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ABSTRACT

Background. The impact of noncancerous factors on the
morbidity and mortality of glioblastoma multiforme (GBM)
has not been well studied. Using a large surgical cohort,
we examined the association between multiple clinical
characteristics and postoperative morbidities and survival
in patients with GBM.
Materials and Methods. The study included 404 consecu-
tive GBM patients who underwent initial tumor resection at
MD Anderson Cancer Center between January 1, 2010, and
December 31, 2014. Data about clinical characteristics,
treatments, and postoperative complications were col-
lected. The associations between clinical parameters and
postoperative complications and survival were analyzed.
Results. Charlson Comorbidity Index was positively related
to a higher incidence of postoperative total (odds ratio
[OR] = 1.20; p = .002) and neurological (OR = 1.18; p = .011)
complications. Preoperative systolic blood pressure (SBp)
over 140 mmHg was associated with a higher incidence of

postoperative intracranial hemorrhage (OR = 4.42; p = .039)
and longer hospital stay (OR = 2.48; p = .015). Greater post-
operative fluctuation of SBp (OR = 1.14; p = .025) and blood
glucose (mmol/L; OR = 1.48; p = .023) were related to a
higher incidence of neurological complications, whereas
higher postoperative blood glucose (OR = 0.64; p < .001)
was related to a lower incidence. Long‐term lower SBp
(<124 mmHg; hazard ratio [HR] = 1.47; p = .010) and higher
blood glucose (HR = 1.12; p < .001) were associated with
shorter survival. Long‐term serum albumin level (g/dL; HR
= 0.32; p < .001) was positively associated with survival.
Conclusion. Short‐term SBp and blood glucose levels and
fluctuations are associated with postoperative complica-
tions in GBM patients. Their long‐term optimization may
impact survival of these patients. Future clinical trials are
needed to confirm the benefit of optimizing medical
comorbidities on GBM patients' outcomes. The Oncologist
2019;24:529–536

Implications for Practice: Glioblastoma multiforme (GBM) is one of the most feared cancer diagnoses because of its lim-
ited survival and treatment. This study revealed significant associations of noncancerous factors on the morbidity and mor-
tality of GBM. The complexity of medical comorbidities, as well as short‐term postoperative levels and fluctuations of
blood pressure and blood glucose, was associated with postoperative complications, but not overall survival. However,
long‐term levels of these common clinical parameters were significantly associated with survival. Optimization of medical
conditions may be critical for reducing the morbidity and mortality of GBM patients. Future clinical trials are needed to
validate the observed associations in an independent cohort.

INTRODUCTION
Glioblastoma multiforme (GBM) is the most lethal primary
brain tumor [1]. Although survival in GBM has improved with
the new standard treatment of maximum safe re-
section followed by radiotherapy with concomitant and

adjuvant temozolomide, it is grimly measured in months after
the diagnosis [2,3]. Improvements in survival and quality of life
in these patients are critically needed. The number of lesions,
treatment strategy, and completeness of tumor resection are
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well‐known factors that impact GBM survival [4]. Age, perfor-
mance status, and corticosteroid use have also been identified
as prognostic variables [5]. A few retrospective studies
reported an adverse association between hyperglycemia and
survival in GBM patients [6–9]. In addition, postoperative com-
plications after GBM tumor resection were associated with a
lower likelihood of adjuvant therapy administration [10],
which could impair survival. However, risks for developing
those complications have not been well defined. The complex-
ity of medical comorbidities is a known risk factor for morbid-
ity and mortality of many disease conditions including cancer
[11,12]. Its impact on clinical outcomes of GBM patients has
not been reported. The condition of medical comorbidities is
routinely monitored through common clinical parameters
including blood pressure, blood glucose, and serum albumin.
These clinical parameters are known to significantly predict
morbidity and mortality among critically ill patients and those
who undergo major surgeries [13,14]. However, their effects
on postoperative outcomes and overall survival of GBM
patients are not thoroughly explored. We believe that identify-
ing morbidity and survival associating factors will orient future
research and clinical strategies to productive targets that
impact quality of life and survival in patients with GBM. Our
study aims to examine the impact of medical comorbidities
and their stability on postoperative complications and overall
survival in GBM patients at a single large cancer institute.

MATERIALS AND METHODS

Study Design and Patients
This retrospective study was approved by The University of
Texas MD Anderson Cancer Center's Institutional Review
Board in accordance with an assurance filed with, and
approved by, the Department of Health and Human Ser-
vices. Using the Brain and Spine Center Database, we
searched for GBM patients who are 18 years or older and
underwent initial tumor resection and primary treatment
at MD Anderson Cancer Center between January 1, 2010,
and December 31, 2014. The final study cohort consisted
of 404 consecutive patients.

The patients’ demographic data, including age, sex, race,
and vital status, were obtained from the MD Anderson Tumor
Registry. The patients’ height, weight, blood pressure records,
laboratory test results, pharmacy information, and billing data
were obtained through the MD Anderson Data Warehouse.
Status of isocitrate dehydrogenase 1 (IDH1) and/or 2 (IDH2)
mutations and O6‐methylguanine‐DNA methyltransferase
(MGMT) promoter methylation were obtained from elec-
tronic pathology reports. Postoperative complications were
recorded in the Brain and Spine Center Database.

Systolic blood pressure (SBp, mmHg), blood glucose
(mmol/L), serum albumin (g/dL), and the Charlson Comorbid-
ity Index (CCI) were the major study factors. Serum albumin
data were only available for the analysis for survival, but insuf-
ficient for postoperative complications. Baseline was defined
as within 1 week before surgery; short‐term as within 7 days
after tumor resection, counting the surgical day as day 1; and
long‐term as occurred after postoperative day 31. Body mass
index was calculated using the formula weight in kg/(height in

m)2. Plasma and finger stick glucose data were both used to
calculate blood glucose levels at baseline, postoperatively, and
long term. Fluctuation was the absolute difference between
two consecutive measures; for instance, postoperative SBp
fluctuation was the mean of the differences between the first
and second, second and third, etc. measurements. The units
for SBp and glucose fluctuations were mmHg and mmol/L,
respectively. Median values of all variables were used in the
analysis unless otherwise noted. The International Classifica-
tion of Diseases, Ninth Revision codes for each patient were
used to calculate CCI [15]. Treatment information, including
radiation therapy and temozolomide administration, was
obtained from billing and pharmacy data.

The extent of tumor resection, expressed as a percentage,
had been calculated on the basis of the differences between
preoperative and postoperative tumor volumes by magnetic
resonance imaging of brain and recorded in the Brain and
Spine Center Database [16]. Gross total resection refers to
≥95% tumor resection, and subtotal resection <95%. Kar-
nofsky Performance Scale (KPS) score at the time of surgery,
tumor location, duration of postoperative hospital stay, and
postoperative complications within 30 days of surgery were
also obtained from the Brain and Spine Center Database.

Statistical Analysis
The two primary outcomes were postoperative complications
and overall survival (OS). OS was defined as the number of
days a patient survived between the date of radiographic
diagnosis of GBM and the date of death. If a patient was not
known to be dead, survival time was censored at their last
confirmed contact with the health care system. We used
descriptive statistics to analyze the frequencies, medians,
means, and standard deviations of the study variables for the
overall cohort. Student's t test and the Mann‐Whitney rank
sum tests assessed statistical significance of continuous vari-
ables, and chi‐square test for categorical variables. Odds ratios
with 95% confidence intervals (CIs) for the association
between clinical factors and hospital stay or postoperative
complications were estimated from logistic regression models.
The models were further adjusted for age, sex, CCI, preopera-
tive KPS, radiation therapy, and tumor resection extent.

Univariate analysis of the association between individ-
ual clinical characteristics and OS was performed using the
Kaplan‐Meier method followed by the log‐rank test to com-
pare the survival distributions between the groups. Multi-
variate regression analyses of survival data were based on
Cox proportional hazards modeling, and the hazard ratio
was calculated with 95% CIs. Results were considered sig-
nificant when the p value was below .05. All statistical ana-
lyses were performed using R software (version 3.3.3, The
R Foundation, http://www.r-project.org).

RESULTS

Patient Characteristics
Patient demographics, clinical characteristics, and tumor
and treatment information are illustrated in Table 1. At the
time of our analysis, the mortality rate was 76%. The
median age of the study patients was 59 (range: 20–91)
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years. The median CCI and KPS were 4 (range: 2–14) and
90 (range: 10–100), respectively. Most patients had gross
total resection (60%), with 48% having underwent the
treatment combination of surgery, radiation therapy, and
temozolomide. IDH1 status was available in 218 (54%)
patients, and mutations were detected in 25 patients. Eigh-
teen patients underwent testing for MGMT promoter
methylation, which was positive in 11 patients.

Postoperative Complications
Table 2 reports the multivariate analysis of the association
between perioperative clinical factors and postoperative

hospital stay and complications. Postoperative hospital stay
was categorized by the median (4 days). We excluded post-
operative SBp in the multiple regression analysis to prevent
multicollinearity of the model due to its close correlation
with SBp fluctuation (coefficient = 0.20, p < .001). Higher
CCI was significantly associated with a higher incidence of
overall postoperative complications, neurological complica-
tions, and longer (>4 days) hospital stay, whereas higher
preoperative KPS was associated with a lower incidence of
overall complications, neurological complications, infection,
venous thromboembolism, and shorter (≤4 days) hospital
stay. Higher postoperative blood glucose level (mmol/L)
was associated with a lower incidence of postoperative
overall complications, neurological complications, and sei-
zure events, and greater blood glucose fluctuation was
related to a higher incidence of neurological complications.
Baseline elevated SBp (>140 mmHg) was associated with a
higher incidence of intracranial hemorrhage and longer
hospital stay. Greater fluctuation of postoperative SBp level
was positively related to higher incidences of neurological
complications and longer hospital stay.

The median blood glucose levels were as follows:
patients with postoperative complications 7.74 mmol/L
(interquartile range [IQR]: 6.97–9.09), without complica-
tions 7.83 mmol/L (IQR: 7.08–8.097); with postoperative
infections 8.25 mmol/L (IQR: 7.11–9.83), without infections
7.79 mmol/L (IQR: 7.06–8.94); with postoperative seizure
7.65 mmol/L (IQR: 6.99–8.40), without seizure 7.83 mmol/L
(IQR: 7.08–9.06); and with postoperative neurologic com-
plications 7.56 mmol (IQR: 6.94–8.81), without neurologic
complications 7.86 mmol/L (IQR: 7.11–9.08).

Bivariate correlation analysis revealed that SBp fluctua-
tion positively correlated with frequency of antihyperten-
sive administration per day (Pearson's r = .30 [95% CI: 0.20–
0.39], p < .001), as did blood glucose fluctuation with that of
antidiabetic administration (Pearson's r = .24 [95% CI: 0.14–
0.34], p < .001). Postoperative glucose level did not corre-
late with dexamethasone dose (Pearson's r = .018, p = .725).

Postoperative Complications and GBM Treatments
Patients with postoperative complications had a longer
interval between surgery and radiation treatment (25 days,
p = .018) than those without complications (24 days). The
presence of postoperative complications was not signifi-
cantly associated with delay of chemotherapy, 22 days
(with complications) versus 21 days (without complica-
tions), p = .202. Patients with postoperative complications
were less likely to receive standard treatment (combination
of surgery, radiation, and temozolomide), p = .029.

Overall Survival
Using a multiple Cox regression model, we analyzed base-
line and short‐term factors along with the known survival
predictors of age, KPS, extent of tumor resection, and
treatment (Fig. 1). CCI and the treatment combination of
surgery, radiation therapy, and temozolomide were signifi-
cantly associated with survival, whereas baseline SBp and
postoperative levels and fluctuations of blood glucose and
SBp were not.

Table 1. Patient demographics and clinical and treatment
characteristics

Characteristic No. of patients (%)

Total (death rate) 404 (76)

Age, years, median (range) 59 (20–91)

Race

Nonwhite 62 (15)

White 342 (85)

Sex

Female 147 (36)

Male 257 (64)

BMI, kg/m2, median (range) 27.6 (16.4–55.9)

CCI, median (range) 4 (2–14)

Pre‐existing diabetes 57 (14)

Pre‐existing hypertension 11 (3)

Preoperative KPS, median (range) 90 (10–100)

Tumor side

Left 210 (52)

Right 164 (41)

Bilateral 30 (7)

Extent of tumor

Unifocal 382 (95)

Multifocal 22 (5)

IDH‐1 mutation status, n = 218

Negative 193 (89)

Positive 25 (11)

IDH‐2 mutation status, n = 107

Negative 106 (99)

Positive 1 (1)

Tumor resection

Gross total resection 242 (60)

Subtotal resection 162 (40)

Treatments

Surgery alone 121 (30)

Surgery and TMZ 14 (3)

Surgery and XRT 76 (19)

Surgery, XRT, and TMZ 193 (48)

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity
Index; IDH, isocitrate dehydrogenase; KPS, Karnofsky Performance
Status, TMZ, temozolomide; XRT, radiotherapy.
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The multivariate analysis of the associations between
long‐term factors and survival are demonstrated in Figure 2.
Mean SBp was categorized by the median of 124 mmHg.
SBp under 124 mmHg was a significant factor associated
with shorter survival compared with otherwise. The effect of
hypertension over long term was not assessed due to inade-
quate number of patients with SBp ≥140 mmHg. A higher
mean long‐term blood glucose level was adversely associ-
ated with survival, independent of the total long‐term dexa-
methasone dose. A higher serum albumin level was
associated with longer survival. The extent of tumor re-
section remained a significant survival factor, whereas the
treatment combinations became statistically nonsignificant
for survival after adjusting for the long‐term clinical factors.

Figure 3 depicts the Kaplan‐Meier survival plot for long‐
term blood glucose level in quartiles. Patients with a mean
long‐term blood glucose level of <5.5 mmol/L (the lowest
quartile) demonstrated the longest survival, compared
with those with blood glucose levels between 5.5 and
7.3 mmol/L (the middle 50%) and >7.3 mmol/L (the highest
quartile). The median survival of the 38 patients with IDH
wild type and long‐term glucose level <5.5 mmol/L was
24 months (18–48).

Figure 3. Kaplan‐Meier estimates of overall survival for glio-
blastoma patients by long‐term mean blood glucose levels.
The mean blood glucose level was divided into three groups:
<5.5 mmol/L (the lowest quartile), >7.3 mmol/L (the highest
quartile), and 5.5–7.3 mmolL (middle 50%).

Figure 2. Multivariate analysis of associations between long‐term factors and survival.
Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; KPS, Karnofsky Performance Status;
SBp, systolic blood pressure.

Figure 1. Multivariate analysis of associations between postoperative factors and survival.
Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; CI, confidence interval; KPS, Karnofsky Performance Status;
SBp, systolic blood pressure.
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DISCUSSION

Our study is the first to report the impact of medical
comorbidities, blood pressure, and glycemic control on
postoperative complications in patients with GBM. Our
results show that the complexity of medical comorbidities
(as measured by the CCI) and the levels and stability of sys-
tolic blood pressure and blood glucose significantly predict
postoperative morbidities in GBM patients. Previous stud-
ies reported associations between the extent of tumor
resection and resection methods and postoperative compli-
cations [10,16,17]. Our study results also concurred with
the current literature that postoperative complications may
negatively affect the delivering of adjuvant treatments for
GBM patients [10]. The findings provide an important clini-
cal implication that optimization of medical comorbidities
may also be a useful interventional target that can improve
glioblastoma patients’ postoperative outcomes. Future
studies are necessary to define the optimal range for post-
operative blood pressure and blood glucose to maximally
reduce complications, which play an important role in
determining the quality of life and functional outcomes of
GBM patients.

Higher complexity of pre‐existing medical comorbidities
and lower functional capacity are known predisposing fac-
tors for numerous postoperative complications and longer
hospital stay after cardiac surgeries and craniotomies
[18–20]. Our study echoes the same findings in GBM
patients after tumor resection. Lower KPS was also promi-
nently associated with increased incidence of postoperative
seizure, genitourinary complications, and venous thrombo-
embolism. These findings support the use of preoperative
rehabilitation measures before craniotomy to maximize
patients’ functional capacity.

Glycemic control can be challenging during postopera-
tive in‐hospital care. Hyperglycemia occurs frequently in
glioblastoma patients due to steroid use. It is a well‐known
predictor of in‐hospital mortality and morbidity among criti-
cally ill patients and those who have undergone cardiac sur-
geries, regardless of pre‐existing diabetes [13,14]. Glycemic
control is therefore an essential strategy to reduce adverse
outcomes. However, strict glucose control increases the risk
for hypoglycemia, which is linked to both mortality and
morbidity after cardiac operations [21]. There is no clear
definition of postoperative hyperglycemia, and the optimal
blood glucose range is not established for patients after
major surgeries. Egi and colleagues reported both blood glu-
cose level and fluctuation were significantly associated with
intensive care unit mortality [22]. The median blood glucose
level within 7 days after surgery was 8.44 mmol/L (95% CI:
8.26–8.63; data not shown) among our study patients.
Lower postoperative blood glucose level and higher fluctua-
tion were both associated with increased neurological
complications. Higher glucose fluctuation had a positive cor-
relation with more frequent administration of antidiabetic
drugs. Lower postoperative blood glucose level was also
associated with increased overall postoperative complica-
tions and seizure incidence. Our study supports stable glyce-
mic control and less strict intervention thresholds for
hyperglycemia in glioblastoma patients in the postoperative
setting.

Our study also supports a similar recommendation for
blood pressure control. Hypertension is the most common
risk factor for intracranial hemorrhage [23,24]. Current
American Heart Association/American Stroke Association
guidelines for the management of spontaneous intracranial
hemorrhage recommend an SBp goal of <140 mmHg [25].
Among our study patients, an elevated SBp of 140 mmHg
and above before tumor resection correlated with an
increased incidence of postoperative intracranial hemor-
rhage. Greater postoperative SBp fluctuation was associated
with increased neurological as well as overall complications
among our patients. SBp fluctuation could be a result of
aggressive antihypertensive treatments, as higher postopera-
tive mean SBp and higher fluctuation, as well as higher fluc-
tuation and use of antihypertensive agents, were correlated
among our patients. Optimizing blood pressure control
before the tumor resection and careful intervention of SBp
elevation postoperatively are recommended for glioblas-
toma patients.

In the analysis for overall survival among our patient
population, none of the postoperative blood pressure and
blood glucose levels and fluctuations had a significant asso-
ciation with overall survival. This further supports the theory
that in the short‐term postoperative period, tight interven-
tion thresholds for both blood pressure and blood glucose
may not be necessary and may in fact be harmful.

Our study is the first to report the significant adverse
association of lower long‐term SBp levels (<124 mmHg) with
shorter survival in GBM patients. Although we did not have
data on the use of antihypertensive treatments in our
patients, overzealous blood pressure control should be
avoided in this population. In patients with prior lacunar
stroke and relatively well‐preserved kidney function, inten-
sive blood pressure lowering was associated with greater
kidney function decline during the first year [26]. Signifi-
cantly higher rates of serious adverse events including hypo-
tension and syncope were observed in the intensive‐
treatment group with SBp lower than 120 mmHg, as com-
pared with the group with SBp lower than 140 mmHg [27].
The central nervous system, including the brain stem and
higher brain levels, regulates blood pressure through modu-
lating baroreceptor, chemoreceptor, and other cardiovascu-
lar reflexes [28]. Disruptions in these central mechanisms
may result in cardiovascular dysfunctions. Abnormal echo-
cardiography and hypotension were observed in 28% and
32%, respectively, of 50 patients who suffered from severe
brain injuries [29]. Future studies are needed to decide
the value of blood pressure as a marker of brain disease
changes, such as disease recurrence or progression, in glio-
blastoma patients.

Previous studies have identified high blood glucose level
as a negative survival predictor for glioblastoma patients
[7]. In our study, the survival impact of blood glucose level
remained significant even after adjustment for known sur-
vival predictors including age, extent of tumor resection,
KPS, and treatment. The median long‐term random blood
glucose level among our patients was 6.14 mmol/L (data
not shown). The Kaplan‐Meier plot (Fig. 1) demonstrates
that the long‐term blood glucose level associated with
the lowest mortality risk was <5.5 mmol/L, which was
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consistent with the Derr and colleagues’ finding in GBM
patients prior to the emergence of temozolomide [7]. The
evidence from the two studies consistently suggests a much
narrower optimum range than normally defined for blood
glucose levels in patients with GBM; however, the optimum
range of blood glucose level and risks of strict glycemic con-
trol need to be defined by future prospective studies.

Serum albumin is an established prognostic indicator in
many acute and chronic diseases and has been incorpo-
rated into inflammation and nutrition scoring tools for pre-
dicting outcomes [30–32]. Schwartzbaum et al. found that
preoperative hypoalbuminemia (<3.4 g/dL) was associated
with a marked reduction in median survival from 494 to
62 days in 24 GBM patients [33]. Several subsequent stud-
ies also identified preoperative serum albumin as a survival
predictor for GBM [34,35]. In our retrospective review,
lower long‐term serum albumin level was independently
associated with shorter survival after adjustment for the
significant confounders. Considering the current research
evidence, serum albumin level should be incorporated into
the prognostic evaluation at the initial diagnosis of GBM
and during follow‐up. Improving patients’ nutritional status
and reducing chronic inflammation are sensible interven-
tional targets to improve GBM survival.

It is worth noting that treatment combination of sur-
gery, radiation therapy, and temozolomide was significantly
associated with survival in the analysis adjusted for short‐
term factors. However, such significance disappeared in the
survival analysis adjusted for long term factors. This may
suggest that chronically uncontrolled medical comorbidities
may compromise the efficacy of treatments for GBM. In
summary, blood pressure, blood glucose levels, and serum
albumin are commonly monitored clinical indices for asses-
sing the stability of patients’ medical conditions and risks.
Prospective studies are required to confirm the benefit of
judicious recording and optimizing such clinical parameters
and glioblastoma outcomes.

The primary strengths of our study include the large
cohort and completeness of data records, which signify the
power of the results. However, our study is limited due to
its retrospective observational design and inherent biases.
Vital sign and laboratory data collection were limited by
availability and consistency of time frame; therefore, post-
operative fluctuation of the observed factors may not have
been timely captured. As such, the values of long‐term
blood glucose were also random numbers, so fasting status
or time elapsed between meals and testing time cannot be
defined. Random blood glucose levels may underestimate

the severity of glucose intolerance; however, its association
with adverse survival was independent of outstanding con-
founders of age, performance status, and extent of tumor
resection. Hemoglobin A1c reflects the mean glucose con-
centration over the previous 8–12 weeks and can be an
excellent factor for evaluation of long‐term glycemic con-
trol, which, unfortunately, was largely unavailable to our
study. Future studies are needed to delineate optimal gly-
cemic control in this patient population. We were not able
to assess the survival impact of the fluctuations of the
observed factors over the long term due to lack of data.
Data about treatments that patients might have received
outside of our institution are not available to us. This may
underestimate the number of patients who received stan-
dard treatments, which likely explains only 48% of patients
in the standard treatment group. Data were also insuffi-
cient for tumor mutation status, recurrent tumor resec-
tions, and treatment agents other than temozolomide.
Hence, our analysis was not able to include all potential
survival factors.

CONCLUSION

The levels and stability of blood pressure, blood glucose,
and serum albumin can be useful markers for predicting
postoperative morbidities and survival in GBM patients.
Optimization of medical comorbidities and nutritional sta-
tus may improve postoperative outcomes and overall sur-
vival of glioblastoma patients. The optimal ranges of
systolic blood pressure, blood glucose, and serum albumin
will need to be determined in future research.
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