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Prognostic significance of therapy-induced 
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Abstract
Background.  Myelosuppression is the major toxicity encountered during temozolomide chemoradiotherapy for 
newly diagnosed glioblastoma.
Methods.  We assessed the association of myelosuppression (neutropenia, thrombocytopenia, anemia, 
and lymphopenia) during temozolomide chemoradiotherapy alone or in combination with experimental 
agents with progression-free survival (PFS) or overall survival (OS) in 2073 patients with newly diagnosed 
glioblastoma enrolled into five clinical trials: CENTRIC, CORE, EORTC 26082, AVAglio, and EORTC 26981. 
A landmark Cox model was used. For each primary association analysis, a significance level of 1.7% was 
used.
Results.  Lower neutrophil counts at baseline were associated with better PFS (P = .011) and OS (P < .001), in-
dependently of steroid intake. Females experienced uniformly more myelotoxicity than males. Lymphopenia 
during concomitant chemoradiotherapy was associated with OS (P = .009): low-grade (1-2) lymphopenia might 
be associated with superior OS (HR 0.78, 98.3% CI 0.58–1.06), whereas high-grade (3-4) lymphopenia might 
be associated with inferior OS (HR 1.08, 98.3% CI 0.75–1.54). There were no associations of altered hematolog-
ical parameters during concomitant chemoradiotherapy with PFS. During maintenance chemoradiotherapy, 
no significant association was found between any parameter of myelosuppression and PFS or OS, although 
exploratory analysis at 5% significance level indicated that either mild-to-moderate (HR 0.76, 95% CI 0.62–
0.93) or high-grade lymphopenia (HR 0.65, 95% CI 0.46–0.92) was associated with superior OS (P = .013), but 
not PFS.
Conclusions. The association of higher neutrophil counts at baseline with inferior PFS and OS requires further 
prospective evaluation. The link of therapy-induced lymphopenia to better outcome may guide the design for im-
munotherapy trials in newly diagnosed glioblastoma.
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Key Points

•	 Lower neutrophil counts at baseline were associated with better PFS and OS, 
independently of steroid intake.

•	 Females experienced uniformly more myelotoxicity than males.

•	 Lymphopenia during concomitant chemoradiotherapy was associated with OS.

The standard of care for patients with newly diagnosed gli-
oblastoma consists of maximum neurosurgical resection as 
safely feasible followed by concomitant temozolomide che-
motherapy with radiotherapy and six cycles of maintenance 
chemotherapy with temozolomide.1,2 Myelosuppression 
has been defined as the major dose-limiting toxicity of 
temozolomide and may be seen more often in females and 
in patients with tumors which exhibit O6-methylguanine 
DNA methyltransferase (MGMT) promoter methylation who 
as a group receive more cycles of temozolomide.1,3–7

The major prognostic factors in newly diagnosed glio-
blastoma have been defined as age, performance status, 
extent of resection, and MGMT promotor methylation 
status in the tumor tissue.8 Beyond these established prog-
nostic factors, there has recently been a lot of interest in 
the question whether constitutive or therapy-associated 
myelosuppression may be associated with outcome. Thus, 
it is conceivable that patients who are more susceptible to 
side effects are also more likely to derive benefit from the 
intervention.9,10 Conversely, high-grade myelosuppression 
affecting any cell type may cause delays or even cessa-
tion of chemotherapy resulting in undertreatment. Anemia 
might compromise physical fitness and contribute to 
tumor hypoxia and radioresistance, while neutropenia- and 
lymphopenia-induced immunosuppression results in im-
paired anti-tumor-immunity and susceptibility to infection. In 
fact, severe therapy-induced lymphopenia (<500 cells/mm3) 
has been associated with inferior outcome in newly diag-
nosed glioblastoma.11,12 Here we interrogated the EORTC 
Brain Tumor Group`s clinical trial database to conclusively 
address the prognostic significance of chemoradiotherapy-
associated myelosuppression in patients enrolled into clin-
ical trials for newly diagnosed glioblastoma.

Material and Methods

Patients and Methods

We explored the association of neutropenia, thrombo-
cytopenia, anemia, or lymphopenia with outcome in 

patients with newly diagnosed glioblastoma treated 
with temozolomide chemoradiotherapy. We performed 
a pooled retrospective analysis using individual pa-
tient data from five clinical trials—CENTRIC,13 CORE,14 
EORTC 26082,15 AVAglio,16 and EORTC 26081.1 All patients 
enrolled into CENTRIC (n  =  545), CORE (n  =  265), and 
AVAglio (n = 921) were included in the analysis since they 
were all treated with temozolomide chemoradiotherapy. 
Although bevacizumab prolonged PFS, no interaction of 
myelosuppression, treatment arm, and PFS or OS was 
found in a sensitivity analysis of the AVAglio trial (data not 
shown). Further, we also included patients treated with 
temozolomide in the experimental arm of EORTC 26981 
(n = 287) and in the standard arm of EORTC 26082 (n = 55) 
(Supplementary Table S1). Data on lymphocyte counts 
were not available in AVAglio and EORTC 26981. Thus, 
lymphopenia was explored in dataset S (small), including 
CENTRIC, CORE, and EORTC 26082, whereas neutropenia, 
thrombocytopenia, and anemia were explored in dataset L 
(large), including the five trials.

All sites had obtained approval for trial participation by 
their institutional review boards. Informed consent was 
obtained from all patients. For each trial, datasets were 
received with coded individual patient information in-
cluding date of randomization, PFS, OS and the baseline 
covariates age, sex, WHO performance status, extent of 
resection, steroid use, Mini-Mental State Examination 
(MMSE), MGMT promoter methylation status, and detailed 
laboratory values.

Data on neutropenia, thrombocytopenia, anemia, and 
lymphopenia were collected at baseline, defined as values 
obtained within 14  days prior to the initiation of study 
treatment, from the start of concomitant temozolomide 
chemoradiotherapy until the last day prior to maintenance 
temozolomide and during maintenance temozolomide 
defined as the start of maintenance until day 28 of the 
sixth cycle of maintenance. All data were used and 
worst grade over the period was used for the analysis. 
Myelosuppression raw data were re-graded retrospectively 
using Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0. PFS was defined as the number of 

Importance of the Study

In this cohort of 2073 patients from five clinical trials, 
lower neutrophil counts at baseline were associated 
with better PFS (P = .011) and OS (P < .001), independ-
ently of steroid intake. Females experienced uniformly 
more myelotoxicity than males. Lymphopenia during 
concomitant chemoradiotherapy was associated with 

OS (P = .009). During maintenance chemoradiotherapy, 
no significant association was found between any 
parameter of myelosuppression and PFS or OS. The 
observation of higher neutrophil counts at baseline 
with inferior PFS and OS requires further prospective 
evaluation.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
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days from the date of randomization to the date of progres-
sion or death from any cause, whichever came first. In case 
a patient was alive and without progression, PFS was cen-
sored at the date last known to be alive. OS was calculated 
as the number of days from the date of randomization to 
the date of death from any cause. For patients alive or lost 
to follow-up, OS was censored at the date last known to be 
alive (Supplementary Figure S1).

Statistical analysis

Supplementary Table S1 illustrates how many patient data 
sets were available for each analysis.

For the descriptive analysis of patients and hemato-
logical laboratory parameters, categorical variables were 
described by frequencies and percentages, whereas con-
tinuous variables were described by their first quartile, 
median and third quartile. The association between hema-
tology values (absolute neutrophil count, platelet count, 
hemoglobin concentration, and lymphocyte count) and 
PFS or OS were assessed during three periods: at base-
line, during concomitant treatment, and during mainte-
nance treatment. Given the time-dependent nature of 
myelosuppression, a landmark analysis approach was 
used for the concomitant and maintenance phase ana-
lyses (Supplementary Figure S2).17,18 Patients with progres-
sion prior to the predefined landmark timepoint were not 
considered in the PFS landmark analysis and the history 
of myelosuppression before the landmark only was con-
sidered for the OS analysis. This approach was selected 
to avoid confounding effects related to early progression 
during treatment. Sensitivity analyses for the concomitant 
and maintenance phase OS landmark analyses were per-
formed by excluding patients with disease progression 
prior to the landmark.

For the association of myelosuppression during con-
comitant temozolomide with radiotherapy with PFS or OS, 
the end of concomitant treatment plus a 4-week break, i.e., 
end of week 10 since start of radiotherapy and before the 
start of maintenance temozolomide, was used as the land-
mark time. At the landmark time, patients who were still 
free of progression and alive for PFS, and alive for OS and 
not censored were included in the analysis.

A Cox proportional hazard model was used to assess 
the association of myelosuppression during concomitant 
treatment with PFS or OS. Each model was stratified by 
trial (pooling data from CENTRIC and CORE as one for their 
complementary setup), and included neutropenia, throm-
bocytopenia, anemia, and lymphopenia, and was adjusted 
for the following prognostic factors (primary analysis): 
age (<55 years vs. ≥ 55 years), sex (male or female), base-
line WHO performance status (0 or > 0), baseline steroid 
use (yes or no), MGMT promotor methylation status 
(unmethylated, methylated or unknown), MMSE score (< 
27 or > 27), and extent of surgery (partial resection or bi-
opsy, or gross total resection). A similar method was used 
for the maintenance phase analyses where three landmark 
times were specified: the end of the first, the third, and the 
sixth maintenance temozolomide cycle. All three-landmark 
datasets (separate datasets for PFS and OS) were stacked. 
Cox models on the stacked dataset were stratified by the 

three landmark times and trial. Robust standard errors 
were computed to account for repeated use of patients’ 
data.19

As the association of myelosuppression with PFS or OS 
was assessed at three periods, the overall significance level 
of 5% was split into three, i.e., for each primary analysis, 
a significance level of 1.7% was used. The corresponding 
98.3% confidence intervals were reported for all variables.

The primary adjusted analyses included all pre-selected 
prognostic variables whether significant or not. In explora-
tory analyses, variable selection with the Collett approach 
was used to select the variables which are significantly 
associated with PFS and OS at a 5% significance.20 The 
Collett variable selection approach has several advan-
tages including selection of a set of equally good subsets 
of variables rather than identification of only one particular 
subset as obtained by the automated selection methods. 
The subset selected is the one with the best goodness of fit. 
Also, in the exploratory analyses, using the neutrophil-to-
lymphocyte ratio (NLR) assessed at baseline, end of con-
comitant treatment and start of maintenance treatment, 
the association of NLR with PFS and OS was explored.

Interaction tests from the Cox models were also used to 
assess whether the association of myelosuppression and 
PFS or OS was different at 1% significance between sex 
and MGMT strata. SAS version 9.4 (© 2002-2012 per SAS 
Institute Inc., Cary, NC, USA) was used for all the analyses.

Results

Patient characteristics at baseline

Sex and age distributions were similar across trials 
(Supplementary Table S2). The percentage of patients with 
a performance status of 0 was lowest in EORTC 26981 
(39.4%) and highest in EORTC 26082 (72.7%). CENTRIC 
enrolled only patients with MGMT promoter-methylated 
glioblastoma, whereas CORE and EORTC 26082 enrolled 
only patients with MGMT promoter-unmethylated glio-
blastoma. The percentage of patients with gross total re-
section was lowest in EORTC 26082 (27.3%). Steroid use 
at baseline was highest in EORTC 26981 (67.2%). Baseline 
values were similar between trials for platelets, hemo-
globin, and lymphocytes. In EORTC 26981, baseline neu-
trophil counts were higher (Supplementary Figure S3) and 
more patients used steroids at baseline (Supplementary 
Table S2). Patients treated with steroids at baseline had 
higher neutrophil counts (median: 7.1 × 109/L vs. 4.1 × 109/L) 
(Supplementary Figure S4).

Prognostic associations of baseline hematology 
parameters

Primary analysis.—In the unadjusted analysis of dataset 
L, lower values of neutrophils and hemoglobin were asso-
ciated with better PFS and OS (Table 1). After adjustment, 
lower neutrophil counts (PFS P  =  .011, OS P < .001), age 
below 55 years (PFS P = .002, OS P < .001), MGMT promoter 
methylation, gross total resection, and MMSE above 27 (all 
PFS and OS P < .001) were associated with better PFS and 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
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OS. WHO performance status of 0 was also significantly as-
sociated with better OS (P < .001), but not PFS (P =  .032) 
(Table 1). In dataset S, with lymphocyte data available, no 
significant association was found between lymphocyte 
count at baseline and PFS or OS (Supplementary Table S3).

Exploratory analyses.—Lower neutrophil counts (PFS 
and OS P < .001), female sex (PFS P =  .017, OS P =  .011), 
age below 55 years (PFS P = .002, OS P < .001), WHO per-
formance status of 0 (PFS P =  .031, OS P < .001), MGMT 
promoter methylation, gross total resection, and MMSE 
(all PFS and OS P < .001) were associated with better PFS 
and OS. Steroid use at baseline was associated with worse 

OS (P = .031) in datasets L and S (Supplementary Tables S4 
and S5). None of the interaction tests of myelosuppression 
by sex and MGMT status were significant for either PFS 
or OS (data not shown). Exploratory analyses of the single 
studies showed similar results by trends (Supplementary 
Tables S6–S9).

Myelosuppression during concomitant 
chemoradiotherapy

Only 56 patients (2.7%) did not receive concomitant 
TMZ with radiotherapy (Supplementary Table S10). 
Myelosuppression by grade is depicted in Table 2 and 

  
Table 1  Association between baseline hematology values and PFS or OS in the unadjusted and adjusted analysis in dataset L

Unadjusted analysis PFS OS

  HR 98.3% CI P HR 98.3% CI P 

Neutrophil count N = 2012 1.05 1.03–1.07 <0.001 1.07 1.05–1.09 <0.001

Platelet count N = 2047 1.00 1.00–1.00 0.236 1.00 1.00–1.00 0.877

Hemoglobin N = 2052 1.07 1.00–1.15 0.016 1.08 1.01–1.17 0.011

Adjusted analysis  PFS    OS  

 N = 2002 HR 98.3% CI P HR 98.3% CI P

Baseline neutrophils 2002 (100.0) 1.02 1.00–1.05 0.011 1.05 1.02–1.07 <0.001

Baseline platelets 2002 (100.0) 1.00 1.00–1.00 0.040 1.00 1.00–1.00 0.838

Baseline hemoglobin 2002 (100.0) 1.01 0.94–1.10 0.670 1.02 0.93–1.11 0.588

Sex

  Male 1206 (60.2) 1   1  0.036

  Female 796 (39.8) 0.88 0.76–1.00 0.018 0.88 0.76–1.02  

Age group

  < 55 years 850 (42.5) 1   1  <0.001

  ≥ 55 years 1152 (57.5) 1.17 1.04–1.32 0.002 1.45 1.27–1.66  

WHO performance status

  0 1024 (51.1) 1   1  <0.001

  >0 978 (48.9) 1.11 0.99–1.26 0.032 1.24 1.09–1.42  

MGMT promoter

  Unmethylated 802 (40.1) 1  <0.001   <0.001

  Methylated 807 (40.3) 0.54 0.46–0.62  0.44 0.37–0.52  

  Unknown 393 (19.6) 0.80 0.67–0.95  0.81 0.68–0.98  

Extent of surgery

 � Partial resection or 
biopsy

1120 (55.9) 1  <0.001 1  <0.001

  Gross total resection 882 (44.1) 0.78 0.69–0.88  0.74 0.65–0.84  

MMSE

  < 27 449 (22.4) 1  <0.001 1  <0.001

  ≥ 27 1475 (73.7) 0.78 0.68–0.91  0.76 0.65–0.88  

  Unknown 78 (3.9) 0.99 0.58–1.69  1.14 0.65–2.01  

Steroid use at baseline

  No 1116 (55.7) 1  0.172 1  0.033

 Yes 886 (44.3) 1.08 0.94–1.24  1.14 0.98–1.32  

MGMT, O6-methylguanine DNA methyltransferase; MMSE, Mini-Mental State Examination; N, number of patients; OS, overall survival; PFS, 
progression-free survival; WHO, World Health Organization

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
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Figure 1A and B. Any grade toxicity was documented in 
369 patients (18.9%) for neutrophils, in 519 patients (26.5%) 
for platelets, in 875 patients (44.7%) for hemoglobin, and in 
649 patients (81.2%) for lymphocytes. High-grade toxicity 
was documented in 84 patients (4.3%) for neutrophils, in 95 
patients (4.9%) for platelets, in 11 patients (0.6%) for hemo-
globin, and in 185 patients (23.2%) for lymphocytes. High-
grade toxicities were uniformly more common in females 
than in males (Supplementary Table S11). As high-grade 
anemia was documented in 11 patients (0.6%) only, anemia 
of any grade was explored for correlation with outcome.

Primary analysis.—The unadjusted analysis in dataset L 
showed no association between any hematological tox-
icity and PFS. In contrast, patients who had anemia of 
any grade had an inferior OS than those who experienced 
no anemia (P =  .008) (Table 3, Supplementary Figure S5, 
Figure 2). Adjusted analysis showed no association be-
tween any hematological toxicity and PFS or OS. Female 
sex (PFS P = .003, OS P = .004), age below 55 years (PFS 
P = .004, OS P < .001), MGMT promoter methylation, gross 
total resection, MMSE above 27 (all PFS and OS P < .001), 

and absence of steroid use at baseline (PFS P = .008, OS  
P < .001) were associated with longer PFS and OS. WHO 
performance status of 0 was associated with longer OS  
(P < .001) but was not associated with PFS (P = .034).

Using dataset S, unadjusted analysis confirmed the ab-
sence of a significant association between hematological 
toxicity and PFS, but showed that lymphopenia was sig-
nificantly associated with OS (P  =  .005) (Supplementary 
Figure S5D, Supplementary Table S12, Figure 2D). Adjusted 
analysis confirmed that lymphopenia during concomi-
tant treatment was associated with OS (HR for low-grade 
versus no grade was 0.78 (98.3% CI 0.58–1.06) and HR for 
high-grade grade versus no grade was 1.08 (98.3% CI 0.75–
1.54, P = .009).

Exploratory analysis.—In dataset L, female sex (PFS and OS 
P = .001), age (PFS P = .003, OS P < .001), WHO performance 
status (PFS P = .038, OS P < .001), MGMT promoter meth-
ylation status, extent of surgery, MMSE (all PFS and OS P < 
.001), and steroid use at baseline (PFS P = .006, OS P < .001) 
were all associated with PFS and OS, but none of the param-
eters of myelosuppression (Supplementary Table S13).  
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Fig. 1  Worst grade of neutropenia, thrombocytopenia, anemia, and lymphopenia for patients during concomitant treatment (A, dataset L; B, 
dataset S) and maintenance treatment (C, dataset L; D, dataset S). Patients who were alive at the end of concomitant treatment were considered 
for the analysis during concomitant treatment. Patients who were alive after the first maintenance cycle were considered for the analysis during 
the maintenance treatment. Neutropenia, thrombocytopenia, and anemia were analyzed in dataset L, lymphopenia in dataset S.
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Table 3  Association between hematology values during concomitant treatment and PFS and OS, unadjusted and adjusted analysis in dataset L

Unadjusted analysis  PFS    OS   

 HR 98.3% CI P HR 98.3% CI  P

Neutropenia N = 1662    N = 1934    

  None 1323 (79.6) 1  0.119 1565 (80.9) 1  0.080

  Grade 1–2 259 (15.6) 0.92 0.77–1.11  285 (14.7) 0.86 0.71–1.04  

  Grade 3–4 80 (4.8) 0.78 0.57–1.07  84 (4.3) 0.83 0.60–1.15  

Thrombocytopenia N = 1668    N = 1944    

  None 1219 (73.1) 1  0.426 1425 (73.3) 1  0.160

  Grade 1–2 365 (21.9) 0.92 0.78–1.08  424 (21.8) 1.05 0.89–1.23  

  Grade 3–4 84 (5.0) 1.00 0.73–1.37  95 (4.9) 1.26 0.94–1.69  

Anemia N = 1668    N = 1944    

  No 922 (55.3) 1  0.116 1069 (55.0) 1  0.008

  Any grade 746 (44.7) 1.09 0.96–1.24  875 (45.0) 1.16 1.01–1.32  

Adjusted analysis  PFS     OS  

 N = 1656 HR 98.3% CI P N = 1927 HR 98.3% CI P

Neutropenia

  None 1317 (79.5) 1  0.591 1559 (80.9) 1  0.161

  Grade 1-2 259 (15.6) 0.97 0.80–1.17  284 (14.7) 0.89 0.73–1.08  

  Grade 3-4 80 (4.8) 0.86 0.61–1.22  84 (4.4) 0.80 0.56–1.14  

Thrombocytopenia

  None 1208 (72.9) 1  0.334 1411 (73.2) 1  0.111

  Grade 1–2 364 (22.0) 0.91 0.77–1.07  422 (21.9) 1.05 0.89–1.23  

  Grade 3–4 84 (5.1) 1.05 0.74–1.47  94 (4.9) 1.32 0.96–1.83  

 Anemia

  None 917 (55.4) 1  0.216 1062 (55.1) 1  0.107

  Any grade 739 (44.6) 1.07 0.94–1.23  865 (44.9) 1.10 0.96–1.26  

Sex

  Male 1007 (60.8) 1  0.003 1167 (60.6) 1  0.004

  Female 649 (39.2) 0.84 0.74–0.97  760 (39.4) 0.85 0.74–0.97  

Age group

  < 55 years 723 (43.7) 1  0.004 829 (43.0) 1  <0.001

  ≥ 55 years 933 (56.3) 1.18 1.03–1.35  1098 (57.0) 1.42 1.23–1.62  

WHO performance status

  0 873 (52.7) 1  0.034 1012 (52.5) 1  <0.001

  > 0 783 (47.3) 1.13 0.98–1.29  915 (47.5) 1.22 1.07–1.40  

MGMT promoter

  Unmethylated 653 (39.4) 1  <0.001 778 (40.4) 1  <0.001

  Methylated 675 (40.8) 0.49 0.42–0.58  777 (40.3) 0.43 0.36–0.51  

  Unknown 328 (19.8) 0.78 0.65–0.95  372 (19.3) 0.78 0.65–0.94  

Extent of surgery

  Partial resection or biopsy 899 (54.3) 1  <0.001 1065 (55.3) 1  <0.001

  Gross total resection 757 (45.7) 0.81 0.71–0.92  862 (44.7) 0.75 0.66–0.86  

MMSE

  < 27 348 (21.0) 1  <0.001 413 (21.4) 1  <0.001

  ≥ 27 1251 (75.5) 0.76 0.65–0.90  1437 (74.6) 0.74 0.63–0.87  

Unknown 57 (3.4) 1.02 0.59–1.75  77 (4.0) 1.07 0.60–1.91  

Steroid use at baseline

  No 932 (56.3) 1  0.008 1076 (55.8) 1  <0.001

  Yes 724 (43.7) 1.16 1.02–1.34  851 (44.2) 1.27 1.11–1.46  

MGMT, O6-methylguanine DNA methyltransferase; MMSE, Mini-Mental State Examination; N, number of patients; OS, overall survival; PFS, 
progression-free survival; WHO, World Health Organization.
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In dataset S, lymphopenia was significantly associated 
with OS (P = .008) but not PFS (Supplementary Table S14). 
None of the interaction tests of myelosuppression by sex 
and MGMT were significant for either PFS or OS (data not 
shown). The exploratory analyses of the single studies 
showed the same trends (Supplementary Tables S15–S18). 
Further, sensitivity analyses were performed excluding 
patients with disease progression prior to the landmark 
which might confound the OS analyses. The results were 
overall similar to those of the primary analyses except that 
the complex association of lymphopenia by grade with OS 
was no longer significant (Supplementary Table S19).

Myelosuppression during maintenance 
chemotherapy

More than 70% of patients in each trial and overall 1676 
patients (80.8%) started maintenance TMZ; 1024 patients 
(49.4%) received at least 6 cycles of TMZ (Supplementary 
Table S10). Baseline characteristics of patients alive for 
the maintenance analysis (N = 1661, 80.1%) were similar 
to the distribution of the baseline characteristics of all ran-
domized patients (Supplementary Tables S2 and S20). Any 
grade toxicity was documented in 511 patients (30.8%) for 

neutrophils, in 747 patients (45.0%) for platelets, in 690 pa-
tients (41.5%) for haemoglobin, and in 543 patients (80.0%) 
for lymphocytes. Grade 3 or 4 toxicity was documented in 
70 patients (4.2%) for neutrophils, in 112 patients (6.7%) 
for platelets, in 5 patients (0.3%) for hemoglobin, and in 
154 patients (22.7%) for lymphocytes (Table 2, Figure 1C 
and D). Again, high-grade toxicities were uniformly more 
common in females than in males (Supplementary Table 
S21).

For patients who were alive and free of progression (for 
PFS) or alive (for OS), by construction, the percentage of 
patients who had myelosuppression at each landmark in-
creased from the end of the first to the third and to the 
sixth maintenance cycle. Supplementary Table S22 shows 
data for the pooled cohort, and Supplementary Tables 
23–26 show data for each single trial. All grades of anemia 
were again pooled for outcome correlation.

Primary analysis.—Unadjusted analysis did not show 
significant association of myelotoxicity with PFS. In con-
trast, neutropenia was associated with better OS (P = .002), 
whereas anemia was associated with poorer OS (P = .011) 
(Table 4). Adjusted analysis did not confirm the signif-
icant association of neutropenia and anemia with OS. 
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Table 4  Association between hematology values during maintenance treatment and PFS and OS, in dataset L

Unadjusted analysis PFS OS

 HR 98.3% CI P  HR 98.3% CI P 

Neutropenia N = 1467        

  No  1  0.038 N = 1569 1  0.002

  Grade 1–2  0.88 0.76–1.04   0.77 0.64–0.91  

  Grade 3–4  1.17 0.89–1.55   0.91 0.64–1.31  

Thrombocytopenia N = 1478    N = 1582    

  No  1  0.661  1  0.253

  Grade 1–2  1.04 0.90–1.20   1.11 0.95–1.30  

  Grade 3–4  0.94 0.69–1.28   1.05 0.76–1.45  

Anemia

  No N = 1478 1  0.346 N = 1582 1  0.011

  Any grade  1.06 0.92–1.23   1.18 1.01–1.28  

Adjusted Analysis  PFS    OS   

 N = 1461 HR 98.3% CI P N = 1563 HR 98.3% CI P

Neutropenia

  No  1  0.077  1  0.037

  Grade 1-2  0.97 0.82–1.15   0.82 0.68–0.99  

  Grade 3-4  1.31 0.96–1.80   0.87 0.57–1.32  

Thrombocytopenia

  No  1  0.759  1  0.137

  Grade 1-2  1.02 0.88–1.19   1.13 0.96–1.33  

  Grade 3-4  0.93 0.67–1.29   1.20 0.85–1.69  

Anemia

  No  1  0.706  1  0.054

  Grade 1–2  1.03 0.87–1.20   1.14 0.97–1.35  

Sex

  Male 902 (61.7) 1  0.006 972 (62.2) 1  0.002

  Female 559 (38.3) 0.84 0.72–0.98  591 (37.8) 0.80 0.68–0.95  

Age group

  < 55 years 666 (45.6) 1  0.024 713 (45.6) 1  <0.001

  ≥ 55 years 795 (54.4) 1.15 0.99–1.34  850 (54.4) 1.30 1.11–1.54  

WHO performance status

  0 795 (54.4) 1  0.195 849 (54.3) 1  0.011

  > 0 666 (45.6) 1.08 0.93–1.26  714 (45.7) 1.19 1.01–1.40  

MGMT promoter

  Unmethylated 593 (40.6) 1  <0.001 639 (40.9) 1  <0.001

  Methylated 587 (40.2) 0.49 0.40–0.59  627 (40.1) 0.38 0.31–0.47  

  Unknown 281 (19.2) 0.75 0.61–0.94  297 (19.0) 0.79 0.62–1.00  

Extent of surgery

 � Partial resection or biopsy 784 (53.7) 1  <0.001 848 (54.3) 1  <0.001

  Gross total resection 677 (46.3) 0.80 0.68–0.93  715 (45.7) 0.77 0.65–0.91  

MMSE

  < 27 300 (20.5) 1  <0.001 321 (20.5) 1  0.005

  ≥ 27 1119 (76.6) 0.73 0.61–0.88  1189 (76.1) 0.78 0.64–0.96  

  Unknown 42 (2.9) 1.02 0.55–1.87  53 (3.4) 1.38 0.62–3.06  

Steroid use at baseline

  No 838 (57.4) 1  0.115 893 (57.1) 1  0.003

  Yes 623 (42.6) 1.11 0.95–1.30  670 (42.9) 1.23 1.04–1.46  

MGMT O6-methylguanine DNA methyltransferase; MMSE, Mini-Mental State Examination; N, number of patients; OS, overall survival; PFS, 
progression-free survival; WHO, World Health Organization.
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Female sex (PFS P = .006, OS P = .002), MGMT promoter 
methylation status, complete resection (both PFS and OS  
P < .001), and MMSE above 27 (PFS P < .001, OS P = .005) 
were significantly associated with longer PFS and longer 
OS. Age below 55 years (P < .001), performance status of 
0 at baseline (P = .011), and absence of steroid use at base-
line (P = .003) were also associated with longer OS.

Unadjusted analysis of dataset S showed no significant 
association between lymphopenia and PFS or OS, but here, 
OS was significantly longer in patients with neutropenia 
(P = 0.001). In the adjusted analysis, lymphopenia was not 
significantly associated with PFS (P = .105) or OS (P = .042, 
low-grade HR = 0.77, 98.3% CI 0.59–1.01, high-grade grade 
HR = 0.66, 98.3% CI 0.42–1.05). No significant association was 
found between the other parameters of myelosuppression 
and PFS or OS (Supplementary Table S27).

Exploratory analysis.—In dataset L, female sex (PFS 
P = .010, OS P = .001), age below 55 years (PFS P = .013, OS 
P < .001), MGMT promoter methylation status, complete 
resection (both PFS and OS P < .001), and MMSE above 
27 (PFS P < .001, OS P = .003) were associated with longer 
PFS and longer OS. Anemia (P =  .042) and steroid use at 
baseline (P = .003) were also identified as important factors 
for worse OS (Supplementary Table S28). Lymphopenia 
(P  =  .013) was part of the significant variables for OS in 
dataset S (Supplementary Table S29). For both PFS and OS, 
none of the interaction tests of myelosuppression by sex 
and MGMT were significant (data not shown).

Since severe lymphopenia appeared to be linked to in-
ferior outcome in the concomitant phase, but to superior 
outcome in the maintenance phase, we explored changes 
in the respective patient populations under study. Indeed, 
of the 799 patients included in the analysis of OS and 
lymphopenia in the concomitant phase, 679 patients were 
also included in the maintenance phase analysis. Thus, 120 
of 799 patients included in the concomitant phase analysis 
died prior to the end of the first maintenance treatment 
cycle and were not included in the maintenance phase 
analysis. Patients who died prior to the end of the first 
maintenance treatment cycle were more likely to have se-
vere lymphopenia compared to those patients who were 
alive and included in the maintenance phase analysis 
(32.5% vs. 21.5%. P  =  .28, OR = 1.37, 95% CI = 0.78–2.42) 
(Supplementary Table S30). The exploratory analyses of the 
single studies showed the same trends (Supplementary 
Tables S31–S34). Further, sensitivity analyses were per-
formed excluding patients with disease progression prior 
to the landmark which might confound the OS analyses, 
but the results were similar to those of the primary ana-
lyses (Supplementary Table S35).

Outcome associations of the neutrophil 
lymphocyte ratio (NLR)

A higher NLR at baseline was associated with inferior OS 
(P < .001, HR = 1.05, 95% CI 1.02–1.07), but not PFS in the 
unadjusted analysis, but not in the adjusted analysis (data 
not shown). An analysis of the last NLR per patient docu-
mented during concomitant treatment revealed again 

an association with inferior OS (P < .001, HR = 1.04, 95% 
CI 1.02–1.05), but not PFS in the unadjusted analysis, but 
this association was confirmed in the adjusted analysis 
(Supplementary Table S36). Finally, an analysis of the first 
NLR during maintenance treatment revealed a trend to-
wards inferior OS (P =  .049, HR = 1.03, 95% CI 1.00–1.07), 
but not PFS in the unadjusted analysis, but no association 
in the adjusted analysis (data not shown).

Discussion

The present study used the EORTC Brain Tumor Group clin-
ical trial database to explore a current controversial issue 
in the prognostic assessment and therapeutic manage-
ment of patients with newly diagnosed glioblastoma, the 
associations of myelosuppression with outcome. We con-
firm that myelosuppression is frequent in this setting. The 
most frequent toxicity during concomitant and mainte-
nance treatment was lymphopenia, occurring in 82% of the 
patients during concomitant treatment and in 80% during 
maintenance treatment, with more than 20% of high-grade 
lymphopenia during both concomitant and maintenance 
treatment. All grade thrombocytopenia, which may neces-
sitate treatment delays or discontinuation, was observed 
in more than 25% of the patients during concomitant treat-
ment and in up to 45% during maintenance treatment, with 
almost 7% of severe high-grade thrombocytopenia during 
maintenance therapy. All grade neutropenia was noted in 
almost 20% of patients during concomitant treatment and 
in 31% during maintenance. Anemia, which can enhance 
fatigue, was also frequent (Figure 1).

The present analysis of more than 2000 patients enrolled 
into clinical trials addressed several contemporary issues:

First, we find that neutrophil counts at study entry were 
prognostic in that higher neutrophil counts were associ-
ated with inferior PFS and OS (Table 1). This effect persisted 
when controlled for corticosteroid medication which per se 
has been identified as a negative prognostic factor in var-
ious similar datasets.21 One might speculate that higher 
neutrophil counts may signify proinflammatory state asso-
ciated with gliomas that itself may have pro-tumorigenic 
properties.22 While the effect may not be strong enough 
to justify stratification by neutrophil counts in clinical 
trials, the biological basis for this observation warrants 
further study.

Second, we do not confirm an overall association be-
tween chemotherapy-induced myelotoxicity and improved 
outcome. The induction of any level of neutropenia during 
concomitant or maintenance chemoradiotherapy was not 
significantly associated with PFS and OS (Figure 2A). This 
contrasts with some previous observations in smaller 
cohorts,9,23 but results from this largest cohort of pa-
tients ever studied suggests that individualized dosing of 
temozolomide to achieve a certain degree of neutropenia 
may not improve outcome. Similarly, thrombocytopenia 
was prognostic neither in the concomitant nor in the main-
tenance phase (Figure 2B). This was somewhat unexpected 
since one might assume that induced thrombocytopenia 
causes dose delays and dose reductions of temozolomide, 
which might compromise its therapeutic efficacy. In fact, 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac070#supplementary-data
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induced thrombocytopenia has been the rational to de-
velop therapeutic interventions such as the thrombopoetin 
receptor agonist romiplostim which is a powerful drug to 
enable completion of maintenance chemotherapy.24

Compared with myelosuppression in other compart-
ments, anemia was not a leading toxicity by grade in this 
pooled cohort of clinical trial patients (Figure 1). Overall 
anemia was not significantly associated with PFS and OS 
when observed in the concomitant and maintenance treat-
ment phase (Figure 2C).

Complex associations with survival were observed for 
lymphopenia. Lymphopenia is associated with decreased 
cellular immunity and should thus be associated with infe-
rior outcome of cancer patients in general. Interrelations of 
temozolomide-induced lymphopenia and efficacy of immu-
notherapy have recently attracted a lot of interest.25 Early 
reports on prolonged exposure to temozolomide in mela-
noma patients had indicated that profound lymphopenia 
particularly affected the regulatory T cell compartment,26,27 
whereas in newly diagnosed glioblastoma, lymphopenia 
induction with relative preservation of regulatory T cells 
was observed,28 potentially also related to different defin-
itions of regulatory T cells. We observed that low, but not 
high-grade lymphopenia in the concomitant treatment 
phase might be associated with favorable OS; further-
more, in the maintenance phase, either low- or high-grade 
lymphopenia was linked with better OS. In principle, mild 
lymphopenia might be associated with favorable out-
come because some immunosuppressive T-cell popula-
tions like T regulatory T-cells are depleted.28 However, when 
lymphopenia becomes more severe, the overall immune 
response is severely impaired, potentially rendering out-
come less favorable because of impaired tumor immune 
surveillance or infection or both. Yet, this separation by 
grade of lymphopenia was only apparent in the concom-
itant treatment phase. There was a non-significant trend 
for higher risk of death prior to the start of maintenance 
therapy in patients with severe lymphopenia. Altogether, 
our observations rather lend support to the notion that 
temozolomide may be able to deplete T cell populations 
that promote rather than inhibit the state of immunosup-
pression characteristic of glioblastoma. Conversely, our 
data also indicate that an increased neutrophil lymphocyte 
ratio (NLR) during chemoradiotherapy may be associated 
with inferior outcome.29

We present here the largest database to date of over 
2000 patients treated with the current standard of care of 
temozolomide chemoradiotherapy as the backbone. All 
data were collected prospectively within 5 interventional 
clinical trials. Yet, our study has some major limitations. 
The analysis was retrospective in nature, albeit on pro-
spectively assembled data with a prospectively planned 
and defined statistical analysis plan. Potential con-
founding effects of comedications such as cotrimoxazole 
or anticonvulsants were not consistently captured with 
sufficient detail to be integrated in the analyses. Patients 
progressing within the set time intervals for this analysis 
might have an inherently inferior outcome, but have also 
experienced less exposure to chemotherapy and therefore 
lower likelihood of experiencing myelosuppression, thus 
introducing bias towards finding an apparent link between 

myelosuppression and superior outcome. However, sensi-
tivity analyses excluding patients with progressive disease 
confirmed the key results of this study (Supplementary 
Tables S19 and S35).

Furthermore, patients enrolled into clinical trials nec-
essarily represent a selection of patients which may not 
reflect the full spectrum of the disease. Conclusions may 
thus not be fully applicable to glioblastoma patients with 
less favorable disease characteristics. Validation of the 
major observations reported here in an adequately sized 
independent patient cohort with comparable data quality 
would be welcome. Finally, all clinical trial protocols have 
predetermined rules how to dose-modify, delay or inter-
rupt chemotherapy in response to myelosuppression, but 
it is impossible to determine to what extent reduced expo-
sure to treatment actually caused inferior outcome in this 
patient population.

In conclusion, we report that higher neutrophil counts 
at baseline are associated with inferior PFS and OS, sug-
gesting that this parameter could be explored as a strati-
fication factor in clinical trials and that a proinflammatory 
state could be protumorigenic in glioblastoma. The associ-
ation of therapy-induced lymphopenia with superior out-
come suggests that monitoring lymphocyte subsets during 
the disease course and correlating such changes with out-
come might provide clinically relevant information in fu-
ture efforts to develop more effective immunotherapies for 
patients with glioblastoma.
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