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Abstract

Diabetes and cancer are widespread worldwide and the number of subjects presenting both diseases
increased over the years. The management of cancer patients having diabetes represents a challenge not
only because of the complexity and heterogeneity of these pathologies but also for the lack of standardised
clinical guidelines. The diagnosis of cancer is traumatizing and monopolizes the attention of both patients
and caregivers. Thus, pre-existent or new-onset diabetes can be overshadowed thus increasing the risk for
short- and long-term adverse events. Moreover, drugs used for each disease can interfere with the clinical
course of the concomitant disease, making challenging the management of these patients. Over the years,
this issue has become more relevant because of the increased patients’ life expectancy due to the improved
efficacy of diabetes and cancer therapies.

The purpose of this review is to highlight what is known and what should be taken into consideration
to optimise the clinical management of patients with diabetes and cancer. Due to the complexity of these
diseases, a multidisciplinary, shared approach, including all the protagonists involved, is necessary to improve
patients’ quality of life and lifespan.
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Introduction

Diabetes and cancer are widespread diseases whose prevalence has continued to increase over the past
decades placing a burden on clinical and public health systems. The world current prevalence of diabetes is
estimated to be more than 400 million cases, rising to 650 million in the next two decades, with the majority
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of them affected by type 2 diabetes (T2D) [1]. Likewise, the last worldwide report of the International Agency
for Research on Cancer reported 18 million new cases of cancer and almost 10 million cancer-related deaths
in 2018 [2].

The growing prevalence of these diseases led to an increase of subjects affected by both T2D and cancer,
triggering the effort of the scientific community to understand the link that underlies their onset. Both
diseases are multifactorial disorders with complex, not fully understood, pathogenic features, and share
many modifiable (unbalanced diet, sedentary, obesity, alcohol, and tobacco assumption) and not modifiable
(sex, aging) risk factors [2, 3]. In the last decades, the spread of westernised lifestyle has favoured a rapid
increase of overweight prevalence together with other related adverse conditions, such as hyperinsulinemia,
hyperglycaemia, inflammatory cytokines environment (TNF-a, IL-6, IL-17, and TGF-[), which are involved in
both T2D and cancer etiopathogenesis [2-4]. In particular, hyperinsulinemia, typical of overweight and T2D
subjects, favours cells growth and together with the above-mentioned factors promotes cancer progression
and aggressiveness [4-7]. In fact, most cancer cells, overexpressing the insulin receptor isoform A (IR-A),
are more responsive to the mitogenic effect of both endogenous and exogenous insulin compared to the
prevalently metabolic effects of the B isoform (IR-B) [4, 5, 8].

The 8-18% of cancer patients are also affected by diabetes [9]. Confirming the mutual influence between
diabetes and cancer, observational data suggest an increased risk of cancer in diabetes subjects. In particular,
liver, breast, pancreas, colorectum, bladder, and endometrium cancer are more frequent in diabetic patients
[10, 11]. Moreover, patients with diabetes have higher cancer-specific mortality due to a higher tendency
to infections, increased surgery and post-surgery mortality, and enhanced toxicity of therapies [12-14]. In
addition, the complex patients’ clinical status mightinduce the oncologist to reduce the dose of chemotherapy,
thus reducing its effectiveness. Some evidence also suggests a possible increased risk of diabetes in cancer
survivors, in particular in patients with pancreatic, kidney, liver, colorectal, and breast cancer [15-18]. This
risk would be independent from traditional diabetes risk factors [18].

The clinical management of patients with both diabetes and cancer has several critical aspects,
representing a major challenge. The coexistence of diabetes and cancer produces relevant clinical questions
arising from the mutual influence of the two diseases. In regard to the diabetes, the main topics are about
the level of glucose control to achieve, the drugs to use, and how to manage chronic diabetes complications.
As for the cancer, it is discussed the importance to plan anticancer therapies in sight of the presence and
severity of chronic diabetes complications, to keep in mind the glycaemic effects of supportive therapy with
glucocorticoids (GCs), to manage nutritional aspects (lack of appetite, artificial nutrition) and the end of
life. Furthermore, despite the growing number of patients with both diabetes and cancer, no standardised
protocols or guidelines are currently available due to the multiplicity and heterogeneity of these patients’
condition and the great variability of drugs’ combination.

This review will summarise the present evidence on the major interferences of diabetic and oncologic
drugs on the “cancer-diabetes disease”, as well as the main critical issues in the treatment of patients affected
by diabetes and cancer, with the aim to provide clinicians with some updated information for the best
management of these patients.

Glucose management: what goals and what drugs

Cancer management engages much of the attention of both patients and physicians as demonstrated by
a decreased adherence to diabetes therapies after cancer diagnosis [19, 20]. Nevertheless, the glucose
management in patients affected by both cancer and diabetes cannot be ignored or underestimated. Despite
no randomised trial has been carried out to demonstrate the influence of glucose control on cancer-related
outcomes, observational studies indicate that diabetes, mainly when uncontrolled, negatively influences
cancer prognosis reducing the duration of remission and survival [21-24]. In a meta-analysis of 23 studies,
Barone et al. [12] estimated a 41% increased risk of death in cancer patients affected also by diabetes. A
significant increase of mortality was observed for breast, endometrium, and colorectal cancer [Hazard ratio
(HR): 1.76, 1.61, and 1.32, respectively] [12]. The worsening of glucose control, often observed after cancer
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diagnosis, is also associated with an increased risk of tumour recurrence and mortality [25, 26]. Many factors
contribute to determining these cancer-related adverse outcomes. First, diabetes increases susceptibility
to infections, surgery/post-surgery mortality, and toxicity of therapies [12-14]. Secondly, diabetes may
cause renal, cardiovascular, and neuropathic complications. Thirdly, hyperglycaemia negatively influences
nutritional condition and the performance status [9]. For all these reasons, patients affected by both diabetes
and cancer are often frail subjects and this could lead to reducing chemotherapy dosing and the chance of
cancer recovery.

What target for glycaemia and glycated haemoglobin?

Few evidences are available on the management of glucose metabolism in cancer patients. A personalised
approach is necessary, and the choice of glucose target should be primarily addressed by the patient’s life
expectancy and co-morbidities. In case of short life-expectancy (less than five years), the priority is to avoid
the acute complications of glycaemia abnormalities (hypoglycaemia, ketoacidosis, and hyperglycaemic
hyperosmolar syndrome), the hyperglycaemia-related osmotic symptoms (polyuria, polydipsia, and
dehydration) and infections that could reduce patient’s quality of life [27]. Conversely, for these patients,
the prevention of diabetes-related micro- and macro-vascular complications represents a secondary goal: a
target of glycated haemoglobin (HbA1lc) between 8-9% and glycaemic values between 120-270 mg/dL are
reasonable [28, 29]. Subjects with a particularly poor prognosis and a very short life expectancy (a few days
or weeks), should be maintained within a glycaemic interval of 180-360 mg/dL [29, 30].

However, in the last decades, due to the continuous improvement of anticancer therapies, an increasing
proportion of cancer patients recovers had a long life expectancy, aiming to a normal lifespan. Consequently,
glycaemic targets similar to diabetic patients without cancer should be pursued [27].

What diabetes drugs?

At present, there are no specific recommendations regarding the diabetes therapy for patients also affected by
cancer. Provided that, only observational data are available, and the existing evidence is insufficient to advise
how to modify diabetes therapy at cancer diagnosis. Several drug classes, many of whom introduced over
the past two decades, with different mechanisms of action, efficacy, and tolerability profile, exist for diabetes
care. The choice of the therapeutic approach should be driven by patient’s characteristics, tailoring the most
suitable strategy for each of them [31]. Nevertheless, due to the shortage of evidence and clinical trials, no
evidence-based, personalised treatment recommendations are available for the management of patients with
both diabetes and cancer. Clinicians have to consider many aspects to personalise the therapeutic approach:
patient’s comorbidities, the time onset of action and the adverse events (AEs) of diabetes drugs, their potential
interactions with anticancer agents, and the safety related to the possible cancer progression or recurrence.

Insulin

Insulin therapy, for several reasons, is often required in T2D patients with cancer, above all for its efficacy and
fast onset of action, being particularly useful in case of severe hyperglycaemia. Secondly, for the flexibility of
insulin regimen, helpful to treat the acute and intermittent hyperglycaemia induced by both chemotherapy
drugs-especially if cyclically administered-and GCs, often used to reduce the collateral symptoms of
chemotherapy, to control the cancer-related pain, or as a component of chemotherapy in blood cancers [9].
Short-acting insulin analogues (lispro, aspart, and glulisine) should be preferred for the management of post-
prandial hyperglycaemia in cancer patients. Their fast onset of action and the possibility to inject after meals
are useful when, in patients with nausea, vomiting, and difficulty to eat, food intake is not predictable [9, 32].

In patients with also uncontrolled fasting glucose, a strengthening of insulin therapy with a basal-bolus
regimen could be necessary. When the introduction of a long-acting insulin analogue is required, insulin
degludec and glargine 300 U/mL could be preferred for their greater flexibility in the timing of administration
respect to glargine 100 U/mL or detemir [9, 33]. Hypoglycaemia is the main risk of an insulin regimen. An
accurate training of the patient and/or his/her caregivers regarding glucose self-monitoring, insulin injection
technique, and titration is necessary to reduce this risk. The management of an insulin regimen, especially
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for patients insulin-naive or with newly diagnosed hyperglycaemia, could be challenging. Inpatients with a
relevant burden deriving from the oncologic disease, the diabetologist should consider the additional load
deriving from a complex diabetes therapy.

Studies regarding the carcinogenic effects of long-acting insulin analogues provided uncertain and
contrasting results. Due to the lack of conclusive evidence on this topic, the decision to use long-acting insulin
analogues in diabetic patients with cancer should be evaluated based on metabolic and non-metabolic risks
for each patient [34-37].

Secretagogues

Oral insulin secretagogues (sulphonylureas and glinides) stimulate endogenous insulin secretion causing
hyperinsulinemia and are, therefore, associated with an increased risk of hypoglycaemia and weight gain.

Sulphonylureas are quite effective in reducing glucose level. The use of short-acting molecules (e.g.,
gliclazide), useful in the management of post-prandial hyperglycaemia, should be preferred for the lower risk
of hypoglycaemia compared to the other molecules of this class (i.e. glibenclamide, glimepiride, and glipizide)
[37,38].

Repaglinide, a meglitinide with short-acting insulin secretagogue effect and different dosage regimen, is
useful when meal intake is unpredictable [32].

The evidence concerning the risk of cancer in patients treated with sulphonylureas are conflicting and
not univocal. Several observational studies focused on this issue, indicating an increased risk of breast cancer,
although mitigated by subsequent, better designed analysis, and an increased cancer-specific mortality,
mostly related to the use of glibenclamide [3, 39]. Conversely, sulphonylureas seem to reduce the risk of
ovarian and prostate cancer [3].

Alpha-glucosidase inhibitor

A molecule acting on post-prandial hyperglycaemia is acarbose, an alpha-glucosidase inhibitor which reduces
the absorption of carbohydrates from the small intestine. Acarbose, compared to insulin and secretagogues,
has both a lower effect in reducing post-prandial glucose level and a very low risk of hypoglycaemia.
Nevertheless, the mild effect on glycaemia and the intestinal AEs (flatulence, abdominal pain, and diarrhoea),
limit its use in the management of diabetes in cancer patients [9].

Insulin sensitising agents

The use of insulin sensitising agents (metformin and pioglitazone) in T2D patients with cancer is supported
by the rational to contrast the insulin-resistance often enhanced by antineoplastic drugs and GCs.

A large amount of data is available for metformin, a biguanide widely used in T2D. In addition to the
well-known glucose effect, preclinical and clinical studies suggested the anticancer properties of this drug. In
vitro, metformin demonstrated an antiproliferative effect by reducing cancer cell proliferation as well as the
epithelial-mesenchymal transition, and by inducing apoptosis [39]. A large number of observational studies
suggest that metformin reduces the occurrence of several cancers, in particular colon-rectal, breast, prostate,
liver, pancreas, gastrointestinal, ovarian cancer [10, 40, 41]. In addition, metformin reduces cancer mortality
in comparison with other glucose-lowering agents [42]. Recent evidence from retrospective analysis showed
a reduced gastric cancer risk in T2D treated with metformin [43]. Moreover, metformin seemed to increase
the radiosensitivity of tumoural tissues: in a meta-analysis of 17 cohort studies, including about 14 thousand
patients with different cancer type (prostate, head-neck, rectum, lung, oesophagus, and liver), Rao et al. [44]
observed a better response of cancer tissues to radiation therapy and an improved overall survival in patients
treated with metformin. Although the evidence, derived from retrospective clinical studies, is not strong
enough to recommend metformin in all people with diabetes and cancer, metformin use is reasonable in
absence of AEs (gastrointestinal disturbance) or contraindications (chronic kidney failure, contrast medium
administration because of the risk of acute nephropathy, and systemic hypoxia) [27, 45].

Another class of oral insulin-sensitising drugs used in T2D are thiazolidinediones (TZDs). Pioglitazone
is the only molecule available for human use after the withdrawal of rosiglitazone. These drugs are quite
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safe in cancer patients, except for a possible increased risk of bladder cancer, observed for pioglitazone in
animal studies. Observational studies and meta-analysis did not reach definitive and univocal conclusions.
In short, they neither excluded nor confirmed the enhanced risk for bladder cancer [46-49]. Thus, the use
of pioglitazone should be carefully avoided in patients with bladder cancer or uninvestigated haematuria
[3, 50]. The slow onset of action could be a drawback in patients with acute, severe hyperglycaemia.

Incretin system modulators

The dipeptidyl peptidase-4 inhibitors (DPP4-I) and the glucagon-like peptide-1 receptor agonists (GLP1-RA)
are diabetes drugs modulating the incretin system, increasingly used in T2D and potentially useful in cancer
patients with diabetes. Preclinical and observational studies showed a possible increased risk of thyroid and
pancreatic cancer related to incretin therapies [51-53]. Nevertheless, the evidence of this risk, resulting from
studies with methodological critical issues, remained conflicting, inconclusive, and mitigated by subsequent
observations [54-56].

The DPP4-I (sitagliptin, saxagliptin, vildagliptin, linagliptin, and alogliptin) have a mild efficacy and a
slow onset of action that can reduce their use in patients with moderate-severe and acute hyperglycaemia.
The few available findings regarding the influence of DDP4-I on cancer prognosis indicated a safety of these
drugs on the risk of neoplasm progression, recurrence, and mortality [57, 58].

The GLP1-RA (exenatide, liraglutide, lixisenatide, dulaglutide, and semaglutide) are more effective
in reducing glucose level compared to DPP4-I. Yet, they are related to gastrointestinal side effects (lack of
appetite, nausea, vomiting, and weight loss) that are undesirable in patients with cancer.

Sodium glucose transporter-2 inhibitors

The newest class of oral diabetes drugs, the sodium glucose transporter-2 inhibitors (SGLT2-I) (empagliflozin,
dapagliflozin, canagliflozin, and ertugliflozin), reduces plasma glucose by inhibiting renal glucose
reabsorption and increasing urinary glucose excretion. These drugs are not only not linked to an increased
risk of malignancies [59, 60], but preclinical studies also indicated, mainly for canagliflozin, an interesting
anti-proliferative effect on liver cancer cells [61-65]. SGLT2-I are potentially useful to treat diabetes in cancer
patients, although the increased risk of genitourinary infections, volume depletion, and euglycaemic diabetic
ketoacidosis should be carefully considered.

Anticancer therapies: the burden on glucose metabolism and chronic
diabetes complications

The detrimental effect of the most common cancer regimens on metabolic control represents a major issue
in T2D patients. Many anticancer regimens may quickly affect glucose metabolism, particularly when GCs
are adopted [66]. Furthermore, cancer therapies may play an independent role either on the onset or the
progression of diabetes micro- and macro-vascular complications [67].

Glucose metabolism

Anticancer drugs may worsen glycaemic control in diabetic patients and induce transient or permanent
hyperglycaemia in subjects with a normal carbohydrate tolerance before cancer diagnosis [18]. In the latter
case, the evaluation of HbA1lc is useful to distinguish a real hyperglycaemia onset during cancer treatment
from a pre-existent, unrecognised glucose impairment [9].

Hyperglycaemiain cancer patients results from both anticancer drugs and supporttherapies. In particular,
GCs-commonly used both to reduce the side effects of cancer therapies and as components of chemotherapy
schedule-are known to induce insulin-resistance and hyperglycaemia [66, 68].

Glucose management during and immediately after cancer treatments represents a challenge for
both clinicians and patients. Most of the evidence derives from observational studies while specific
recommendations or guidelines are not available. It was observed that, a sub-optimal glycaemic control during
cancer care results in unfavourable cancer-related outcomes and a lower survival [25, 26]. Glucose control
should be appropriate since the beginning of cancer chemotherapy, as demonstrated in a 12-week, longitudinal
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cohort of 18 T2D patients with various solid and blood malignancies, reporting that a poor glycaemic control
at the start of chemotherapy increases the risk of short-term AEs (infections, hospitalisation, chemotherapy
reduction or interruption) [69]. To promptly prevent the increase in glucose levels and variability, health
professionals should knowledge the exact impact of the different cancer drugs on glycaemic control [70].
Nevertheless, the glycaemic effect of many chemotherapy agents is not fully understood and their short-term
impact on glucose trend is still uncertain [67, 71].

Anticancer drugs influence glucose metabolism because of their interference on both insulin production
or secretion and insulin sensitivity [9, 72] (Table 1). Many studies investigated the role of anticancer drugs in
developing new cases of diabetes [18] while only few, mainly retrospective reports focused on the evaluation
of cancer therapies effect on glucose levels of patients diagnosed with diabetes prior to the diagnosis of
cancer. A meta-analysis of eight retrospective studies of T2D patients with different cancer types (prostate,
breast, stomach, colon, and multiple myeloma), reported a worsened glucose control after cancer treatment
[70]. A mild, statistically significant increase in HbA1lc was found after 12 and 24 months since the beginning
of cancer therapies. Interestingly, in patients who had undergone gastric surgery the rise of HbAlc level
was not observed, probably because of the effects on food intake and weight loss. Conversely, patients in
androgen deprivation therapy for prostate cancer had a more pronounced HbA1c worsening, remarking the
detrimental effect of gonadotropin releasing hormone (GnRH) agonists, steroidal (cyproterone acetate) and
nonsteroidal anti-androgens (flutamide, bicalutamide, and nilutamide) on body weight, fat composition, and
insulin sensitivity [70, 73-78] (Table 1).

Table 1. Anticancer drugs effects on glucose metabolism

Class/Agent Glycaemia HbA1c c-peptide/insulin Mechanisms
Hormonal agents 1 [73] 1[78] Increased Ins-Res
- GnNRH agonists (triptorelin, leuprorelin)

- Anti-androgens (cyproterone acetate, flutamide,

bicalutamide, nilutamide)

Glucocorticoids (prednisone, prednisolone, 1180, 81] 167, 81] Increased Ins-Res
methylprednisolone, dexamethasone)

mTOR inhibitors (everolimus, sirolimus, 1 [87] 1[67] Increased Ins-Res
temsirolimus)

ICls 1 [89] 1 [89] 1 [89] Reduced IP/S

- Anti-CTLA-4 antibodies (ipilimumab)

- PDL-1 inhibitors (atezolizumab, avelumab)

- PD-1 inhibitors (nivolumab, pembrolizumab)

Somatostatin analogues (octreotide, lanreotide, 1 (pasireotide) [93] 1 [93] Reduced IP/S
pasireotide) | (octreotide) [94] Reduced GP/S
L-asparaginase 1 [95, 96] Reduced IP/S
Alkylating agents (cisplatin, carboplatin, oxaliplatin, 1 [97-99] 1 [67] Reduced IP/S
cyclophosphamide, etc.)

Anti-microtubules (docetaxel, paclitaxel, 1197, 100] 1[67] Reduced IP/S’
vinorelbine, vincristine, etc.)

Antimetabolites (5-fluorouracil, gemcitabine, 198, 101] 1[67] 1 [101] Reduced IP/S’
capecitabine, methotrexate, etc.)

Antracyclines (doxorubicin, epirubicin, etc.) 1 [97] Reduced IP/S’

" indicates the uncertainty of the evidence on this item; GnRH: gonadotropin-releasing hormone; Ins-Res: insulin resistance;
HbA1c: glycated haemoglobin; mTOR: mammalian target of rapamycin; ICls: immune checkpoint inhibitors; CTLA-4: cytotoxic
T-lymphocyte 4-antigen; PDL-1: programmed cell death ligand-1; PD-1: programmed cell death-1; IP/S: insulin production/

secretion; GP/S: glucagon production/secretion
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We recently evaluated, in a retrospective real-world series of 168 T2D patients with various malignancies,
the short-term effect of different cancer drugs on glucose level [67]. In the six months after the beginning of
cancer therapies, average HbA1lcsignificantly increased from 7.1%to 7.5% (P < 0.005%), and in more than two
thirds of patients we observed an increase in HbA1c levels greater than 0.5%. In half of the patients, diabetes
therapy was potentiated, and most of them introduced insulin, highlighting its well-known, widespread use
in case of acute, severe, intermittent hyperglycaemia related to chemotherapy administration. Interestingly,
the effect of each anticancer drug class on glycaemic control was also evaluated: a negative impact on glucose
control was observed in patients treated both with high-dose GCs administration and with mTOR pathway
inhibitors, cytotoxic antibodies, alkylating, anti-microtubules, and antimetabolite agents [67] (Table 1).

Glucocorticoids

The undesirable effect of GCs on glucose homeostasis is well reported and explained by an increased insulin-
resistance, liver gluconeogenesis, and a reduced insulin secretion [78, 79] (Table 1). T2D patients using
GCs (prednisone, prednisolone, methylprednisolone, and dexamethasone) are likely to develop significant
hyperglycaemia, mainly post-prandial, and should be alerted to enhance capillary glucose test checking
prior or post lunch/evening meals [27, 71, 80, 81]. In these cases, the use of short-acting insulin analogues
represent the first choice and the initial dose of 0.1 U/kg per meal is recommended. Supplementary insulin
dosage could be necessary depending on the glycaemic response and the level of pre-prandial hyperglycaemia
(0.04 or 0.08 U/kg per meal for pre-prandial glycaemic values between 200-300 mg/dL or above 300 mg/dL,
respectively) [82]. In patients already receiving insulin, prandial bolus should be increased according to
capillary glucose levels [71]. To overcome the postprandial glycaemic rise of patients on once-daily GCs
therapy, the Joint British Diabetes Societies suggest either the morning use of basal insulin (starting dose of
0.4 U/kg) [82, 83], or high dose sulphonylureas in the morning (e.g., gliclazide up to 240 mg in the morning
and 80 mg in the evening) [83].

mTOR pathway inhibitors

Molecules inhibiting specific components of different signaling pathways may cause hyperglycaemia. The
mTOR pathway inhibitors (everolimus, sirolimus, and temsirolimus) used in breast cancer, advanced renal
cell carcinoma, and neuroendocrine tumours (NETSs) carry out their anticancer effect by inhibiting pathways
normally involved in cell metabolism, proliferation, growth, and angiogenesis [84-86]. mTOR-inhibitors
increase insulin-resistance and glycaemic levels in both diabetic and non-diabetic cancer patients [71, 87]
(Table 1). In particular, everolimus induces hyperglycaemia in 10-15% of cases, therefore requiring glycaemic
surveillance [88] (Table 1).

Immune checkpoint inhibitors

In the last decade, targeted therapies modulating the immune response against cancer cells have acquired
a relevant role in the treatment of metastatic melanoma, non-small-cell lung cancer, renal cell carcinoma,
bladder carcinoma, head and neck cancer, and lymphomas [72].

Anti-cytotoxic T-lymphocyte 4-antigen antibodies (anti-CTLA-4 Abs), PDL-1 inhibitors, and PD-1
inhibitors could trigger an immune response against pancreatic beta cells and the onset of autoimmune
diabetes in about 1% of treated patients [89-91] (Table 1). Hyperglycaemia induced by ICls is often acute and
severe. A meta-analysis of Akturk et al. [89] indicates an onset of hyperglycaemia after a median of 49 days
since the first dose of drug, a mean values for glycaemia and HbA1c of 602 mg/dL and 7.9%, respectively,
and a diabetic ketoacidosis in 76% of cases. To date, no data are available on glucose trend in T2D patients
treated with these drugs. Furthermore, considering the potentially life-threatening onset of ICIs-related
hyperglycaemia, a careful clinical and biochemical monitoring is recommended.

Somatostatin analogues

Particular attention should be given to patients treated with somatostatin analogues (SST-A) (octreotide,
lanreotide, and pasireotide) for acromegaly and NETs. Physiologically, somatostatin (SST) binds pancreatic
receptors inhibiting insulin and glucagon release [92]. A dual effect of SST-A on glucose homeostasis has been
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observed, and this is explained by the different affinity of these drugs for SST receptors (SSTR) [72] (Table 1).
Pasireotide strongly inhibits insulin release binding SSTR5 with high affinity. Muhammad et al. [93] reported
an increase of glucose values in 88.5% of acromegalic patients treated with pasireotide for 24 weeks, and
of HbAlc from 6.1% to 7.8%. Moreover, the percentage of patients with diabetes increased from 32.8% to
68.9% after six months. Otherwise, the treatment with octreotide has been related to hypoglycaemic events
because of its preferential activation of SSTR2 and consequent suppression of glucagon production [94].

L-asparaginase
L-asparaginase, used in patients with acute lymphoblastic leukaemia, reduces insulin secretion depleting
L-asparagine in beta cells [9]. Moreover, a pancreatic cytolysis is reported in 7% of cases [95, 96] (Table 1).

Classical cytolytic chemotherapy

Alkylating agents, anti-microtubule agents, antimetabolites, and topoisomerase inhibitors are still widely
used, representing the mainstay of many cancer treatments [71]. Their glycaemic effect in T2D patients is
not fully understood due to the lack of longitudinal, prospective studies [66, 67]. Understanding of these
molecules’ influence on glucose homeostasis is also hindered by the multidrug chemotherapy regimens,
often including GCs, which make exploring the role of each drug difficult, highlighting the need of targeted
longitudinal trials. The available data indicate the onset of hyperglycaemia in a subset of patients receiving
these drugs [66, 71] (Table 1). A systematic review by Hershey et al. [66], including 22 studies of patients
with solid cancers, showed that cisplatin (alkylating agents) [97-99], docetaxel and vinorelbine (anti-
microtubule agents) [97, 100], 5-fluorouracil (antimetabolites) [98, 101], and doxorubicin (topoisomerase
inhibitors) [97] are associated with various degrees of hyperglycaemia in patients previously not affected by
diabetes. Nevertheless, these findings were not fully consistent in all studies, as they did not support a causal
relationship between the anticancer drug and the occurrence of hyperglycaemia [66]. Our retrospective series
of T2D patients with various malignancies showed put forward similar suggestions [67], indicating the same
classes of anticancer drugs reported by Hershey et al. [66] among those at major risk to increase HbAlclevel.

Chronic diabetes complications

The primary aim for all diabetic patients is to avoid the long-term micro- and- macro-vascular complications,
whose onsetis closely related to glucose control. For several reasons (reduced adherence to diabetes therapies,
anticancer therapies, etc.), after cancer diagnosis, glucose control could get worse [19, 20, 67]. Additionally,
anticancer drugs either could favour, both directly and indirectly (increasing glycaemia), the onset of diabetes
vascular complications or exacerbate the progression. Their prevention is mandatory mainly in patients with
good life expectancy. Furthermore, also in patients with an uncertain or bad cancer prognosis, the renal,
ocular, cardiovascular, and neuropathic condition should be monitored. In fact, these organs’ failure could
lead to stopping or weakening anticancer therapies reducing the tumour response [102, 103].

Few data exist regarding the short- and long-term impact of anticancer chemotherapies on diabetes
vascular complications, and no specificrecommendations on their management in cancer patients are available.

Nephropathy

A negative effect on renal outcomes has been observed in T2D patients treated with various anticancer drugs
[67] (Table 2). A significant increase of serum creatinine and reduction of the estimated glomerular filtration
rate (eGFR) occurred during the six months following chemotherapy. In about 10% of patients, a detrimental
effect was observed also on microalbuminuria. The drug classes more likely to cause renal AEs were mTOR
and kinase inhibitors [67]. Everolimus and temsirolimus are known to increase the level of creatinine in up
to 10% of treated patients [104]. This is probably due to the hyperglycaemic effect of mTOR inhibitors more
than to an intrinsic, detrimental effect of these molecules on renal cells [105, 106] (Table2).

Tyrosine-kinase inhibitors (TKIs), in particular pazopanib, sunitinib, axitinib, sorafenib, could increase
urinary protein levels (asymptomatic albuminuria or nephrotic syndrome) [107, 108]. Similar AEs were
reported for bevacizumab and aflibercept, monoclonal antibodies directed against the vascular endothelial
growth factor (VEGF), with an incidence between 1% and 38% across clinical trials [108] (Table2).
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Table 2. Anticancer drugs effects on renal, retinal, neuronal and cardiovascular events

Class Agents Adverse outcomes Mechanisms References
Nephropathy
mTOR Everolimus Increased creatinine Hyperglycaemia and urinary infections [67, 104,
inhibitors Temsirolimus Increased UAE 109]
Multi-target Pazopanib Increased UAE Glomerular endothelial damage; [67, 104,
TKis Sunitinib Nephrotic syndrome Podocyte damage 107, 108]
Sorafenib
Axitinib
Anti-VEGF Bevacizumab Increased UAE Glomerular endothelial damage; [104, 107,
Aflibercept Podocyte damage 108]
ICls Ipilimumab Acute interstitial nephritis Delayed hyper-sensitivity with [108-110]
Nivolumab granulomatous reaction (CD4* T cells
and macrophage activation, gamma-
Pembrolizumab interferon production);
Podocyte damage
Retinopathy
Anti-oestrogen  Tamoxifen Retinal exudates and Retinal thromboembolism [111-114]
haemorrhages
Alkylating Cisplatin Retinal ischaemia and Retinal thrombosis with vascular [114, 115]
agents Carboplatin neovascularization occlusion (phosp.holi.pase A2 and
platelet hyperactivation)
Carmustine
ICls Nivolumab Retinal vessels occlusion Autoimmune (abs against retinal [116]
Retinal thinning proteins)
Oral anti-VEGF Pazopanib Retinal vessels bleeding/ Alterations of choroidal vascular [119]
Sunitinib occlusion permeability;
Sorafenib Retinal detachment Microvascular events (microemboli)
Macular oedema
MAPK Selumetinib Retinal vessels occlusion Alterations of choroidal vascular [117-120]
inhibitors Binimetinib Retinal detachment permeability;
Pimasertib Subretinal fluid Autoimmune (abs against retinal
proteins)
Neuropathy
IMIDs Talidomide Sensory neuropathy Inhibition neurotrophic factors (NGF, [121, 122]
NF-kB);
Reduced angiogenic factors
Proteasome Bortezomib Sensory and autonomic Inhibition neurotrophic factors (NF-kB); [121-123]
inhibitor neuropathy Autoimmune:
miRNA dysregulation (miR-20a, -29b,
-34a, -128, -181, -342-3p, -17-92)
Cardiovascular disease
Anthracyclines  Doxorubicin LV dysfunction/HF Increased ROS; [124, 125,
Epirubicin Mitochondrial dysfunction; 128, 129]
Idarubicin Apoptosis
Anti-HER2 Trastuzumab Lapatinib LV dysfunction/HF ErbB2 inhibition with apoptosis of [124, 125,
drugs Pertuzumab Hypertension cardiomyocytes 128, 130]
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Table 2. Anticancer drugs effects on renal, retinal, neuronal and cardiovascular events (continued)

Class Agents Adverse outcomes Mechanisms References
Anti-VEGF and Bevacizumab LV dysfunction/HF NO-mediated dysregulation of [124, 128]
',\|{|}l(J||2_target Pazopar‘ub Sunltlnlb. Hypertension endothelial homeostasis
Sorafenib Vandetanib Myocardial ischemia (rare)
Regorafenib Atherosclerosis
Axitinib
Anti BCR-ABL1 Imatinib Nilotinib QTc prolongation Increased ROS; [124, 128]
Ponatinib HF Mitochondrial dysfunction;
Cardiomyocytes apoptosis
ICls Ipilimumab Rare cases of: Immune-mediated damages” [124, 132]
Nivolumab - Myocardial fibrosis
Pembrolizumab - Immune myocarditis
- Cardiomyopathy
- Acute HF
- Lethal myocarditis
Proteasome Bortezomib LV dysfunction Increased ROS; [128, 131]
inhibitors Carfilzomib Hypertension Mitochondrial dysfunction
Ixazomib Myocardial infarction (rare)
Oprozomib Cardiac arrest (rare)
Antimetabolites 5-FU Coronary spasms/ischemia Increased ROS; [127, 128]
Capecitabine NO reduction;
Gemcitabine Increased thrombogenicity
Taxanes Docetaxel Bradycardia Alteration of tubulin polymerisation and [126, 128]
Paclitaxel LV dysfunction cell division;
Ischemia Stimulation of histamine receptors

" indicates the uncertainty of the evidence on this item; mTOR: mammalian target of rapamycin; UAE: urinary albumin excretion;
TKis: tyrosine kinase inhibitors; VEGF: vascular endothelial growth factor; ICls: immune checkpoint inhibitors; Abs: antibodies;
MAPK: mitogen-activated protein kinase; IMIDs: immunomodulatory drugs; NGF: nerve growth factor; NF-kB: nuclear factor
kappa-light-chain-enhancer of activated B cells; miRNA: microRNA; LV: left ventricular; HF: heart failure; ROS: reactive oxygen
species; HER2: human epidermal growth factor receptor 2; NO: nitric oxide; BCR-ABL: breakpoint cluster region Abelson gene;
QTc: corrected QT; 5-FU: 5-Fluorouracil

Acute interstitial nephritis was described in patients treated with ICIs with occurrence within 3-12
months [108-110] (Table 2).

These findings suggest the need for a clinical (e.g., hydration status, arterial pressure, etc.) and laboratory
(creatinine, electrolytes, and urinary protein) monitoring of these patients, in particular in those with nausea
and vomiting, to early detect renal AEs [27, 108].

Retinopathy
Very limited evidence is available on the influence of anticancer drugs on diabetes retinopathy (Table 2). The
6% of T2D and cancer patients experienced the onset or progression of retinopathy in the six months after
chemotherapy, but a correlation with specific anticancer molecules or protocols has not been established [67].
Tamoxifen, an anti-oestrogen widely used in breast cancer, is associated with the occurrence of retinal
exudates and haemorrhages [111-113] (Table 2). Some reports described sporadic cases of different types of
retinal injury induced by various anticancer drugs (alkylating agents, ICls, MAP kinase inhibitors, and anti-
VEGF) [114-120] (Table 2).

Neuropathy

Bortezomib and thalidomide, both used in the treatment of multiple myeloma, can affect the peripheral
nervous system by means of poorly understood mechanisms, probably involving the inhibition of angiogenic

Explor Med. 2020;1:184-204 | https://doi.org/10.37349 /emed.2020.00013 Page 193


https://doi.org/10.37349/emed.2020.00013

and neurotrophic factors essential for the nervous system [121] (Table 2). Bortezomib causes neuropathy in
up to 40% of patients [122]. Both sensory (paraesthesia, pain) and autonomic (postural dizziness, syncope,
diarrhoea, impotence, and urinary disturbances) neuropathic symptoms are described [123]. These AEs
are often reversible within six months since bortezomib withdrawal and their incidence decreases with
subcutaneous and once-weekly administration [121]. The 70% of patients with prolonged exposure (12
months) to thalidomide experienced bilateral and symmetrical neuropathic sensory, and rarely, autonomic
or motor disorders [122] (Table 2).

Cardiovascular disease

Both conventional (e.g., anthracyclines, taxanes, and antimetabolites) and novel biological targeted cancer
therapies can induce cardiovascular AEs, such as hypertension, QT interval prolongation, left ventricular
dysfunction, and heart failure [124-127] (Table 2). These fearful and potentially life-threatening AEs can
be irreversible, resulting from classical cytolytic cancer therapies, or reversible, more often related to novel
biological therapies [128].

Anthracyclines (doxorubicin, epirubicin, and idarubicin), used both in solid and haematological cancers,
are associated with left ventricular dysfunction and heart failure in up to 20% of treated patients. The acute,
early onset cardiotoxicity of doxorubicin is dose dependent (doses = 450 mg/m?) and mainly mediated by
reactive oxygen species, while late onset AEs are dose-independent and reported in half of the patients within
six years [124, 129] (Table 2).

Trastuzumab and TKIs targeting the human epidermal growth factor receptor 2 (HER-2) can lead to
hypertension and reduced heart function that, unlike anthracycline-dependent cardiotoxicity, are often
reversible [130] (Table 2). A high incidence of hypertension, left ventricular dysfunction, and atherosclerosis
was also reported in patients treated with anti-VEGE, multi-target TKIs therapies, and proteasome inhibitors
[124, 131] (Table 2).

Although infrequently, cancer immunotherapies could cause heart disease. ICls are related to
cardiomyopathy, myocardial fibrosis, myocarditis, acute heart failure, and lethal myocarditis [124] (Table 2).
The risk for ICIs-related cardiovascular AEs increases when these antibodies are used in combination (e.g.,
ipilimumab and nivolumab) [132].

The early detection of cardiovascular complications of anticancer drugs is mandatory to avoid severe and/
or permanent injuries. The use of biomarkers (troponin-I, brain-type natriuretic peptide, and N-terminal-pro-
BNP) and imaging techniques (echocardiography, cardiac magnetic resonance) could be useful, although no
specific recommendations or guidelines are available [124]. Dexrazoxane, interfering with iron-dependent
redox mechanisms, is useful to reduce acute and chronic cardiotoxicity of anthracyclines [133]. However, its
use is limited to urgent cases because of the relevant risk of bone marrow suppression [134]. Beta-blockers,
angiotensin-converting enzyme inhibitor, angiotensin inhibitors, and mineralocorticoid receptor antagonists
gave encouraging results in preventing cardiac injury related to anticancer therapies [135].

Among traditional cardiovascular risk factors, dyslipidaemia should not be forgotten. A close lipid
monitoring is necessary, mainly in patients treated with drugs already known to increase lipid level such
as those targeting the PI3K-Akt-mTOR pathway, GCs, and anti-androgens [67, 86, 136]. Specific therapies
for dyslipidaemia should be evaluated keeping in mind the potential side effects (e.g., cramps in statins
users), drug-drug interactions, and patients’ life expectancy [9]. Pravastatin is recommended as first line
pharmacological therapy for low density lipoprotein (LDL) reduction, while simvastatin and atorvastatin are
contraindicated, because of their interferences with drugs metabolised by cytochrome P450 system [86, 136].

Caution in the use of therapies: drug-drug interactions

The 30% of all cancer patients are at risk for drug-drug interferences [137, 138]. Patients affected by both
cancer and T2D are often treated with multiple drugs, thus, physicians have to consider the risk of drug-drug
interferences, potential cause of AEs, increased or decreased effect of both antineoplastic and diabetes agents,
and reduced patients’ quality of life [139]. Most diabetes and cancer drugs have a liver metabolism in the
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cytochrome P450 system. Chemotherapeutic agents, but also several drugs currently used in cancer patients
(antibiotics, antifungals, non-steroidal anti-inflammatory), interact with the cytochrome P450 system,
increasing the exposure of diabetes drugs and the risk of AEs, in particular hypoglycaemia [9, 27, 140]. On
the contrary, multidrug therapies with inhibitors or inducers of the cytochrome P450 may affect anticancer
drug concentration influencing their safety and efficacy. An example of mutual influence between diabetes
and anticancer drugs due to the cytochrome P450 metabolism is represented by the interaction of TKIs with
both insulin secretagogues (glibenclamide and metiglinides) and TZDs [141, 142].

Many T2D patients are treated for dyslipidaemia before cancer diagnosis and some anticancer drugs
(selective oestrogen receptor modulators, aromatase inhibitors, GnRH analogues, anti-androgens, mTOR
pathway inhibitors, and high-dose GCs) can worsen the lipid profile requiring a specific therapy [67, 75, 76,
86, 136]. It is reported a potential harmful interaction between lipid-lowering agents, fibrates, and inhibitor
of the mTOR. In particular, in oncologic patients treated with everolimus, the administration of simvastatin
or lovastatin should be avoided and the use of other statins (rosuvastatin, atorvastatin, fluvastatin, or
pravastatin) is preferred [142].

Considering the high prevalence of drug-drug interactions in patients with diabetes and cancer and
the consequent risk for AEs, a systematic therapy review before and during anticancer treatment, possibly
supported by a clinical pharmacologist, could be useful and cost-effective [137, 138].

Conclusion: what do we need?

Despite the growing number of patients having both diabetes and cancer, their clinical management still
represents a challenge for physicians. The lack of guidelines or standardised protocols is a major critical
point. In fact, only few data, derived from retrospective, observational studies, are available, and many critical
issues require prospective, better-designed studies, to be settled.

The appropriate level of glycaemic targets, the influence of anticancer drugs on glucose profile and
vascular complications, drugs interactions, and the often forgotten patients’ nutritional status are just
some of the clinical aspects whose knowledge needs to be improved [143]. The glycaemic targets, mainly
oriented on the short-term complications and reduction of hyperglycaemic osmotic effects, are certainly the
Achilles heel of the challenging management of patients with diabetes and cancer, and need a revision. The
assessment of patient's life expectancy and quality of life should be constantly updated to direct the efforts
of all the involved specialists and achieve the best results. Prospective, targeted studies could be useful to
identify clinical and easily available predictors (e.g., gender, age, diabetes duration, BM], etc.) of the described
AEs. This would help the early identification of patients particularly at risk who require close monitoring of
these AEs.

The clinical complexity of patients having both diabetes and cancer makes necessary a patient-centred,
personalised approach. The multidisciplinary team (MDT) involves many healthcare professionals who
take all treatment options into consideration and collaboratively develop a tailored treatment plan for each
patient (Figure 1). Currently, this strategy is worldwide considered as a standard for the management of
patients with cancer and it is increasingly practiced through periodic, usually weekly, meetings. MDT is
already a reality in the main medical centres with a huge volume of patients, while it is less practiced in more
peripheral areas with fewer patients. Accordingly, the management of these patients is uncoordinated and
too compartmentalised with a consequent reduction of both the patients’ level of assistance and quality of
life, the latter already affected by the burden of these diseases.

Diabetologists, oncologists but also cardiologists, nephrologists, ophthalmologists, neurologists,
nutritionists, psychologists, and nurses, should work simultaneously in a coordinated “oncometabolic” team
[144] (Figure 1). A similar dedicated clinical pathway could lead to optimise human and economic resources

and, mainly, to achieve the best clinical results of these frail patients affected by diabetes and cancer.
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Figure 1. Schematic representation of the oncometabolic network for the care of patients with diabetes and cancer. Diabetologist
and oncologist, the leading figures of the oncometabolic, multidisciplinary team (central part of the figure), collaborate to address
the diagnostic and therapeutic course of these patients and manage the connection with the other specialists involved (top and
bottom of the figure)
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