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INTRODUCTION

Patients with resectable pancreatic head malignancy without 
metastases may be offered pancreatoduodenectomy (PD) with 
curative intent. However, only one in seven PD patients with a 
pancreatic ductal adenocarcinoma (PDAC) is alive five years 
after their resection [1]. The standard preoperative workup 
includes a computed tomography (CT) scan of the chest, abdo-
men and pelvis to accurately stage the disease [2], but some pa-
tients require additional preoperative investigations. If distant 
metastases cannot be ruled out by CT alone, positron emission 
tomography (PET-CT) is indicated [3]. Further, patients with 
indeterminate liver lesions may require magnetic resonance 
imaging (MRI) [4] and those with suspected peritoneal metas-
tases may undergo staging laparoscopy (SL) [5]. In addition, if 
CT is unable to characterize a pancreatic lesion, or if further 
information is required from a biopsy or cytology, endoscopic 
endoscopic ultrasound (EUS) can provide clarity [6]. While 
preoperative biliary stenting (PBS) is no longer recommended 
in patients with uncomplicated obstructive jaundice, it is nec-
essary in some patients and PBS complications can delay PD [7]. 
In some instances, serious complications can result in a surgi-
cal resection being canceled altogether.

Since PDAC is an aggressive malignancy [8], there is only a 

narrow window of opportunity for treatment before the tumor 
becomes unresectable or metastases develop [9]. Therefore, 
patients should undergo a timely PD once the decision to offer 
a resection has been made. However, current British guidelines 
do not specify the ideal timing of PD [10]. All of the investiga-
tions mentioned above have the potential to cause a delay, and 
patients who experience a significant delay should arguably 
undergo a repeat preoperative CT to ensure that their disease 
remains surgically resectable [9], and ensure they do not un-
dergo major surgery which is unlikely to provide a survival 
benefit [11]. Using a large multicentre cohort of PD patients 
with PDAC, this study aimed to investigate if a delay in the 
time from staging CT to resection, as dictated by required 
further investigations, affected survival. We also aimed to de-
termine if the investigations mentioned above were associated 
with a delayed resection, and compare radiological and histo-
logical staging to investigate concordance.

Backgrounds/Aims: Pancreatoduodenectomy (PD) is recommended in fit patients with a carcinoma (PDAC) of the pancreatic head, 
and a delayed resection may affect survival. This study aimed to correlate the time from staging to PD with long-term survival, and 
study the impact of preoperative investigations (if any) on the timing of surgery.
Methods: Data were extracted from the Recurrence After Whipple’s (RAW) study, a multicentre retrospective study of PD outcomes. 
Only PDAC patients who underwent an upfront resection were included. Patients who received neoadjuvant chemo-/radiotherapy 
were excluded. Group A (PD within 28 days of most recent preoperative computed tomography [CT]) was compared to group B (> 28 
days).
Results: A total of 595 patents were included. Compared to group A (median CT-PD time: 12.5 days, interquartile range: 6–21), group 
B (49 days, 39–64.5) had similar one-year survival (73% vs. 75%, p = 0.6), five-year survival (23% vs. 21%, p = 0.6) and median time-to-
death (17 vs. 18 months, p = 0.8). Staging laparoscopy (43 vs. 29.5 days, p = 0.009) and preoperative biliary stenting (39 vs. 20 days, p < 
0.001) were associated with a delay to PD, but magnetic resonance imaging (32 vs. 32 days, p = 0.5), positron emission tomography (40 
vs. 31 days, p > 0.99) and endoscopic ultrasonography (28 vs. 32 days, p > 0.99) were not.
Conclusions: Although a treatment delay may give rise to patient anxiety, our findings would suggest this does not correlate with 
worse survival. A delay may be necessary to obtain further information and  minimize the number of PD patients diagnosed with ear-
ly disease recurrence.
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MATERIALS AND METHODS

Patients were included if they underwent PD for histological-
ly-confirmed PDAC at one of twenty-nine participating centers 
between June 1st, 2012 and May 31st, 2015. The study involved 
nineteen centers from the UK, three from Spain, two from Ita-
ly, and one from Australia, Austria, Mexico, Pakistan, and Su-
dan (Appendix 1). The end date of May 31st, 2015 was selected 
so that five-year follow-up data was available for all the includ-
ed patients (except those who died within five years of PD). The 
data was collected from physical and electronic patient records 
at each participating unit and uploaded onto an electronic 
REDCap (v11.0.3; Nashville, TN, USA) database. The follow-
ing information was collected: demographics, preoperative 
investigations, histology results, adjuvant treatment (if any), 
and five-year outcomes (actual recurrence and survival rates). 
Data on patient signs/symptoms and preoperative assessment 
(excluding staging) were unavailable. As the research period 
was from 2012–2015, both radiological and histological staging 
were performed using the seventh edition of the TNM classi-
fication system [12]. For this sub-study, patients who received 
neoadjuvant chemotherapy and/or neoadjuvant radiotherapy 
were removed. Also excluded were those in whom radiological 
staging was not performed for PDAC (either not recorded or 
another malignancy was suspected) and those in whom the 
exact date of the preoperative staging CT was unknown/not  
recorded.

This study was approved by Greater Manchester South Re-
search Ethics Committee as part of the Recurrence After Whip-
ple’s (RAW) study and University Hospitals Plymouth NHS  
Trust Research and Development Department (IRAS ID: 

280423; REC reference: 20/NW/0397). The study was also sup-
ported by the collaborating centers’ research and development 
departments and adhered to the standards laid down in the 
Declaration of Helsinki (revised 2013).

Statistical methods
The patients were divided into those who underwent PD 

within 28 days of their most recent preoperative CT (group 
A) and those who did not (group B). The figure of 28 days was 
chosen arbitrarily as this seemed reasonable (British guidelines 
do not advise on the exact timing of PD) [10]. Univariable tests 
were performed to compare the groups. Distributions were 
compared using the Mann–Whitney U test, and proportions 
were compared using Fisher’s exact test. Among those who 
did not achieve five-year survival, times to death (both time 
from PD to death, and time from staging CT to death) were 
compared using the Kaplan-Meier method. The patients were 
categorized into those who underwent preoperative MRI/PET-
CT/EUS/SL/PBS, and those who did not. The groups were 
compared by median time from CT to PD using the Mann–
Whitney U test. Following this, radiological staging results 
were compared to those obtained after histological staging us-
ing the Mann–Whitney U test (distributions) and Fisher’s exact 
test (all other comparisons). Categorical data are presented as 
frequency counts, with associated percentages, and continuous 
data are presented as medians, with interquartile range (IQR). 
A p -value < 0.05 was considered significant. Analyses were 
performed using Microsoft Excel (v2013; Microsoft), GraphPad 
Prism (v9.3.1; GraphPad Software), and IBM SPSS Statistics 
(v25; IBM Corp.). See table legends for specific details.

Fig. 1. Cohort flow diagram. AA, ampullary 
adenocarcinoma; CC, cholangiocarcinoma; 
CT, computed tomography; PD, pancreato-
duodenectomy; PDAC, pancreatic ductal 
adenocarcinoma.

Assessed for eligibility (n = 3,705)

Eligible patients (n = 1,493)

Included patients (n = 595)

Excluded by collaborating centers (n = 2,212)
Primary procedure was not PD (n = 307)
PD was not performed in study window (n = 764)
Histology other than PDAC, AA or CC (n = 713)
Patient lost to follow-up before five-year post PD

(n = 289)
Medical records lost/destroyed/no longer available

for review (n = 114)
Other (n = 25)

Excluded by lead center following dataset preparation
for analysis (n = 898)

Record incomplete/inadequate (n = 62)
Histological diagnosis of AA or CC (n = 576)
Patient received neoadjuvant chemotherapy and/or

neoadjuvant radiotherapy (n = 46)
Preoperative radiological staging not performed for

PDAC or other malignancy suspected (n = 201)
Date of pre-op staging CT unknown/not recorded

(n = 13)
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Table 1. Demographics, radiological staging, preoperative investigations/interventions, postoperative histological findings and actual five-year 
recurrence/survival

Variable Value

Median age in years (IQR) 68 (13)
Female sex 284 (47.7)
Median tumor size on pre-op CT in mm (IQR) 27 (14)
   Unknown/not recorded 162 (27.2)
Radiological T stage on pre-op CT (unknown/not recorded in 15 cases*)
   T1 117 (20.2)
   T2 229 (39.5)
   T3 152 (26.2)
   T4 12 (2.1)
   Tx 70 (12.1)
Radiological N stage on pre-op CT (unknown/not recorded in 15 cases*)
   N0 381 (65.7)
   N1 158 (27.2)
   Nx 41 (7.1)
Median time from CT to PD in days (IQR) 32 (38)
Underwent pre-op MRI 149 (25.0)
Median time from CT to MRI in days (IQR) 4 (15)
Median time from MRI to PD in days (IQR) 34 (40.5)
Underwent pre-op PET-CT 27 (4.5)
Median time from CT to PET-CT in days (IQR) 20 (13)
Median time from PET-CT to PD in days (IQR) 27.5 (36)
Underwent pre-op EUS 200 (33.6)
Did the EUS biopsy/cytology sample confirm malignancy? (n = 200; unknown: 14*)
   Yes 122 (65.6)
   No 36 (19.4)
   No biopsy/cytology sample taken 28 (15.1)
Median time from CT to EUS in days (IQR) 13 (27)
Median time from EUS to PD in days (IQR) 27 (36)
Underwent pre-op staging laparoscopy 62 (10.4)
Median time from CT to staging lap. in days (IQR) 29.5 (20)
Median time from staging lap. to PD in days (IQR) 9.5 (17)
Underwent PBS 347 (58.3)
Median tumor size in mm (IQR) 30 (13)
Histological T stage (unknown/not recorded in 2 cases*)
   T1 41 (6.9)
   T2 64 (10.8)
   T3 470 (79.3)
   T4 15 (2.5)
   Tx 3 (0.5)
Histological N stage (unknown/not recorded in 1 case*)
   N0 135 (22.7)
   N1 457 (76.9)
   Nx 2 (0.3)
Resection margin (R) status (unknown/not recorded in 45 cases*)
   R0 241 (43.8)
   R1 289 (52.5)
   R2 20 (3.6)
Actual five-year cancer recurrence (unknown/not recorded in 1 case*) 415 (69.9)
Actual five-year survival (unknown/not recorded in 1 case*) 130 (21.9)

Values are presented as number (%) unless otherwise indicated.
CT, computed tomography; EUS, endoscopic ultrasound; IQR, interquartile range; MRI, magnetic resonance imaging; PBS, preoperative biliary stenting; 
PD, pancreatoduodenectomy; PET, positron emission tomography.
*Not included in percentages.
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Table 2. Patients who underwent PD within 28 days of their preoperative staging CT (timely PD) vs. those who did not (delayed PD)

Variable Timely PD Delayed PD p-value

Number of patients 270 316 -
Median age in years (IQR) 68 (12) 68 (13) 0.476
Female sex 139 (51.5) 140 (44.3) 0.097
Radiological tumor size in mm (IQR) 27 (15) 26 (14) 0.472
Radiological T stage
   T1 58 (21.6) 58 (19.1) 0.468
   T2 108 (40.1) 115 (38.0) 0.606
   T3 71 (26.4) 81 (26.7) > 0.999
   T4 9 (3.3) 3 (1.0) 0.076
   Tx 23 (8.6) 46 (15.2) -
   Unknown 1a) 13a) -
Radiological N stage
   N0 179 (66.8) 194 (64.0) 0.538
   N1 71 (26.5) 87 (28.7) 0.575
   Nx 18 (6.7) 22 (7.3) -
   Unknown 2a) 13a) -
Underwent pre-op MRI 66 (24.4) 79 (25.0) 0.924
Underwent pre-op PET-CT 8 (3.0) 19 (6.0) 0.112
Underwent pre-op EUS 99 (36.7) 98 (31.0) 0.161
Underwent pre-op staging laparoscopy 16 (5.9) 43 (13.6) 0.0023*
Underwent PBS 123 (45.6) 219 (69.3) < 0.001*
Histological tumor size in mm (IQR) 30 (13) 30 (15) 0.0101*
Histological T stage
   T1 26 (9.7) 14 (4.4) 0.0139*
   T2 42 (15.6) 20 (6.3) 0.0004*
   T3 195 (72.5) 269 (85.4) 0.0001*
   T4 5 (1.9) 10 (3.2) 0.433
   Tx 1 (0.4) 2 (0.6) -
   Unknown 1a) 1a) -
Histological N stage
   N0 70 (25.9) 63 (20.0) 0.093
   N1 199 (73.7) 251 (79.7) 0.095
   Nx 1 (0.4) 1 (0.3) -
   Unknown 0 (0) 1a) -
Resection margin (R) status
   R0 127 (49.2) 110 (38.5) 0.0095*
   R1 120 (46.5) 167 (58.4) 0.010*
   R2 11 (4.3) 9 (3.1) 0.502
   Unknown 12a) 30a) -
Actual one-year survival 197 (73.0) 238 (75.3) 0.570
Actual five-year recurrence 190 (70.4) 219 (69.3) 0.857
Actual five-year survival 63 (23.3) 65 (20.6) 0.558

Values are presented as number (%) unless otherwise indicated.
Nine patients had to be excluded from this sub-analysis as their exact CT date was unknown (only the month of the scan was known). Where data were 
missing, cases were excluded from the relevant sub-analyses (see Table 1). Statistics: Mann–Whitney U test: medians/distributions, Fisher’s exact test: 
proportions.
PD, pancreatoduodenectomy; CT, computed tomography; EUS, endoscopic ultrasound; IQR, interquartile range; MRI, magnetic resonance imaging; PET, 
positron emission tomography; CT, computed tomography; PBS, preoperative biliary stenting.
*Denotes statistical significance.
a)Not included in percentages (due to missing data).
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RESULTS

Of the 1,493 potentially eligible patients (Fig. 1), 62 patients 
were excluded as their records were incomplete, 46 were ex-
cluded as they received neoadjuvant chemotherapy and/or ra-
diotherapy, and 201 were excluded because radiological staging 
was not performed for PDAC. A further thirteen patients were 
excluded as the date of their most recent preoperative CT was 
unknown/not recorded. In total, 595 patients were included in 
the final analysis. The median patient age was 68 years (IQR: 
13 years) and 47.7% were female (Table 1). The median tumor 
size on staging CT was 27 mm (IQR: 14 mm). Concerning ra-
diological staging, 20.2%, 39.5%, 26.2%, 2.1%, and 12.1% were 
T1, T2, T3, T4, and Tx, respectively, and 65.7%, 27.2%, and 7.1% 
were N0, N1, and Nx, respectively. The median time from CT 
to PD was 32 days (IQR: 13–50 days). In total, 25.0%, 4.5%, 
33.6%, 10.4%, and 58.3% of patients underwent preoperative 
MRI (type not specified), PET-CT, EUS, SL, and PBS, respec-
tively. Table 1 outlines the median time from CT to these in-
vestigations, and from these investigations to PD. Of those who 
underwent EUS, 65.6% had a biopsy/cytology sample which 
confirmed malignancy, 19.4% had a sample that could not con-
firm a malignancy, and 15.1% had no sample taken. Regarding 
histological staging, 6.9%, 10.8%, 79.3%, and 2.5% of patients 
were T1, T2, T3, and T4, respectively, and 22.7% and 76.9% 
were N0 and N1, respectively. Actual five-year cancer recur-
rence was 69.9% and actual five-year survival was 21.9%.

In total, 46% of patients (n = 270) underwent PD within 28 

days of their most recent preoperative CT (group A), and 54% 
(n = 316) did not (group B). These groups exclude nine cases 
where the exact date of the most recent preoperative CT and 
PD were not specified (these included only the month and 
year). The two groups were similar in age, sex, radiological tu-
mor size, and radiological staging (Table 2). Comparable num-
bers in each group underwent preoperative MRI, PET-CT, and 
EUS. However, SL (5.9% vs. 13.6%, p = 0.0023) and PBS (69.3% 
vs. 45.6%, p < 0.001) were significantly more common in group 
B. Postoperatively, patients in group A were more often T1–2 
(25.3% vs. 10.7%, p < 0.001) and had more often undergone a 
complete (R0) resection (49.2% vs. 38.5%, p = 0.0095). Howev-
er, actual one-year survival, five-year recurrence and five-year 
survival rates were similar, as was the median time from PD to 
death (17 vs. 18 months, p = 0.8) and the median time from the 
most recent preoperative CT to death (18 vs. 21 months, p = 0.9) 
(Fig. 2). In addition, the rate of PDAC recurrence was 70% in 
both groups (p = 0.09).

The patients who underwent preoperative MRI or EUS had 
similar median times from CT to PD as those who did not (Ta-
ble 3). Having a PET-CT delayed surgery by a median of nine 
days, but this was not significant (p = 0.08). SL and PBS were 
associated with a median increase of 14 (p = 0.009) and 19 days 
(p < 0.001) to PD, respectively. Table 4 compares the included 
patients’ preoperative radiological staging to their postoper-
ative histological staging. Following histological staging (vs. 
radiological), patients were significantly less likely to be T1–2 
(17.7% vs. 59.7%) or N0 (22.7% vs. 65.7%, both p < 0.001).

Fig. 2. Kaplan-Meier survival curves which compare those who underwent PD within 28 days of radiological staging to those who did not. Patients who 
achieved five-year survival were excluded from this sub-analysis. PD, pancreatoduodenectomy; CI, confidence interval; CT, computed tomography.

0

1.0

0.8

0.6

0.4

0.2

1,500

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

Time since PD (days)

Time to death: PD within 28 days of
preoperative staging CT (blue) vs > 28 days (red), = 0.753p

0

1.0

0.8

0.6

0.4

0.2

2,000

C
u
m

u
la

ti
v
e

s
u
rv

iv
a
l

Time since most recent staging CT (days)preoperative

Time to death: PD within 28 days of
staging CT (red) vs > 28 days (blue), = 0.885preoperative p

1,5001,000500

Med. days from PD to death (95% CI) Med. days from staging CT to death (95% CI)

PD < 28 days from staging CT

PD > 28 days from staging CT

Overall

513 (437 589)

541 (484 598)

530 (485 575)

525 (445 605)

617 (567 667)

578 (531 625)

500 1,000 2,000



Pancreatoduodenectomy workup and survival

www.ahbps.org

409

DISCUSSION

Timing of surgery and survival
In our multicentre study, patients with PDAC who under-

went resection within 28 days of their latest preoperative CT 
had similar survival to those who did not. This was although 
an R0 resection was more common among the former. While a 
complete resection correlates with improved survival, patients 
who undergo an incomplete resection have similar survival 
to those with metastatic disease [4]. Hence, patients should be 
spared PD if a complete resection is unlikely. Patients must be 
staged promptly so those who might benefit from PD are iden-
tified as soon as possible. However, our study suggests that the 
time from CT to PD is unimportant for long-term outcomes.

While those in the delayed group had more advanced histo-
logic disease and higher rates of incomplete resection (which 
we would hypothesize was due to the delay), surprisingly, this 
did not correlate with reduced one- or five-year survival or 

reduced time to death. Therefore, our data would not support 
the re-scanning of patients who do not undergo surgery within 
28 days of CT. We were surprised by the findings, so we re-
peated our study using a threshold of 56 days. Again, patients 
in the “delayed PD” group had similar long-term outcomes 
to those in the “timely PD” group. It is possible that patients 
who undergo a timely PD might be at greater risk of very early 
recurrence if they only undergo CT and not more sensitive mo-
dalities. This might help to explain our findings. Future studies 
which are specifically designed to investigate this phenomenon 
are required.

Comparison with other data
British guidelines do not specify when PD should be per-

formed relative to the most recent preoperative CT (hence, we 
used an arbitrary cut-off of 28 days) [13]. Dutch national guide-
lines suggest that treatment should occur within three weeks of 
the multidisciplinary team (MDT) meeting where the decision 
to offer PD is made. While this is not evidence-based, it would 
seem a common-sense approach. Having said this, Steen et al. 
[14], using Dutch national data (n = 2,027), grouped patients (all 
periampullary tumors) into those who underwent PD within 
18 days (33%) of the MDT meeting, those who underwent PD 
within 19–32 days (33%), and those who waited 33 days or 
more (34%). The three groups’ overall survival and complete 
resection rates were similar [14]. The authors concluded that a 
longer interval between the last MDT meeting and PD did not 
decrease overall survival. Unfortunately, our dataset did not 
include MDT meeting dates so we could not make compari-
sons. In addition, we could not consider the timing of patient’s 
signs/symptoms as the relevant data were not collected as part 
of the RAW study.

MRI
Since it is less readily available, most patients do not undergo 

MRI preoperatively. MRI tends to be used as a supplementary 
modality [15]. A quarter of the patients in our study underwent 

Table 3. The studied preoperative investigations/interventions and the 
median time from preoperative staging CT to PD

Investigation/ 
intervention

Median time (days) from 
CT to PD:  

investigation vs.  
none (IQR)

p-value

MRI 32 (37) vs. 31 (37) 0.548
PET-CT 40 (27) vs. 31 (37) 0.084
Endoscopic ultrasound 28 (38) vs. 32 (37.5) 0.989
Staging laparoscopy 43 (27) vs. 29.5 (36.5) 0.00896*
Pre-op biliary stenting 39 (33) vs. 20 (32) < 0.001*

If data were missing, cases were excluded from the relevant sub-analysis. 
All comparisons were made using the Mann–Whitney U test.
CT, computed tomography; PD, pancreatoduodenectomy; IQR, inter-
quartile range; MRI, magnetic resonance imaging; PET, positron emission 
tomography.
*Denotes statistical significance.

Table 4. Comparing preoperative radiological staging to the postoperative histological staging

Variable Radiological Histological OR (95% CI) p-value

Medians tumor size in mm (IQR) 27 (14) 30 (13) - < 0.001*
Histological stage
   T1 117 (22.9) 41 (6.9) 3.4 (2.3–5.0) < 0.001*
   T2 229 (44.9) 64 (10.8) 5.4 (4.0–7.4) < 0.001*
   T3 152 (29.8) 470 (79.7) 0.1 (0.1–0.1) < 0.001*
   T4 12 (2.4) 15 (2.5) 0.8 (0.4–1.8) 0.698
   N0 381 (65.7) 135 (22.7) 6.5 (5.0–8.4) < 0.001*
   N1 158 (27.2) 457 (76.9) 0.1 (0.1–0.1) < 0.001*

Values are presented as number (%) unless otherwise indicated.
Medians compared using the Mann–Whitney U test. All other comparisons were made using Fisher’s exact test. If data were missing, cases were excluded 
from the relevant sub-analysis.
IQR, interquartile range; OR, odds ratio; CI, confidence interval.
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preoperative MRI. A recent study by Deng et al. [16] (n = 132) 
showed that the accuracy of MRI for the evaluation of T and N 
stages was 83% and 74%, respectively, and the sensitivity and 
specificity of MRI in assessing resectability were 94% and 71%, 
respectively. Using the eighth edition of the TNM staging clas-
sification, no significant differences were observed between the 
preoperative MRI and postoperative staging findings.

In our study, preoperative MRI did not correlate with a de-
lay to PD. In addition, patients undergoing delayed PD were 
no more likely to have undergone MRI, if there is diagnostic 
uncertainty surrounding resectability status, MRI should be 
considered as this modality can detect liver metastases not seen 
by conventional CT. As well as characterizing pancreatic lesions 
with greater detail compared with CT, MRI (along with PET-CT 
and/or EUS) may have a role for reducing the number of patients 
diagnosed with very early recurrence following PD for PDAC.

PET-CT
PET-CT can be useful for ruling out metastases before resec-

tion [3]. PET-CT is now recommended in those with resectable 
disease. It has a similar sensitivity to CT and MRI, and sig-
nificantly higher specificity and accuracy [15]. Prior authors 
have argued that combining PET-CT with CA19-9 could fur-
ther enhance its diagnostic efficiency [15]. In a multi-center 
Chinese study (n = 467), the joint application of PET-CT and 
CA19-9 significantly enhanced diagnostic efficiency compared 
with PET-CT alone (sensitivity: 97% vs. 91%, p = 0.0003; spec-
ificity: 100% vs. 96%, p = 0.005) [15]. Other recent studies have 
demonstrated PET-CTs ability to stop patients undergoing PD 
unnecessarily [3]. In our study, just 5% of patients underwent 
preoperative PET-CT, and the time from staging CT to PD was 
a median of nine days longer (median) in this group. Although 
this was not significant, the small sample size may explain this. 
Additionally, twice as many patients in group B had undergone 
preoperative PET-CT. Again, this was not significant, likely 
due to the small numbers involved.

Endoscopic ultrasound
EUS is an endoscopic imaging modality which can provide 

high resolution spatial images. It is particularly useful for eval-
uating small pancreatic lesions because the proximity of the 
transducer and the pancreas enables magnified imaging, which 
minimizes the influence of bowel gas and adipose tissue [6]. 
EUS is more sensitive, specific and accurate than CT in detect-
ing pancreatic lesions [17], particularly small diameter lesions 
[18]. EUS also provides the option of fine needle aspiration 
and fine needle biopsy. These techniques can help confirm a 
diagnosis and rule out malignancy e.g. , if there are suspicious 
liver lesions [6]. Further, in selected patients who become un-
well secondary to biliary obstruction, EUS can assist with PBS 
when conventional techniques have failed [6]. However, EUS is 
operator-dependent and resource-intensive. In addition, it can 
also cause complications (e.g., pancreatitis), which might delay 

PD. Therefore, it should only be carried out when there is a 
clear indication.

In our study, a third of the included patients underwent EUS 
before PD. Of these, 77% had a biopsy/cytology sample which 
confirmed malignancy. The patients with a positive biopsy had 
a shorter median time from CT to PD (16 vs. 55 days, p < 0.001) 
and a shorter median time from EUS to PD (20.5 vs. 35 days, 
p = 0.0003) than those with a negative biopsy/one which could 
not confirm malignancy. However, actual five-year survival 
was similar in the two groups (28.1% vs. 25.0%, p = 0.8). EUS 
was not associated with a delay to PD, and group B patients 
were no more likely to have undergone EUS.

Staging laparoscopy
SL can help to identify hepatic or peritoneal metastases that 

are not obvious following conventional imaging. This can 
prevent unnecessary PD and assist with the early initiation 
of palliative therapy. Suspicious lesions can also be biopsied 
[5]. Ashraf [5] studied 120 patients who underwent SL before 
a planned PD and found that the plan for a curative resection 
changed in five patients. In our study, SL correlated with a me-
dian increase in time from CT to PD of 14 days. In addition, 
a higher proportion of patients in group B had undergone SL. 
The patients who underwent SL were no more likely to have 
undergone preoperative MRI (32% vs. 24%, p = 0.2) or EUS 
(24% vs. 35%, p = 0.1) than those who did not. However, this 
group had more often undergone PET-CT (10% vs. 4%, p = 
0.052) and/or PBS (79% vs. 56%, p = 0.0004). Although the 
former was not significant, this likely reflects the small sample 
size. Therefore, the delay in patients who underwent SL can 
partly be explained by the fact that these patients were more 
likely to have undergone other preoperative investigations. The 
SL patients may represent a more complex group. This may 
partly explain the association with a delay to PD. Unfortu-
nately, we do not know whether frozen section was performed 
during SL, as our dataset did not include this information.

Preoperative biliary stenting
PBS is now only recommended in patients with a clear indi-

cation e.g., those with biliary sepsis or an acute kidney injury 
secondary to biliary obstruction. Multiple studies have shown 
that routine PBS is not associated with improved short- or 
long-term outcomes [7]. In contrast, it correlates with a higher 
incidence of infectious complications and higher treatment 
costs [19]. As a result, an upfront surgical approach is preferred. 
In our study, the patients who underwent PBS had their opera-
tion 19 days later (median) than those who did not. In addition, 
PBS was more common in group B. Those who underwent PBS 
were no more likely to have undergone MRI (26% vs. 24%, p = 
0.7) or PET-CT (5% vs. 4%, p = 0.8), and this group underwent 
EUS less frequently (28% vs. 41%, p = 0.001). Therefore, other 
preoperative investigations did not account for the delay asso-
ciated with PBS.
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Radiological vs. histological staging
Our study found a low degree of concordance between pre-

operative radiological and postoperative histological staging. 
Patients were more likely to have early disease on the former 
and more advanced disease on the latter. While the reasoning 
behind this is unclear, our data might suggest that the radio-
logical staging system used tended to understage PDAC. This 
highlights the difficulties radiologists face when attempting to 
characterize lesions using CT alone and underlines the impor-
tance of other preoperative investigations which can provide 
further information and allow a more complete assessment. In-
deed, the radiological difficulties associated with TNM staging 
in pancreatic cancer are well recognized [20]. The TNM classi-
fication system has been updated since the research period so 
the figures obtained are now of limited relevance.

The radiological stage was similar in groups A and B. How-
ever, patients in the latter less often had T1 tumors (4% vs. 
10%, p = 0.02) and more often had T3 tumors (85% vs. 73%, p 
= 0.0001). This did not affect long-term outcomes as the actual 
one- and five-year survival rates were similar. It is unclear why 
patients who waited longer for their PD had similar survival 
despite more often having an incomplete resection or a more 
advanced tumor (both of these are well recognized poor prog-
nostic factors [1]). One potential explanation is that a preoper-
ative delay allows those with low volume metastatic disease to 
be identified and removed from the resected population. Since 
our dataset only contained patients who underwent PD, we are 
not able to explore this further.

Limitations
Our study has several limitations, as it was originally set up 

to investigate cancer recurrence patients after PD. Firstly, it has 
the inherent weaknesses and biases associated with a retrospec-
tive study, and there were no controls or comparators. Second-
ly, a not insignificant proportion of patients had to be excluded 
for practical reasons (Fig. 1); this is another potential source of 
bias. Of those excluded after the initial screen, just 18% were 
removed as they were lost to follow-up or because their clinical 
records were unavailable (it was impossible to include these re-
cords as this data was not collected as part of the RAW study). 
Although this is a considerable proportion, we have no reason 
to believe that including these records would have significantly 
affected our findings. Thirdly, the RAW study was designed 
to study PD outcomes and the timing of surgery relative to 
radiological staging was not a primary outcome measure. To 
perform similar comparisons, we had to exclude many patients 
form the dataset, e.g., those who received neoadjuvant therapy, 
those in whom the exact staging CT or PD date was unknown, 
and those who were initially diagnosed with a suspected am-
pullary adenocarcinoma or cholangiocarcinoma. However, of 
the 808 PDAC patients eligible for inclusion, 595 (74%) were 
included.

Fifth, while we have demonstrated a relationship between 

SL/PBS and delayed PD, we accept that there are potential 
confounders. Sixth, since our study was set up to investigate 
recurrence patterns, all of the included patients underwent PD. 
Therefore, we could not determine the number of patients who 
avoided an unnecessary resection. Seventh, our data is historic 
and practice has evolved since the research period, e.g., staging 
is now performed using the eighth edition of the TNM classifi-
cation system and some of the studied investigations, particu-
larly EUS and PET-CT, are now more readily available. Howev-
er, this does not detract from our core message and we feel our 
conclusions remain valid. Finally, our dataset did not include 
the indication for the preoperative investigations performed or 
whether a frozen section was performed at the time of SL. This 
was entirely at the discretion of the treating team.

Conclusion
In our multicentre study, PDAC patients who received timely 

PD (relative to their most recent preoperative CT) had similar 
survival to those who did not. Our dataset would not support 
the re-scanning of patients who do not undergo PD within 28 
days of CT. SL and PBS both correlated with a delay to PD, but 
the other studied investigations did not. Preoperative MRI, 
PET-CT and EUS should be performed whenever there is di-
agnostic uncertainty to ensure that PD is not carried out inap-
propriately. The additional information obtained from these 
investigations may reduce the number of patients diagnosed 
with very early recurrence following PD.
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