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ABSTRACT
Despite the improvement of treatment methods, survival of patients with glioblastoma is still low. Glioblastoma is the most com-
mon brain tumor.
Objective. To study carbohydrate metabolism in patients with glioblastoma during adjuvant external beam radiation therapy 
and its impact on survival.
Material and methods. The study included 66 patients with glioblastoma (Karnofsky score ≥80%) who underwent hypofractionated 
adjuvant external beam radiation therapy (single focal dose 2.5—3Gr). Patients received dexamethasone 4—8 mg daily through-
out the entire course of irradiation.
Results. High level of glycated hemoglobin (HbA1c) was observed in 33.3% of patients with glioblastoma undergoing irradiation. 
Cumulative survival was 17 months (95% CI 13.7-20.3). Two indicators had a significant negative impact on cumulative surviv-
al: age of patients (HR 1.04; 95% CI 1.01—1.08; p=0.02) and level of HbA1c (HR 1.94; 95% CI 1.23—3.06; p=0.005). Cumula-
tive  survival was significantly (p=0.022) higher in patients younger 53 years compared to older people (18 months and 14 months, 
 respectively). Cumulative survival was 20 months among patients whose HbA1c did not exceed the upper reference value (<5.8%). 
Survival was higher (p=0.017) in these ones compared to patients with HbA1c ≥5.8% (13 months). According to multivariate 
Cox  regression model, high HbA1c was the only significant negative predictor of cumulative survival (HR 3.35; 95% CI 1.14—9.81; 
p=0.027).
Conclusion. High HbA1c is unfavorable predictor of cumulative survival in patients with glioblastoma and Karnofski score ≥80% 
undergoing adjuvant hypofractionated irradiation regardless their age.
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Introduction

Glioblastoma is the most common brain tumor [1]. 
Thus, the problems associated with its treatment are ex-
tremely important. Over 70% of patients with newly diag-
nosed glioblastoma receive combined treatment including 
adjuvant external beam radiotherapy (aEBRT) in addition 
to resection [2]. Despite certain improvements in the treat-
ment of this tumor, the outcomes are still disappointing. 
Indeed, most authors reported life expectancy in patients 
with glioblastoma up to 11—14.9 months [2—5]. Some re-
cent data indicate increment of 2-year survival from 7% 
to 22%. The main reasons of this success are considered 
to be patient age < 60 years and, less often, chemotherapy 
with temozolomide [2]. It was found that life expectancy 

is significantly shorter in patients aged 60 years and old-
er [6]. Age as a predictor of treatment outcome in patients 
with glioblastoma has been known for more than a decade. 
Nevertheless, pathogenesis of this effect has not yet been 
elucidated.

High radioresistance is considered to be one of the main 
factors determining low efficacy of treatment. Radioresis-
tance may be caused by carbohydrate metabolism disor-
ders, i.e. hyperglycemia. The last one follows dexameth-
asone therapy in patients with glioblastoma in addition 
to other things [7]. Almost all patients with glioblasto-
ma have received glucocorticosteroids since the middle 
of the last century (most often dexamethasone synthesized 
in 1958) [8]. The indication is severe edema of brain mat-
ter adjacent to peripheral part of glioblastoma. The cause 
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of edema is considered to be violation of blood-brain bar-
rier permeability in tumor vessels. Dexamethasone restores 
blood-brain barrier due to activation of occludin and rein-
forcement of binding of VE-cadherin with endotheliocyte 
cytoskeleton [8]. Hypofractionated aEBRT overcomes ra-
dioresistance via increase of single focal dose. However, 
hypofractionation has not yet become widespread in clin-
ical practice [6].

Carbohydrate metabolism disruption can also neg-
atively affect the results of surgical treatment in patients 
with glioblastoma. More common neurological impair-
ment was established in patients with postoperative hyper-
glycemia [4]. These postoperative events complicate ad-
juvant treatment including aEBRT. In turn, refusal from 
aEBRT decreases life expectancy in patients with glioblas-
toma. In this regard, analysis of the role of carbohydrate 
metabolism disorders in pathogenesis of reduced survival 
in patients with glioblastoma is important.

The purpose of the study was to study carbohydrate 
metabolism in patients with glioblastoma during adjuvant 
external beam radiotherapy and its impact on survival.

Material and methods

The study included 66 patients who underwent aE-
BRT in 4—8 weeks after resection of glioblastoma. There 
were 35 men and 31 women. Median age of patients 
was 58 (52—63) years. Karnofsky score immediately be-
fore aEBRT was ≥ 80%.

We planned aEBRT in accordance with the recom-
mendations of the European Organization for Research 
and Treatment (EORTC). Medium hypofractionation 
was used (single focal dose 2.5—3 Gy). Irradiation was con-
tinued up to total focal dose of 54—60 Gy. All patients re-
ceived decongestant therapy (daily intramuscular injection 
of dexamethasone 4—8 mg) throughout the entire postop-
erative period including time interval for aEBRT. We ex-
cluded patients who underwent extended biopsy instead 
of resection. Chemotherapy with temozolomide through-
out the period of aEBRT was administered only in 3 pa-
tients younger 60 years. Thus, we were not able to analyze 
influence of this factor on survival.

Serum insulin (reference values 21.5—122 pmol/l), 
C-peptide (reference values 1.77—3.51 ng/ml), glycated 
hemoglobin HbA1c (reference values 4.4—5, 8%) and glu-
cose (reference values 4—5.9 mmol/l) were assessed be-
fore and after completion of aEBRT. Mean values were 
subsequently used to analyze their prognostic significance.

Statistical analysis was performed using the IBM 
SPSS Statistics software v25 (IBM Corporation, USA). 
Quantitative variables were described as medians 
and quartiles. Survival was analyzed using Kaplan—Mei-
er curves. Influence of quantitative and qualitative factors 
on survival was assessed using univariate and multivari-
ate Cox regression models. The null hypothesis was re-
jected at p‑value<0.05.

Results

Cumulative survival was 17 months (95% CI 13.7—
20.3) (Fig. 1). One-year and two-year survival rates 
were 67.7% (95% CI 56.3—79.1%) and 30% (95% CI 18.1—
41.9%), respectively.

During the period of aEBRT, high serum insulin 
(124—410.5 pmol/l) was observed in 6.7% of patients, high 
serum glucose (6.2—10.4 mmol/l) — in 16.1% of patients, 
high serum C-peptide (3.55—5.09 ng/ml) — in 23% of pa-
tients. High HbA1c (5.85—10.4%) was the most common 
(33.3% of patients). At the same time, medians of all above-
mentioned parameters of carbohydrate metabolism were 
within reference values in all patients (Table 1).

Influence of gender, age, serum insulin, C-peptide, 
HbA1c and glucose on survival of patients with glioblastoma 
who underwent hypofractionated aEBRT was analyzed us-
ing univariate Cox regression model (Table 2, Fig. 2). Only 
two indicators had significant negative impact on cumula-
tive survival: age of patients (HR 1.04. 95% CI 1.01—1.08; 
p=0.02) and HbA1c (HR 1.94, 95% CI 1.23—3.06; p=0.005).

Considering these data, we compared Kaplan—Meier 
cumulative survival depending on age and HbA1c.

Cumulative survival in patients aged <53 years sig-
nificantly differed from that in patients aged ≥53 years 
(p=0.022, Breslow test). Median survival was 18 (95% 
CI 10.324—25.679) and 14 (95% CI 10.828—17.172) 
months, respectively (Fig. 3). One-year (12 months) 
and two-year (24 months) survival rates were also higher 

Table 1. Carbohydrate metabolism parameters analyzed in patients 
with glioblastoma

Variable
Study group (n=66)

n μ±σ Me
Age, years 66 57.2±9.8 58.0 (52.0; 63.0)
Insulin, pmol/l 45 84.93±64.36 71.00 (52.5; 95.0)
C-peptide, ng/ml 42 3.069±1.006 2.863 (2.24; 3.98)
HbA1c, % 36 5.92±1.20 5.60 (5.38; 5.88)
Glucose, mmol/l 62 5.34±1.17 5.10 (4.65; 5.50)

Fig. 1. Kaplan-Meier cumulative survival of patients with glioblasto-
ma after hypofractionated adjuvant external beam radiotherapy.
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in patients aged <53 years (Table 3). However, statistical 
analysis revealed that only one-year survival in patients 
aged <53 years was significantly higher (94.7% (84.7—
100%) and 56.5% (42.2—70.8%) years, respectively).

There were significant differences in cumulative sur-
vival (p=0.017, Breslow test) between patients with normal 
(<5.8%) and elevated HbA1c (20 (95% CI 15.744—24.256) 
and 13 (95% CI 8.954—17.046) months, respectively) (Fig. 4).

Annual and 2-year survival of patients with HbA1 <5.8% 
was 83.3% (68.4—98.2%) and 38.7% (18.3—59.1%), re-
spectively. These values were insignificantly higher than 
in patients with HbA1c ≥5.8% (54.5% (25.1—84.0%) 
and 18.2% (0—41.0%), respectively) (Table 4).

At the final stage of the study, we analyzed the impact 
of above-mentioned variables on survival using multivariate 
Cox regression model (Table 2). The only significant fac-
tor negatively affecting survival was HbA1c during hypofrac-
tionated aEBRT (HR 3.35, 95% CI 1.14—9.81; p=0.027).

Discussion

Despite improvement of treatment methods, survival 
of patients with glioblastoma is still low and does not ex-

ceed 11—14 months [2—5]. Age and functional state signifi-
cantly affect survival in these patients. For example, median 
survival for patients aged 20—44 years is 21.5 months, 45—
64 years — 15.5 months, over 65 years — only 10.5 months [2]. 

Table 2. Impact of some indicators of carbohydrate metabolism dur-
ing hypofractionated adjuvant external beam radiotherapy on sur-
vival of patients with glioblastoma (univariate and multivariate 
Cox regression analysis)

Variable Univariate analysis 
HR (95% CI) p Multivariate analysis 

HR (95% CI) p-value

Gender 0.67 (0.38; 1.21) 0.183 1.21 (0.49; 3.0) 0.683
Age 1.04 (1.01—1.08) 0.02 1.04 (0.97; 1.11) 0.23
Insulin 0.99 (0.99—1.004) 0.63 1.008 (0.99—1.02) 0.12
C-peptide 1.23 (0.84—1.79) 0.29 0.78 (0.45—1.36) 0.39
HbA1c 1.94 (1.23—3.06) 0.005 3.35 (1.14—9.81) 0.027
Glucose 1.06 (0.77—1.45) 0.75 0.65 (0.33—1.29) 0.22

Table 3. Age-adjusted one- and two-year survival of patients with 
glioblastoma after adjuvant external beam radiotherapy

Age, years Survival, months Survival (95% CI), %
<53 12 94.7 (84.7—100)

24 41.6 (16.8—66.3)
≥53 12 56.5 (42.2—70.8)

24 26.0 (12.8—39.1)

Table 4. Annual and two-year survival of patients with glioblastoma 
undergoing hypofractionated radiotherapy depending on HbA1c

HbA1c, % Survival, months Survival (95% CI), %
<5.8 12 83.3 (68.4—98.2)

24 38.7 (18.3—59.1)
≥5.8 12 54.5 (25.1—84.0)

24 18.2 (0—41.0)

Fig. 2. Adjusted and unadjusted hazard ratio for standardized indica-
tors. Standardization was carried out according to equation (X–M)/SD).

Fig. 3. Age-adjusted cumulative survival of patients with glioblasto-
ma after hypofractionated adjuvant external beam radiotherapy.

Fig. 4. Cumulative survival of patients with glioblastoma after hypo-
fractionated adjuvant external beam radiotherapy depending on HbA1c.



16 BURDENKO'S  JOURNAL OF  NEUROSURGERY 5, 2022

Original articles

In case of unsatisfactory functional state (Karnofsky score 
< 50%), survival most often does not exceed 2.3 months 
regardless of age [9]. In our study, we excluded this neg-
ative factor and enrolled only patients with Karnofsky 
score ≥ 80% in 4—6 weeks after resection of glioblastoma. 
In our opinion, this approach led to a rather high cumu-
lative survival rate of 17 months, as well as one- and two-
year survival rates of 67.7 and 30%, respectively.

The relevance of this study was confirmed by common 
carbohydrate metabolism disorders during aEBRT for glio-
blastoma (6.7—33.3% of our patients). High (≥5.8%) HbA1c 
was the most common disorder (33.3%). Statistical anal-
ysis of influence of carbohydrate metabolism disorders 
on survival of patients with glioblastoma undergoing hy-
pofractionated aEBRT revealed high HbA1c as significant 
negative prognostic factor. Indeed, median survival in pa-
tients with HbA1c ≥5.8% was only 13 months. This value 
was significantly lower compared to patients with normal 
HbA1c (20 months).

There are certain data on negative effect of carbo-
hydrate metabolism disorders on treatment outcomes 
in neuro-oncology [10—12]. Thus, type 2 diabetes mel-
litus is detected in approximately 12.6% of patients with 
glioblastoma. Moreover, hyperglycemia is a conse-
quence of therapy with high daily doses of dexametha-
sone in 20% of these cases [7, 13, 14]. Survival of patients 
with glioblastoma and normoglycemia is 11—20 months. 
In case of concomitant hyperglycemia, this value is on-
ly 5—9.6 months [3, 5, 7, 14]. Severity of hyperglyce-
mia also affects life expectancy in patients with glioblas-
toma, i.e. negative effect is only observed in serum glu-
cose > 6.3 mmol/L [13]. Even short-term hyperglycemia 
contributes to decrease of survival of patients with glio-
blastoma from 16.7 to 8.8 months [15].

It is believed that HbA1c more correctly characterizes 
carbohydrate metabolism disorders and mean serum glu-
cose for previous 2—3 months. Moreover, elevated HbA1c 
can indicate not only diabetes mellitus, but also insulin re-
sistance [11]. In turn, high HbA1c in cancer patients with 
insulin resistance positively correlates with mortality rate. 
Pathogenesis of negative impact of carbohydrate metab-
olism disorders, including those caused by dexametha-
sone, on treatment outcomes in patients with glioblasto-
ma has not yet been clearly established. There is evidence 
that hyperinsulinemia can increase proliferative poten-
tial of glioblastoma cells [13] through activation of  EGFR 
and insulin-like growth factor type 1 (IGF-1) [16]. More-
over, high level of glycolytic enzymes (enolase 1 type) in gli-
al tumor cells following hyperglycemia ensures their abili-
ty for invasive growth [17, 18].

The above-mentioned facts deserve a special atten-
tion due to the so-called Warburg effect in tumor cell me-
tabolism. This last one is characterized by excessive ab-
sorption of glucose under anaerobic glycolysis. As a re-
sult, tumor cells accumulate lactate that also ensures 
their high proliferative potential. Proliferative processes 
imply intensive neoangiogenesis with anaerobic glycoly-

sis as the main source of energy [19]. Some authors sup-
pose that hyperglycemia can cause high radioresistance 
of glioblastoma cells due to active DNA repair and sup-
pression of apoptosis [13, 15]. These assumptions are sup-
ported by the fact that suppression of glycolysis in tu-
mor cells caused by IDH‑1 gene mutation reduces ra-
dioresistance of glioblastoma [20—22]. All these data 
require careful analysis of the effect of carbohydrate me-
tabolism disorders during aEBRT on survival of patients 
with glioblastoma.

An important feature of carbohydrate metabolism 
disorders is microcirculatory lesion including central 
nervous system. There are reasons to assume a combined 
pathogenic effect of carbohydrate metabolism disor-
ders and irradiation during aEBRT for brain glioblasto-
ma. As a result, more severe irradiation-induced lesion 
of brain matter up to necrosis and reduction of life ex-
pectancy are possible [23].

Out study also confirms previous data on significant 
effect of age on survival of patients with glioblastoma [12]. 
In our study, age was associated with significant (p=0.022) 
reduction of overall survival from 18 (<53 years) to 10 months 
(≥53 years) and one-year survival from 94.7 to 56.5%. Two-
year survival was higher in patients younger 53 years old. 
However, statistical analysis found no significant differ-
ences in 2-year survival. Multivariate Cox regression anal-
ysis revealed only high HbA1c as significant negative pre-
dictor of survival (HR 3.35, 95% CI 1.14—9.81; p=0.027) 
while significance of age was not confirmed in this sam-
ple size. In our opinion, this fact can be considered as evi-
dence of less effect of age on survival in patients with glio-
blastoma and postoperative Karnofsky score > 80% after 
previous hypofractionated aEBRT. As a result, only car-
bohydrate metabolism disorders negatively affect survival, 
and high HbA1c is the most informative parameter of these 
disturbances in patients with glioblastoma. Carbohydrate 
metabolism disturbances throughout the period of aEBRT 
may be due to perioperative therapy with high daily doses 
of dexamethasone. In our opinion, it is necessary to de-
velop certain measures regulating dexamethasone therapy 
and correct hyperglycemia in patients with glioblastoma 
undergoing aEBRT. Perhaps, this approach per se can in-
crease survival in patients with glioblastoma.

Conclusion

Elevated HbA1c during hypofractionated aEBRT in pa-
tients with glioblastoma and Karnofsky score ≥80% receiv-
ing dexamethasone in a daily dose of 4—8 mg is an unfa-
vorable factor reducing survival regardless of age. In this 
regard, reasonable administration of certain dose of dexa-
methasone, careful monitoring and, if necessary, correc-
tion of carbohydrate metabolism disorders seem advis-
able in these patients. These measures will positively af-
fect treatment outcomes in patietns with glioblastoma 
undergoing aEBRT.



17BURDENKO'S  JOURNAL OF  NEUROSURGERY 5, 2022

Original articles

Author contribution:
Concept and design of the study — Balkanov A.S.
Collection and analysis of data — Rozanov I.D., Glaz-
kov A.A.

Writing the text — Balkanov A.S., Rozanov I.D.
Editing — Balkanov A.S.

No conflict of interests to declare.

REFERENCES

1. Balkanov AS, Savkova RF, Dudarova RG, Petrushkina NN, Kachkov IA, 
Ananyeva II. Some indicators of the incidence of CNS tumors residents 
of the Moscow region from 1998 to 2003. Neirokhirurgiya. 2007;(3):83-86.

2. Darefsky AS, King JT, Dubrow R. Adult glioblastoma multiforme survival 
in the temozolomide era: a population-based analysis of Surveillance, Epi-
demiology, and End Results registries. Cancer. 2012;118(8):2163-2172.
https://doi.org/10.1002/cncr.26494

3. Derr RL, Ye X, Islas MU, Desideri S, Saudek CD, Grossman SA. Associ-
ation between hyperglycemia and survival in patients with newly diagnosed 
glioblastoma. Journal of Clinical Oncology. 2009;27:1082-1086.
https://doi.org/10.1200/JCO.2008.19.1098

4. Link TW, Woodworth GF, Chaichana KL, Grossman SA, Mayer RS, 
Brem H, Weingart JD, Quinones-Hinojosa A. Hyperglycemia is indepen-
dently associated with post-operative function loss in patients with primary 
eloquent glioblastoma. Journal of Clinical Neuroscience. 2012;19(7):996-1000.
https://doi.org/10.1016/j.jocn.2011.09.031

5. Adeberg S, Bernhardt D, Foerster R, Bostel T, Koerber SA, Mohr A, Koel-
sche C, Rieken S, Debus J. The influence of hyperglycemia during radio-
therapy on survival in patients with primary glioblastoma. Acta Oncologica. 
2016;55:201-207.
https://doi.org/10.3109/0284186X.2015.1043397

6. Balkanov AS, Makarenko MF, Polyakov PYu, Kachkov IA. Results of ra-
diation therapy in the mode of hypofractionation in combination with lo-
mustin in malignant brain gliomas. Burdenko’s Journal of Neurosurgery. 
2005;3:14-16.

7. Welch MR, Grommes C. Retrospective analysis of the effects of steroid ther-
apy and antidiabetic medication on survival in diabetic glioblastoma patients. 
CNS Oncology. 2013;2(3):237-246.
https://doi.org/10.2217/cns.13.12

8. Dietrich J, Rao K, Pastorino S, Kesari S. Corticosteroids in brain can-
cer patients: benefits and pitfalls. Expert Review of Clinical Pharmacology. 
2011;4(2):233-242.
https://doi.org/10.1586/ecp.11.1

9. Marina O, Suh JH, Reddy CA, Barnett GH, Vogelbaum MA, Peere-
boom DM, Stevens GH, Elinzano H, Chao S.T. Treatment outcomes for pa-
tients with glioblastoma multiforme and a low Karnofsky Performance Scale 
score on presentation to a tertiary care institution. Journal of Neurosurgery. 
2011;115(2):220-229.
https://doi.org/10.3171/2011.3.JNS10495

10. Jones AG, Hattersley AT. The clinical utility of C-peptide measurement 
in the care of patients with diabetes. Diabetic Medicine. 2013;30(7):803-817.
https://doi.org/10.1111/dme.12159

11. Silbernagel G, Grammer TB, Winkelmann BR, Boehm BO, März W. Gly-
cated Hemoglobin Predicts All-Cause, Cardiovascular, and Cancer Mortal-
ity in People Without a History of Diabetes Undergoing Coronary Angiog-
raphy. Diabetes Care. 2011;34(6):1355-1361.
https://doi.org/10.2337/dc10-2010

12. Filippini G, Falcone C, Boiardi A, Broggi G, Bruzzone MG, Caldiro-
li D, Farina R, Farinotti M, Fariselli L, Finocchiaro G, Giombini S, Pol-
lo B, Savoiardo M, Solero CL, Valsecchi MG. Prognostic factors for surviv-
al in 676 consecutive patients with newly diagnosed primary glioblastoma. 
Neuro‑ Oncology. 2008;10(1):79-87.
https://doi.org/10.1215/15228517-2007-038

13. Tieu MT, Lovblom LE, McNamara MG, Mason W, Laperriere N, Mil-
lar BA, Ménard C, Kiehl TR, Perkins BA, Chung C. Impact of glycemia 
on survival of glioblastoma patients treated with radiation and temozolo-
mide. Journal of Neuro‑Oncology. 2015;124(1):119-126.
https://doi.org/10.1007/s11060-015-1815-0

14. McGirt MJ, Chaichana KL, Gathinji M, Attenello F, Than K, Ruiz AJ, Oli-
vi A, Quiñones-Hinojosa A. Persistent outpatient hyperglycemia is indepen-
dently associated with decreased survival after primary resection of malig-
nant brain astrocytomas. Neurosurgery. 2008;63(2):286-291.
https://doi.org/10.1227/01.NEU.0000315282.61035.48

15. Mayer A, Vaupel P, Struss HG, Giese A, Stockinger M, Schmidberger H. 
Strong adverse prognostic impact of hyperglycemic episodes during adjuvant 
chemoradiotherapy of glioblastoma multiforme. Strahlentherapie und Onkol‑
ogie. 2014;190(10):933-938.
https://doi.org/10.1007/s00066-014-0696-z

16. Shin M, Yang EG, Song HK, Jeon H. Insulin activates EGFR by stimulat-
ing its interaction with IGF-1R in low-EGFR-expressing TNBC cells. BMB 
Reports. 2015;48(6):342-347.
https://doi.org/10.5483/bmbrep.2015.48.6.157

17. Leong HS, Robertson AE, Stoletov K, Leith SJ, Chin CA, Chien AE, 
Hague MN, Ablack A, Carmine-Simmen K, McPherson VA, Postenka CO, 
Turley EA, Courtneidge SA, Chambers AF, Lewis JD. Invadopodia are re-
quired for cancer cell extravasation and are a therapeutic target for metasta-
sis. Cell Reports. 2014;8:1558-1570.
https://doi.org/10.1016/j.celrep.2014.07.050

18. Song Y, Luo Q, Long H, Hu Z, Que T, Zhang X, Li Z, Wang G, Yi L, Liu Z, 
Fang W, Qi S. Alpha-enolase as a potential cancer prognostic marker pro-
motes cell growth, migration, and invasion in glioma. Molecular Cancer. 
2014;13:65.
https://doi.org/10.1186/1476-4598-13-65

19. Zecchin A, Borgers G, Carmeliet P. Endothelial cells and cancer cells: meta-
bolic partners in crime? Current Opinion in Hematology. 2015;22(3):234-242.
https://doi.org/10.1097/MOH.0000000000000138

20. Mims J, Bansal N, Bharadwaj MS, Chen X, Molina AJ, Tsang AW, Furdui CM. 
Energy metabolism in a matched model of radiation resistance for head 
and neck squamous cell cancer. Radiation Research. 2015;183(3):291-304.
https://doi.org/10.1667/RR13828.1

21. Grossman A, Beloosesky Y, Schlesinger A, Gafter-Gvili A, Koren-Morag N, 
Meyerovitch J, Weiss A. The association between glycated hemoglobin lev-
els and mortality in non-diabetic elderly subjects. European Journal of Inter‑
nal Medicine. 2016;27:57-61.
https://doi.org/10.1016/j.ejim.2015.10.010

22. Joshu CE, Prizment AE, Dluzniewski PJ, Menke A, Folsom AR, Coresh J, 
Yeh HC, Brancati FL, Platz EA, Selvin E. Glycated Hemoglobin and  Cancer 
Incidence and Mortality in the Atherosclerosis in Communities (ARIC) 
Study, 1990-2006. International Journal of Cancer. 2012;131(7):1667-1677. 
First published: 13 December 2011.
https://doi.org/10.1002/ijc.27394

23. Hygino da Cruz LC, Rodriguez I, Domingues RC, Gasparetto EL, So-
rensen AG. Pseudoprogression and pseudoresponse: imaging challenges 
in the assessment of posttreatment glioma. AJNR. American Journal of Neu‑
roradiology. 2011;32(11):1978-85.
https://doi.org/10.3174/ajnr.A2397

Received 29.11.2021
Accepted 19.08.2022



18 BURDENKO'S  JOURNAL OF  NEUROSURGERY 5, 2022

Original articles

COMMENT

The article is devoted to features of carbohydrate me-
tabolism and their impact on life expectancy in patients with 
glioblastoma undergoing aEBRT. There are more and more 
data on the impact of carbohydrate metabolism disorders 
and insulin resistance on development and growth of vari-
ous malignancies including glioblastoma. Dexamethasone 
therapy is one of the main factors provoking hyperglycemia. 
Despite the widespread use of dexamethasone in chemo- 
and radiotherapy for glioblastoma, few studies were devoted 
to the effect of carbohydrate metabolism and dexametha-
sone therapy on survival since the 1960s. To date, insufficient 
attention is paid to carbohydrate metabolism abnormalities 
in patients with glioblastoma. Patients with severe hypergly-
cemia (>10-12 mmol/l) are referred to endocrinologists. 
The study included 66 patients with glioblastoma who un-
derwent radiotherapy after previous neurosurgical treat-

ment. All patients received dexamethasone. The authors as-
sessed carbohydrate metabolism including serum insulin, 
C-peptide and glycated hemoglobin in all patients. Mul-
tivariate Cox regression analysis revealed only high HbA1c 
as significant negative predictor of survival. The disadvan-
tage of this study is non-inclusion of other prognostic fac-
tors (localization of tumor, surgery, influence of chemo-
therapy, somatic status of patients and so on). The article 
is interesting for neurosurgeons, radiotherapists, oncologists 
and endocrinologists. Better survival associated with lower 
glycated hemoglobin in this study, as well as serum glucose 
in previous reports provide evidence for intensifying gly-
cemic profiling, analysis of target parameters of carbohy-
drate metabolism and targets for personalized administra-
tion of dexamethasone in patients with glioblastoma. Fur-
ther prospective large-scale studies are needed.

Astafieva L.I. (Moscow)


