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�� Hyperglycemia is associated with reduced survival in patients with glioblastoma (GBM).

�� This retrospective analysis assessed overall survival based on steroid dependency and antidiabetic 
medication in diabetic GBM patients.

�� Out of all GBM patients, 12.6% are diabetic (72% with pre-existing Type 2 diabetes mellitus and 28% with 
steroid-induced Type 2 diabetes mellitus).

�� Only 15% of diabetic patients had been tapered from steroids.

�� Diabetics had a reduced survival (10 months) compared with their nondiabetic counterparts 
(13.4 months).

�� Steroid dependency was associated with poor outcome.

�� Patients receiving metformin had an improved median survival compared with all other antidiabetic 
medications.

�� Patients on sulfonylureas had worse outcomes.

�� Age, Karnofsky Performance Score, extent of resection and use of adjuvant treatment, metformin as well 
as sulfonylurea, were identified as predictors of survival by univariate analysis.

�� Steroids should be tapered whenever possible and diabetes controlled more rigorously.

�� There is a potential survival benefit from the use of metformin, while sulfonylureas may be associated 
with a poor outcome.
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Retrospective analysis of the 
effects of steroid therapy and 
antidiabetic medication on survival 
in diabetic glioblastoma patients
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SUMMARY	 Aims: Type 2 diabetes mellitus (DM2) affects 10% of the population, but 
little is known about how DM2 and antidiabetic medication impact glioblastoma (GBM) 
patients. Patients & methods: We retrospectively reviewed GBM patients with DM2 seen 
at a single institution from 1998 to 2010. Results: Of 988 GBMs, 124 (12.6%) were affected 
by DM2. Thirty-four developed DM2 after steroid use and 89 had pre-existing DM2. Median 
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As our evolving understanding of tumor bio­
logy translates into improved survival times for 
patients with glioblastoma, physicians will need 
to be more attentive to diabetic management, 
particularly when steroids are administered. 
Including an endocrinologist or nurse educator 
on a multidisciplinary team caring for diabetic 
patients with glioblastoma would improve gly­
cemic control, limit complications and, poten­
tially, extend survival. The role of antidiabetic 
medication, in particular metformin, merits 
further evaluation in a prospective clinical trial.

Background
Glioblastoma (GBM) is a rare but lethal brain 
tumor and, despite recent advances in treatment, 
median survival is 14 months [1,2]. By contrast, 
Type 2 diabetes mellitus (DM2) is among the 
most common chronic illnesses worldwide and 
affects nearly 10% of the population of the 
USA [3]. Studies have demonstrated that cancer 
patients with pre-existing diabetes are at increased 
risk for long-term all-cause mortality compared 
with nondiabetic patients. Little is known about 
the impact of diabetes on patients with GBM. 
In addition, glucocorticoids are routinely used 
to control peritumoral edema, placing GBM 
patients at increased risk for hyperglycemia, but 
strict glycemic control is often considered less of 
a priority. 

Retrospective studies have demonstrated an 
association between hyperglycemia and survival 
in patients with newly diagnosed GBM, sug­
gesting that more aggressive use of antidiabetic 
therapy (ADT) may be warranted [4,5]. Interpre­
tation of these observations is confounded by the 
greater comorbidity and reduced life expectancy 
associated with DM2, as well as the possibility 
that hyperglycemia may be a marker for steroid 
dependency, which is typically seen with more 
aggressive tumors. However, it is also possible 
that diabetics respond less effectively to certain 
cancer therapies [6,7]. There is mounting evi­
dence to suggest that the metabolic dysregula­
tion associated with DM2 may actually promote 

tumor growth – a hypothesis that appears to be 
well supported by epidemiologic studies linking 
DM2 and cancer risk [8–16]. Moreover, hyper­
insulinemia leads to increased activation of insu­
lin receptor and IGF‑1 receptor signaling, pro­
moting mitogenic effects through PI3K pathway 
activation [10,17–19]. 

As research yields further evidence of the over­
lap between aberrant cellular signaling pathways 
and mechanisms of metabolic control, there has 
been a growing interest in the role of ADT on the 
risk of cancer and its progression. Several observa­
tional studies and preclinical data have supported 
a role for thiazolidinediones (PPAR-g agonists) 
and the biguanide metformin in the treatment of 
cancer patients [20–22]. Conversely, a small num­
ber of retrospective studies have found a higher 
risk of cancer and poorer overall survival (OS) 
among individuals treated with sulfonylureas 
[23–27]. To address the impact of these therapies 
in gliomas, we retrospectively reviewed diabetic 
GBM patients at a single institution. Our pri­
mary objective was to investigate the influence of 
DM2 and ADT on median OS in GBM patients. 
We compared clinical outcomes across classes of 
ADT, with the goal of identifying one agent that 
might be associated with prolonged survival.

Patients & methods
�� Study methods

Patients with histologically confirmed GBM and 
DM2 seen at our institution (Memorial Sloan-
Kettering Cancer Center, NY, USA) from 1998 
to 2010 were identified. The year 1998 was cho­
sen due to US FDA approval of the first PPAR-g 
agonist. Diabetic patients were defined as those 
requiring pharmacological treatment of hyper­
glycemia beyond a period of 4 weeks. By this 
definition, patients who were temporarily placed 
on an insulin sliding scale, while hospitalized 
patients were excluded. Type 1 diabetics and 
those managed by diet alone were also excluded 
because they did not receive ADT (metformin, 
PPAR-g agonists or sulfonylureas) as part of their 
treatment. 

overall survival among diabetic GBMs was 10 months compared with 13 months among 
nondiabetics. Only 15% of diabetic patients achieved sustained steroid taper. Sixty-seven 
(54%) were managed with a single antidiabetic medication and, within this monotherapy 
group, Karnofsky Performance Score, resection status, steroid dependency and metformin 
use were the most important predictors of survival on multivariate analysis. Conclusion: 
The prevalence of DM2 among GBMs is similar to that of the general population. A more 
aggressive approach to steroid tapering and the choice of antidiabetic drug may improve 
survival within this patient population. 
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Data were collected by reviewing electronic 
medical records and included the following ele­
ments: the date of cancer diagnosis defined as 
the date of the surgical procedure that provided 
pathological disease confirmation; age and Kar­
nofsky Performance Score (KPS) at diagnosis; 
the number and class of antidiabetic agents 
used; the extent of tumor resection; steroid 
use and dependency; treatment with chemo­
therapy and/or radiation; and date of death or 
last follow-up. 

To approximate glycemic control, HbA1c was 
noted if available. In addition, a median glucose 
value was calculated for each patient based on 
all values, inpatient and outpatient, obtained 
from the date of diagnosis onwards. The num­
ber of glucose values varied with a median of 
52 values per patient and a range from two 
to 210. Extent of tumor resection was classi­
fied into three categories: biopsy alone; gross 
total resection, which eliminated all contrast-
enhancing tumor as determined by comparison 
of pre- and post-operative MRIs; and subtotal 
resection, which encompassed all other cases. 
Steroid dependency was defined as an inabil­
ity to be weaned from steroids. Patients whose 
steroid doses were tapered off only to be raised 
again were classified as steroid dependent. 

The primary end point assessed in this 
study was OS, defined as the duration between 
date of diagnosis, and death or last follow-up. 
Patients whose date of death was not recorded 
were censored at the date of their last follow-
up. To identify predictors of OS, we analyzed 
potentially relevant demographic, clinical and 
treatment variables for their impact on survival 
time. This retrospective study was approved by 
the institutional review board. 

�� Statistical analyses
Relevant patient characteristics were compared 
using Fisher’s exact test or Student’s t-test where 
appropriate. Kaplan–Meier distributions were 
estimated to assess survival, and curves were 
compared for significance using the log rank 
test. To limit confounders and hone in on the 
effect of ADT, we limited the additional analy­
sis to patients treated with a single antidiabetic 
agent. Survival was tested against four hypo­
thesized predictors and, therefore, a Bonferroni-
adjusted significance level of 0.025 (a = 0.1/4) 
was calculated in order to account for the 
increased possibility of a type 1 error. The rela­
tionships of risk factors to OS (e.g., age, gender, 

baseline KPS, DM2 status, HbA1c, median 
glucose levels, steroid dependence, extent of 
resection, treatment with chemotherapy, insu­
lin use, PPAR-g use, metformin use and sulfo­
nylurea use) were analyzed using simple logistic 
regression models. Multivariate Cox regression 
analysis was used to analyze those predictors 
of survival that were univariately significant at 
a < 0.1. All variables, except KPS, age, median 
glucose and HbA1c, were dichotomized in the 
analysis. Statistical analyses were performed 
using STATA (TX, USA) statistical software 
(version 12.0).

Results
�� Patient characteristics

Between 1st January 1998 and 31st December 
2010, 988 GBM patients were seen and treated 
at our institution (Memorial Sloan-Kettering 
Cancer Center); 124 met criteria for DM2 
(12.6%). One patient had an incomplete medi­
cal record and was censored (Figure 1). Among 
the remaining 123 patients, 89 (72%) had a 
pre-existing diagnosis of DM2 prior to diagno­
sis of GBM. The remaining 34 patients (28%) 
developed diabetes in the setting of steroid 
use after identification of their tumors. For 
the purpose of this study, we classified these 
patients as steroid-induced diabetics, although 
we could not be certain that they would not 
have developed insulin resistance independently 
of dexamethasone exposure.

Patient characteristics are summarized in 
Table 1. Median age for the entire cohort was 
66 years (range: 29–90 years); median baseline 
KPS was 80 years (range: 40–100 years). A sub­
stantial minority (29 out of 123 patients; 24%) 
underwent biopsy alone, while the remainder 
(76%) had either a gross total (23 out of 123; 
19%) or subtotal (71 out of 123; 57%) resec­
tion. Three patients (2%) were treated with 
chemotherapy alone and 16 (13%) received no 
additional therapy after surgery due to either 
performance status or patient preference. In the 
study group, 85% of the DM2 patients received 
radiation; 62% of the DM2 patients received 
radiation in combination with chemotherapy. 
Compared with the nondiabetic GBM popula­
tion, there was no significant difference (com­
bination therapy was received by 561 out of 
864 patients; 65%).

Fifty-six patients (46%) required the use of 
more than one antidiabetic agent and 67 patients 
(54%) were managed with a single drug. Of 
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these, 26 patients received insulin, 18 a sulfony­
lurea, 18 metformin and five a PPAR-g inhibitor 
(Figure 1). Patients in the combination group had 
a better median KPS (80 vs 70; p = 0.04) and 
were more likely to have undergone gross total 
resection (27 vs 12%; p = 0.04) compared with 
those treated with a single ADT; no other signifi­
cant differences were observed in the distribution 
of patients according to sex, age, median glucose 
or HbA1c. Data on steroid use were available for 
120 patients. Of these, only 18 patients (15%) 
were able to be weaned off steroids; the majority 
(83%) remained steroid dependent. 

Maximum HbA1c values were available for 
68 patients (56%) and glucose measurements 
were available for 100 (97%). Although incom­
plete, these data nonetheless reveal a pattern 
of poor glycemic control. Mean HbA1c was 
7.9 (range: 5.4–13.6) and mean glucose was 
196  mg/dl (range: 98.5–321.5  mg/dl). The 
addition of a second or third agent did not pro­
duce any statistically significant differences in 
HbA1c or median glucose. Within the mono­
therapy group, there was a trend towards better 
glycemic control among patients treated with 
metformin (mean HbA1c: 7.25) compared 

with other single agents (mean HbA1c: 8.3; 
p = 0.15). Conversely, patients on a sulfonyl­
urea tended to have less well-controlled diabetes 
(mean HbA1c: 8.3 vs 7.9; p = 0.6) (Table 1).

�� Survival
Median OS among diabetics (n  =  123) was 
10  months (95%  CI: 8–12) compared with 
13.4  months (95%  CI: 12.7–14.4) among 
nondiabetics (n  =  864; log rank = 0.0000) 
(Figure 2A). Of the 123 patients, 112 (91%) had 
died at the time of analysis. Of those, all had 
died as a consequence of tumor progression. 
While there was a slight trend towards improved 
survival in patients with steroid-induced 
diabetes (n = 34) when compared with those 
with pre-existing DM2 (n = 89), this did not 
meet statistical significance (log rank = 0.5) 
(Figure 2B). A strong relationship between survival 
and steroid dependency was noted. Patients 
who remained steroid dependent (n  =  102) 
did poorly with a median OS of 9  months 
(95%  CI: 8–11) compared with 17  months 
(95% CI: 9–25) among those who were weaned 
off steroids (log rank  =  0.05) (Figure  2C). No 
statistically significant correlation was found 
between survival and median glucose values 
(log rank = 0.36). Patients with the best glycemic 
control whose median glucose ranged from 98.5 
to 173  mg/dl (n  =  33) had a median OS of 
11 months (95% CI: 9–17); those with values 
from 174 to 247 mg/dl (n = 76) had a median 
overall survival of 9 months (95% CI: 7–12); and 
those in the highest tertile whose median glucose 
was >247 mg/dl (n = 14) had a median overall 
survival of 8 months (95% CI: 2–26) (Figure 2D).

Multidrug regimens were complex and 
changeable over time, making it difficult to 
determine how any one agent impacted survival. 
In order to provide a clean comparison across 
ADTs, we elected to limit further analysis to the 
67 patients on monotherapy. Among these, there 
was a clear survival benefit with the use of met­
formin. Patients treated with this drug (n = 18) 
had a median OS of 10 months (95% CI: 5–17) 
compared with 6 months (95% CI: 5–9) for all 
other monotherapies (log rank = 0.02) (Figure 3A). 
Patients treated with sulfonylureas (n = 18) had 
worse outcomes. Median OS was only 6 months 
(95%  CI: 3–9) compared with 9  months in 
other monotherapy patients (log rank = 0.03) 
(Figure 3B). A 3‑month survival advantage (10 vs 
7 months) was seen among those who received 
insulin, but this was not statistically significant 

988 GBM patients

864 nondiabetic GBM patients

124 diabetic GBM patients (12.6%)

One patient censored due to incomplete medical record

123 diabetic GBM patients
– 89 DM2
– 34 steroid induced

56 GBM patients on more than one antidiabetic drug

67 diabetic GBM patients on monotherapy:
– 18 treated with metformin
– 26 treated with insulin
– 18 treated with sulfonylureas
– Five treated with thiazolidinedione (all rosiglitazone)

Figure 1. Patient flow chart. 
DM2: Type 2 diabetes mellitus; GBM: Glioblastoma. 
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(log rank = 0.5) (Figure 3C). Patients on rosigli­
tazone had the lowest median OS of 4 months 
(95% CI: 2–∞) compared with 9 months among 
those on other monotherapies, but only five 
patients received this drug, limiting the statisti­
cal power (Figure 3D). To confirm these observa­
tions in a more homogeneous patient popula­
tion, we focused on only those diabetic GBM 
patients who had received surgery, radiation 
and chemotherapy in our ADT monotherapy 
cohort (n = 38). Median OS in this subpopula­
tion was 10 months. Patients treated with met­
formin (n = 13) had a median OS of 14 months 
compared with patients treated with other ADTs 
(n = 25) who lived for a median of 8 months. We, 
again, observed a poor median OS of 8 months 
associated with sulfonylureas (n = 9).

According to univariate regression analysis, 
previously established prognostic factors, includ­
ing age, KPS, resection and use of adjuvant treat­
ment, retained significance as predictors of sur­
vival. Metformin and sulfonylurea use also had 
an impact on OS. Patients who received the for­
mer experienced a 50% risk reduction (p = 0.03) 
for death, while those who received the latter 
had a higher risk for death with a hazard ratio 
of 1.77 (p = 0.05). On multivariate analysis, 
KPS, resection status, steroid dependence and 
metformin use retained significance to the a 
< 0.1 level. Sulfonylurea use was discounted as 
a predictor (Table 2). Adjuvant therapy did not 
reach significance on multivariate analysis. To 
ensure that changes in tumor-directed therapy, 
in particular the use of temozolomide, did not 
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were able to be tapered off steroids (n = 18; 17 months; 95% CI: 9–25) and those who remained steroid dependent (n = 102; 9 months; 
95% CI: 8–11; log rank = 0.05). (D) Comparison of overall survival based on median glucose values divided into tertiles: median glucose 
98.5–173 mg/dl (n = 33; 11 months; 95% CI: 9–17); 174–247 mg/dl (n = 76; 9 months; 95% CI: 7–12); and >247 mg/dl (n = 14; 8 months; 
95% CI: 2–26; log rank = 0.36). 
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influence survival in the patients treated with a 
single ADT, median survival in those patients 
diagnosed between 1998 and 2005 (n = 40) were 
compared with those diagnosed between 2006 
and 2008 (n = 27). There was no significant 
difference in median survival based on the time 
of diagnosis (1998–2005 group: 9 months; and 
2006–2009 group: 6 months; p = 0.1948).

Discussion
Limited data exist on the prevalence of DM2 
among patients with GBM. Earlier studies 
reported prevalence as low as 3–6%, while more 
recent work identified DM2 in up to 16% of 
GBM patients [28–31]. The 124 diabetic patients 
we identified accounted for 12.6% of our institu­
tion’s (Memorial Sloan-Kettering Cancer Center) 
GBM population from 1998 to 2010, a figure 
that is consistent with prior studies, as well as 
the prevalence of diabetes among adults in the 
USA aged 20 years and older [3]. In the face of 

demographic pressures, lifestyle changes and 
growing obesity rates, these numbers are projected 
to rise and physicians will increasingly encounter 
metabolic disease in their GBM patients. In the 
field of neuro-oncology, DM2 poses a particular 
challenge as successfully tapering steroids might 
not always be feasible. In prior studies [4,5], as 
well as in our cohort, increased hyperglycemia 
was associated with poorer outcome. Hyperglyce­
mia, however, can be managed more aggressively, 
and the current study suggests that ADT choice 
can have a significant influence on survival, 
with up to 4 months difference between ADT 
groups. While acknowledging the biases inher­
ent in a retrospective study, this is nonetheless a 
marked difference, particularly in GBM where 
median OS is only 14–20 months [32]. We did 
not observe a difference in survival between dia­
betic GBM patients diagnosed between 1998 and 
2005 compared with between 2006 and 2008. 
This was unexpected due to the establishment 
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Figure 3. Overall survival among diabetic patients treated with a single-agent antidiabetic drug. Patients had (A) improved 
survival with metformin (n = 18; 10 months; 95% CI: 5–17) compared with all other monotherapies (n = 49; 6 months; 95% CI: 5–9; 
log rank = 0.02); (B) reduced survival with sulfonylureas (n = 18) compared with all other monotherapies (n = 49; log rank = 0.03); 
(C) improved survival with insulin (n = 14) compared with all other monotherapies (n = 53; log rank = 0.5); and (D) reduced survival with 
rosiglitazone (n = 5) compared with all other monotherapies (n = 62; log rank = 0.05).
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of a new standard of care in 2005 [1]. The small 
overall sample size, as well as the smaller-sized 
2006–2009 cohort, might have contributed to 
the nonsignificant survival difference. Further­
more, some of the patients diagnosed before 2005 
were treated with temozolomide, which would 
also contribute to the nonsignificant survival 
difference between the two patient cohorts.

Recent work, both in vitro and in vivo, has 
demonstrated that metformin inhibits cancer 
cell growth and may work synergistically with 
other agents to exert an anti-tumor effect [17,23,33–
39]. Moreover, epidemiologic data in colorectal, 
breast and lung cancers have suggested that 
the use of metformin may be associated with 
a reduced risk of cancer in patients with DM2 
[6,25,40–42]. The mechanism for these findings is 
still under investigation, but it is thought that 
metformin may influence cancer cells either 
through indirect insulin-mediated effects or by 
direct interaction with key oncogenic signaling 
pathways. To date, much of the data supporting 
a role for metformin in the treatment of cancer 
has been observational, but prospective trials 
are currently underway to explore the potential 
for this drug in the adjuvant setting. While the 
largest of these is a multicenter Phase III trial 
for early-stage breast cancer, smaller studies are 
also accruing patients with pancreatic, endome­
trial and prostate cancers. A Phase I factorial 

study investigating several potentially anti-
tumorigenic agents, including metformin, is 
also currently underway in brain tumor patients 
[101,102]. While further clinical research will ulti­
mately determine whether this drug has a role in 
cancer treatment, our study is the first to indi­
cate a potential benefit in GBM patients with 
both pre-existing and steroid-induced DM2.

Given that steroid dependency often corre­
lates with tumor burden, it is likely that the 
8‑month survival benefit we found among 
patients weaned from dexamethasone was, 
in part, a reflection of less aggressive disease. 
However, other data have shown that steroid-
induced hyperglycemia has a negative prog­
nostic influence, irrespective of tumor size [43]. 
Moreover, exacerbation of DM2 is only one 
of the well-identified side effects produced by 
chronic steroid use, any one of which could 
impact mortality. Although our study lacked 
the power to unravel potential interactions 
between disease burden, blood glucose levels 
and dexamethasone use, it is clear that mini­
mizing the latter remains one of the simplest 
methods to improve glycemic control and 
potentially improve OS. This was supported by 
our multivariate analysis that identified steroid 
independence as a strong predictor of improved 
survival (hazard ratio: 0.32; p = 0.04). Notably, 
only 15% of our 123 diabetic patients fell into 
this category. Although it is possible that the 
patients who required continuous steroid use 
had more symptomatic disease, it is also possible 
that aggressive attempts to wean were simply 
not a priority. Treating physicians, rationaliz­
ing that patients would not be alive to face the 
long-term consequences of diabetes, might have 
elected to err on the side of symptomatic relief. 
A similar approach to glucose management 
might account for the high median glucose 
and elevated HbA1c values we found, raising 
the question of whether more aggressive meas­
ures to control hyperglycemia might improve 
patient survival. Further study in a prospective 
fashion with a standardized approach to glucose 
and HbA1c measurements would be required to 
unravel these issues. 

In addition to the challenges inherent in 
studying any rare tumor, there are several limi­
tations to our study. First, details regarding 
medication use were obtained from a review of 
medical and pharmacy records, and it is possible 
that patients may have been taking additional 
medications prescribed by other physicians. 

Table 2. Multivariable regression analysis among 67 patients treated with a 
single antidiabetic therapy.

Variable n Unadjusted HR p-value Adjusted HR p-value

Age – 1.04 0.01 1.00 0.95
Male gender 45 1.15 0.6 – –
KPS – 0.98 0.002 0.98 0.02
DM2 48 1.25 0.4 – –
PPAR-g 5 2.36 0.07 1.79 0.3
Metformin 18 0.51 0.03 0.51 0.09
Insulin 26 0.82 0.5 – –
Sulfonylurea 18 1.77 0.05 1.45 0.3
HbA1c – 0.88 0.2 – –
Median glucose – 1.00 0.4 – –
Weaned off steroids 11 0.48 0.06 0.32 0.04
Gross total resection 8 0.75 0.5 – –
Subtotal resection 40 0.75 0.3 – –
Biopsy 19 1.78 0.04 3.23 0.002
Chemotherapy 41 0.34 0.000 1.59 0.6
Radiation 54 0.19 0.000 0.45 0.09
Chemotherapy plus 
radiation therapy

38 0.33 0.000 0.3 0.18

DM2: Type 2 diabetes mellitus; HR: Hazard ratio; KPS: Karnofsky Performance Score.
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Second, while limiting our regression analysis 
to the 67 patients on monotherapy allowed for a 
cleaner comparison across agents, it also limited 
the study’s power. For example, it is interest­
ing to speculate whether the survival disad­
vantage observed with both sulfonylureas and 
rosiglitazone would have achieved significance 
in a larger sample size. Third, due to its retro­
spective nature, relevant patient information, 
including the rationale for the choice of ADT, 
was unavailable. It is possible that metformin 
was given only to patients with less brittle dia­
betes whose hyperglycemia was well controlled 
at baseline. One might then argue that it was 
improved glycemic control, rather than any 
inherent antineoplastic property, that provided 
the observed survival benefit. However, while 
median glucose was measurably lower among 
patients treated with metformin, this did not 
meet statistical significance (Table 1). Notably, 
neither HbA1c nor median glucose achieved sig­
nificance as predictors of survival on regression 
analysis, while metformin use did. Of course, 
these measurements were, by necessity, crude, 
but the best available option in a retrospective 
setting. 

Conclusion & future perspective
Despite the limitations of a retrospective ana­
lysis, our study makes a strong argument for ster­
oid tapering whenever possible and aggressive 
use of ADT in patients with GBM. Moreover, 
it is the first to suggest a potential survival ben­
efit with the use of metformin among diabetic 
GBM patients. These observations, the drug’s 
well-known and limited side effect profile, as 
well as its widespread availability, makes met­
formin an intriguing subject for additional 
study. Prospective trials are warranted to for­
mally evaluate the use of this agent and more 
fully elucidate the complex interactions between 
ADT, hyperglycemia and survival.
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