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Abstract

Objective To explore the bi-directional between pancreatic cancer (PC) and diabetes mellitus (DM); focusing on the prevalence,

temporal association and impact on survival outcomes.

Methods A retrospective audit of pancreatic cancer patients from the institutional clinical database (CaNISC) between January

2012 and April 2018.

Results A total of 131 patients were analysed, 58 patients carried a diagnosis of diabetes mellitus. The median overall survival for
diabetes mellitus patients was 12.0 months (95 CI, 5.9 to 18.1 months) in comparison to 13.0 months (95% CI, 8.6 to

17.3 months) in non-diabetes mellitus patients (p = 0.334).

Conclusion There was no significant difference in the overall survival between DM and non-DM patients.
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Aims/Objectives

The aim of the study is to explore the bi-directional relation-
ship between pancreatic cancer (PC) and diabetes mellitus
(DM) by retrospectively equating their prevalence and tempo-
ral association. The study will also evaluate the impact of DM
status on survival outcomes and to identify potential aspects
that require further investigation to aid the development of
clinical guidelines.

Introduction

PC is the fourth most common cause of cancer-related mor-
tality in Wales, accounting for approximately 450 deaths per
year [1]. More significantly, the incidence rate of PC is closely
matched by its mortality rate. The prognostic outcomes for PC
patients remains to be poor with a current five-year survival
rate of just 7.4% [2]. The pathophysiological nature of PC
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most commonly favours a late-stage clinical presentation [3]
and the current treatment options available continue to be
ineffective [4]. In an attempt to improve the clinical outcomes
of PC, there has been calls for more extensive research into its
respective aetiology and pathology.

DM is a global burden in regard to the morbidity and mor-
tality it carries. There is much debate around whether DM is
involved in a bi-directional causal link with pancreatic cancer.
The interaction is multifaceted, lacking in real clarity. This
study aims to explore this intricate relationship through com-
paring patient characteristics and determining the impact of
DM on overall survival (OS) in a sample of PC patients.

Methods

This study is a retrospective analysis of 131 consecutive
patients who were diagnosed with PC at Velindre Cancer
Centre between 2012 and 2018. The institutional patient
database CaNISC is the local source data containing clin-
ical patient information registered with the hospital for
use in daily practice. Using the CaNISC patient database,
information was obtained regarding DM and PC status,
including age, gender, diagnosis dates, random blood glu-
cose (RBG), primary tumour site, staging, anti-diabetic
use and cancer treatments received.
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Pathological confirmation of PC was obtained through pre-
vious surgical resection specimen from pylorus-preserving-
pancreatico-duodenectomy (PPPD), biopsy of the primary tu-
mour via endoscopic ultrasound (EUS), radiologically-guided
biopsy of metastatic lesions, endoscopic brushings, or aspira-
tion from malignant ascites for cytology.

Due to the rapid nature of the cancer diagnosis and initia-
tion of oncological treatment. As life expectancy is short due
to poor overall prognosis in patients with pancreatic cancer,
the authors focused on factors influencing the immediate im-
pact on patient treatment and RBG was chosen as a rapidly
accessible test.

A number of different outcomes and exposure variables
were investigated in this study, all of which need some degree
of defining. Existing studies in this area of research have used
differing criteria for defining DM [4]. In this particular study,
patients were defined as having DM using the following
indicators:

1. The documentation of a pre-existing or new DM diagnosis.

2. The documentation of prescribed anti-diabetic medications.

3. Evidence of glucose intolerance in the patient’s blood
results i.e. the documentation of 2 or more consecutive
random RBG readings >11.1 mmol/L.

The sample of DM patients were further classified into
three sub-groups related to the onset of DM: pre-PC diagnosis
(prePCd), at time of PC diagnosis (at-PCd) and post-PC diag-
nosis (post-PCd). The onset date for DM diagnosis was taken
as of that recorded in the patient’s CaNISC notes or the date of
the second consecutive high RBG reading. The outcome of
overall survival was considered as the duration between the
date of pancreatic cancer diagnosis until the date of death or
last follow up (censor date).

All statistical analyses were carried out using Microsoft
Office Excel 2015 and SPSS version 20. The comparison
between categorical patient characteristics was carried out
using the Pearson Chi-square test, whilst the ANOVA and T
tests were used for continuous patient characteristics. The
overall survival for different patient groups was plotted on a
Kaplan Meier curve and compared using the Log-rank test.
Multi-variable analysis of overall survival was conducted
using a Cox proportional hazards model. A p value <0.05
was considered as a significant result.

Results

A total of 131 pancreatic cancer patients were analysed in this
study. Following the definition criteria stated in the method,
DM was identified in 58 patients (44.3%). The mean age of
DM patients was 68.5 years, 62.1% of cases were male,
65.5% of cases presented with pancreatic head tumours and
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44.8% of cases presented at Stage IV disease. 19% of DM
patients had received surgery, 72.4% received chemotherapy
and 24.1% received radiotherapy. The DM patients (n=58)
were further classified into their onset groups: pre-PCd
(56.9%), at-PCd (17.2%) and post-PCd (25.9%). The only
statistically significant variation identified between the patient
characteristics of these DM onset sub-groups, was that of
those patients diagnosed with Stage 4 PC — 45.5% in pre-
PCd, 80.0% in at PCd and 20% in post-PCd (»p =0.013).
When drawing comparisons between DM and non-DM pa-
tients, the total number of patients who underwent surgery
was significantly higher in non-DM patients compared to
DM patients (p =0.035). Also, a larger proportion of non-
DM patients had an unknown site of primary tumour (p =
0.018). All clinical characteristics investigated in regard to
DM status and onset subtypes are summarised along with their
respective p values in Tables 1 and 2.

The cause of death in the cohort was cancer related pro-
gression. The median OS of the entire study group was
12.0 months (95% ClI, 8.5 to 15.5 months). The median OS
of DM patients was 12.0 months (95% CI, 5.9 to 18.1 months)
compared to that of 13.0 months (95% ClI, 8.6 to 17.4 months)
in non-DM patients (Fig. 1). The log-rank test p value calcu-
lated was 0.334, clarifying that the difference in median OS of
DM patients and non-DM patients was not statistically signif-
icant. The mean survival of all variables are summarised in
Table 3 along with their respective 95% confidence intervals
and log rank p values.

In univariate analysis (Table 4), head (p =0.004), body
(p=0.001), stage 3 (p=<0.0001), stage 4 (p=<0.0001), sur-
gery (p =0.038) and chemotherapy (p = <0.0001) were found
to have an impact on OS. However, in multivariate analysis
(Table 4), only head, body and chemotherapy were associated
with OS. More specifically, patients with pancreatic head and
body tumours held a higher risk of death and patients who had
undergone chemotherapy held a lower risk of death.

Discussion

In both univariate and multivariate analysis, there was no
comparable effect of DM status on the OS of PC patients.
The multivariate cox proportional hazard model in fact
highlighted a more significant role in the prognostic value of
particular primary tumour sites, cancer staging and treatments.
However, there was no distinct distribution between these
characteristics in relation to DM status. Other literature inves-
tigating the impact of DM on OS, have displayed conflicting
results, offering a variety of possible explanations around the
particular trends identified. It is important to note that in most
other studies, the sample sizes investigated were much larger
than this study and their respective methodologies accounted
for a more extensive set of co-variables.
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Table 1 Clinical characteristics by DM status in pancreatic cancer patients
Variables DM vs Non-DM
Total (n=131) DM (n=58) Non-DM (n=73) p value t-value
Sex Male 76 (58.0) 36 (62.1) 40 (54.8) 0.402
Female 55 (42.0) 22(37.9) 33 (45.2)
Site of Primary Tumour Head 78 (59.5) 38 (65.5) 40 (54.8) 0.214
Body 24 (18.3) 12 (20.7) 12 (16.4) 0.532
Tail 12.(9.2) 5(8.6) 7 (9.6) 0.750
Unknown 17 (13.0) 3(5.2) 14 (19.2) 0.018
Stage at PC Diagnosis Stage 1 5(3.8) 3(5.2) 22.7) 0.470
Stage 2 29 (22.1) 15 (25.9) 14 (19.2) 0.360
Stage 3 32 (24.4) 13 (22.4) 19 (26.0) 0.633
Stage 4 60 (45.8) 26 (44.8) 34 (46.6) 0.842
Unknown 5@3.8) 1(1.7) 4(5.5) 0.265
Surgery Yes 37 (28.2) 11 (19.0) 26 (35.6) 0.035
No 94 (71.8) 47 (81.0) 47 (64.4)
Chemotherapy Yes 94 (71.8) 42 (72.4) 52 (71.2) 0.881
No 37 (28.2) 16 (27.6) 21 (28.8)
Radiotherapy Yes 30 (22.9) 14 (24.1) 16 (21.9) 0.764
No 101 (77.1) 44 (75.9) 57 (78.1)
Mean Age (years) 68.2 68.5 68.0 0.379 0.308

Firstly, a number of studies have found no association be-
tween DM status and OS [5, 6]. In fact, one study proposed
that higher BMI was associated with reduced OS in PC

Table 2  Clinical characteristics by DM onset in pancreatic cancer patients

patients [7]. Such findings emphasise the need to distinguish
the significance of aetiological factors that are shared by both
PC and DM. There is also a need to investigate the impact of

Variables DM Onset
Total (n=58) Pre PCd (n=33) AtPCd (n=10) Post PCd (n=15)  p value f-ratio value
Sex Male 36 (62.1) 19 (57.6) 8 (80.0) 9 (60.0) 0.433
Female 22 (37.9) 14 (42.4) 2 (20.0) 6 (40.0) 0.083
Site of Primary Tumour ~ Head 38 (65.5) 22 (66.7) 4 (40.0) 12 (80.0) 0.117
Body 12 (20.7) 6(18.2) 4 (40.0) 2 (13.3) 0.235
Tail 5(8.6) 4(12.1) 1 (10.0) 0 (0.0) 0.719
Unknown 3(5.2) 1(3.0) 1 (10.0) 1(6.7) 0.653
Stage at PC Diagnosis Stage 1 3(5.2) 2(6.1) 1(10.0) 0(0.0) 0.766
Stage 2 15(25.9) 8(24.2) 0 (0.0) 7 (46.7) 0.115
Stage 3 13 (22.4) 7(21.2) 1 (10.0) 5(33.3) 0.379
Stage 4 26 (44.8) 15 (45.5) 8 (80.0) 3 (20.0) 0.013
Unknown 1(1.7) 1(3.0) 0 (0.0) 0 (0.0) 0.340
Surgery Yes 11 (19.0) 4(12.1) 2 (20.0) 5(33.3) 0.221
No 47 (81.0) 29 (87.9) 8 (80.0) 10 (66.7)
Chemotherapy Yes 42 (72.4) 20 (60.6) 8 (80.0) 14 (93.3) 0.053
No 16 (27.6) 13 (39.4) 2 (20.0) 1(6.7)
Radiotherapy Yes 14 (24.1) 10 (30.3) 1 (10.0) 3 (20.0) 0.384
No 44 (75.9) 23 (69.7) 9 (90.0) 12 (80.0)
Mean Age (years) 68.5 67.8 67.1 70.9 0.515 0.671
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the duration and onset of DM on overall survival. For exam-
ple, a number of retrospective cohort studies had only found
an association between lower OS in patients with ‘long-term
pre-existing’ diabetes [6, 8].

Overall Survival (months)

There are also many studies that have found an asso-
ciation between DM status and an increased OS [9, 10].
However, further investigations have attempted to start
evaluating the role of anti-diabetics on such outcome.

Table 3  Clinical variables mean and median survival (months) with 95% confidence intervals
Variables Mean Survival 95% Confidence Median Survival 95% Confidence
(months) Intervals (months) Intervals
All patients 20.557 15.544-25.570 12.0 8.543-15.457
Diabetes Status DM 23.733 15.229-32.237 12.0 5.936-18.064
Non DM 16.254 12.183-20.324 13.0 8.610-17.390
Sex Male 20.372 14.132-26.612 12.0 7.905-16.095
Female 20.053 12.634-27.472 12.0 6.405-17.595
Site of Primary Tumour Head 24.703 17.759-31.647 16.0 13.037-18.963
Body 8.318 5.330-11.305 6.0 2.934-9.066
Tail 5.667 1.650-9.683 2.0 0.326-3.674
Unknown 22.557 13.691-31.784 19.0 13.431-24.569
Stage at PC Diagnosis Stage 1 14.400 7.245-21.555 12.0 1.265-22.735
Stage 2 17.379 12.374-22.384 15.0 9.113-20.887
Stage 3 43.390 28.916-57.864 31.0 20.067-41.933
Stage 4 10.717 6.395-15.039 5.0 2.292-7.708
Unknown 10.000 4.697-15.303 14.0 0.000-28.038
Surgery Yes 29.136 16.870-41.402 16.0 10.650-21.350
No 16.892 12.348-31.437 11.0 6.804-15.196
Chemotherapy Yes 25.725 19.144-32.305 17.0 11.539-22.461
No 7.426 5.116-9.735 4.0 2.093-5.907
Radiotherapy Yes 16.515 11.775-21.254 16.0 8.345-23.655
No 22.294 15.756-28.833 12.0 8.333-15.667
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Table 4  Univariate and multivariate analysis using cox regression model: Hazard ratio (HR), 95% confidence intervals (95% CI)
Variables Univariate analysis Multivariate analysis
HR 95% CI p value HR 95% CI p value
DM Status DM 0.817 0.541-1.234 0.336
Non-DM 1
Sex Male 1.013 0.671-1.530 0.95
Female 1
Site of Primary Tumour Head 0.549 0.363-0.830 0.004 1.470 0.658-3.286 0.348
Body 2397 1.450-3.962 0.001 2.486 1.007-6.140 0.048
Tail 3212 1.692—6.098 0.000 4213 1.440-12.330 0.009
Unknown 0.602 0.302-1.198 0.148
Stage at PC Diagnosis Stage 1 0.794 0.250-2.518 0.695
Stage 2 0.946 0.586-1.528 0.82
Stage 3 0.239 0.133-0.428 0.000 0.281 0.074-1.058 0.061
Stage 4 3.153 2.082-4.773 0.000 1.163 0.348-3.886 0.807
Unknown 1.230 0.386-3.921 0.727
PC Treatments Surgery 0.601 0.373-0.971 0.038 1.278 0.670-2.438 0.456
Chemotherapy 0.298 0.189-0.471 0.000 0.484 0.273-0.858 0.013
Radiotherapy 1.022 0.646-1.618 0.925
DM Onset Pre PCd 1.030 0.647-1.641 0.901
At PCd 1.454 0.668-3.163 0.345
Post PCd 0.501 0.251-1.002 0.051

A number of studies have suggested that metformin
holds significant prognostic implications in PC patients
[10]. These findings are supported by research in to the
possible role of metformin in anti-neoplastic biochemical
signalling mechanisms [11, 12]. However, it is important
to note that such interactions are not seen with other
anti-diabetic agents such as sulfonylureas and exogenous
insulin therapy [13].

In contrast, there is also evidence suggesting that DM
status is associated with a poorer prognosis and de-
creased OS [8, 14, 15]. It is believed that DM exerts
its effect through engaging with the intracellular metab-
olism of cancer cells, favouring a proliferative state [16].
However, there is still much disagreement between the
impact of certain DM sub-types and the role of con-
founding variables. Some studies have shown that OS
for PC is worse in patients with new-onset diabetes [4].
Suggestions have been that the pathophysiology varies
between different onset groups of DM patients. This is
since new-onset DM in PC patients is now thought to be
of parancoplastic origin [17]. The precise pathophysiolo-
gy is still inconclusive but a number of different pro-
posals regarding cancer induced peripheral insulin resis-
tance and cancer mediated B cell destruction have been
made [18], alongside the identification of potential dia-
betogenic agents such as adrenomedullin [17].

There were a number of limiting factors associated with this
particular study. Most significantly, the sample size was small
in comparison to other studies in this area of interest.
Furthermore, the confounding variables considered were limit-
ed to the data that was only consistently available from all
patients’ notes. The study did not consider some key exposure
variables outline by other literature in this discussion e.g. Anti-
diabetic use, co-morbidities, BMI etc. The study also lacks in
detail when investigating the cancer treatments received by
patients. The diagnosis of DM in this study shares inconsisten-
cy with other studies and no consideration was taken about the
role of diabetes management (extent of blood glucose control)
on survival outcomes. However, time dependent variables are
difficult to apply to a cox proportional hazard model.

Conclusion

In conclusion, the study indicates that there is no significant
relationship between DM status in pancreatic cancer with
overall survival. Such findings join a list of existing, conflict-
ing literature. It is important to note that this study has not
ruled out a relationship between DM status and survival but
instead highlighted the need for future studies to form a more
detailed methodology that considers a more extensive multi-
variable analysis.
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