4) 34 (28.0) 15 (38.5) 9 (36.0)
Unknown 7 3 2 2
5-year survival 61 (22.5) 22 (14.0) 28 (40.0) 11 (25.0) 0.001*

Values are presented as number (%).

PDAC, pancreatic ductal adenocarcinoma; AA, ampullary adenocarcinoma; CC, cholangiocarcinoma.

*Patients who did not develop recurrent disease were excluded.
*Statistical significance.
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A Kaplan-Meier survival curves
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Fig. 2. (A) Survival curves by histology. (B) Time-to-recurrence curves by histology. PDAC, pancreatic ductal adenocarcinoma; AA, ampullary

adenocarcinoma; CC, cholangiocarcinoma.

(p = 0.02). Palliative chemotherapy was received by 31.4% of
patients that developed recurrent disease. Overall, five-year
survival was 22.5%. Five-year survival was lowest in PDAC
patients (14.0% vs. 40.0%, p = 0.001) and was not significantly
affected by age, BMI, preoperative comorbidities, ASA grade
or preoperative blood tests (Table 3). Estimated median time to
recurrence (p = 0.049) and estimated median overall survival (p
=0.001) were significantly lower in PDAC patients (Fig. 2).

DISCUSSION

This article describes the short- and long-term outcomes of
271 patients who underwent PD for histologically-confirmed
PDAC, AA or CC at a typical tertiary HPB unit in the UK
between September 2006 and May 2015 (inclusive). Few prior
articles have reported both surgical and long-term outcomes.
Our study could be compared to that of El Nakeeb et al. [11]
who studied PD cancer patients at an Egyptian centre between
1993 and 2017. The median age was considerably higher in our
study (66 vs. 54 years), which might reflect the more elderly
population of the UK. However, numbers of patients with
preoperative DM were similar (15.5% vs. 14.5%). In our study,
81.5% of patients underwent preoperative biliary drainage (vs.
51.1% in [11]). The median preoperative serum albumin was
the same for both studies (40 g/L). However, the median biliru-
bin was higher in the Egyptian study (40 pmol/L vs. 29 pmol/
L). Although similar numbers of patients received a pancrea-
to-gastrostomy in the two studies, a considerably higher pro-
portion of patients underwent a vascular resection in our study
(12.9% vs. 1.2%). The median tumour size was the same in both
studies. However, the median length of stay was considerably
longer in our study (11 days vs. 8 days). This might be because
healthcare is publicly funded in the UK. In our study, 8.1% of
patients developed a CR-POPF (vs. 7.2% in [11]), 19.9% devel-
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oped DGE (vs. 18.0% in [11]) and 7.3% developed a bile leak (vs.
4.1% in [11]). A similar number of patients in each study had an
unplanned return to theatre and five-year survival rates were
also similar.

The incidence of CR-POPF was slightly lower in our study
than in a recent systematic review (10.0%-25.9%) [12]. This
could be partly explained by the high proportion of patients
who received a pancreato-gastrostomy. However, a recent ran-
domised controlled trial did not suggest that pancreato-gas-
trostomy was more protective than pancreato-jejunostomy [13].
Our observed incidence rates for bile leak, PPH, cholangitis,
chyle leak and DGE were similar to those described in the lit-
erature [12]. No patients in our study developed a gastrojejunal
anastomotic leak. A recent systematic review suggested that
this complication affects 0.4%-1.2% of PD patients [12].

Prior studies have suggested that advanced age alone should
not be an absolute contraindication to PD [17,18]. Whilst some
authors have suggested older patients are at increased risk
of morbidity [14-16], others have shown that selected older
patients have similar perioperative and survival outcomes to
younger patients [17,18]. Our findings showed that older pa-
tients had similar overall morbidity, major morbidity and five-
year survival to younger patients. Although the 90-day mortal-
ity was slightly higher in older patients, this difference was not
significant. Whilst older patients should not be discriminated
against if they are fit, they might be less inclined to opt for
surgical management as there might be less of a perceived gain.
Additionally, previous studies have demonstrated that favour-
able outcomes in the elderly might have been affected by selec-
tion bias [17,18].

Obesity is associated with poor operative outcomes for a
number of reasons. However, a high BMI should not be a
contraindication to resection. Obese patients tend to have a
reduced residual capacity and are high risk for atelectasis and
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shunting [19]. These patients also have a high resting metabolic
rate, work of breathing and minute oxygen demand [19]. In ad-
dition, being overweight is often associated with hypertension,
increased cardiac workload and a prothrombotic state [20].
Finally, from a surgical point of view, access can be difficult
and a high amount of intra-abdominal adipose tissue can cause
further challenges. However, in our series, being overweight
did not appear to correlate with adverse outcomes. This finding
was unexpected. It was not consistent with the results of other
similar studies. Chen et al. [21] suggested that a BMI > 24 kg/m”
results in an increased risk of perioperative morbidity. Aoki
et al. [22] suggested a BMI > 25 kg/m’ correlates with grade C
POPF and major morbidity. El Nakeeb et al. [23] found BMI
> 25 kg/m® was associated with increased overall morbidity
and perioperative mortality [24,25]. Del Chiaro et al. [26] also
found that a BMI > 25 kg/m’ is associated with increased in-
tra-operative blood loss and increased risk of POPF. Greenblatt
et al. [27] concluded that a BMI > 25 kg/m? is a predictor of
overall morbidity, but not perioperative mortality. Interesting-
ly, some studies have shown that obese patients might have an
advantage when it comes to long-term outcomes. Tsai et al. [28]
have suggested that overweight and obese patients show better
five-year survival than patients with a healthy weight. Howev-
er, other similar studies have not observed this.

In our study, patients with a preoperative comorbidity (DM,
cardiovascular or respiratory disease) had similar short- and
long-term outcomes to those without these conditions. The
impact of DM on PD outcomes remains controversial. Deo et
al. [29] have found that preoperative DM does not affect surgi-
cal outcomes, although five-year survival is lower among dia-
betics. Since patients with diabetics are thought to have a soft
pancreas with a high fat content (both risk factors for POPF)
[29], it has been suggested they have a higher risk of developing
POPE. However, two recent meta-analyses have disputed this
[30,31]. Other studies have suggested that patients with diabe-
tes are high risk for developing delayed gastric emptying due
to vagal neuropathy and hyperglycaemia-induced reduction of
gastric emptying time [32], although this is also controversial.
Additionally, since long-term hyperglycaemia is thought to im-
pair immune function, some authors have suggested diabetics
are at increased risk of infective complications [33]. A recent
meta-analysis [30] has suggested this is not the case. The con-
clusions of this meta-analysis might reflect the greater degree
of care often shown for patients who are perceived to be at
increased risk (e.g., a surgeon may subconsciously pay more at-
tention during a high-risk case or put pressure on the intensive
care unit to keep hold of a patient rather than discharge them).

The impact of pre-existing cardiac disease on PD outcomes
is more clear-cut. Ronnekleiv-Kelly et al. [34] have found that
patients with a cardiac comorbidity are at an increased risk of
cardiac complications, major morbidity and mortality. Other
authors have reached similar conclusions [35,36]. To the best of
our knowledge, no studies have specifically investigated wheth-

er cardiac disease affects long-term survival. Very few studies
have investigated the impact of pre-existing respiratory comor-
bidities on PD outcomes. This is likely because few patients
with a significant respiratory comorbidity would be offered a
resection. Shia et al. [37] have found that patients with chronic
obstructive pulmonary disease have reduced 90-day survival.
Aoki et al. [22] have found that patients with respiratory dis-
ease have higher rates of major morbidity and POPF compared
to patients without these comorbidities.

In our study, ASA grade I-II patients were significantly less
likely to experience morbidity or major morbidity. However,
these patients had similar 90-day mortality and five-year sur-
vival rates to those with a high ASA grade. Similar findings
have been reported in the literature. Eeson et al. [38] have
found that ASA grade III patients have an increased risk of
perioperative mortality. However, this was not significant once
age was adjusted for. Whilst this study did not look at five-year
survival, ASA grade III patients had reduced median overall
survival than those with an ASA grade of I or II [38]. Other au-
thors have also found that increasing ASA grade is correlated
with additional morbidity risk [39,40].

We found that patients with high preoperative serum bili-
rubin levels more often experienced morbidity or major mor-
bidity. However, this did not affect 90-day mortality or five-
year survival. Scheufele et al. [41] have found that bilirubin
level does not affect overall morbidity or long-term survival.
Pamecha et al. [42] reached similar conclusions, although se-
verely jaundiced patients had increased intraoperative blood
loss. Wang et al. [43] have also found that bilirubin level does
not affect long-term outcomes, although severely jaundiced
patients have higher rates of infective complications. A number
of theories have been put forward to try and explain why this
might be. Firstly, biliary stasis favours microbial proliferation
in a normally sterile site. In addition, increased pressure within
the biliary tree can lead to retrograde flow of bile and provide
a route for organisms to enter the systemic circulation [44].
Furthermore, the synthetic function of hepatocytes may be af-
fected, resulting in impaired immune function [44].

Neutrophils are the most abundant type of lymphocytes.
Neutrophilia has long been associated with poor outcomes
for cancer patients. It is thought that neutrophilia along with
sustained inflammation may promote angiogenesis, tum-
origenesis and metastasis, thus protecting cancer cells from
immune-mediated destruction [45]. Lymphopenia occurs in
many types of cancer. It is associated with an immunocompro-
mised state. It is thought to correlate with poor outcomes due
to an impaired response to tumour cells and an increased risk
of infective complications [46]. Whilst the mechanism behind
this impaired response is poorly understood, a high NLR has
been shown to correlate with poor short- and long-term PD
outcomes [47,48], although the clinical implications of a high
NLR are currently unknown. Our results showed that patients
with a NLR > 3.1 more often experienced morbidity and major
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morbidity. However, a NLR > 3.1 did not affect 90-day mortal-
ity or five-year survival. Other authors have also observed this.
Arikan et al. [47] have found that those with a high NLR show
increased morbidity rates and are more likely to develop POPF.
Other authors have reached similar conclusions [49-51]. Unlike
in our study, some prior studies have shown that a high NLR is
associated with reduced overall survival [48]. We did not ob-
serve this. This may be because of the low number of patients
that achieved five-year survival.

Our study has several limitations. It was a single centre, ret-
rospective study with a relatively small sample size. Additional-
ly, due to a long study period (some cases were performed as far
back as 2006), practice likely changed significantly during the
study window. This fact, along with the definitions used might
help explain the relatively high number of PDAC patients
with a positive resection margin status. Patient selection and
surgical techniques have likely improved considerably since
2006. When investigating the impact of the selected variables
on perioperative and long-term outcomes, we were not able to
consider all relevant variables or the impact of potential con-
founding factors. The selected variables were chosen as infor-
mation on these were collected as part of the RAW study. Thus,
other important factors were not considered. We were unable
to perform independent analyses due to the small sample size.
Our analysis was also affected by the fact that a relatively low
number of patients achieved five-year survival. However, our
dataset is robust and few other studies have reported on both
surgical and five-year outcomes.

In our series, most PD patients developed at least one com-
plication. However, few experienced major morbidity. Rates
of CR-POPF, bile leak, gastrojejunal leak, PPH and DGE were
8.1%, 4.1%, 0.0%, 9.2%, and 19.9%, respectively. ASA grade III-
IV patients and those with a high preoperative bilirubin and/
or NLR more often experienced morbidity and/or major mor-
bidity. Five-year recurrence and survival rates were 68.3% and
22.5%, respectively. The preoperative variables analysed in this
study did not affect five-year survival. Surgeons who perform
PD should have a sound understanding of figures quoted to
guide patient selection and the consenting process.
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