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Original Article
Routine Blood Tests Do Not Predict Survival in Patients with Glioblastoma—Multivariable

Analysis of 497 Patients
Sybren L.N. Maas1,2, Kaspar Draaisma1, Tom J. Snijders1, Joeky T. Senders1, Sharon Berendsen1, Tatjana Seute1,

Raymond M. Schiffelers3, Wouter W. van Solinge3, Maarten J. Ten Berg3, Pierre A. Robe1, Marike L.D. Broekman1
-BACKGROUND: Multiple reports have attributed a
prognostic value to routine blood tests results for patients
with glioblastoma. However, these studies have reported
conflicting results and have often had small sample sizes.
We sought to validate the prognostic value of the described
tests in an independent glioblastoma patient population.

-METHODS: We performed a retrospective single-center
multivariable analysis of 497 patients with glioblastoma
who had postoperatively undergone radiotherapy and/or
chemotherapy to identify the prognostic value for median
overall survival of hemoglobin, white blood cell, monocyte,
neutrophil, leukocyte, and platelet counts, neutrophil/
lymphocyte ratio, C-reactive protein, erythrocyte sedimen-
tation rate, activated partial thromboplastin time, pro-
thrombin time, and lactate dehydrogenase. We also
evaluated known prognostic factors for survival such as
patient age, intervention type, IDH1 status, Karnofsky
clinical performance status, and postoperative treatment
modality.

-RESULTS: In a multivariable model, after correcting for
multiple testing bias, biopsy alone (hazard ratio, 0.35; 95%
confidence interval, 0.26e0.49; false discovery rate-
adjusted P < 0.001) and monotherapy after surgery (haz-
ard ratio, 0.46; 95% confidence interval, 0.33e0.66; false
discovery rate-adjusted P < 0.001) remained significantly
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aPTT: Activated partial thromboplastin time
CI: Confidence interval
CRP: C-reactive protein
ESR: Erythrocyte sedimentation rate
EV: Extracellular vesicle
FDR: False discovery rate
Hb: Hemoglobin
HR: Hazard ratio
IDH: Isocitrate dehydrogenase
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associated with worse median overall survival. Patient age
and Karnofsky performance status score ‡70 did not
significantly influence survival in the multivariable model.
No routine blood test included in the multivariable analysis
was significantly associated with survival.

-CONCLUSIONS: In the present study, hemoglobin, white
blood cell, monocyte, neutrophil, leukocyte, and platelet
counts, neutrophil/lymphocyte ratio, C-reactive protein,
erythrocyte sedimentation rate, activated partial thrombo-
plastin time, prothrombin time, and lactate dehydrogenase
levels did not independently predict for overall survival in
patients with glioblastoma.
INTRODUCTION
n adult patients, glioblastoma is the most common malignant
primary brain tumor.1,2 Although the prognosis for patients
Iwith glioblastoma improved with the introduction of a

treatment regimen consisting of maximal safe resection, radio-
therapy, and concomitant and adjuvant temozolomide, patient
survival has remained dismal, with a median overall survival of
w15 months.3,4 Well-known prognostic factors for glioblastoma
include age at diagnosis, clinical performance status,
MGMT (O6-methylguanine-DNA methyltransferase) promoter
KPS: Karnofsky performance scale
LDH: Lactate dehydrogenase
NLR: Neutrophil/lymphocyte ratio
PT: Prothrombin time
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methylation status, isocitrate dehydrogenase (IDH) status,
Mini-Mental State Examination score, extent of resection, and
corticosteroid treatment at baseline.5,6 Virtually all patients with
glioblastoma undergoing surgery will undergo a screening blood
test before surgery. In general, these tests will be obtained to
determine the patient’s clinical state and risk of hemorrhagic
events. However, the performed tests could simultaneously func-
tion as surrogate markers for the physiological state of the patient,
including specific changes caused by pathological properties of
the tumor. If true, these routine markers could then function as
proxy markers for the tumor and could function as prognostica-
tors. This is especially attractive because routine blood tests are
standardized, readily available, and less expensive than other po-
tential prognostic markers such as imaging studies or extensive
molecular testing of tumor tissue.
In the available data, the prognostic value of specific blood tests

on the survival of patients with glioblastoma has been reported.
For example, an anemic state at the initial surgery was correlated
with reduced overall survival in patients with glioblastoma.7-10

Others have reported on the effect of the neutrophil/lymphocyte
ratio (NLR) on survival. Multiple NLR cutoffs have been studied;
however, an NLR of >4.0 has been most prominently associated
with reduced survival in the reported data.11-13 In addition to he-
moglobin (Hb) and NLR, the erythrocyte sedimentation rate
(ESR), activated partial thromboplastin time (aPTT), prothrombin
time (PT), lactate dehydrogenase (LDH), and lymphocyte,
neutrophil, and platelet counts have been suggested to be of
prognostic value.10-18

Although the reports attributing prognostic values to routine
blood tests in patients with glioblastoma were descriptive in na-
ture, a pathophysiological relation for some of the markers can be
speculated. For example, an anemic state might reflect specific
properties of the glioblastoma tumor because anemia can lead to
tumor hypoxia. It has been reported that tumor hypoxia can result
in therapy resistance and more aggressive tumors.19,20 The nega-
tive predictive value of low serum Hb levels and hypoxia for
prognosis has also been described for other malignant tumors,
such as head and neck tumors,21,22 carcinoma of the uterine cer-
vix,23 and carcinoma of the bladder.24 Alternatively, an anemic
state could have been associated with other chronic diseases
negatively affecting the patient’s clinical performance. Because
performing surgery on anemic patients is not recommended in
general, this group of patients could represent a subpopulation
for whom postponing surgery to correct the anemic state was
not possible.
Neutrophil counts alone or increased NLRs have also been re-

ported to be associated with decreased overall survival in patients
with glioblastoma. Neutrophils, long assumed to only play a role
in microbial infection and wound healing, are now believed to also
influence cancer biology.25 Neutrophils can facilitate tumor
growth by inducing angiogenesis26 or by accelerating tumor cell
migration.27 The role of neutrophils in the glioblastoma
microenvironment is largely unknown; however, neutrophil
influx during anti-vascular endothelial growth factor treatment
was shown to promote glioma progression in a glioblastoma
model.28,29 It is, therefore, reasonable to assume that increased
neutrophil counts could have relevant effects on glioblastoma
biology. However, increased neutrophil counts can also be
e1082 www.SCIENCEDIRECT.com WORLD NE
obscured by glucocorticoid (dexamethasone) usage. Glucocorti-
coid usage can increase circulating neutrophil counts by sup-
pression of spontaneous neutrophil apoptosis.30 Because
dexamethasone usage might be associated with more severe
clinical symptoms, its effect on the NLR might be biased to a
subpopulation of patients with more advanced disease. Although
promising, the interpretation and direct clinical application of
the results from most of the studies attributing prognostic
values to routine blood tests in patients with glioblastoma has
been difficult, because the reported data were obtained from
small sample sizes and conflicting results were reported.
The aim of the present study was to validate the reported

prognostic value of specific routine blood tests on overall survival
in patients with glioblastoma undergoing surgery from a large
sample of patients. Thus, we performed a retrospective single-
center multivariable analysis on 497 patients undergoing surgery
and adjuvant care for primary glioblastoma from 2005 to 2013.

METHODS

Study Design, Patient Population, and Patient Data
For the present retrospective study, data from our hospital’s
glioblastoma data registry were used. All adult patients with
glioblastoma who had undergone surgery from 2005 to 2013 were
identified. Only patients who had experienced primary nonrecur-
rent histologically confirmed glioblastoma receiving adjuvant care
and for whom a routine blood test within 5 weeks before and/or
after primary surgery was available were included in the present
study. Second, because we investigated whether routine blood
values can help identify patients with improved or decreased ex-
pected survival, we excluded patients who had opted to abstain
from any further treatment. Therefore, adjuvant treatment was
added as an inclusion criterion.
Our hospital’s ethical committee evaluated the study’s design

and determined that individual patient consent was not required.
All data acquisition and management were in accordance with the
current privacy and ethics regulations.

Covariates and Outcome
The following pre- and postoperative blood tests were extracted:
Hb, white blood cell (WBC), monocyte, neutrophil, lymphocyte,
and platelet counts, C-reactive protein (CRP), ESR, aPTT, PT, and
LDH.31 The NLR was calculated by dividing the neutrophil count
by the lymphocyte count. If multiple blood samples for an
individual patient were present, the findings closest to the date
of surgery were selected. To avoid iatrogenic systemic effects
from the perioperative phase, the postoperative blood tests
obtained within the first 48 hours after surgery were excluded.
Furthermore, the patient characteristics, including age at
surgery, gender, type of surgery (biopsy or debulking),
antineoplastic treatment after surgery (i.e., none or best
supportive care, monotherapy with radiotherapy or
chemotherapy, chemoradiotherapy), and survival data were
extracted from the patients’ electronic medical records.

Statistical Analysis
We compared the blood test values obtained before and after the
initial surgery and tested for significant differences before and
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.03.053
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Table 1. Baseline Characteristics of Study Population (n ¼ 497)

Characteristic Patients (n; %)

Age (years)

Median 62.2

Range 21e88.1

Age group

<50 years 88 (17.7)

50e70 years 298 (60.0)

>70 years 111 (22.3)

Gender

Male 297 (59.8)

Female 200 (40.2)

Extent of surgery

Biopsy 138 (27.8)

Debulking 359 (72.2)

Treatment after surgery

Monotherapy (radio- or chemotherapy) 162 (32.6)

Chemoradiotherapy 335 (67.4)

Karnofsky performance scale score

<70 92 (18.5)

�70 400 (80.5)

Missing 5 (1.0)

IDH1 status (R132H staining)

ORIGINAL ARTICLE

SYBREN L.N. MAAS ET AL. ROUTINE BLOOD TESTS AND SURVIVAL OF PATIENTS WITH GLIOBLASTOMA
after surgery using the Wilcoxon signed rank test and McNemar
test, as appropriate. Dichotomization was performed using cutoff
points determined from reported findings or the values used by
our clinical hematology laboratory. For the NLR, a cutoff of 4.0
was used for dichotomization as described in reported studies.11

Additionally, differences between the preoperative and
postoperative NLR (defined as an NLR change >2 points) were
analyzed separately.
The overall median survival times were estimated using the

Kaplan-Meier method, defining the overall median survival as the
interval between date of the first surgery and the date of death.
Patients who were lost to follow-up or who were alive at the
analysis were censored at the last confirmed in-hospital appoint-
ment. The estimated overall median survival was compared for
significant differences per stratum of the examined blood tests
and demographic parameters using the log-rank method. The
correlation with overall survival was tested using the Cox pro-
portional hazards method on univariable analysis for all patient
characteristics and blood test values. A multivariable Cox pro-
portional hazards analysis was performed with all variables that
showed a significant correlation with survival on univariable
analysis and for which sufficient data were available (to ensure a
minimum of 10 data points per stratum). In the final multivariable
model, the P values were corrected using the Benjamini-Hochberg
false discovery rate (FDR) procedure to adjust for multiple testing.
A P value <0.05 was chosen to indicate statistical significance on
univariable and FDR-adjusted multivariable analysis. All statistical
analyses were performed in R statistical software, version 3.3.2
(Foundation for Statistical Computing, Vienna, Austria). The FDR-
adjusted P values were calculated using the “p.adjust()” function
in the core stats R package. Survival analysis was performed using
the survival package, version 2.38.32
IDH1 wild-type 276 (55.5)

IDH1 mutated 20 (4.0)

Missing 201 (40.4)

Laboratory data

Before surgery 493 (99.2)

Interval (days)

Median 2.9

Range 0e32.9

Missing 4 (0.8)

After surgery 340 (68.4)

Interval (days)

Median 18.2

Range 2e35

Missing 157 (31.6)

Before and after surgery 336 (67.6)

Missing 161 (32.4)
RESULTS

Study Population
From 2005 to 2013, 503 patients had undergone treatment that
included adjuvant care for a histologically confirmed de novo
glioblastoma. Of the 503 patients, 6 were excluded from the
analysis. For 4 patients we were unable to reconstruct accurate
survival data and 2 patients had undergone surgery at a different
institution.
Of the 497 included patients (Table 1), 297 were men (59.8%).

The median age was 62.2 years (range, 21.0e88.1). Of the 497
patients, 359 had undergone tumor resection (72.2%) and 138
had undergone biopsy (27.8%). After surgery, 335 patients
underwent chemoradiotherapy (67.4%) and 162 received
monotherapy with either radiotherapy or chemotherapy (32.6%).
The Karnofsky performance scale (KPS) was available for 99.0%
of the patients. For 59.5%, the IDH1 mutation status using
R132H immunohistochemical staining was available. Laboratory
data before surgery were available for 493 patients (99.2%) and
were obtained with a median of 2.9 days (range, 0e32.9) before
surgery. Laboratory results were available for 340 patients �48
hours after surgery (median, 18.2 days; range, 2e35). For 336
patients, data were available for both pre- and postoperative
blood tests. The median survival was 15.1 months for patients
WORLD NEUROSURGERY 126: e1081-e1091, JUNE 2019
receiving radiotherapy plus concomitant and adjuvant
temozolomide. However, the median survival patients
undergoing monotherapy was a median of 7.9 months.
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Table 2. Blood-Based Biomarkers Before versus After Surgery

Variable Preoperatively Postoperatively Test P Value

Hemoglobin (mmol/L)

Median 9.2 8.4

Range 5.7e12.7 4.5e10.6 Wilcoxon signed rank test <0.001

<8.6 (male); <7.4 (female) 43 (8.7) 128 (25.8)

>8.6 (male), >7.4 (female) 438 (88.1) 202 (40.6) McNemar test < 0.001

NT 16 167

NLR

Median 6.8 5

Range 0.1e46.9 0.2e80.8 Wilcoxon signed rank test <0.001

<4 143 (28.8) 130 (26.2)

>4 336 (67.6) 200 (40.2) McNemar test <0.001

NT 18 167

Neutrophil count

Median 9.5 7.5

Range 1.3e27.3 1.2e29.9 Wilcoxon signed rank test <0.001

<8.3 � 109/L 198 (39.8) 195 (39.2)

>8.3 � 109/L 281 (56.5) 138 (27.8) McNemar test <0.001

NT 18 164

Lymphocyte count

Median 1.4 1.5

Range 0.1e63.7 0.3e79 Wilcoxon signed rank test 0.113

<4 � 109/L 472 (95.0) 328 (66.0)

>4 � 109/L 9 (1.8) 4 (0.8) McNemar test <0.001

NT 16 165

Monocyte count

Median 0.7 0.7

Range 0e2.6 0.2e2.1 Wilcoxon signed rank test 0.688

<0.8 � 109/L 314 (63.2) 232 (46.7)

>0.8 � 109/L 167 (33.6) 100 (20.1) McNemar test 0.001

NT 16 165

WBC count

Median 11.9 9.9

Range 1e71.5 3.3e256 Wilcoxon signed rank test <0.001

<4 � 109/L 2 (0.4) 1 (0.2)

>4 � 109/L 478 (96.2) 330 (66.4) McNemar test <0.001

<10 � 109/L 243 (48.9) 233 (46.9)

>10 � 109/L 237 (47.7) 98 (19.7) McNemar test 0.890

NT 17 166

CRP

Median 2 19.5

Range 0.5e214 0.5e410 Wilcoxon signed rank test <0.001

Continues

e1084 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, https://doi.org/10.1016/j.wneu.2019.03.053
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Table 2. Continued

Variable Preoperatively Postoperatively Test P Value

<10 mg/L 200 (40.2) 56 (11.3)

>10 mg/L 16 (3.2) 90 (18.1) McNemar test <0.001

NT 281 351

ESR

Median 5 32

Range 1e41 2e121 Wilcoxon signed rank test 0.039

<11 mm/hour (male);
<24 mm/hour (female)

133 (26.8) 6 (1.2)

>11 mm/hour (male),
>24 mm/hour (female)

20 (4.0) 15 (3.0) McNemar test 0.011

NT 344 476

Platelet count

Median 257.8 242.5

Range 72.4e884.1 61e744.3 Wilcoxon signed rank test <0.001

<450 � 103/mm3 465 (93.6) 320 (64.4)

>450 � 103/mm3 16 (3.2) 9 (1.8) McNemar test <0.001

NT 16 168

PT

Median 13.1 13.1

Range 11.6e15.6 11.8e15.8 Wilcoxon signed rank test 0.971

<12.2 seconds (decreased) 18 (3.6) 1 (0.2)

>12.2 seconds 394 (79.3) 39 (7.9) McNemar test <0.001

<15.2 seconds 410 (82.5) 39 (7.9)

>15.2 seconds (prolonged) 2 (0.4) 1 (0.2) McNemar test <0.001

NT 85 457

aPTT

Median 30 31.5

Range 22e48 22e46 Wilcoxon signed rank test 0.008

<27 seconds (decreased) 79 (15.9) 7 (1.4)

>27 seconds 337 (67.8) 39 (7.9) McNemar test <0.001

<37 seconds 390 (78.5) 39 (7.9)

>37 seconds (prolonged) 26 (5.2) 7 (1.4) McNemar test 0.137

NT 81 451

LDH

Median 214 257.5

Range 116e819) 93e894 Wilcoxon signed rank test <0.001

<250 U/L 101 (20.3) 91 (18.3)

>250 U/L 46 (9.3) 109 (21.9) McNemar test <0.001

NT 350 297

NT, Not tested; NLR, neutrophil/lymphocyte ratio; WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PT, prothrombin time; aPTT, activated partial throm-
boplastin time; LDH, lactate dehydrogenase.
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Comparison of Pre- and Postoperative Laboratory Blood Test
Values
For all analyzed blood values, we obtained more data before sur-
gery compared with postoperatively (Table 2). To simplify our
analysis, we hypothesized that if the obtained values did not
significantly differ preoperatively compared with postoperatively,
we could focus the analysis on the preoperative data only.
However, a comparative analysis of the pre- and postoperative
laboratory blood values indicated significant changes in 9 of 12
blood values. The median Hb level, NLR, neutrophil count,
WBC count, and platelet count all significantly decreased after
surgery. In contrast, the CRP, ESR, aPTT, and LDH significantly
increased after surgery. The lymphocyte count, monocyte count,
and PT did not change preoperatively compared with
postoperatively. Therefore, because most of the values did
change significantly, we decided to include both the pre- and
postoperative values in the subsequent analysis.

Correlation Between Routine Blood Tests and Overall Survival
As expected, on univariable analysis (Table 3), the established
prognostic variables of age at diagnosis, extent of surgery, type
of treatment after surgery, KPS, and IDH1 mutation status were
all significantly associated with survival. Patients aged <50 years
had a median survival of 17.4 months compared with 12.4
months for patients aged 50e70 years (hazard ratio [HR], 1.66;
95% confidence interval [CI], 1.26e2.20; P < 0.001) and 8.4
months for patients aged >70 years (HR, 2.82; 95% CI, 2.03e
3.92; P < 0.001). Patients who had only undergone a biopsy had
a median survival of 8.3 months compared with 14.2 months for
the patients who had undergone resection (HR, 0.42; 95% CI,
0.34e0.52; P < 0.001). A combination of radiotherapy and
chemotherapy was associated with a longer median survival of
15.1 months (HR, 0.34; 95% CI, 0.27e0.42; P < 0.001)
compared with 7.9 months for postoperative monotherapy. The
patients with a KPS score of �70 had median survival of 13.1
months compared with 9.1 months for those with a KPS score
<70 (HR, 0.68; 95% CI, 0.53e0.87; P ¼ 0.003). Positive IDH1
R132H staining was associated with increased survival from 13.6
months survival for wild-type to 54.7 months with positive IDH1
staining (HR, 0.32; 95% CI, 0.17e0.6; P < 0.001). No significant
change was found in survival for patients undergoing surgery from
2005 to 2007, 2008 to 2010, and 2011 to 2013.
On univariable analysis, some of the measured blood values

were also significantly associated with patient survival. Neutrophil
counts >8.3 � 109/L both preoperatively and postoperatively
showed reduced patient survival. Preoperatively, this correlated
with a reduction in median survival from 14.3 to 11.7 months (HR,
1.35; 95% CI, 1.1e1.66; P ¼ 0.005). In contrast, postoperatively, a
reduction from 15.1 to 12.0 months was observed (HR, 1.45; 95%
CI, 1.13e1.87; P ¼ 0.004). For the preoperative and postoperative
NLR values >4, significant reductions in overall survival were
observed. As a post hoc assessment of the influence of the NLR on
patient survival, we calculated the effect of an increase or reduc-
tion of the NLR from preoperatively to postoperatively of �2
points. No significant changes in survival were observed for al-
terations in the NLR of �2 points in either direction. A WBC
count >10 � 109/L preoperatively yielded reduced patient survival.
For preoperatively elevated WBC counts, survival was 12 months
e1086 www.SCIENCEDIRECT.com WORLD NE
compared with 14.1 months (HR, 1.26; 95% CI, 1.02e1.56; P ¼
0.032). In contrast, postoperatively elevated WBC counts
decreased survival from 14.3 to 12.4 months (HR, 1.31; 95% CI,
1.02e1.68; P ¼ 0.033). An aPTT <27 seconds preoperatively was
associated with reduced survival compared with a normal aPTT
(range, 27e37 seconds) and an increased aPTT time (>37 sec-
onds). A preoperative LDH >250 U/L was associated with a
reduction in survival (11.7 vs. 13.8 months; HR, 1.46; 95% CI,
1.01e2.11; P ¼ 0.043).
To further study the effects of the factors identified to signifi-

cantly influence patient survival on univariable analysis, the sig-
nificant factors identified in the univariable analysis were assessed
on multivariable analysis. The factors were only included for which
sufficient data were available to ensure a minimum of 10 data
points per stratum. Therefore, IDH1 mutation status, preoperative
aPTT, and preoperative LDH levels could not be included in the
multivariable analysis (Table 3). On multivariable analysis, after
correcting for multiple testing bias, biopsy alone (HR, 0.35; 95%
CI, 0.26e0.49; FDR-adjusted P < 0.001), and monotherapy after
surgery (HR, 0.46; 95% CI, 0.33e0.66; FDR-adjusted P < 0.001)
remained significantly associated with worse median overall sur-
vival. Patient age and KPS score �70 did not significantly influ-
ence survival in the multivariable model. No routine blood test
included in the multivariable analysis was significantly associated
with survival.
DISCUSSION

The results of the present study have indicated that the routine
blood values for patients with glioblastoma receiving post-
operative chemotherapy and/or radiotherapy had no significant
predictive value. In our multivariable model, after correcting for
multiple testing bias, the extent of surgery and adjuvant treatment
modality were significantly associated with patient survival.
Our results are in line with those from some reports on the

prognostic value of routine blood tests. Two studies analyzed the
influence of the lymphocyte count on the prognosis of patients
with glioblastoma and found no significant correlation.11,15 For
some blood tests, however, our results were in contradiction with
the reported data. The prognostic value of the Hb levels has been
reported by 5 studies.7-10,33 Four of these reported a negative
prognostic value for low Hb levels7-10; however, 1 study found no
statistically significant difference.33 For several other blood values,
significant prognostic values were reported that we could not
confirm. Three studies found a significant correlation between
an NLR >4.0 and a poor prognosis.11-13 One study reported a
significant prognostic value for LDH in a multivariable model.10

CRP was determined to be a significant prognostic factor in 1
study16 but was not significant in another.14 Preoperative
thrombocytosis was concluded to predict for poor overall
survival.17 In contrast, a decrease in the platelet count during
glioblastoma treatment with concurrent radiotherapy and
temozolomide has been correlated with an increase in survival.15

On multivariable analysis, only prolonged aPTT and decreased
PT appeared to significantly shorten survival.17 Increased serum
albumin levels also correlated with increased survival in patients
with glioblastoma.18
UROSURGERY, https://doi.org/10.1016/j.wneu.2019.03.053
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Table 3. Prognostic Effect of All Factors on Overall Median Survival

Variable Patients (n) OS (%)

Univariable Multivariable

FDR-Adjusted
P ValueHR 95% CI P Value HR 95% CI P Value

Overall 497 12.4

Age (years)

<50 88 17.4

50e70 298 12.4 1.66 1.26e2.2 < 0.001 1.48 1.03e2.11 0.033 0.119

>70 111 8.4 2.82 2.03e3.92 < 0.001 1.5 0.94e2.38 0.089 0.163

Gender

Male 297 12.9

Female 200 11.8 1.05 0.85e1.28 0.666

Extent of surgery

Biopsy 138 8.3

Debulking 359 14.2 0.42 0.34e0.52 < 0.001 0.35 0.26e0.49 < 0.001 < 0.001

Surgery year

2005e2007 114 12.3

2008e2010 167 11.7 1.16 0.9e1.48 0.254

2011e2013 216 13.1 0.92 0.71e1.19 0.526

Treatment after surgery

Monotherapy (RT or ChT) 162 7.9

ChT-RT 335 15.1 0.34 0.27e0.42 < 0.001 0.46 0.33e0.66 < 0.001 < 0.001

KPS score

<70 92 9.1

�70 400 13.1 0.68 0.53e0.87 0.003 0.91 0.62e1.33 0.616 0.616

IDH1 R132H staining

Negative 276 13.6

Positive 20 54.7 0.35 0.18e0.65 0.001

Hb, preoperative

<8.6 (male), <7.4 (female) 43 12

>8.4 (male), >7.4 (female) 438 12.4 0.8 0.57e1.13 0.201

Hb, postoperative

<8.6 (male), <7.4 (female) 128 13.6

>8.4 (male), >7.4 (female) 202 13.6 1 0.78e1.28 0.984

NLR, preoperative

<4 143 14.8

>4 336 11.8 1.27 1.01e1.58 0.037 1.11 0.75e1.65 0.607 0.616

NLR, postoperative

<4 130 15.1

>4 200 12.5 1.34 1.04e1.73 0.026 0.9 0.64e1.25 0.516 0.616

Univariable and multivariable analyses were performed to identify significant correlations between clinical and blood-based variables on glioblastoma patient survival.
OS, overall survival; HR, hazard ratio; CI, confidence interval; FDR, false discovery rate; RT, radiotherapy; ChT, chemotherapy; RT-ChT, chemoradiotherapy; KPS, Karnofsky performance scale;

IDH1, isocitrate dehydrogenase 1; Hb, hemoglobin; NLR, neutrophil/lymphocyte ratio; WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PT, prothrombin
time; aPTT, activated partial thromboplastin time; LDH, lactate dehydrogenase.
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Table 3. Continued

Variable Patients (n) OS (%)

Univariable Multivariable

FDR-Adjusted
P ValueHR 95% CI P Value HR 95% CI P Value

NLR increase

Difference <2 points 252 13.5

Difference >2 points 65 12.4 1.17 0.86e1.6 0.322

NLR decrease

Difference <2 points 186 13.8

Difference >2 points 131 12.3 1.05 0.82e1.36 0.691

Neutrophil count, preoperative

<8.3 � 109/L 198 14.3

>8.3 � 109/L 281 11.7 1.35 1.1e1.66 0.004 1.59 0.88e2.87 0.123 0.194

Neutrophil count, postoperative

<8.3 � 109/L 195 15.1

>8.3 � 109/L 138 12 1.45 1.13e1.87 0.004 1.73 1.01e2.96 0.047 0.130

Lymphocyte count, preoperative

<4 � 109/L 472 12.4

>4 � 109/L 9 23.2 0.73 0.35e1.55 0.412

Lymphocyte count, postoperative

<4 � 109/L 328 13.4

>4 � 109/L 4 18.2 0.96 0.24e3.87 0.955

Monocyte count, preoperative

<0.8 � 109/L 314 12

>0.8 � 109/L 167 13.4 0.94 0.76e1.15 0.540

Monocyte count, postoperative

<0.8 � 109/L 232 13.6

>0.8 � 109/L 100 12.6 1.18 0.91e1.55 0.214

WBC count, preoperative

<10 � 109/L 176 14.1

>10 � 109/L 304 12 1.26 1.02e1.56 0.032 0.77 0.45e1.34 0.359 0.494

WBC count, postoperative

<10 � 109/L 171 14.3

>10 � 109/L 160 12.4 1.31 1.02e1.68 0.033 0.64 0.38e1.06 0.085 0.163

CRP, preoperative

<10 mg/L 200 12.3

>10 mg/L 16 9.6 1.54 0.9e2.62 0.113

CRP, postoperative

<10 mg/L 56 13

>10 mg/L 90 12.4 0.85 0.57e1.25 0.402

Continues
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Table 3. Continued

Variable Patients (n) OS (%)

Univariable Multivariable

FDR-Adjusted
P ValueHR 95% CI P Value HR 95% CI P Value

ESR, preoperative

<11 mm/hour (male),
<24 mm/hour (female)

133 12.5

>11 mm/hour (male),
>24 mm/hour (female)

20 10.1 1.32 0.81e2.16 0.260

ESR, postoperative

>11 mm/hour (male),
>24 mm/hour (female)

6 11.7

>11 mm/hour (male),
>24 mm/hour (female)

15 11.4 1.07 0.34e3.38 0.908

Platelet count, preoperative

<450 � 103/mm3 465 12.4

>450 � 103/mm3 16 12.7 0.87 0.49e1.56 0.649

Platelet count, postoperative

<450 � 103/mm3 320 13.5

>450 � 103/mm3 9 20.6 0.74 0.35e1.58 0.441

PT, preoperative

<12.2 seconds 18 11.2

12.2e15.2 seconds 392 12.4 0.98 0.58e1.64 0.926

>15.2 seconds 2 20.2 0.95 0.22e4.16 0.946

aPTT, preoperative

<27 seconds 79 9.9

27e37 seconds 311 13 0.71 0.54e0.93 0.014

>37 seconds 26 14.5 0.51 0.3e0.86 0.011

aPTT, postoperative

<27 seconds 7 6.8

27e37 seconds 32 10.6 0.9 0.34e2.37 0.835

>37 seconds 7 10.8 1.22 0.37e4.08 0.744

LDH, preoperative

< 250 U/L 101 13.8

> 250 U/L 46 11.7 1.46 1.01e2.11 0.043

LDH, postoperative

< 250 U/L 91 15.1

> 250 U/L 109 13.5 1.08 0.78e1.5 0.624

Univariable and multivariable analyses were performed to identify significant correlations between clinical and blood-based variables on glioblastoma patient survival.
OS, overall survival; HR, hazard ratio; CI, confidence interval; FDR, false discovery rate; RT, radiotherapy; ChT, chemotherapy; RT-ChT, chemoradiotherapy; KPS, Karnofsky performance scale;

IDH1, isocitrate dehydrogenase 1; Hb, hemoglobin; NLR, neutrophil/lymphocyte ratio; WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PT, prothrombin
time; aPTT, activated partial thromboplastin time; LDH, lactate dehydrogenase.
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The reason we were unable to confirm some of the reported
significant values remains to be elucidated. Some studies were
underpowered (<100 patients), which could have introduced bias
WORLD NEUROSURGERY 126: e1081-e1091, JUNE 2019
owing to outliers in the data. Another reason could have been
because some of the studies reported data only on specific blood
values that showed significant correlations with patient survival.
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This could have introduced publication bias because studies
showing insignificant results were not reported.
In our study, patient age was not significantly associated with

patient survival. This is in contrast to the results reported by
others.5,6 Most probably, the findings could be explained by the
greater percentages of monotherapy and biopsy-alone status in the
group of patients aged >70 years. The percentage of patients
receiving chemoradiotherapy was 88%, 73%, and 37% for those
aged <50, 50e70, and >70 years, respectively. The corresponding
percentages of biopsies as the surgical intervention were 23%,
27%, and 35%. Dichotomization of the data set into patient groups
aged <70 and >70 years did not result in a significant association
for age group status in the multivariable model (data not shown).
The present study also had some limitations. First, owing to its

retrospective and single-center design, we were dependent on the
physician’s choices and reports. For example, not every blood test
evaluated in the present study was a part of the routine preoper-
ative evaluation and was thus only obtained for clinical
indications. In line with this, Hb was a part of the routine eval-
uation for 96.8% of the patients before surgery. In contrast,
information on the preoperative LDH levels (not a part of the
routine evaluation) was only available for 29.6% of the patients.
Also, we did not have any data on the MGMT (O6-methylguanine-
DNA methyltransferase) promoter methylation status or Mini-
Mental State Examination, which are known prognostic markers
for glioblastoma.5,6 Additionally, because the studied population
preceded the 2016 WHO classification (in which the assessment of
IDH mutation status is required2), information on IDH1 status was
only available for 55.1% of the patients. Finally, as discussed,
glucocorticoid usage can influence the neutrophil counts and its
associated NLR. However, we could not correct for
glucocorticoid usage, because data on its usage were not
available. Future research on the potential prognostic values of
routine blood values should ideally be performed prospectively.
To further strengthen the value of such a study, the
participating patients should all undergo the same tests to avoid
e1090 www.SCIENCEDIRECT.com WORLD NE
selection bias regarding the applied tests. Thus, the true
(biological) value of the specific routine blood values could be
tested.
As an alternative to routine blood tests, other tests might have

more potential. These tests include tests of circulating tumor
cells,34 extracellular vesicles (EVs),35 nucleic acids,36 proteins, and
oncometabolites (as reviewed for glioblastoma by Kros et al.37).
However, these potential valuable markers also have technical
challenges. For example, EVs—nano-size plasma membrane-
contained vesicles that contain RNA and proteins from its donor
cell35,38—in serum from patients with glioblastoma can contain
tumor-derived proteins, micro-RNAs and mRNA, including
epidermal growth factor receptor variant III mRNA.39 Because the
lipid bilayer of EVs protects their contents from degradation in the
blood, they are interesting candidates for clinical monitoring of
patients with glioblastoma. However, before these vesicles can
be used routinely in the clinic, several challenges should be
addressed. For example, epidermal growth factor receptor
variant III is only present in w30% of patients with
glioblastoma, suggesting that other tumor-specific RNAs are
needed to detect and monitor glioblastomas and their response to
therapy. In addition, the experimental protocols used to investi-
gate EV-derived RNA can greatly influence the detection sensitivity
and specificity of a mutation.3,40,41 Given these, and other chal-
lenges, these alternatives to routine blood tests have clinical po-
tential but have yet to be validated for routine use in patients with
glioblastoma.
CONCLUSION

In the present study, no prognostic value was found for the results
from routine blood tests in patients with glioblastoma treated with
chemotherapy and/or radiation therapy. Although the wide avail-
ability, low cost, and common use of these routine tests make
them attractive as clinical prognosticators, we could not confirm
their clinical relevance.
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