
 

 
 

Influence of antidiabetic drugs on glucose metabolism and immune 
response in patients with metastatic pancreatic ductal 
adenocarcinoma receiving gemcitabine plus nab-paclitaxel as first-line 
treatment 

Andrea Pretta a, Pina Ziranua, Riccardo Giampierib, Clelia Donisi a, Erika  Cimbro a, 
Dario Spanua, Eleonora Laia, Federica Peccib, Francesca Balconia, Alessio Lupib, 
Marta Pozzaria, Mara Persano a, Sara Murgiaa, Valeria Pusceddu a, Marco Puzzonia, 
Rossana Berardib, Mario Scartozzia,∗ 
a Medical Oncology Unit, University Hospital and University of Cagliari, Cagliari, Italy 
b Clinical Oncology, Polytechnic University of Marche, AOU Ospedali Riuniti, Ancona, Italy 

 

 

  a b s t r a c t 
 

  

Background: Association between pancreatic ductal adenocarcinoma (PDAC) and type 2 diabetes mellitus 
(DM2) has long been evaluated. Indeed, DM2 can be both an epiphenomenon of PDAC and a risk factor. 
The present study aimed to investigate the correlation between  overall  survival  (OS)  and  antidiabetic 
drugs in patients with metastatic pancreatic ductal adenocarcinoma and DM2. 
Method: Data from 232 patients were collected retrospectively from 2014 to 2021. 174 from AOU Cagliari 
Medical Oncology and 58 from AOU Ancona Medical Oncology. All patients received gemcitabine plus nab-
paclitaxel first-line chemotherapy. We aimed to evaluate the correlation between DM2, anti-diabetic 
medications and overall survival. Survival distribution was assessed by Kaplan-Meier curves. 
Results: Median age was 68±9, 127 (55%) were male. 138/232 (59%) patients were not affected by DM2, 
94/232 (41%) were affected by DM2. 57 were insulin-treated and 37 were metformin-treated. DM2 treated 
patients showed an higher median overall survival (26 vs 12 months, p = 0,0002). Among DM2 patients 
insulin-treated and metformin-treated showed an mOS of 21 months and 33 months, respectively. 
Conclusions: Results showed a correlation between treated DM2 and higher mOS in patients with mPDAC. 
Limitations due to retrospective data collection must be considered. Further studies in this setting are 
needed. 

 
 

1. Introduction 
 

Pancreatic cancer (PC) is a highly malignant digestive tract tu- 
mor with a poor prognosis. It is the seventh leading cause of can- 
cer death worldwide, but it will become the second in the next 
decade. The term ’pancreatic cancer’ usually refers to ductal ade- 
nocarcinoma (PDAC), which accounts for 85% of all PCs. Unlike 
many other cancer entities, 5-year overall survival has improved 
marginally in recent decades but still does not exceed 9% [1,2]. 
Pancreatitis, obesity, smoking, alcohol consumption, and type 2 di- 
abetes are risk factors for sporadic PDAC [3,4]. 

 

Diabetes mellitus is defined by the American Diabetic Asso- 
ciation (ADA) as a group of metabolic diseases characterized by 
chronic hyperglycemia resulting from impaired metabolism of car- 
bohydrates, fats, and proteins. Type 1 diabetes (DM1), also known 
as insulin-dependent diabetes mellitus (IDDM), results from the 
autoimmune destruction of pancreatic beta-cells. Type 2 diabetes 
mellitus (DM2), also known as non-insulin-dependent diabetes 
mellitus (NIDDM), is caused by insulin resistance (IR) and a rela- 
tive deficiency of insulin secretion. Recently described, type 3c dia- 
betes, also known as pancreatogenic diabetes, results from pancre- 
atic diseases involving the exocrine and digestive functions of the 
pancreas. Chronic pancreatitis and PC are often the cause, and it 
responds differently to antidiabetic medications (ADMs) than type 
1 or 2 diabetes [5]. 

DM2 is the most common type, accounting for about 90–95% of 
cases [6]. It is also assciated with a higher body mass index (BMI), 

 



 

 

 

making it an independent risk factor for PDAC. Obesity and DM2 
act synergistically to induce PC development. Obese patients have 
a higher degree of IR, making them prone to DM2. Several stud- 
ies have shown that about 85% of patients had concomitant dia- 
betes at the time of PC diagnosis [7–9]. In fact, it is associated with 
a 4-fold increased risk of PDAC [9–11]. The metabolic disorders 
associated with DM2, such as hyperinsulinemia, hyperglycemia, 
chronic inflammation, and abnormalities in insulin/insulin-like 
growth factor 1 (IGF-1) pathways, are involved in the PDAC de- 
velopment and may contribute to worse cancer morbidity and 
mortality [12–17]. 

DM2 represents not only a risk factor but also an  epiphe- 
nomenon of PDAC. New-onset diabetes is present in 15%−35% of 
patients with PDAC [9,18–20]. As mentioned above, this is the so- 
called type 3c diabetes, which can be an early sign of PC. 

Current medical treatments for DM2  include  insulin  or  in- 
sulin analogs, sodium-glucose co-transporter-2 (SGLT-2) inhibitors, 
glucagon-like peptide-1 agonists (GLP-1), and dipeptidyl peptidase 
IV inhibitors (DPP-4), drugs that reverse IR such as biguanides, and 
other drugs such as α-glucosidase inhibitors. 

Metformin (1,1-dimethyl biguanide hydrochloride) is the only 
available biguanide. It has been the most widely used oral hy- 
poglycemic agent in the treatment of DM2 since the 1950s. Ac- 
cording to the most important diabetes associations, it is the rec- 
ommended first-line glucose-lowering drug for people with DM2 
[21,22]. Metformin acts as a glucose-lowering agent reducing hep- 
atic gluconeogenesis and increasing peripheral glucose uptake in 
target tissues (such as skeletal muscles and fatty tissue). Addi- 
tionally, it also reduces insulin levels by improving insulin sen- 
sitivity [23]. Several studies indicated that metformin could de- 
crease the PC risk, activating the liver kinase B1 (LKB1)-adenosine 
monophosphate protein-activated kinase (AMPK) pathway and in- 
hibiting hepatic gluconeogenesis and cancer cell proliferation. The 
LKB1-AMPK pathway is a potent mTOR inhibitor, regulating cellu- 
lar proliferation and growth [17]. Metformin also disrupts NF-κB 
and hypoxia-inducible factor 1-alpha (HIF-1α), inhibiting vascular 
endothelial growth factor (VEGF) and inflammatory cytokines such 
as IL-1, IL-6, and TNF-α [24,25]. 

Insulin therapy is often necessary for longstanding DM2. Sev- 
eral epidemiological studies showed that insulin therapy is asso- 
ciated with an increased PDAC risk, as insulin can  directly  in- 
crease cancer risk. In vitro, higher insulin levels promote PC cell 
proliferation and glucose uptake by activating MAPK and PI3K 
pathways and increasing IGF-1 expression. Activation of the IGF- 
1 pathway by insulin has potential mitogenic and anti-apoptotic 
effects on cultured cancer cells  [26–32].  The  potentially  alarm- 
ing increase in cancer risk  in  insulin-treated  patients  suggested 
by many epidemiological studies, supported by the results of in 
vitro investigations, has not been confirmed by randomized clinical 
trials [33–39]. 

Furthermore, the data on the influence of DM2 and concomi- 
tant drug therapy in the progression of pancreatic neoplasms are 
conflicting. Some data suggest an antitumor effect of metformin 
in patients with different cancer types [40,41]. However, this clini- 
cal impact must be confirmed in the long-term follow-up. Preclin- 
ical evidence shows that insulin and IGF-1 promote cancer growth 
[42]. However, further retrospective analyses have been inconsis- 
tent. There is no solid clinical evidence that exogenous insulin is 
independently associated with worse outcomes in PC [43–45]. 

Understanding the real association between DM2, metformin, 
insulin use, and survival in PC could help guide clinical decision- 
making and prioritize potential therapeutic targets in this deadly 
disease. 

Therefore, the present study investigated the correlation be- 
tween clinical outcomes and antidiabetic drugs in patients with 
metastatic PDAC and DM2. 

2. Materials and method 
 

Data from 232 patients were collected retrospectively from 
2014 to 2021. 174 from the Department of Medical Oncology of 
the University Hospital of Cagliari and 58 from the Department 
of Medical Oncology, AOU Ospedali Riuniti di Ancona. All patients 
were affected by metastatic pancreatic ductal adenocarcinoma and 
received gemcitabine plus nab-paclitaxel first-line chemotherapy. 
Patients with type 2 diabetes mellitus included in the study had 
been diagnosed with diabetes at least 12 months prior to the di- 
agnosis of PDAC and had been treated with insulin or metformin. 
This time lapse between of diabetes and pancreatic cancer diag- 
noses was aimed to exclude from evaluation patients with new on- 
set type 3c diabetes which is specifically linked to chronic pancre- 
atic diseases and pancreatic cancer, and it has a different response 
to ADMs than type 1 or 2 diabetes. 

Only patients with Eastern Cooperative Oncology Group Perfor- 
mance Status (ECOG PS) ≤1 were included in the study. These pa- 
tients showed no other relevant comorbidities. The primary ob- 
jective of this study was to evaluate the association between in- 
sulin and metformin treated type 2 diabetes mellitus and overall 
survival in PDAC patients. The primary endpoint was OS. The sec- 
ondary objectives were progression free survival (PFS) and to eval- 
uate the influence of variables such as sex, ECOG PS, number of 
metastatic sites, Ca19.9 values, neutrophil to lymphocyte ratio (N/L 
ratio), and lactate dehydrogenase (LDH) values on OS and clinical 
outcome in patients with DM2. 

Statistical analysis was performed with MedCalc Statistical Soft- 
ware version 14.10.2. Survival probability over time was estimated 
by the Kaplan-Meier method. Significant differences in survival 
probability between the strata were evaluated by log-rank test. For 
statistical analysis, OS was evaluated at endpoint, defined as the 
interval between the date of beginning of chemotherapy and death 
or last follow-up visit for patients who were lost to follow up. 
Cutoff values for Ca19.9 serum values, N/L ratio, and LDH serum 
values were calculated with the receiver operating characteristic 
(ROC) curves. We performed multivariate analysis for all survival 
variables (sex, ECOG PS, number of metastatic sites, Ca19.9 values, 
N/L ratio, and LDH values). 

This study was performed in accordance with the study proto- 
col, the ethical principles stated in the Declaration of Helsinki, as 
well as those indicated in the International Conference on Harmo- 
nization (ICH) Note for Guidance on Good Clinical Practice (GCP; 
ICH E6, 1995), and all applicable regulatory requirements. 

 
 

3. Results 
 

The median age was 68±9, 127/232 (55%) were male, 105/232 
(45%) were female. 123/232 (53%) patients had an ECOG-PS 0, and 
109/232 (47%) patients had an ECOG-PS 1. All patients received 
first-line treatment with gemcitabine plus nab-paclitaxel. 94/232 
(41%) were affected by type 2 diabetes mellitus and 138/232 (59%) 
were not. Among DM2 patients, 57/94 were insulin-treated and 
37/94 were metformin-treated (Table 1). 

Among non DM2 patients, 87/138 had and ECOG-PS 0 and 
51/138 had an ECOG-PS 1. In DM2 insulin-treated patients 41/57 
had an ECOG-PS 0 and 16/57 had an ECOG-PS 1. In DM2 
metformin-treated patients 28/37 had an ECOG-PS  0  and  9/37 
had an ECOG-PS 1. DM2 patients showed a statistically significant 
higher median overall survival than no DM2 patients: 26 months 
(95% CI 15.00–33.00) versus 12 months (95% CI 9.00–14.00), re- 
spectively (p = 0,0002) (Fig. 1). 

Within the DM2 group, median overall survival of metformin- 
treated patients was higher than insuln-treated and no DM2 pa- 
tients: 33 months (95% CI 33.00–3.00) versus 21 months (95% CI 



 

 

 

 
 

Fig. 1.  A. Overall survival no type 2 DM and treated type 2 DM; B. Overall survival in no DM2 and DM2 (insulin and metformin treated patients). 

 
Table 1 
Patients characteristics. 

 
 

Patients characteristics tot 
 

 

Median age 68±9 
M/F 127/105 

 
 

 
No DM Insulin Metformin 

Number 138 57 37 232 
ECOG-PS 0 87 51 28 166 
ECOG-PS 1 51 16 9 76 

 

1st line GEM-ABX 138 57 37 232 
2nd line 5FU-based 137 57 34 228 

 
 
 

12.00–28.00) versus  12  months  (95%  CI  9.00–14.00),  respectively 
(p = 0,0002). 

DM2 patients showed a statistically significant higher median 
progression free survival than  no  DM2  patients:  9  months  (95% 
CI 6.00–11.00) versus 7 months (95% CI 6.00–8.00), respectively 
(p = 0,02). 

Within the DM2 group, median progression free survival of 
metformin-treated patients was higher than insulin-treated and no 
DM2 patients: 11 months (95% CI 6.00–31.00) versus 8 months 
(95%   CI   6.00–9.00)   versus   7   months   (95%   CI   6.00–8.00),   re- 
spectively, although this difference is not statistically significant 
(p = 0,10) (Fig. 2). 

Finally, we performed multivariate analysis including sex, DM2, 
Ca19,9 values, N/L ratio, LDH  values,  number  of  metastatic  sites 
and ECOG, that showed  treated-DM2  is  an  independent  prognos- 
tic factor (p = 0.03). 

4. Discussion 
 

Cellular metabolism represents one of the key factors for in- 
terpreting the results. The mechanisms to be considered are nu- 
merous and interconnected on several levels. In normal cells, the 
energy necessary for cellular processes is obtained through oxida- 
tive phosphorylation in the mitochondria. While, in cancer cells, to 
sustain rapid growth and proliferation, a large part of the glucose 
metabolism is shifted from oxidative phosphorylation to anaero- 
bic glycolysis (effect Warburg) [46]. Although apparently disad- 
vantageous, this “metabolic reprogramming” allows cell prolifera- 
tion in tissue with fluctuating oxygen concentrations. Furthermore, 
metabolic intermediates of the process, such as lactate and glu- 
tamine, exert functions of support for tumor growth, maintaining 
TME oxidized, and contributing to cancer infiltration and immune 
evasion [47]. Carcinogenic mutations drive this metabolic shift in 
PI3K-AKT-PTEN pathway, and, in turn, these mutations are induced 
according to feedback from changes in metabolic cofactors and en- 
zymes [48,49]. 

Notably, PDAC has a marked metabolic phenotype, and the ex- 
pression of the glycolysis genes would seem to be regulated by the 
mutated KRAS [50].  This  pathway  plays  a  crucial  role  in  regulat- 
ing the transcription of glycolysis genes and  glucose  transporters 
[51]. Moreover, PDAC showed increased pyruvate carboxylation and 
glucose oxidation via the pyruvate dehydrogenase pathway in vivo 
[52]. Several studies have  proposed  metabolic  classifications  of 
PDAC [53,54], among them Karasinska et al. [55], through the eval- 
uation of gene expression alterations in the glycolysis pathway and 
cholesterol synthesis, have identified 4 metabolic subgroups within 
pancreatic adenocarcinoma: quiescent, glycolytic, cholesterogenic, 



 

 

 

 
 

Fig. 2. A. 1st line progression free survival no type 2 DM versus treated type 2 DM; B. 1st line progression free survival in no DM2 versus insulin-treated DM2 versus 
metformin-treated DM2. 

 
and mixed. Among them, the glycolytic subtype showed the short- 
est overall survival. 

In this context, using antidiabetic drugs such as insulin and 
metformin may hinder the metabolic remodeling operated by can- 
cer cells. Metformin is the most extensively studied drug in pre- 
clinical and clinical settings [56]; its activity occurs through sev- 
eral mechanisms. One of the main ones consists of inhibition of 
complex I of the  mitochondrial  electron  transport  chain,  caus- 
ing several effects, including energetic discomfort leading to ac- 
tivation of AMPK [57]. Other effects caused by this inhibition 
include reduction of mTOR signaling activity, which in turn  in- 
hibits cell proliferation, and inhibition of hepatic gluconeogene- 
sis through blockade of pyruvate decarboxylase. In this way, can- 
cer cells that have lost energy stress control and compensation 
systems are more susceptible to energy stress, leading to  cell 
death [58]. 

The role of insulin is more controversial, as it is generally con- 
sidered to favor metabolism and neoplastic proliferation. However, 
recent work has highlighted  different  results.  Previously,  Pretta 
et al., evaluated progression-free survival and overall survival in 
164 patients (92 non-diabetic and 72 diabetics treated with in- 
sulin) with metastatic PDAC and treated with the same chemother- 
apy combination. Patients undergoing insulin treatment demon- 
strated higher PFS and OS on univariate and multivariate analy- 
ses [59]. The mechanisms underlying this different response can 
be explained by the study by Pircher et al., In which the influence 
of ADMs in patients with prostate cancer is investigated. The study 
highlighted a significant advantage in terms of overall survival in 
patients treated with insulin or metformin. According to the liter- 
ature data, the authors probed the mechanisms of action of the 
two drugs on AMPK and mTOR, the two most implicated path- 

ways. The levels of AMPK and mTOR activated by phosphorylation 
in specific amino acid residues were considered: phospho-AMPK- 
Thr172 (pAMPK) and phospho-mTORSer2448 (pmTOR). This led to 
the demonstration that insulin treatment can significantly reduce 
the activity levels of pmTOR in tumor tissue, thus reducing tumor 
growth and neoplastic tissue development [60]. 

The concentration of glucose and other metabolites (lactates 
and glutamine) in the tumor microenvironment (TME) also affect 
the activity of the immune system cells. In fact, cancer cells con- 
sume as much glucose as available to the detriment of immune 
system cells such as T cells, NK cells, macrophages, etc., reducing 
their activity and inhibiting antitumor immunity [61,62]. This oc- 
curs because the reduced availability of glucose in the tumor mi- 
croenvironment (TME) limits and inhibits a series of fundamental 
processes for the activity of tumor-infiltrating lymphocytes (TILs), 
such as glycolysis, Ca2 + signaling, and the production of cytokines 
[63,64]. 

Restrictions on using nutrients in immune  cells  are  appar- 
ently immunologically associated with tumors that do not undergo 
immune infiltration (so-called cold tumors). Furthermore, tumor- 
infiltrated immunosuppressive cells (Treg cells and MDSCs) and 
vascular endothelial cells tributary of the neoplastic cancer lesion 
also consume and deplete the nutrients in TME, contributing to 
an immunosuppressive environment. Treg cells in particular, act 
competitively against glucose, inducing replicative senescence of 
CD4 + and CD8 + T cells. The activity of TLR8 hinders the cor- 
responding action of Treg cells, thus improving antitumor immu- 
nity. Furthermore, the Treg cells in TME convert ATP to adenosine, 
inhibiting the activity of immune cells in tumors [65–67]. A con- 
sequence of anaerobic glycolysis operated by cancer cells is the in-
creased production of lactate, which, in turn, inhibits the activity



 

 

 

of immune cells, reducing the function of effector T cells. A similar 
function occurs with glutamine [68,69]. 

Furthermore, the inflammation itself is linked to the immuno- 
metabolic context since the pro-inflammatory stimulus can induce 
a metabolic switch in hematopoietic cells, increasing aerobic gly- 
colysis in a similar way to the Warburg effect [70,71]. 

An interesting aspect is that insulin receptors are expressed in 
activated CD4 + T cells and can help remodel the adaptive immune 
system by regulating T-cell metabolism [72]. This condition is con- 
firmed by the fact that in preclinical models of induced knockdown 
for insulin receptors, there was a reduced glucose metabolism and 
cytokine production by T cells [73]. 

The evaluation of these aspects would seem in line with the 
results of our work, which correlates metformin and insulin treat- 
ment in patients with DM2 with a better OS and a tendentially 
better PFS. The hypothesis is that metformin and insulin can in- 
hibit tumor cell proliferation through a rebalancing of glucose 
metabolism that leads to cancer cell death and through reactiva- 
tion of T lymphocytes and immune response against cancer cells. 
Ongoing trials investigate the activity of anti-diabetic medications 
ADMs and immuno-checkpoint inhibitors combination at preclini- 
cal and clinical levels. Among these, phase II study NCT03800602 
evaluates the combination of nivolumab and metformin in MSS 
colorectal cancer; phase II study NCT04414540 analyzes the com- 
bination of pembrolizumab and metformin in head and neck can- 
cers; and the study NCT03874000 which investigate the combina- 
tion of sintilimab and metformin in NSCLC. 

The study has limitations, including its retrospective nature, 
which involves several unavoidable biases, and the small sample 
size, which could be expanded in subsequent  studies.  In  addi- 
tion, in order to achieve the most realistic results possible, pa- 
tients were over selected by a line of treatment, including only 
those treated with first-line gemcitabine-nab-paclitaxel combina- 
tion; ECOG-PS, including 0 or 1 only; and excluding other comor- 
bidities. The metabolic processes in pancreatic ductal adenocarci- 
noma are numerous and interconnected, representing a field still 
to be explored. For this reason, further studies and insights are 
needed in the future. 
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