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Abstract

:

The relationship between type 2 diabetes mellitus (DM2) and hyperglycemia with cancer patients remains controversial also in the setting of patients with glioblastoma multiforme (GBM), the most common and aggressive form of astrocytoma with a short overall survival (OS) and poor prognosis. A systematic search of two databases was performed for studies published up to 19 August 2020, reporting the OS of patients with DM2 or high blood sugar level and GBM and the clinical risk of diabetic patients for development of GBM. According to PRISMA guidelines, we included a total of 20 papers reporting clinical data of patients with GBM and diabetes and/or hyperglycemia. The aim of this review was to investigate the effect of DM2, hyperglycemia and metformin on OS of patients with GBM. In addition, we evaluated the effect of these factors on the risk of development of GBM. This review supports accumulating evidence that hyperglycemia, rather than DM2, and elevated BMI are independent risk factors for poor outcome and shorter OS in patients with GBM. GBM patients with normal weight compared to obese, and diabetic patients on metformin compared to other therapies, seems to have a longer OS. Further studies are needed to understand better these associations.
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1. Introduction


Type 2 diabetes mellitus (DM2) is a condition of relative insulin deficiency and beta cell dysfunction associated with obesity and metabolic syndrome. It is the most common chronic illnesses worldwide, affecting 347,000,000 people all over the world and nearly 10% of the population of the USA [1,2,3]. DM2 and hyperglycemia are recognized as independent risk factors in several types of tumor, including cancer of the breast, endometrium, pancreas and liver [4,5,6,7,8]. Some clinical studies reported that DM2 and hyperglycemia lead to excess morbidity and mortality in acute and chronic disease [9,10,11,12,13], but also that they decrease overall survival (OS) of patients with several types of tumors, including breast, colorectal and brain tumors [14,15].



This link remains particularly controversial in patients with glioblastoma multiforme (GBM), the most common and aggressive form of astrocytoma, with a mean OS of 13–15 months in patients underwent surgery [16,17]. OS can be increased till 18.5 months or few months more in patients treated with more than one surgery (second surgery) and standard adjuvant therapy, that is chemotherapy with temozolomide (TMZ) and radiotherapy [18]. Despite improvements in surgical technologies and an increased attention to performed gross total resection (GTR) [19], recurrence occurs almost in the totality of cases, despite adjuvant therapy, intraoperative direct electrical stimulation in awake surgery [20] or new efficient and safe treatments like laser interstitial thermal therapy [21]. It makes sense that it is urgent to find new therapeutic drugs that can increase the survival of these patients.



Genetic mutations and molecular tumor markers became integral part of GBM assessment in modern neuro-oncology [22]. Nowadays, the well-known genetic mutations like O6-methylguanine methyltransferase (MGMT) promoter methylation, which is associated with a significantly higher median survival after therapy with TMZ [23] and other molecular tumor biomarkers, such as epidermal growth factor receptor (EGFR) amplification, aldehyde dehydrogenase 1A3 (ALDH1A3) and isocitrate dehydrogenase (IDH1/IDH2) isoforms are currently foci of research and were also linked to prognosis [22,24]. Limited data exist on the prevalence of DM2 among patients with GBM. Recent works [25,26,27] identified that DM2 is up to 16% of patients with GBM.



Recent evidence suggested that metformin reduces tumor risk in diabetic patients [28] and shows a distinct anti-proliferative effect on glioma cells in vitro and in vivo [29,30]. However, all these associations are constantly updated and diabetes status, glycemic control and use of common antidiabetic drugs in patients with GBM are continuously challenging. In addition, patients with GBM are at particular risk for hyperglycemia, because high-dose glucocorticoids, which are known to increase plasma glucose impairing glucose transport, are routinely used to treat peritumoral edema [31,32].



For this reason, we did a review of the current literature about published papers reporting OS or clinical risk association of diabetic patients or patients with high blood sugar level and GBM. The primary objective of this study was to examine the relationship of OS with (1) DM2 and hyperglycemia, and with (3) metformin in patients with GBM, in order to identify potential therapies for these patients, whereas the secondary objective was to examine if (4) DM2 and hyperglycemia can increase the risk to develop GBM.




2. Materials and Methods


2.1. Literature Search


A Pubmed and Ovid EMBASE search was performed to identify articles from the period 2000 to present relevant to DM2, hyperglycemia and GBM. PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-analyses) were followed [33]. The key words “diabetes mellitus”, “diabetes”, “diabetes type 2”, “hyperglycemia”, “glioblastoma” and “glioblastoma multiforme” were used in both “AND” and “OR” combinations. The key words and the detailed search strategy are reported in Table 1.



The inclusion criteria were the following: case series or clinical studies reporting the OS of patients with GBM and clinical data about (1) DM2, (2) hyperglycemia, (3) obesity and/or (4) metformin use. Exclusion criteria were the following: (1) studies published in languages other than English with no available English translations, (2) review articles, (3) case series reporting no data of these clinical risk factors or OS in patients with GBM, (4) studies that not involve human beings, (5) studies with insufficient data about these topics.




2.2. Data Collection


From each study, we extracted the following: (1) if DM2 and hyperglycemia are risk factors to develop GBM, (2) if DM2 can affect the OS of patients with GBM, (3) if obesity can affect the OS of patients with GBM, (4) if hyperglycemia can affect the OS of patients with GBM, (5) if the use of metformin can affect the OS of patients with GBM.




2.3. Outcomes


The primary objective of this systematic review was to examine the relationship between DM2 and hyperglycemia (risk factors) and GBM. The secondary objectives were to examine the relationship of OS with (1) diabetes, (2) hyperglycemia, (3) BMI and with (4) metformin in patients with GBM.




2.4. Quality Scoring


A modified version of the Newcastle–Ottawa Scale [34] was used for the quality assessment of the included studies. Two authors performed the quality assessment independently and the senior author solved discrepancies.





3. Results


3.1. Literature Review


The database search yielded 342 articles. After the removal of duplicates, 180 articles were eligible for screening. A total of 20 articles met the selection criteria [2,25,32,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51]. Studies included in our systematic review are summarized in Table 2. The search flow diagram is shown in Figure 1.




3.2. Quality of Studies


There was complete agreement between the two reviewers for the examined articles. Fourteen studies were retrospective single-center designed, whereas six studies were multicentric investigations. All 20 papers were rated as “high quality” (Table 3).




3.3. Risk Factors in the Etiology of GBM


Three papers [2,37,41] out of twenty provided details about DM2 and hyperglycemia and the clinical risk to develop GBM. Barami et al. [37] and Disney-Hogg et al. [41] found a null relationship between these risk factors, whereas Seliger et al. [2] were the only authors who reported a statistically significant decreased risk to develop GBM in patients with DM2 and hyperglycemia. This risk to the develop GBM was lower in both male and female with DM2 and hyperglycemia (OR 0.69). This risk was even lower considering only male patients with DM2 (OR 0.60).




3.4. Impact of DM2 and Comorbidities on Overall Survival


Eleven papers [25,35,37,38,39,43,44,45,46,47,51] out of twenty provided clinical information about DM2 impact on OS in patients with GBM, counting for a total of 9795 patients. Among these papers, eight studies [25,35,37,42,43,45,46] reported a null relationship between DM2 and OS in patients with GBM, whereas two papers [37,39] found a decreased OS in patients with DM2 and one paper reported a decreased OS and PFS in patients with DM2 [38]. Four studies [25,35,38,51] reported details about OS in diabetic and non-diabetic patients with GBM, counting for 219 diabetic patients and 1445 non-diabetic patients in total. The weighted mean OS resulted 12.14 months in diabetics compared to 8.69 months in non-diabetic patients.



Twelve studies [32,35,37,38,40,42,43,44,46,49,50,51], counting for a total of 5634 patients, reported data about the effect of hyperglycemia on survival in patients with GBM; 10 papers (83.3%) showed a decreased OS in patients with GBM and hyperglycemia. Chambless et al. [38] reported a decreased OS and PFS in 171 GBM patients with hyperglycemia, whereas Adeberg et al. [35] found just a decreased PFS, but not a null relationship about OS in their 276 GBM patients with hyperglycemia. Table 2 shows that different papers reported different cut-off and in turn it was not possible to obtain overall mean results. However Chambless et al. [38] and McGirt et al. [44] reported a decreased OS in patients with blood glucose values > 180 mg/dl (18.2 and 11 months, respectively) compared to patients with blood glucose values < 180 mg/dl (10.8 and 5 months, respectively), which was statistically significant (p < 0.01). Tieu and colleagues [50] reported a statistically significant relationship (p = 0.005) between blood glucose values lower or higher than 113 mg/dl and decreased OS (16 vs. 13 months, respectively). Similarly, Stevens et al. [49] reported that blood glucose values > 90 mg/dl decreased OS (7.9 months) compared to patients with blood glucose values < 90 mg/dl (14 months) (p < 0.01). Derr et al. [32] showed a progressive decrease in OS as blood glucose values increased, reporting that OS was 14.5 months for blood glucose values lower than 94 mg/dl, 11.6 months (between 94–137 mg/dl) and 9.1 months for blood glucose values higher than 137 mg/dl.



Four papers [36,38,45,47] reported data about the relationship between obesity and OS of patients with GBM. A decreased OS was observed in GBM patients with high Body Mass Index (BMI) in two studies [38,47]. Potharaju and colleagues [45] reported an improved OS in patients with elevated BMI. Three studies [38,44,46] reported details about OS and number of normal weight and obese patients with GBM, counting for 573 patients with normal weight and 305 obese patients. The weighted mean OS resulted 14.46 months in patients with normal weight compared to 12.39 months in obese patients.



A clinical connection between OS and the use of metformin in diabetic patients with GBM was assessed in 4 studies [35,46,48,51], counting for a total of 3003 patients. Three papers [35,48,51] (1272 patients in total) found a better OS in patients with GBM who usually use metformin compared to those patients who do not take it. A single paper [46], counting for 1731, reported a null relationship between metformin and OS in GBM patients. Including the overall patients of papers with data and comparing 38 patients with GBM treated with metformin for DM2 and 125 diabetic patients treated with other therapies except metformin, the weighted mean OS resulted 10.07 and 5.79 months, respectively. Detailed data were reported in Table 2.





4. Discussion


4.1. The Clinical Risk of DM2 to Developed GBM


The biological mechanism underlying the increased risk of tumor development in patients with diabetes is not well understood [52]. In our review, three papers [2,37,41] provided details about DM2 and hyperglycemia and the clinical risk to develop GBM. Although Barami et al. [37] and Disney-Hogg et al. [41] reported no increased risk of development of glioma in patients with DM2 and hyperglycemia, Seliger and colleagues [2] reported that diabetes was associated with decreased risk of glioma, particularly GBM. This reduction of risk to develop GBM was markedly pronounced among diabetic men, with diabetes of long-term duration or poor glycemic control [2], suggesting that low androgen levels concurrent with diabetes duration and increased glycated hemoglobin (HbA1c) levels as a biologic mechanism [53,54].



A relatively recent study of pre-diagnostic diabetes and cancer at all sites, in 2.3 million Israeli adults [55], found an increased risk of malignant brain tumors among people diagnosed with diabetes. Similarly, Zhao et al. [56] published a meta-analysis reporting the association of DM2 and risk of gliomas of all histologic types and found that DM2 was associated with decreased risk of gliomas in white males. Differently, Tong et al. [57] performed a meta-analysis of 13 studies and observed that diabetics and nondiabetics had similar risk of brain tumors.




4.2. The Impact of DM2 and Obesity on Survival in Patients with GBM


In the last years, there is a growing interest in the literature about the impact of DM2 and hyperglycemia on clinical outcome in cancer patients. Diabetes and obesity are associated with an increased requirement for surgical procedures throughout life and furthermore diabetes and obesity themselves represent risk factors for several surgical treatments, as they are associated with increased postoperative morbidity and mortality [58,59,60,61,62]. Adverse outcomes include surgical site infections, impaired wound healing, implant failure and medical complications [59].



Prognostic factors for a longer OS in patients with GBM are young age, good performance status, GTR (tumor resection more than 95%), absence of inflammatory disease or metabolic disease and completion of postoperative radio-chemotherapy [63]. In patients with GBM, the link between DM2 and obesity remains controversial, as previous studies [8,35,64,65] and also our review showed null or negative relationships between GBM and DM2 on OS. Chambless et al. [38] reported that diabetic patients had a decreased median OS (312 vs. 470 days) and a decreased PFS (106 vs. 166 days) compared to non-diabetics, and that an increasing BMI was associated with decreased median PFS. Similarly, Welch & Grommes [51] reported a shorter OS in diabetic patients (10 months) compared with nondiabetic (13.4 months). Several papers [25,35,37,43,44,46,47] did not found any positive or negative relationship (null relationship) between DM2 and GBM in term of survival. No papers reported that having diabetes can increase OS. Siegel et al. [47] found a null relationship between DM and OS, whereas OS decreases among patients underweight (median OS: 12.0 months) or obese (median OS: 13.6 months) when compared to patients of normal weight (median OS: 17.5 months). However, this appears in contrast with the findings of Potharaju et al. [45]. In their series of 392 patients with GBM [45], the median OS was 13.5 months in normal subjects, 15.4 months in overweight subjects and 15.1 months in obese subjects, concluding that patients with GBM and elevated BMIs had a significantly better OS. Even if not well understood, this phenomenon, also known as “the obesity paradox”, seems to be more and more common in the last years in patients with tumors, as various studies suggested that obese patients with lung cancer, renal cell carcinoma and melanoma have a better outcomes compared to non-obese patients [66]. From this review, the weighted mean OS results 14.46 months in patients with normal weight compared to 12.39 months in obese patients.




4.3. The Impact of Hyperglycemia on Survival in Patients with GBM


The relationship between hyperglycemia with cancer patients has been evaluated in several previous studies, reporting a positive, null, or inverse relation between DM2 and its associated factors [4]. Although some studies [38,51] have shown a possible negative correlation between DM2 and GBM on OS, 7 out of 10 (70%) showed a null relationship. On the other hand, 10 out of 12 papers (83.3%) reported a decreased OS in patients with GBM with hyperglycemia, supporting that high blood sugar levels can affect the OS and PFS in patients with GBM. As literature reported that hyperglycemia is an independent risk factor for decreased survival in different diseases and tumors [37], this review confirmed that hyperglycemia decreased OS also in patients with GBM.



This shorter OS in patients with GBM and hyperglycemia is found also in patients with complete tumor resection and adjuvant treatment [43]. Mayer et al. [43] reported that the occurrence of one or more deregulated blood glucose values more than 10 mM is associated with a reduction in median OS from 16.7 to 8.8 months in patients with GBM. Similarly McGirt et al. [44] concluded that persistent high value of blood glucose was associated with decreased OS in patients undergoing surgical resection and that it was independent of the degree of disability, diabetes, prolonged dexamethasone use and subsequent treatment modalities.



Derr et al. [32], dividing patients into quartiles (glucose levels ranged between 65 and 459 mg/dL), showed that median OS decreased as blood glucose values increased and that this association between higher blood glucose levels and shorter OS persisted after adjustment for daily glucocorticoid dose, age and Karnofsky performance score. Stevens and colleagues [49] reported in their study on 242 GBM patients that a higher preoperative glucose level was associated with decreased OS in patients diagnosed with GBM, regardless of whether or not patients underwent GTR and that strict glucose control may contribute to improve the outcome of these patients. Tieu et al. [50] demonstrated that glycemia remains an independent predictor for survival in GBM patients treated with surgical resection and subsequently with RT and TMZ.



Hagan et al. [42] showed in a multivariate analysis a statistically significant decrease in OS for plasma glucose concentrations > 112 mg/dL and > 180 mg/dL (p = 0.01) in the preoperative period in patients with GBM, although no statistically significant association between hyperglycemia and PFS was found. Decker et al. [40] analyzed the mechanisms underlying the relationship between hyperglycemia and worse OS and found that median blood glucose values greater than 167 mg/dL were associated with increased serious post-operative complications and values greater than 163 mg/dL were associated with increased 30-day readmissions in hospital. Post-operative hyperglycemia in patients with GBM put patients in a vulnerable condition to develop post-operative complications and readmissions that potentially delaying further treatment of their disease.



Welch & Grommes [51] reported that patients with a good glycemic control (median glucose ≤ 173 mg/dl) had a better median OS of 11 months, compared to patients with glucose value from 174 to 247 mg/dl (OS of 9 months) and with median glucose was ≥ 247 mg/dl (OS of 8 months). However, larger patient cohorts are needed for further evaluation of the role of hyperglycemia and BMI in patients with GBM. The use of telemedicine is increasing worldwide for diabetes management and patients with brain tumor [67,68,69] and this can potentially improve blood glucose control and clinical outcomes of these patients.



Although two papers [44,46] reported a null relationship, we did not find any papers showing an improved OS in patients with GBM and high blood sugar level, supporting the hypothesis that high blood glucose levels can actually worsen prognosis of these patients. For this reason, an increased glucose control has to be taken into account in patients with GBM as it may contribute to improved OS and outcomes in these patients.



The effect of hyperglycemia on GBM cell is not well known, although it seems that several potential mechanisms are involved. Hyperglycemia triggers intracellular pathways, which promote tumor progression, such as increased leptin levels and pro-cell survival AKT/mTOR, enhancement of WNT/βcatenin signaling, induction of epithelial mesenchymal transition and upregulation of inflammatory cytokine levels in circulation [70,71,72]. Many pathways long known to be associated with tumor cell growth, escape from apoptosis, aggressive blood vessel formation (angiogenesis) and therapy resistance have recently been linked to cellular metabolism [73], as for example p53 which is tumor suppressor encoded by the human gene TP53. p53, frequently mutated in GBM patients, promotes a variety of cellular responses to hypoxia, DNA damage and oncogene activation [25], but also regulates glycolysis and assist in maintaining mitochondrial integrity [74]. It seems that an over-activation of the stress responsive PI3K/AKT signaling pathway is closely linked to metabolism and that, under low glucose conditions, it results in rapid tumor cell death [75]. Furthermore, hyperglycemia enhanced the functional expression of a G protein coupled formylpeptide receptor 2 (FPR2). A variant of FPR2, FPR1 is expressed on human GBM cells in xenograft models and in human specimens and is associated with poorer patient survival [70,76,77]. Zhou et al. [77] reported that human GMB cells in condition of hyperglycemia express increased levels of FPR1, appearing to mediate motility, growth, and angiogenesis of human GBM, as well as the receptor for EGF (EGFR), in association with more rapid tumor progression in diabetic animals. FPR may represent a molecular target for the development of novel glioma therapeutics [77].




4.4. The Impact of Metformin and Other Oral Antidiabetic Drugs on GBM Patients


Tumor cells reliance on glucose suggests that treatments affecting cellular metabolism may be an effective method to improve current therapies [78]. Common classes of oral antidiabetic drugs are biguanides (metformin), sulfonylureas (glimepiride), meglitinides (repaglinide) and thiazolidinediones (pioglitazone) [79]. Several observational studies [80,81] in the treatment of cancer patients showed the role of metformin and thiazolidinediones (PPAR-g agonists) in improving the survival of patients with tumors. On the other hand, different studies [50,82] reported a poorer OS among patients with tumors treated with sulfonylureas.



Metformin, best known as a growth inhibitor, induces glucose stabilization, enhances insulin sensitivity and reduces the circulating insulin levels without associated hypoglycemia [48]. In recent years, interest about how DM2 and antidiabetic drugs affects survival of patients with GBM [51] is growing. In patients with GBM seems that the use of metformin is associated with a better OS, while sulfonylureas may be associated with a poor outcome. Welch and Grommes [51] reported that GBM patients that received metformin had an improved median OS compared with patients receiving other antidiabetic medications (insulin monotherapy, thiazolidinedione and sulfonylureas). Welch & Grommes [51] showed a clear survival benefit with the use of metformin. In fact, patients treated with metformin had a median OS of 10 months whereas patients treated other monotherapies had an OS of 8 months. Patients treated with sulfonylureas had worse outcomes with a median OS of only 6 months [51]. This statistically significant difference remains considering the subpopulation of only diabetic GBM patients who received surgery, radiation and chemotherapy [50]. In this subpopulation, OS was 14 months in patients treated with metformin compared to patients treated with other antidiabetic drugs (8 months) [51]. Our review found that patients with GBM treated with metformin for DM2 had a longer OS (10.1 months) compared to diabetic patients treated with other therapies except metformin (5.79 months).



Several studies reported that metformin could represent a potential enhancer of the cytotoxic effects of TMZ and/or radiotherapy. Soritau and colleagues [48] showed a good clinical link in term of OS in patients treated with TMZ plus metformin compared to those patients treated with TMZ alone, suggesting that metformin enhance the effect of TMZ.



Biological and functional activity of metformin against oncogenesis is not well known, but is thought to induce AMP-activated protein kinase activity and inactivates the mammalian target of rapamycin (mTOR), S6 kinase and mRNA translation [48]. Sesen and colleagues [83] demonstrated that metformin decreases mitochondrial-dependent ATP production and oxygen consumption and increases lactate and glycolytic ATP production, showing that metformin induces decreased proliferation, cell cycle arrest, autophagy, apoptosis and cell death in vitro and in human GBM cells. Metformin may inhibit glioma cell proliferation, migration and invasion, and promote its apoptosis. These effects may be associated with the AMPK/mTOR signaling pathway and oxidative stress [83].



Xiao et al. [84] demonstrated that repaglinide significantly inhibited the proliferation and migration of human GBM cells in vitro and that prominently prolonged the median survival time of mice bearing orthotopic glioma in vivo. In vivo repaglinide prominently prolonged the median survival time of mice bearing orthotopic glioma, reducing Bcl-2, Beclin-1 and PD-L1 expression in glioma tissues and indicating that repaglinide may exert its anti-cancer effects via apoptotic, autophagic and immune checkpoint signaling [84]. Additional studies on the mechanisms involved in the antineoplastic effects of oral antidiabetic drugs are needed.




4.5. The Impact of Steroid on Survival in Patients with GBM


Steroid-induced hyperglycemia is a relevant topic since as increasing number of clinical studies unequivocally demonstrated a worse prognosis associated with high blood glucose levels in patients with glioma [32,35,43,50,51,85,86]. Steroids are used perioperatively to treat cerebral peritumoral edema and to reduce intracranial pressure and are administered during subsequent treatments, to reduce the side effects [87].



However, the effects of corticosteroids in vivo and in vitro remained controversial [88]. Steroids may decrease the effectiveness of treatment and reduce OS in patients with GBM, as elevated blood glucose levels would contribute to radioresistance of GBM cells through several mechanisms [88,89]. On the other hand, it seems that dexamethasone-induced anti-proliferative effects may confer protection from radiotherapy- and chemotherapy-induced genotoxic stress [88]. For this reason, Pitter et al. [89] suggested the importance of identifying alternative agents such as vascular endothelial growth factor (VEGF) antagonists to control peritumoral edema. Adeberg et al. [35] and Welch & Grommes [51] reported a strong relationship between survival and steroid dependency and a poor outcome in patients with steroid dependency (p < 0.001). Welch and Grommes [51] showed that patients who remained steroid dependent (85% of patients) had a shorter median OS (9 months) compared to patients who subsequently stopped steroids (17 months). However, Adeberg et al. [35] reported that a limitation of their study was that the evaluation of corticosteroid therapy was non-standardized and mainly collected from discharge reports and patient charts; for this reason, patients with short-term corticosteroid therapy might remain undetected and influence the analysis. The duration of steroid therapy and the daily dose can vary significantly between patients and between institutions, as some institutions are more likely to reduce steroids sooner than others. However in both papers [35,51], it is difficult to understand if patients who remain steroid dependent have a decreased OS due to the side effects of steroid use or due to the fact those patients with more extensive GBM or with GBM located in eloquent areas or patients who did not underwent GTR (all well know conditions that reduced OS) require steroids therapy till death. Welch & Grommes [51] showed that steroid dependency often correlates with tumor burden and that the 8-month survival benefit they found among patients weaned from dexamethasone was, in part, a reflection of less aggressive disease. Some studies [44,88], reported that steroid-induced hyperglycemia has a negative prognostic influence irrespective of tumor size. Pitter et al. [88] showed that the use of corticosteroids early in the course of disease, during radiotherapy without or with chemotherapy, is an independent predictor of poor outcome in three independent patient cohorts, where age, gender, duration of symptoms or TMZ use between patients that did or did not receive steroids at the start of therapy were similar. The effect of glucocorticoid-related hyperglycemia on OS deserves additional study in patients with GBM.




4.6. Ketogenic Diet


Recently, the ketogenic diet has been proposed as an adjunct treatment for a range of medical conditions including weight loss, diabetes, neurodegenerative diseases and tumors. Because malignant CNS tumors are highly dependent on glucose, the use of a ketogenic diet as an adjunct therapy is currently being explored [90]. Ketogenic diet limits carbohydrate intake, lower glucose levels and reduces insulin and insulin-like growth factor (IGF) levels [25,78]. In addition, the increased levels of ketone from baseline results in a reduction in BMI and in a reduction in vasogenic peritumoral edema [90]. Ketogenic therapy for CNS tumors, including glioma, extends far beyond the originally proposed mechanism of reducing glucose availability and may work through multiple mechanisms such as reducing inflammation and the oxidative stress [91,92]. Some trial was published about this topic [93,94], but further studies are needed to assess the real benefit of ketogenic diet on survival of patients with GBM.




4.7. Limitations of the Study


Our review has several limitations. The series reported are mostly retrospective and single-institution experiences. Second, our review might be underpowered because this topic is seldom reported in the literature and subjected to continuous updating. Third, although DM2 seems to affect survival only in 2 out of 10 studies, it is extremely difficult to obtain comprehensive data and we are unable to know if patients with DM2 had their blood sugar under control or not and whether these patients had high BMIs. Lastly, studies varied in the use of systemic therapies, other comorbidities, extent of surgery and size and site of tumors. For this reason, larger studies are required to analyze the relationship between DM2 and hyperglycemia in GBM patients.





5. Conclusions


Hyperglycemia, rather than DM2, and elevated BMI are independent risk factors for poor outcome and shorter OS in patients with GBM. GBM patients with normal weight compared to obese, and diabetic patients on metformin compared to other therapies, seems to have a longer OS. The mechanism of this interaction needs to be explored further to understand better these associations or interconnections. An increased glucose control has to be warranted in patients with GBM as it may contribute to improve the OS and the outcome in these patients.
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Figure 1. PRISMA flow diagram. 






Figure 1. PRISMA flow diagram.



[image: Ijerph 17 08501 g001]







[image: Table] 





Table 1. Search syntax.
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	PubMed Search Accessed on 19 August 2020 (196 Articles)
	Embase Search Accessed on 19 August 2020 (146 Articles)





	(diabetes mellitus OR diabetes OR diabetes type 2 OR hyperglycemia) AND (glioblastoma OR glioblastoma multiforme)
	(‘diabetes mellitus’ OR ‘diabetes’ OR ‘diabetes type 2’ OR ‘hyperglycemia’) AND (‘glioblastoma’ OR ‘glioblastoma multiforme’)
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Table 2. Summary of studies included in the review.
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Studies

	
Year

	
N° of Patients

	
Topics and Findings




	
DM2 and Risk of GBM

	
Hyperglycemia and Risk of GBM

	
DM2 and Survival of Patients with GBM (Median OS in Months; 95% CI)

	
Hyperglycemia and Survival of Patients with GBM (Median OS in Months; 95% CI)

	
Obesity and Survival of Patients with GBM (Median OS in Months; 95% CI)

	
Metformin Use and Survival of Patients with GBM (Median OS in Months; 95% CI)






	
McGirt et al. [44]

	
2008

	
297

	
-

	
-

	
Null relationship

	
Decreased OS

<180 mg/dl (11),

>180 mg/dl (5)

p = 0.001

	
-

	
-




	
Derr et al. [32]

	
2009

	
191

	
-

	
-

	
-

	
Decreased OS

<94 mg/dl (14.5),

94–137 mg/dl (11.6),

>137 mg/dl (9.1)

p = 0.041 for trend

	
-

	
-




	
Grommes et al. [25]

	
2010

	
229

	
-

	
-

	
Null relationship

diabetics (6; 3–8),

non-diabetics (8; 7–11)

p = 0.18

	
-

	
-

	
-




	
Jones et al. [37]

	
2010

	
1259

	
-

	
-

	
-

	
-

	
Null relationship

	
-




	
Soritau et al. [48]

	
2011

	
8

	
-

	
-

	
-

	
-

	
-

	
Improved OS in association with TMZ

p < 0.05




	
Chambless et al. [38]

	
2012

	
171

	
-

	
-

	
Decreased OS

OS: diabetics (10.4),

non-diabetics (15.7)

p = 0.003

Decreased PFS

PFS: diabetics (3.5),

non-diabetics (5.3)

p = 0.04

	
Decreased OS

<180 mg/dl (18.2),

>180 mg/dl (10.8)

p = 0.01

	
Decreased PFS

normal (6.5), overweight (5.5), obese (4.8)

p = 0.003

	
-




	
Stevens et al. [49]

	
2012

	
242

	
-

	
-

	
-

	
Decreased OS

<90 mg/dl (14.0),

>90 mg/dl (7.9)

p < 0.001

	
-

	
-




	
Siegel et al. [47]

	
2013

	
852

	
-

	
-

	
Null relationship

	
-

	
Decreased OS

normal (17.5),

obese (13.6)

p = 0.004

	
-




	
Welch & Grommes [51]

	
2013

	
988

	
-

	
-

	
Decreased OS

diabetics (10; 8–12),

non-diabetics (13.4; 12–14)

p < 0.001

	
Null relationship

98.5–173 mg/dl (11; 9–17), 174–247 mg/dl (9; 7–12),

>247 mg/dl (8; 2–26)

p = 0.36

	
-

	
Improved OS

metformin use (10), other monotherapies (6)

p = 0.02




	
Mayer et al. [43]

	
2014

	
106

	
-

	
-

	
Null relationship

	
Decreased OS

<180 mg/dl (16.7)

>180 mg/dl (8.8),

p = 0.001

	
-

	
-




	
Adeberg et al. [35]

	
2015

	
276

	
-

	
-

	
Null relationship OS

p = 0.06

Null relationship PFS

diabetics (6.7),

non-diabetics (8.5)

p = 0.241

	
Decreased OS

p < 0.001

Null relationship PFS

p = 0.051

	
-

	
Improved PFS

metformin use (10.13), no metformin use (4.67)

p = 0.043

Null relationship OS

p = 0.326




	
Tieu et al. [50]

	
2015

	
393

	
-

	
-

	
-

	
Decreased OS

<113 mg/dl (16),

>113 mg/dl (13)

p = 0.005

	
-

	
-




	
Seliger et al. [2]

	
2016

	
852

	
Decreased risk of GBM

OR = 0.69

Decreased risk of GBM in males

OR = 0.60

	
Decreased risk of GBM in males

OR = 0.20

(HbA1c ≥8 vs. <6.5%)

	
-

	
-

	
-

	
-




	
Barami et al. [37]

	
2017

	
969

	
Null relationship

p = 0.9

	
Null relationship

p = 0.09

	
Null relationship

p < 0.1

	
Decreased OS

HbA1c < or > 6.9%

p < 0.01

	
-

	
-




	
Chen et al. [39]

	
2017

	
3784

	

	

	
Decreased OS

HR 1.175

(1.075–1.284)

p < 0.05

	

	

	




	
Hagan et al. [42]

	
2017

	
162

	
-

	
-

	

	
Decreased OS

> or <112 mg/dL

p = 0.01

Null relationship PFS

p = 0.33

	
-

	
-




	
Disney-Hogg et al. [41]

	
2018

	
na

	
Null relationship

p = 0.9

	
Null relationship

p = 0.9

	
-

	
-

	
-

	
-




	
Potharaju et al. [45]

	
2018

	
392

	
-

	
-

	
Null relationship

p = 0.3

	
-

	
Improved OS

normal (13.5), overweight (15.4),

p < 0.001

normal (13.5),

obese (15.1)

p = 0.035

	
-




	
Decker et al. [40]

	
2019

	
108

	
-

	
-

	
-

	
Decreased OS

blood glucose value

< or >167 mg/dL

p = 0.0087

	
-

	
-




	
Seliger et al. [46]

	
2020

	
1731

	
-

	
-

	
Null relationship OS

p = 0.936

Null relationship PFS

p = 0.585

	
Null relationship

Non-fasting blood glucose ≤ or >200 mg/dl

p = 0.979

	
-

	
Null relationship OS

p = 0.364

Null relationship PFS

p = 0.072








CI, confidence interval; DM2, Type 2 Diabetes Mellitus; GBM, glioblastoma; -, not available; HbA1c, Hemoglobin A1c; HR, hazard ratio; OR, odd ratio; OS, overall survival; PFS, progression-free survival; TMZ, temozolomide.
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Table 3. Quality measure of included studies by the Newcastle–Ottawa quality assessment scale.
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Study

	
Selection

	
Comparability

	
Outcome

	
TOT




	
(1)

	
(2)

	
(3)

	
(4)

	
(a)

	
(b)

	
(1)

	
(2)

	
(3)






	
McGirt et al. [44]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Derr et al. [32]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Grommes et al. [25]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Jones et al. [36]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Soritau et al. [48]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Chambless et al. [38]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Stevens et al. [49]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Siegel et al. [47]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Welch & Grommes [51]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Mayer et al. [43]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Adeberg et al. [35]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Tieu et al. [50]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Seliger et al. [2]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Barami et al. [37]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Chen et al. [39]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Hagan et al. [42]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Disney-Hogg et al. [41]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Potharaju et al. [45]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Decker et al. [40]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7




	
Seliger et al. [46]

	
*

	
*

	
*

	

	
*

	
*

	
*

	
*

	

	
7








* present.
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