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Abstract 

Objectives 

Diabetes mellitus (DM) has a complex relationship with pancreatic cancer. This study 

examines the impact of preoperative DM, both recent-onset and pre-existing, on long-term 

outcomes following pancreatoduodenectomy (PD for pancreatic ductal adenocarcinoma 

(PDAC).    

 

Methods 

Data were extracted from the Recurrence After Whipple's (RAW) study, a multi-centre cohort 

of PD performed for pancreatic head malignancy (2012-2015). Recurrence and five-year 

survival rates of patients with DM were compared to those without. A subgroup analysis was 

also performed to compare patients with recent-onset DM (less than one year) to patients 

with established DM.  

 

Results 

Out of 758 patients that were included, 187 (24.7%) had DM, of whom, 47 of the 187 (25.1%) 

had recent-onset DM. There was no difference in the rate of postoperative pancreatic fistula 

(DM: 5.9% vs no DM 9.8%; p=0.11), five-year survival (DM: 24.1% vs no DM: 22.9%; p=0.77) 

or five-year recurrence (DM: 71.7% vs no DM: 67.4%; p=0.32). There was also no difference 

between patients with recent-onset DM and patients with established DM in postoperative 

outcomes, recurrence, or survival.  

 

Conclusions 
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We found no difference in five-year recurrence and survival between diabetic patients and 

those without diabetes. Patients with pre-existing DM should be evaluated for PD on a 

comparable basis to non-diabetic patients. 
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Introduction 

Pancreatic ductal adenocarcinoma (PDAC) is diagnosed in approximately half a million 

patients annually and is associated with high mortality rates.1 Pancreatoduodenectomy (PD) 

is the only potentially curative treatment, but this major operation is associated with high 

morbidity rates and poor long-term survival.2-4 

 

Diabetes mellitus (DM) has a complex relationship with pancreatic cancer, as both a systemic 

metabolic disease and a potential modulator of oncologic outcomes, with pancreatogenic DM 

suggested to reflect more aggressive tumour biology.5 Pancreatogenic DM has been 

previously associated with decreased overall survival,5,6 as well as increased tumour size.7 This 

may be due to both the proliferative effect of hyperglycaemia on pancreatic tumour growth, 

and that larger tumours are more likely to produce factors which promote insulin 

resistance.7,8 

 

 DM is also associated with increased risk of pancreatic cancer, which is more pronounced in 

new-onset than pre-existing DM.9-12 Recognition of new-onset diabetes as a potential 

presenting symptom of pancreatic cancer is essential for early diagnosis, and differentiation 

of pancreatic cancer-induced diabetes from the more common type 2 DM has been a topic of 

interest in recent years.13-17 Despite large-scale epidemiological evidence that new-onset 

diabetes, particularly in the context of weight loss, has been associated with an increased risk 

of pancreatic cancer,18 the screening of asymptomatic adults with new-onset diabetes for 

pancreatic cancer is controversial. Currently, the US Preventive Service Task Force 

recommends against screening individuals with new-onset diabetes for pancreatic cancer, in 

the absence of a high risk family history or genetic syndrome.19 However, in these high risk 
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individuals, new-onset diabetes is an accepted trigger for further workup or more intensive 

surveillance.20 

 

Diabetes mellitus may also influence postoperative outcomes of PD. In particular, there is 

conflicting evidence to date regarding the rate of postoperative pancreatic fistula (POPF). One 

single centre analysis of 251 PD patients showed a statistically significant increase of POPF 

rate in diabetic patients, independent of other risk factors (OR 4.3; p=0.027).21 In contrast, 

other studies have instead shown a protective effect of DM which has been attributed to a 

lower rate of high-risk pancreatic gland features.22-24  

  

 

Clarifying the prognostic implications of DM in patients presenting with resectable PDAC is 

essential for patient counselling and developing postoperative surveillance protocols with a 

view to earlier diagnosis of any recurrence. The study aimed to examine the impact of 

preoperative DM, both recent-onset and pre-existing, on long-term recurrence and survival 

following PD for PDAC.   

 

Materials and Methods 

Patient recruitment 

We performed a retrospective cohort study using data from the Recurrence After Whipple's 

(RAW) study database.25 Patients were included if they underwent PD for a histopathological 

diagnosis of PDAC at one of twenty-nine participating centres from 1st June 2012 to 31st May 

2015. Patients with five-year follow-up data were included in the study. Patients lost to 
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follow-up were excluded from the study. Other missing data were handled by exclusion from 

the relevant analysis.  

 

The diagnosis, grading and definitions of postoperative pancreatic fistula (POPF; grade A, B 

and C) was as per the 2016 international study group in pancreatic surgery (ISGPS).26 R1 was 

defined as any specimen margin reported as having tumour <1mm from the margin/surface. 

Recurrence was defined as postoperative cross-sectional imaging reports diagnosing cancer 

recurrence, and the time of recurrence was defined as the date of the diagnostic imaging. 

Data were entered into a purpose-built REDCap electronic data collection tool.27,28  

 

The following aspects of study design aimed to mitigate against potential sources of bias: 

 Sampling bias: Multiple centres participated in the study to aim for a cohort 

representative of patients undergoing PD for PDAC. 

 Selection bias: All consecutive eligible patients in the research window were included. 

 Recall bias: Data were extracted from medical records documented 

contemporaneously. 

 Attrition bias: Regional cancer registries, primary care data requests and regional 

radiology systems were used to determine if patients had developed recurrence or 

died.  

 

Ethical approval 

Data were collected from the Recurrence After Whipple’s (RAW) study (ClinicalTrials.gov 

NCT04596865). Ethical approval was granted by Northwest – Greater Manchester South 
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Research Ethics Committee (20/NW/0397) and the study was sponsored by University 

Hospitals Plymouth NHS Trust. In addition, the study was approved by the research and 

development departments of all collaborating units and adhered to the standards laid down 

in the Declaration of Helsinki (revised 2013). 

 

Data sources and storage 

Data were collected by each participating unit from the medical records and supplemented 

by follow-up data from referring hospitals, if not available at the treating unit. A REDCap 

(version 11.0.3) electronic database was utilised to collect and store the data.  

 

Data collected included demographic data, type and onset of diabetes, radiological stage, 

neoadjuvant and adjuvant treatment, histology, postoperative complications, recurrence, 

and survival. Radiological and histopathological staging were performed using the Union for 

International Cancer Control (UICC) TNM Classification of Malignant Tumours 7th edition, 

which was current at the time of patient assessment.  

 

Statistical analysis 

Data were analysed with IBM SPSS version 29 and GraphPad Prism version 9. Cases were 

divided into two cohorts based on the preoperative diagnosis of DM. A subgroup analysis was 

subsequently conducted on the patients with preoperative DM to compare those patients 

with recent-onset DM (within twelve months prior to presentation) to patients with 

established or unknown onset of DM. The primary outcomes were survival, recurrence, and 

occurrence of POPF. Secondary outcomes were the length of hospital stay, 30-day 

readmission, 90-day mortality, and unplanned return to theatre. 
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Non-parametric variables were expressed as medians with interquartile ranges, and 

categorical variables as numbers with percentages. Chi-Square and Kruskal Wallis tests 

evaluated differences between the cohorts. Bonferroni correction for multiple comparisons 

was conducted for outcomes which were not predetermined. Backwards Wald (multivariable) 

logistic regression was then performed to evaluate factors associated with POPF, five-year 

survival and five-year recurrence. The least predictive variables were removed from the 

model in a stepwise fashion. Results from this analysis were reported as classification 

accuracy and odds ratios (ORs) with 95% confidence intervals (CIs). 

 

Overall survival, disease-free survival (DFS), and recurrence were also estimated by the 

Kaplan-Meier method, comparing patients who did not have diabetes to patients with recent-

onset DM (within 12 months) and patients with established or unknown onset of DM. The 

log-rank (Mantel-Cox) test was performed to test the difference in survival curves between 

groups. A two-tailed p-value < 0.05 was considered statistically significant for all analyses. 

 

Results 

Baseline characteristics 

Our study included 758 patients. In total, 187 patients (24.7%) had diabetes (cases, group 1), 

and 47 of these 187 patients (25.1%) had recent-onset DM. There was no statistically 

significant difference in age, sex, radiological TNM stage, or the number of patients with 

neoadjuvant or adjuvant treatment between the diabetic and non-diabetic groups. There was 

no significant difference in the maximum histological tumour dimension (DM: median 30.0 
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mm, IQR 25.0-40.0 mm vs no DM: median 30.0 mm, IQR 22.0-35.5 mm; p=0.48). The baseline 

characteristics and histological data of the patient cohort are provided in Table 1. 

 

Timing of death was not available for one of the 582 patients who died, and timing of 

recurrence was unknown for 54 of 519 patients who were known to have had a recurrence 

within the five-year follow-up period. As a result, these patients could not be included in the 

Kaplan-Meier analysis, one-year and three-year statistics, though they were included in the 

five-year analysis. 

 

Postoperative outcome data  

The rate of POPF was not significantly different between diabetic and non-diabetic patients 

(DM: 5.9 vs no DM: 9.8%; p=0.11). Preoperative DM was also not a significant predictor of 

POPF on multivariate analysis [(Odds Ratio (OR): 0.61, 95% CI 0.30-1.23); p=0.17; 

Supplementary Table 1). 

 

There was also no difference in the rates of length of stay, unplanned return to theatre, 30-

day readmission (DM: 9.6% vs no DM: 10.5%; p=0.89) or 90-day mortality (DM: 5.3% vs no 

DM: 3.9%; p=0.40) between groups. The details of postoperative outcomes are provided in 

Table 1.  

 

Characteristics and postoperative outcomes between recent-onset diabetes and patients 

with long-term diabetes 

Demographic, preoperative and adjuvant treatment was similar between groups. In the 

subgroup analysis, the TNM stage of the tumour was similar between patients with recent-
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onset diabetes and long-term diabetes. There was also no difference in maximum histological 

tumour dimension (recent DM: median 32.0 mm, IQR 24.0-40.0 mm vs established DM: 

median 30.0 mm, IQR 25.0-38.0 mm; p=1.00). Stage and R status were also similar between 

both groups. The subgroup demographic, preoperative, adjuvant treatment and 

postoperative histology data are provided in Table 2. 

 

There was no difference in the rate of POPF (recent DM: 8.5% vs. established DM: 5.0%; 

p=0.47), including on multivariate analysis (OR: 1.66, 95% CI 0.39-7.04); p=0.50; 

Supplementary Table 1). The median length of hospital stay and unplanned return to the 

theatre was also not different between patients with recent-onset DM and those with 

established DM.  

 

We found no difference in the rates of 30-day readmission (recent DM: 6.4% vs established 

DM: 10.7%; p=0.57) or 90-day mortality (recent DM: 6.4% vs established DM: 5.0%; p=0.71) 

between both groups. The subgroup analysis of postoperative outcomes is provided in Table 

2. 

 

Recurrence & survival details  

The rate of five-year recurrence was comparable between diabetic and non-diabetic patients 

(DM: 71.7% vs no DM: 67.4%; p=0.32) and between patients with recent-onset DM and 

patients with established DM (recent DM: 75.5% vs established DM: 70.7%; p=0.71). There 

was no difference in recurrence rate at one-year or three-year endpoints on univariate 

analysis. Multivariate analysis of risk factors for five-year recurrence did not show any 
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predictive value of either preoperative diabetes (OR 1.23 (95% CI 0.82-1.84); p=0.32) or 

recent-onset diabetes precisely (OR 0.94 (95% CI 0.41-2.17); p=0.89).   

 

We found no difference in five-year survival between diabetic and non-diabetic patients (DM: 

24.1% vs no DM: 22.9%; p=0.77). There was also no difference in five-year survival between 

patients with recent-onset DM and patients with established DM (recent DM: 27.7% vs 

established DM 22.9%; p=0.56). Multivariate analysis showed that neither preoperative 

diabetes (OR 1.07 (95% CI 0.64-1.76); p=0.81) nor recent-onset diabetes (OR 1.20 (95% CI 

0.55-2.62); p=0.65) were significant predictors of five-year survival. Kaplan-Meier analysis did 

not demonstrate any difference between non-diabetic, recent-onset diabetic and patients 

with established or unknown onset of diabetes concerning overall survival (p=0.47; Figure 1), 

recurrence (p=0.47; Figure 2) or disease-free survival (p=0.77; Figure 3). 

 

The details of recurrence and survival rates are provided in Table 1, while a subgroup analysis 

of these outcomes between recent and established DM is provided in Table 2. The 

multivariate analysis of risk factors for 5-year recurrence is provided in Supplementary Table 

2, and the multivariate analysis of risk factors for 5-year survival is provided in Supplementary 

Table 3. 

 

Discussion  

The RAW study was set up to identify predictive factors of recurrence following PD for PDAC, 

lower common bile duct cholangiocarcinoma, and ampullary adenocarcinoma. For this sub-

study, we examined the impact of preoperative diabetes on short-and long-term outcomes 

of PD performed for histologically confirmed PDAC. The strength of our study is the large 



 14 

cohort size, availability of detailed information on pre-, intra- and post-op variables, and 

actual long-term follow-up data, which enables us to accurately analyse the long-term 

recurrence and survival.    

 

DM is known to have a high prevalence in patients with PDAC. Chari et al. found a prevalence 

of 40% DM in a single institution analysis of 736 PDAC cases.12 The reported prevalence in 

several cohorts of post-resection PDAC patients ranges from approximately 20-50%, including 

a finding by Malleo et al. of 19.9% (n=602), Chu et al. of 46% (n=251),21 by Dandona et al. of 

32.7% (n=355),29 by Terasaki et al. of 32.4% (n=373).30 The prevalence of DM in our analysis 

is comparable to that reported previously. 

 

Our reported 90-day post-operative mortality rates are also comparable with other large 

studies, with a 3.7% 90-day mortality rate reported in one study of 596 patients at a single-

centre in the United States,31 while a large analysis of 8490 patients following PD from a 

registry in Taiwan demonstrated an 8.4% 90-day mortality rate.32 

 

 

DM and POPF rates 

To date, the influence of preoperative DM on occurrence of POPF has been unclear. Previous 

evidence has produced conflicting results. Chu et al., in a study of 251 PD patients with PDAC 

from a prospective database at a single centre in the United States, demonstrated a 6.8% rate 

of POPF and found that this was higher in diabetic patients (DM: 10.3% vs no DM: 3.7%; 

p=0.04).21 This was found to be significant on multivariate analysis controlling for age, 

comorbidity, nutritional status, operative type and time, and pancreatic quality (OR 4.3; 
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p=0.027).21 In this cohort, acute kidney injury was also more prevalent in diabetic patients 

(DM: 23.3% vs no DM: 12.6%; p=0.03), though other complications, length of stay and overall 

mortality, were not significantly different.21 In contrast, Hu et al. observed a lower rate of 

POPF (DM: 39.19% vs no DM: 51.61%; p=0.047) in diabetic patients in a retrospective single 

centre study of 539 PD cases. However, DM was no longer a significant predictor of POPF on 

multivariate analysis (p=0.268). Instead, male sex (OR 1.784 (95% CI 1.214-2.622); p=0.003), 

body mass index greater than 25 (OR 1.679 (95% CI 1.107-2.546); p=0.015), double-layer 

mucosa-to-mucosa pancreatico-jejunostomy (OR 2.102 (95% CI 1.374-3.216); p=0.001), 

pancreatic duct diameter of 3mm or less (OR 2.062 (95% CI 1.416-3.003); p<0.001) and soft 

pancreatic texture (OR 3.048 (95% CI 1.953-4.757); p<0.001) were identified as risk factors.24  

 

In another large cohort study of 602 patients undergoing PDAC resection (predominantly PD) 

at a single institution in Italy, Malleo et al. reported decreased incidence of clinically relevant 

POPF (CR-POPF) in diabetic patients (DM: 5.0% vs no DM: 11.8%; p=0.043) with an overall CR-

POPF rate of 10.5%.22 Multivariate analysis showed that male sex (OR 3.48 (95% CI 1.62-7.48); 

p=0.002), diabetes mellitus (OR 0.53 (95% CI 0.22-0.95); p=0.047), soft pancreatic texture (OR 

2.19 (95% CI 1.36-4.12); p=0.008), pancreatic duct diameter of less than 3mm (OR 1.79 (95% 

CI 1.23-3.31); p=0.045) were statistically significant predictors of CR-POPF.22 Diabetic patients 

were also less likely to have a soft pancreatic texture (DM: 46.0% vs no DM: 79.5%; p=0.001).22 

The authors concluded that preoperative DM is not a significant risk factor for POPF, but is 

likely protective due to a reduced frequency of high-risk pancreatic gland features.22 This 

finding was also supported by a meta-analysis by Xia et al. of ten studies including 1251 

patients, which found a reduced incidence of POPF in diabetic patients (DM: 19.1% vs no DM: 

29.1%; OR 0.64 (95% CI 0.45-0.90); p=0.01).23 This was also attributed to decreased frequency 
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of high-risk gland features, including soft pancreatic texture.23 Another meta-analysis by 

Zhang et al., including 24,740 patients from 27 studies, did not show a statistically significant 

association between DM and CR-POPF (OR 0.6 (95% CI 0.40-1.08); p=0.10).33 However, both 

of these meta-analyses were limited by the heterogeneity of included studies.23,33  

 

There is a high degree of variability in the reported POPF rate of the cited single-centre 

studies, which may be partly due to the inclusion in some studies of patients with all grades 

of POPF,24 while others exclude biochemical leaks (Grade A POPF) and consider only CR-

POPF22 in keeping with updated grading which recognises that solely biochemical leaks do not 

adversely affect the postoperative pathway.26  

 

Our results do not demonstrate any statistically significant difference in the rate of POPF, and 

tend towards a lower incidence of POPF in diabetic patients. This supports the conclusion that 

DM does not increase the risk of POPF, although a larger sample size may be required to 

determine whether there is a statistically significant protective effect. 

 

Recurrence and survival 

Our finding that preoperative DM, including recent-onset DM, is not adversely associated 

with either recurrence or overall or disease-free survival. This result is discordant with some 

existing evidence. In a retrospective study by Lee et al. of 288 PD patients with confirmed 

PDAC from a single institution in Korea, new-onset DM was associated with early recurrence 

(Hazard ratio (HR) 1.451 (95% CI 1.054-1.999); p=0.022), as well as poorer overall survival 

(recent DM: 22 months vs. no DM: 33 months; p=0.039).5 The authors suggested that these 
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findings likely reflect patients with new-onset DM having more aggressive tumour 

characteristics.5  

 

A study by Chu et al. of 209 patients with resected PDAC from a single institution in the United 

States also demonstrated poorer overall survival in both recent and established onset diabetic 

patients (recent DM: 15 months vs established DM: 15 months vs no DM: 17 months; 

p=0.04).7 However, in this study, only new-onset DM was a statistically significant predictor 

of reduced post-resection survival on Cox regression analysis (HR 1.75 (95% CI 1.10-2.78); 

p=0.017), with long-standing DM no longer significant as a risk factor (HR 1.30 (95% CI 0.75-

2.25, p=0.36).7 However, other existing literature is conflicting in this area. In a cohort of 355 

patients who underwent PD for PDAC, Dandona et al. demonstrated no adverse impact of DM 

on overall survival (HR 0.87 (95% CI 0.66-1.14); p=0.31).29 In another study including 373 

patients who underwent curative resection of PDAC at a single centre in Japan, Terasaki et al. 

found no difference in 5-year survival between diabetic and non-diabetic patients (DM: 29.7% 

vs. no DM: 30.6%; p=0.766).30  Our findings suggest that pre-existing DM, including recent-

onset DM, does not adversely influence long-term recurrence or survival in patients 

undergoing PD for PDAC. 

 

Limitations of the study 

Although our study utilised a large multi-centre cohort, it is a retrospective study with its 

associated weaknesses, including heterogeneity of treatment and incomplete data requiring 

some patients to be excluded from relevant sub-analyses. The study was also not set up to 

examine the impact of DM on outcomes of PD performed for histologically confirmed PDAC. 

As a result, patients were classified as having DM according to the medical record, and not 



 18 

according to a consistent biochemical or clinical definition. In addition, we did not collect 

information on diabetic control in the peri-operative period and medication status; 

consequently, we could not analyse the influence of diabetic medication on peri-operative 

complications and survival outcomes. This is potentially relevant as some studies have found 

a survival benefit from using metformin following pancreatic cancer resection, possibly due 

to an anti-neoplastic effect.30,34 However, recent randomised trial evidence has not shown 

any benefit to adding metformin to standard systemic therapy for pancreatic cancer.35,36 

Glycated haemoglobin (HbA1c) level was also unavailable, which has been of prognostic 

interest in pancreatic cancer as well.37,38 Future prospective research, including data on 

glycaemic control, DM treatment and metformin use, would be of interest to validate and 

extend our findings. 

 

Conclusion 

In our international multi-centre study of patients who underwent PD for histologically 

confirmed PDAC, a preoperative diagnosis of DM, including recent-onset DM, did not 

influence the stage at presentation, perioperative outcomes, long-term recurrence, or 

survival. The presence of diabetes mellitus, either recent-onset or long-term, should not 

factor into decision-making when considering patients with suspected pancreatic cancer for 

resection. 
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Tables 

Factor No diabetes Diabetes p-value 

 

Number of patients 571 187  

Type of diabetes (%)    

Type 1 N/A 10 (5.3)  

Type 2 N/A 177 (94.7)  

Onset of diabetes    

Recent N/A 47 (25.1)  

Established N/A 79 (42.2)  

Unknown / not recorded N/A 51 (27.3)  

 

Demographic, preoperative and adjuvant treatment data 

Age, median 

(IQR) 

67 (67-73) 69 (61-74) 0.78 

Gender (%)   1.00 

Male 298 (52.2) 103 (55.1)  

Female 273 (47.8) 84 (44.9)  

Radiological T stage (%)   1.00 

T1 112 (19.6) 38 (20.3)  

T2 185 (32.4) 61 (32.6)  

T3 142 (24.9) 50 (26.7)  

T4 17 (3.0) 6 (3.2)  

Tx 103 (18.0) 27 (14.4)  

Radiological N stage (%)   1.00 

N0 348 (60.9) 118 (63.1)  

N1 157 (27.5) 51 (27.3)  

Nx 57 (10.0) 13 (7.0)  

Radiological M stage (%)   0.91 

M0 498 (87.2) 169 (90.4)  

M1 7 (1.2) 4 (2.1)  

Mx 57 (10.0) 9 (4.8)  

Neoadjuvant chemotherapy (%) 34 (6.0) 11 (5.9) 1.00 

Neoadjuvant chemoradiation (%) 14 (2.5) 6 (3.2) 1.00 

Adjuvant chemotherapy (%) 371 (65.0) 125 (66.8) 1.00 

Adjuvant radiotherapy (%) 21 (3.7) 8 (4.3) 1.00 

 

Postoperative histology 

Histological maximum tumour 

dimension (mm), median (IQR) 

30.0 (22.0-35.5) 30.0 (25.0-40.0) 0.48 
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Histological T stage (%)   1.00 

T1 35 (6.1) 10 (5.3)  

T2 54 (9.5) 17 (9.1)  

T3 462 (80.9) 150 (80.2)  

T4 16 (2.8) 7 (3.7)  

Tx 2 (0.4) 2 (1.1)  

Histological N stage (%)   1.00 

N0 126 (22.1) 41 (21.9)  

N1 442 (77.4) 144 (77.0)  

Nx 2 (0.4) 2 (1.1)  

R status (%)   1.00 

R0 228 (39.9) 79 (42.2)  

R1 279 (48.9) 89 (47.6)  

R2 20 (3.5) 5 (2.7)  

 

Postoperative outcomes 

Length of stay, median (IQR) 13 (9-18) 13 (10-17) 0.85 

30-day readmission (%) 60 (10.5) 18 (9.6) 0.89 

90-day mortality (%) 22 (3.9) 10 (5.3) 0.40 

Postoperative pancreatic fistula (%) 56 (9.8) 11 (5.9) 0.11 

Return to theatre (%) 35 (6.1) 6 (3.2) 0.19 

Recurrence (%)    

1 year 185 (35.3) 68 (37.8) 0.59 

3 years 325 (62.0) 116 (64.4) 0.59 

5 years 385 (67.4) 134 (71.7) 0.32 

Survival (%)    

1 year 427 (74.9) 145 (77.5) 0.49 

3 years 182 (31.9) 75 (40.1) 0.050 

5 years 131 (22.9) 45 (24.1) 0.77 

 

Table 1: Baseline, treatment and outcomes data  
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Factor Recent-onset 

diabetes 

Established or 

unknown onset 

diabetes 

p value 

 

Number of patients 47 140  

 

Demographic, preoperative and adjuvant treatment data 

Age, median 

(IQR) 

69 (58-73) 70 (62-75) 1.00 

Gender (%)   1.00 

Male 26 (55.3) 77 (55.0)  

Female 21 (44.7) 63 (45.0)  

Radiological T stage (%)   1.00 

T1 6 (12.8) 32 (22.9)  

T2 19 (40.4) 42 (30.0)  

T3 13 (27.7) 37 (26.4)  

T4 2 (4.3) 4 (2.9)  

Tx 4 (8.5) 23 (16.4)  

Radiological N stage (%)   1.00 

N0 24 (51.1) 94 (67.1)  

N1 18 (38.3) 33 (23.6)  

Nx 2 (4.3) 11 (7.9)  

Radiological M stage (%)   1.00 

M0 42 (89.4) 127 (90.7)  

M1 2 (4.3) 2 (1.4)  

Mx 0 9 (6.4)  

Neoadjuvant chemotherapy (%) 2 (4.3) 9 (6.4) 1.00 

Neoadjuvant chemoradiation (%) 1 (2.1) 5 (3.6) 1.00 

Adjuvant chemotherapy (%) 37 (78.7) 88 (62.9) 0.57 

Adjuvant radiotherapy (%) 1 (2.1) 7 (5.0) 1.00 

 

Postoperative histology 

Histological maximum tumour 

dimension (mm), median (IQR) 

32.0 (24.0-40.0) 30.0 (25.0-38.0) 1.00 

Histological T stage (%)   1.00 

T1 2 (4.3) 8 (5.7)  

T2 3 (6.4) 14 (10.0)  

T3 39 (83.0) 111 (79.3)  

T4 1 (2.1) 6 (4.3)  

Tx 1 (2.1) 1 (0.7)  

Histological N stage (%)   1.00 
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N0 11 (23.4) 30 (21.4)  

N1 36 (76.6) 108 (77.1)  

Nx 0 2 (1.4)  

R status (%)   1.00 

R0 18 (38.3) 61 (43.6)  

R1 25 (53.2) 64 (45.7)  

R2 1 (2.1) 4 (2.9)  

 

Postoperative outcomes 

Length of stay, median (IQR) 13 (9-18) 13 (10-16) 0.54 

30-day readmission (%) 3 (6.4) 15 (10.7) 0.57 

90-day mortality (%) 3 (6.4) 7 (5.0) 0.71 

Postoperative pancreatic fistula (%) 4 (8.5) 7 (5.0) 0.47 

Unplanned return to theatre (%) 1 (2.1) 5 (3.6) 1.00 

Recurrence (%)    

1 year 16 (37.2) 52 (38.0) 1.00 

3 years 28 (65.1) 88 (64.2) 1.00 

5 years 35 (74.5) 99 (70.7) 0.71 

Survival (%)    

1 year 39 (83.0) 106 (75.7) 0.42 

3 years 21 (44.7) 54 (38.6) 0.49 

5 years 13 (27.7) 32 (22.9) 0.56 

 

 

Table 2: Subgroup baseline, treatment and outcomes data of diabetic patients   
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Figures 

 

 
Figure 1 

Kaplan-Meier curve for survival grouped into three cohorts (not diabetic vs. recent-onset 

diabetes vs. diabetic established or unknown onset) (p=0.47) 
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Figure 2 

Kaplan-Meier curve for recurrence grouped into three cohorts (not diabetic vs. recent-onset 

diabetes vs. diabetic established or unknown onset) (p=0.47) 
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Figure 3 

Kaplan-Meier curve for disease-free survival grouped into three cohorts (not diabetic vs. 

recent-onset diabetes vs. diabetic established or unknown onset) (p=0.77) 
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Supplementary Tables 

  Step 1  Step 12 Step 14 

Parameters OR (95% CI) p value OR (95% CI) 
p 

value 
OR (95% CI) 

p 

value 

Preoperative diabetes 0.54 (0.23-

1.25) 
0.15 0.61 (0.30-1.23) 0.17 

  

Recent-onset diabetes 1.66 (0.39-

7.04) 
0.50     

Age 0.99 (0.97-

1.02)  
 0.66       

Gender       

Male Ref. - Ref. - Ref. - 

Female  0.64 (0.37-

1.13) 
0.13 0.61 (0.35-1.06)  0.079 

0.62 (0.36-

1.07) 
0.087 

Radiological T stage           

T1 Ref. - Ref. -   

T2  0.45 (0.22-

0.92) 
0.028*   0.51 (0.25-1.02) 0.056   

T3  0.39 (0.17-

0.91) 
0.030*   0.42 (0.19-0.91) 0.028* 

    

T4 N/A   N/A       

Tx  1.18 (0.48-

2.88) 
0.72  0.85 (0.39-1.84) 0.68 

    

Radiological N stage             

N0 Ref. -     

N1  1.14 (0.58-

2.24) 
0.70     

    

Nx 0.48 (0.12-

1.83(  
 0.28     

    

Radiological M stage             

M0 Ref. -     

M1  N/A           

Mx  0.82 (0.24-

2.75) 
0.74     

    

Neoadjuvant chemotherapy  0.68 (0.08-

5.48) 
0.72     

    

Neoadjuvant chemoradiation  N/A           

Adjuvant chemotherapy  0.65 (0.36-

1.18) 
0.15      
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Adjuvant radiotherapy 0.84 (0.18-

3.85) 
0.82     

  
  

Histological T stage             

T1 Ref. -         

T2 1.48 (0.31-

7.02) 
0.62     

  
  

T3 2.29 (0.60-

8.75) 
0.23     

    

T4 N/A          

Tx  N/A          

Histological N stage             

N0 Ref. -         

N1 0.76 (0.37-

1.54) 
0.44     

  
  

Nx N/A  N/A         

R status              

R0 Ref. -         

R1 0.76 (0.42-

1.39) 
0.37     

  
  

R2 1.01 (0.21-

4.80)  
0.99     

  
  

Notes: Classification Accuracy: M0 = 91.4; M1 = 91.4; M12 = 91.4; M14 = 91.4 (0% improvement). 

Final model χ2(1)=3.019, p=0.082. 

Multivariable analysis conducted using Backwards Wald to 14 steps. Steps shown to most predictive model 

including either preoperative diabetes or recent-onset diabetes, and final step. 

 

 

Supplementary Table 1: Multivariate analysis of risk factors for postoperative pancreatic 

fistula.  
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  Step 1  Step 7 Step 11 

Parameters OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 

Preoperative diabetes  1.23 (0.78-

1.94) 
0.37 1.23 (0.82-1.84) 0.32   

Recent-onset diabetes 0.94 (0.41-

2.17) 
0.89     

Age  0.99 (0.97-

1.01) 
0.30 0.99 (0.97-1.01) 0.30   

Gender       

Male Ref. -     

Female 1.24 (0.88-

1.75) 
0.22 1.23 (0.88-1.73) 0.23   

Radiological T stage         

T1 Ref. -     

T2 0.78 (0.48-

1.27)  
0.33     

T3 1.11 (0.64-

1.92) 
0.72     

T4 0.70 (0.24-

2.04) 
0.51     

Tx  0.93 (0.47-

1.83) 
0.83     

Radiological N stage         

N0 Ref. -     

N1 1.03 (0.67-

1.58) 
0.89     

Nx 0.89 (0.42-

1.91) 
0.77     

Radiological M stage         

M0 Ref. -     

M1  1.57 (0.32-

7.77) 
0.58     

Mx 0.98 (0.50-

1.93) 
0.95     

Neoadjuvant chemotherapy 0.80 (0.32-

1.93) 
0.64     

Neoadjuvant chemoradiation  2.51 (0.62-

10.20) 
0.20 1.94 (0.68-5.60) 0.22   

Adjuvant chemotherapy 1.59 (1.10-

2.31)  
0.014* 1.60 (1.11-2.30) 0.011* 

1.59 (1.12-

2.26) 
0.010* 
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Adjuvant radiotherapy 0.83 (0.35-

1.99)  
0.67     

Histological T stage         

T1 Ref. - Ref. - Ref. - 

T2  1.82 (0.79-

4.21) 
0.16 1.70 (0.75-3.85) 0.20 

1.62 (0.72-

3.63) 
0.24 

T3 3.06 (1.46-

6.42) 
0.003* 2.94 (1.43-6.01) 0.003* 

2.68 (1.33-

5.41) 
0.006* 

T4 2.09 (0.63-

6.92) 
0.23 1.88 (0.59-6.05) 0.29 

1.68 (0.53-

5.31) 
0.38 

Tx 5.09 (0.43-

60.32) 
0.20 5.33 (0.46-62.43) 0.18 

4.81 (0.44-

53.10) 
0.20 

Histological N stage         

N0 Ref. - Ref. - Ref. - 

N1 1.91 (1.23-

2.95) 
0.004* 1.95 (1.28-2.99) 0.002* 

1.85 (1.22-

2.81) 
0.004* 

Nx  N/A       

R status          

R0 Ref. - Ref. - Ref. - 

R1 1.36 (1.00-

2.12) 
0.048* 1.48 (1.02-2.14) 0.037* 

1.48 (1.02-

2.13) 
0.037* 

R2 0.66 (0.27-

1.59) 
0.36 0.71 (0.30-1.67) 0.43 

0.69 (0.29-

1.64) 
0.41 

Notes: Classification Accuracy: M0 = 68.8; M1 = 72.0; M3 = 71.2; M12 = 71.3 (4% improvement). 

Final model χ2(10)=54.31, p<0.001. 

Multivariable analysis conducted using Backwards Wald to 10 steps. Steps shown to most predictive model 

including either preoperative diabetes or recent-onset diabetes, and final step. 

 

Supplementary Table 2: Multivariate analysis of risk factors for 5-year recurrence.  
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  Step 1  Step 3 Step 12 

Parameters OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 

Preoperative diabetes 1.07 (0.64-

1.76) 
0.81     

Recent-onset diabetes 1.14 (0.47-

2.75) 
0.77 1.20 (0.55-2.62) 0.65   

Age 1.00 (0.98-

1.02) 
0.78     

Gender       

Male Ref. -     

Female 0.85 (0.58-

1.25) 
0.41 0.85 (0.58-1.25) 0.40   

Radiological T stage         

T1 Ref. -     

T2 1.95 (1.12-

3.41) 
0.019* 1.95 (1.11-3.41) 0.019*   

T3 1.27 (0.67-

2.41) 
0.47 1.27 (0.67-2.41) 0.47   

T4 3.14 (0.97-

10.14) 
0.056 3.15 (0.98-10.17) 0.055   

Tx 2.14 (1.00-

4.59) 
0.050 2.14 (1.00-4.58) 0.051   

Radiological N stage         

N0 Ref. -     

N1 0.87 (0.54-

1.42) 
0.58 0.87 (0.54-1.42) 0.58   

Nx 0.46 (0.18-

1.18) 
0.11 0.46 (0.18-1.17) 0.10   

Radiological M stage         

M0 Ref. -     

M1 N/A      

Mx 1.83 (0.86-

3.94) 
0.12 1.83 (0.85-3.93) 0.12   

Neoadjuvant chemotherapy 2.31 (0.88-

6.09) 
0.091 2.30 (0.88-6.07) 0.091   

Neoadjuvant chemoradiation 0.25 (0.057-

1.10) 
0.067 0.26 (0.059-1.12) 0.071   

Adjuvant chemotherapy 1.93 (1.22-

3.05) 
0.005* 1.95 (1.24-3.05) 0.004* 

2.89 (1.24-

2.89) 
0.003* 
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Adjuvant radiotherapy 1.41 (0.55-

3.59) 
0.47 1.42 (0.56-3.61) 0.46   

Histological T stage         

T1 Ref. - Ref. - Ref. - 

T2 0.69 (0.30-

1.62) 
0.40 0.69 (0.30-1.62) 0.40 

0.78 (0.35-

1.73) 
0.53 

T3 0.22 (0.10-

0.46) 
<0.001* 0.21 (0.10-0.46) <0.001* 

0.25 (0.13-

0.51) 
<0.001* 

T4 0.56 (0.16-

2.02) 
0.38 0.56 (0.16-2.00) 0.37 

0.69 (0.22-

2.21) 
0.53 

Tx 0.13 (0.011-

1.67) 
0.12 0.14 (0.011-1.70) 0.12 

0.20 (0.018-

2.16) 
0.18 

Histological N stage         

N0 Ref. - Ref. - Ref. - 

N1 0.41 (0.26-

0.66) 
<0.001* 0.41 (0.26-0.66) <0.001* 

0.35 (0.23-

0.54) 
<0.001* 

Nx  N/A       

R status          

R0 Ref. - Ref. -   

R1 0.71 (0.47-

1.08) 
0.11 0.71 (0.47-1.08) 0.11   

R2 0.65 (0.20-

2.15) 
0.48 0.65 (0.20-2.14) 0.48   

Notes: Classification Accuracy: M0 = 76.1; M1 = 78.3; M3 = 78.2; M12 = 77.6 (2% improvement). 

Final model χ2(8)=73.78, p<0.001. 

Multivariable analysis conducted using Backwards Wald to 10 steps. Steps shown to most predictive model 

including either preoperative diabetes or recent-onset diabetes, and final step. 

 

Supplementary Table 3: Multivariate analysis of risk factors for 5-year survival. 
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