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Abstract
Background Malignant gliomas (MG) are aggressive brain tumours in adults. The standard of care is concurrent radiation 
plus temozolomide (TMZ) [chemo-radiotherapy (CRT)] followed by TMZ maintenance up to 6 months. TMZ is considered 
to have a low toxicity profile, but several studies reported occurrence of severe myelosuppression, especially during the 
concomitant phase. Toxicity may be prolonged, thus treatment should be discontinued.
Purpose To evaluate the risk of recurrente myelotoxicity during adjuvant chemotherapy (CT) in patients who recovered 
from severe myelotoxicity during CRT.
Methods We retrospectively collected data on patients with MG who developed and recovered from severe myelotoxicity 
during CRT from eight Italian neuro-oncology centers.
Results We included 87 patients. Histology was Glioblastoma (GBM) in 78 patients (89.7%); 60% of patients were female. 
After myelotoxicity recovery, 54 (62%) received treatment. The majority of them (82%, n = 44) received adjuvant TMZ and 
18% (n = 10) others treatments. Out of 44 patients who received adjuvant TMZ, 34% experienced the re-occurrence of grade 
3–4 myelotoxicity which required permanent CT discontinuation in 6 (13%) cases. Patients who received TMZ or other 
treatments had longer overall (OS) (adjusted HR 0.46, p = 0.008) and progression free survival (PFS) (adjusted HR 0.57, 
p = 0.034) than those who remained untreated.
Conclusion Our study suggests that after severe myelotoxicity the majority of patients received treatment, particularly with 
TMZ. Only a fraction of patients experienced toxicity recurrence, suggesting that TMZ is well tolerated and had an impact 
on PFS and OS.   

Keywords Malignant glioma (MG) · Hematological toxicity · Concomitant chemo-radiotherapy (CRT) · Adjuvant 
chemotherapy (CT) · Temozolomide (TMZ)

Introduction

Malignant gliomas (MG) are the most common and aggres-
sive forms of primary brain tumours in adults.

Today, the standard of care is surgery, followed by con-
comitant Temozolomide (TMZ) with radiation therapy 
(CRT), and adjuvant TMZ [1]. Stupp et al. [1] reported 
that the treatment was reasonably well tolerated  as 85% of 

participants completed the full course of CRT as planned. 
However, only 47% of patients completed the planned six 
cycles of adjuvant TMZ, and 8% discontinued due to mye-
lotoxicity. TMZ is considered to be a safe drug; however, 
several case reports and small series studies have reported 
severe myelotoxicity occurring during CRT or adjuvant 
TMZ [2].

In Stupp trial, the main toxicity was grade 3–4 thrombo-
cytopenia, and occurred in 3% of patients during the CRT 
and 11% of patients during adjuvant chemotherapy (CT), 
respectively [1].

Gerber et al. [3] in a single-centre study reported severe 
myelosuppression in a minority of patients: 19% of patients 
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experienced grade 3–4 thrombocytopenia (80% of these 
occurring during the CRT and 20% during the adjuvant 
CT), with a median duration of 32 days. Two patients (4%) 
presented prolonged thrombocytopenia and one died from 
this complication. A systematic review of the literature [2] 
showed that severe myelotoxicity mainly occurred during 
CRT. The myelotoxicity ranged from few weeks till more 
than 1 year [4, 5] and patients did not receive adjuvant TMZ, 
because they were considered at risk of new severe toxicity.

Risk factors related to haematological toxicity include 
clinical parameter as gender, Body Surface Area (BSA), 
Body Mass Index (BMI), taking steroids, pretreatment 
platelet count, methylation status of the (O 6-methyl-
guanine–DNA methyl-transferase) MGMT promoter on 
peripheral mononuclear cells, some specific MGMT poly-
morphisms and other epigenetic mechanism as single CpG 
methylation of HSBP2s [5–16].

Despite this approach, glioblastoma (GBM) is associated 
with a poor median overall survival of less than 24 months 
and relapse is inevitable [1, 17].

However, little data are available about the haemato-
logical toxicity recurrence during adjuvant CT in glioma 
patients who experienced severe haematological toxicity 
during CRT.

The aim of our retrospective multicentric AINO (Italian 
Association for Neuro-Oncology) study was to analyse the 
incidence of second haematological toxicity during adjuvant 
CT in patients with MG who recovered after severe haema-
tological toxicity during CRT.

Methods

We retrospectively collected data of patients with MG who 
developed grade 3 or 4 (as the National Cancer Institute 
(NCI) Common Toxicity criteria (NCICT-CAE) version 
3.0 [18]) myelotoxicity during CRT and recovered, from 
January 2007 to December 2019. The AINO multicentre 
study included eight Italian neuro-oncology centers. We 
excluded patients who did not resolve toxicity, who died. 
Following institutional review board approval, we reviewed 
demographics, clinical–radiological data [including Karnof-
sky Performance Scale (KPS) and surgical exeresis exten-
sion], histopathological diagnosis and therapy details of all 
patients. Data on the reason of treatment discontinuation 
were also collected.

In cases with an adequate amount of tissue, IDH1 was 
detected [immunochemistry using anti-IDH1 (R132H) or 
Next Generation sequencing analyses] and MGMT promoter 
methylation status analyzed as common current practice 
[Methylation-Specific PCR (PCR) or pyrosequencing].

Myelotoxicity data included: type, onset time and dura-
tion, eventually use of growth factors as Granulocyte 

Colony-Stimulating Factor (G-CSF) and blood/platelet 
transfusions. For patients treated with adjuvant treatment, 
we considered type, severity of toxicity, time to progres-
sion and reasons for discontinuation. Outcome, including 
progression-free survival (PFS) and overall survival (OS) 
were available for all patients.

Statistical analysis

Data are expressed as count (proportion) and as a mean 
(standard deviation) or median (range), where appropriate. 
Differences were tested by the Fisher Exact test for categori-
cal variables and by the Mann–Whitney U test for continu-
ous variables.

Survival analyses with Kaplan–Meier curves and propor-
tional hazard Cox regression models explored OS and PFS 
in patients who started adjuvant chemotherapy versus those 
who did not. Demographic and clinical variables were also 
entered in the multivariable Cox models to explore whether 
there were factors other than adjuvant chemotherapy associ-
ated with better or worse prognosis.

Two-sided p values less than 0.05 were considered 
significant.

Results

We identified 87 patients (34 men, 53 women) with a mean 
age of 58.4 (10.8) years who were diagnosed with GBM 
(n = 78) or any other MG (n = 9). Patients’ baseline charac-
teristics are shown in Table 1.

Forty-one patients developed grade 3 (47.1%) or 46 grade 
4 (52.9%) myelotoxicity after a median time of 4 weeks 
(range 2–10) since starting CRT. The resolution of mye-
lotoxicity was observed within a median time of 6 weeks 
(range 1–80).

Thirty-five patients (40.2%) had 1 blood-cell lineages 
deficiency; 29 (33.3%) had 2 blood-cell lineages, and 23 
(26.5%) had more than 2 blood-cell lineages deficit (see 
Table 2). Regarding one blood-cell lineages deficiency, 
the majority of patients presented isolated thrombocytope-
nia (n = 23, 65.7%), followed by lymphopenia (n = 7, 20%) 
and neutropenia (n = 5, 14.3%). We found no association 
of grade or type of myelotoxicity with age, KPS, histology, 
radiotherapy dose, MGMT promoter methylation and IDH-1 
status (all p values > 0.12). The onset of myelotoxicity was 
significantly shorter in patients who developed grade 4 
myelotoxicity respect to those who developed grade 3 tox-
icity (4.4 ± 1.5 versus 5.4 ± 1.5 weeks, p = 0.001), but there 
was no difference in terms of duration of toxicity (p = 0.65). 
One blood-cell-type deficiency occurred later and lasted 
shorter than two or more blood-cell lineages reductions, 
as shown in Fig. 1. Administration of G-CSF and/or blood 



2868 Journal of Neurology (2021) 268:2866–2875

1 3

or platelet transfusion were required in 32 (36.7%) and 49 
(56%) patients, respectively. No major complications related 
to myelotoxicity as infection or haemorrhage were observed. 

Myelotoxicity after starting adjuvant chemotherapy

After myelotoxicity resolution, 33 (38%) patients did not 
receive treatments, whereas 54 (62.1%) patients received 
therapy (Fig. 2): TMZ 150–200 mg/m2/day (n = 44), met-
ronomic TMZ schedules (n = 4), lomustine (n = 3), bevaci-
zumab (n = 2), tamoxifene (n = 1).

There were no demographic or clinical differences 
between the two groups (treatments vs. no treatment), 
including the type and grade of myelotoxicity, except for bet-
ter KPS at diagnosis (p = 0.046) and after CRT (p = 0.003) 
in those who did further treatment as compared with those 
who did not (see also Table 3).

Out of 54 patients who received another therapy after 
CRT, 21 (38.9%) experienced recurrent grade 3 or 4 myelo-
toxicity, including isolated thrombocytopenia or neutropenia 
or lymphopenia (n = 16) and co-occurring thrombocytopenia 
or neutropenia or lymphopenia (n = 5). Of them, 15/44 (34%) 
were treated with adjuvant TMZ and 6/10 (60%) treated with 
other treatments (p = 0.16).

We observed no demographic and clinical differences 
between patients with (n = 21) and without (n = 33) recur-
rent myelotoxicity, including type, grade, time of onset and 
time to resolution of the post-CRT toxicity. These data did 
not change even after limiting the analysis only to the 44 
patients treated with adjuvant TMZ.

Fewer patients treated with adjuvant TMZ (n = 6/44) dis-
continued the treatment due to toxicity as compared with 
other therapies (n = 5/10) (p = 0.021). None of them needed 
G-CSF or blood/platelet transfusion for any blood type defi-
ciency. No major complication related to myelotoxicity was 
observed.

Outcomes (OS and PFS) after starting adjuvant 
chemotherapy

Patients who received adjuvant TMZ or other treatments 
(n = 54) had longer OS (adjusted HR 0.46, p = 0.008) and 
PFS (adjusted HR 0.57, p = 0.034) than those who remained 
untreated (n = 33) following resolution of CRT-related mye-
lotoxicity (see also Fig. 3a, b). These data did not change 
substantially even after limiting the analysis only to adjuvant 
TMZ 5/28 (n = 44) vs. no treatment (n = 33): adjusted HR 
for OS = 0.52 (p = 0.025) and adjusted HR for PFS = 0.62 
(p = 0.065).

Moreover, patients diagnosed with any MG different 
from GBM had a reduced risk of death (adjusted HR 0.17, 
p = 0.016) and of disease progression (adjusted HR 0.27, 
p = 0.007) than those with GBM (see also Tables 4, 5). 

The MGMT promoter methylation status and IDH1 muta-
tion status did not affect both the OS and PFS, possibly 
because of the reduced sample size (data on MGMT and 
on IDH1 status were available only for 67 and 56 patients, 
respectively).

Predictor factors for iatrogenic myelotoxicity

We performed an additional retrospectively analysis to 
identify the potential predictors for iatrogenic myelotox-
icity. For this reason we identified a control group in the 
Neuro-Oncology Unit’s database of Regina Elena, collect-
ing 1500 primary brain tumors. From these 1500 patients, 
we only selected those glioma patients, from Janauray 
2007 to December 2019, who did not experience myelo-
toxicity during CRT. We considered 456 MG patients. We 
then compared the clinical and histo-molecular variables 

Table 1  Baseline characteristics of patients who developed severe 
myelotoxicity (n = 87)

GBM glioblastoma, IDH-1 Isocitrate dehydrogenase 1, KPS Karnof-
sky Performance Score, MGMT  O6-methylguanine-DNA methyl-
transferase (MGMT), Gy Gray, SD standard deviation

Sex
 Female 53 (60.9)
 Male 34 (39.1)

Age, years
 Mean (SD) 58.4 (10.8)
 Median (range) 60 (16–78)

KPS
 Mean (SD) 88.3 (11.3)
 Median (range) 90 (50–100)
 > 70 77 (88.5)
 ≤ 70 10 (11.5)

Surgery
Biopsy/partial 35 (40.2)
Gross/total 52 (59.8)
Histology
 GBM 78 (89.7)
 Any MG out of GBM 9 (10.3)

MGMT promoter methylation status
 Not methylated 34 (39.1)
 Methylated 33 (37.9)
 Not available 20 (23.0)

IDH-1
 Wild type 40 (46.0)
 Mutation 16 (18.4)
 Not available 31 (35.6)

Radiotherapy dose
 60 Gy 80 (92.0)
 54 Gy 7 (8.0)
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between the study cohort (n = 87) to control cohort 
(n = 456). We observed that female sex (p < 0.001), age 
(p = 0.01), histology (p = 0.001) and IDH-1(p = 0.041) 
are predictors factors at baseline for myelotoxicity (see 
Table  6). Lastly, we estimated no difference between 

patients who developed myelotoxicity and those who did 
not in terms of PFS and OS (data not shown).

Table 2  Grade 3 or 4 
myelotoxicity in patients 
treated with radiotherapy plus 
concomitant temozolomide 
(n = 87)

CTCAE Common Terminology Criteria for Adverse Events, G-CSF Granulocyte Colony-Stimulating Fac-
tor, SD standard deviation

1 blood-cell line-
age deficit

2 blood-cell line-
ages deficit

> 2 blood-cell line-
ages deficit

Total

N (%) 35 (40.2) 29 (33.3) 23 (26.5) 87 (100)
Toxicity Grade according to CTCAE, n (%)
 3 27 (65.9) 12 (29.2) 2 (4.9) 41 (100)
 4 8 (17.4) 17 (37.0) 21 (45.6) 46 (100)

Thrombocytopenia, n (%) 23 (65.7) 27 (50) 23 (25) -
Lymphopenia, n (%) 7 (20.0) 17 (31.4) 23 (25)
Neutropenia, n (%) 5 (14.3) 10 (18.6) 23 (25)
Anemia, n (%) 0 0 23 (25)
Tot N (%) any grade 3 or 4 AE 35 (100) 54 (100) 92 (100)
Time to onset of toxicity, weeks
 Mean (SD) 5.1 (1.7) 4.8 (1.1) 4.6 (1.7) 4.9 (1.5)
 Median (range) 5 (1–8) 4 (3–7) 4 (3–10) 4 (1–10)

Duration of toxicity, weeks
 Mean (SD) 6.2 (4.0) 9.5 (5.4) 15.6 (14.5) 9.4 (8.8)
 Median (range) 6 (1–23) 8 (2–20) 8 (2–80) 6 (1–80)

Administration of G-CSF 5 (15.6) 8 (25.0) 19 (59.4) 32 (100)
Blood or platelet transfusion 7 (14.3) 22 (44.9) 20 (40.8) 49 (100)

Fig. 1  Time of onset and time 
to resolution of CRT-related 
myelotoxicity according to the 
number of involved blood-cell 
lineages
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Discussion

Our study suggest that starting adjuvant CT or another ther-
apy after resolution of CRT-related myelotoxicity results in 
longer OS and PFS and in a relatively small risk of recurrent 
myelotoxicity, especially with adjuvant TMZ.

TMZ treatment has been considered to have a low toxic-
ity profile, as reported by Stupp et al. and other different 
studies reported an overall incidence of 5–8% for grade 3 or 
4 myelotoxicity [1, 7, 8]. Niewald et al. [19] reported high 
rates of myelotoxicity with  discontinued treatment in 50% 
of GBM treated with CRT.

Subsequent studies showed that severe myelotoxicity 
could be even higher during CRT compared with adjuvant. 
Today, there are no guidelines about how to treat patients 
with glioma after remission of severe myelotoxicity during 
CRT. However, given the lack of clear evidence, in clini-
cal practice, patients may or not receive adjuvant CT after 
remission of their myelotoxicity on the basis of single-centre 
case by case evaluation of the risk.

In this multicentre retrospective study, we observed that 
the majority of patients that recovered from CRT-induced 
severe myelotoxicity are largely treated with adjuvant 
CT (61.6%), and only 38.4% patients did not receive any 
treatment.

There were not significant clinical differences between 
the two groups. However, considerable  caution is 
required in interpreting such data  due to the design of 
the present study. Among the treated patients, the most 

received standard adjuvant TMZ where 34% experienced 
myelotoxicity re-occurrence, but only 13% discontinued 
adjuvant TMZ for this reason.

In previous data, patients that develop prolonged severe 
myelosuppression during CRT usually did not receive CT for 
high risk of recurrence of severe toxicity [2]. Lombardi et al. 
[5] observed that all patients discontinuing TMZ during the 
concomitant phase for severe haematological toxicity did not 
receive adjuvant treatment. Gerber et al. [3] concluded that 
around 20% of patients with newly diagnosed MG receiv-
ing TMZ are at risk of severe thrombocytopenia, and half 
of them with risk of sustained, prolonged and potentially 
irreversible toxicity.

Lin et al. [20] analysed the impact of concurrent versus 
adjuvant CT on the severity of lymphopenia in gliomas and 
showed that CRT appears to be the dominant contributor to 
the severity of acute lymphopenia.

An analysis on 3400 patients concluded that the hema-
tologic toxicity due to TMZ represent a significant concern 
and the mechanisms involved could be different from the 
other alkylants [14].

During the CRT, our patients with myelotoxicity initially 
reported one blood-cell lineages, and later deficiencies 
involving more than one blood-cell lineages as thrombo-
cytopenia and neutropenia or thrombocytopenia, neutrope-
nia and anaemia. During adjuvant CT phase, we observed 
only cases of isolated thrombocytopenia or neutropenia or 
lymphopenia.

Fig. 2  Flowchart of patient 
disposition
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Our data are in line with the literature, suggesting that 
thrombocytopenia is the first sign of severe myelosuppres-
sion [3–5].

In our study, the median time of myelotoxicity occur-
rence during CRT was 4 weeks (range 1–10) with a median 
time of 6 (range 1–80) weeks for resolution. Gerber et al. 
[3] reported that the median onset was on day 52 of therapy.

In addition, some of the above-mentioned risk factors of 
myelotoxicity as clinical factors and epigenetic profile, also 
the use of antiepileptic drugs (AED)  may have an  impact 
[13, 15, 16]. Given the absence of a control group of patients 
who did not develop myelotoxicity, we cannot confirm any 
reported associations between toxicity and the use of AED 
or MGMT methylation status.

The main goal of our study was to assess the risk of mye-
lotoxicity induced by adjuvant CT in patients recovered by 
previous severe myelotoxicity during CRT of Stupp regimen. 
The results of this study show that the majority of patients 
received treatment, in particular TMZ, and may be safely 
concluded in the majority of them.

Moreover, patients treated with adjuvant CT showed 
a positive outcome trend: nevertheless, such data need to 
be confirmed in larger prospective studies. To our knowl-
edge, survival advantage in patients that did not experi-
enced pancytopenia have been reported in few small studies 
[21–24]. The reasons for  the positive correlation between 
leukopenia/thrombocytopenia and positive outcome have 
also been hypothesized, and need to be proved. Firstly, it 
remains unclear whether patients who do not show a notable 

Table 3  Differences between 
patients who did CT treatment 
(treatment) and those who did 
not (no treatment), after recover 
form CRT myelotoxicity 
(n = 87)

CRT  ChemoRadio Therapy, GBM glioblastoma, IDH-1 isocitrate dehydrogenase 1; KPS Karnofsky Perfor-
mance Score, MGMT  O6-methylguanine-DNA methyl-transferase, SD standard deviation

Treatment (n = 54) No treatment (n = 33) p value

Sex
 Female 33 (61.1) 20 (60.6) 0.90
 Male 21 (38.9) 13 (39.4)

Age, years
 Mean (SD) 57.6 (10.7) 59.8 (10.8) 0.31

KPS at diagnosis
 Mean (SD) 90.0 (11.2) 85.4 (11.2) 0.045

KPS post-CRT 
 Mean (SD) 86.7 (13.2) 78.5 (12.5) 0.003

Surgery
 Biopsy/partial 20 (37.0) 15 (45.5) 0.50
 Gross/total 34 (63.0) 18 (54.5)

Histology
 GBM 49 (90.7) 29 (87.9) 0.72
 Any MG out of GBM 5 (9.3) 4 (12.1)

MGMT promoter
 Not methylated 24 (44.4) 10 (30.3) 0.61
 Methylated 21 (38.9) 12 (36.4)
 Not available 9 (16.7) 11 (33.3)

IDH-1
 Wild type 26 (48.1) 14 (42.4) 0.34
 Mutation 13 (24.1) 3 (9.1)
 Not available 15 (27.8) 16 (48.5)

Radiotherapy dose
 60 Gy 48 (88.9) 32 (97) 0.25
 54 Gy 6 (11.1) 1 (3)

Hematological toxicity during CRT 
 Grade 3 28 (51.9) 13 (39.4) 0.33
 Grade 4 26 (48.1) 20 (60.6)
 1 blood-cell lineage 25 (46.3) 10 (30.3) 0.28
 2 blood-cell lineage 16 (29.6) 13 (39.4)
 > 2 blood-cell lineage 13 (24.1) 10 (30.3)
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decrease in blood counts in response to TMZ are treated 
below therapeutic range. Second, leukopenia could be a 
positive prognostic factor in relation to the knowledge that 
neutrophil exhibit a pro-tumorigenic activity [25]. Besides, 
induced-bone marrow failure can include also reduction of 
bone marrow-derived cells (BMDC), endothelial Precursor 
Cell (EPC) and myeloid-derived suppressor cells (MDSC), 

all cell populations essential for MG development and pro-
gression [26, 27].

The present study is not exempt from limitations, mainly 
due to its retrospective-real life design and small sample 
size. Even if database plan was discussed and defined by 
reaching an agreement on the minimum dataset to be ana-
lysed by a devoted network, we still cannot exclude a certain 
degree of inter-centre variability. Despite these limitations, 

Fig. 3  Survival analysis a overall survival (OS) and b progression-free survival (PFS) according to treatment strategy after resolution of CRT-
related myelotoxicity

Table 4  Cox proportional 
hazard models predicting 
overall survival (dependent 
variable) by clinical 
characteristics, molecular 
markers and adjuvant treatment 
in patients with severe 
myelotoxicity (n = 87)

GBM glioblastoma, KPS Karnofsky Performance Score, IDH-1 isocitrate dehydrogenase 1, MGMT 
 O6-methylguanine-DNA methyl-transferase
*Available only for 67 patients; **available only for 56 patients

Univariate analysis Multivariate analysis

HR 95% CIs p HR 95% CIs p

Sex (male vs. female) 0.92 0.54–1.57 0.76
Age (each year) 1.01 0.98–1.03 0.55
KPS (> 70 vs. ≤ 70) 0.72 0.32–1.59 0.41
Surgery (gross/total vs. partial/biopsy) 0.62 0.37–1.05 0.08
Histology (any MG out of GBM vs. GBM) 0.19 0.05–0.76 0.020 0.17 0.04–0.72 0.016
MGMT (methylated vs. unmethylated) * 0.74 0.40–1.39 0.35
IDH-1 (mutated vs. wild-type) ** 0.64 0.27–1.49 0.64
adjuvant chemotherapy (yes vs. no) 0.49 0.29–0.85 0.011 0.46 0.26–0.82 0.008
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we are confident that our study provides new insights into 
the management of patients who presented severe myelotox-
icity during CRT, an  area that has never been investigated 
before in patients with MG.

Conclusion

We concluded that the majority of patients who received 
adjuvant TMZ after resolution from myelotoxicity occurred 
during CRT, where only a fraction of them experienced of 
toxicity. In addition, the adjuvant CT can positively impact 
on PFS and OS.
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Table 5  Cox proportional 
hazard models predicting 
progression-free survival 
(dependent variable) by clinical 
characteristics, molecular 
markers and adjuvant treatment 
in patients with severe 
myelotoxicity (n = 87)

GBM glioblastoma, KPS Karnofsky Performance Score, IDH-1 isocitrate dehydrogenase 1, MG malignant 
Glioma, MGMT  O6-methylguanine-DNA methyl-transferase
*Available only for 66 patients; ** available only for 55 patients

Univariate analysis Multivariate analysis

HR 95% CIs p HR 95% Cis p

Sex (male vs. female) 1.15 0.71–1.86 0.56
Age (each year) 1.01 0.99–1.04 0.38
KPS (> 70 vs. ≤ 70) 0.72 0.36–1.46 0.37
Surgery (partial/biopsy vs. gross/total) 0.62 0.43–1.10 0.12
Histology (any MG out of GBM vs. GBM) 0.31 0.13–0.79 0.013 0.27 0.11–0.70 0.007
MGMT promoter (methylated vs. unmethylated) * 0.71 0.41–1.23 0.22
IDH-1 (mutated vs. wild-type) ** 0.62 0.30–1.27 0.19
Adjuvant chemotherapy (yes vs. no) 0.61 0.37–0.99 0.046 0.57 0.34–0.96 0.034

Table 6  Baseline differences between patients who developed myelo-
toxicity (present study) (n = 87) and a control cohort of consecutive 
patients without myelotoxicity (n = 456)

GBM glioblastoma, IDH1 isocitrate dehydrogenase 1, KPS Karnofsky 
Performance Score, MGMT  O6-methylguanine-DNA methyl-trans-
ferase, SD standard deviation

Present study, 
n = 87 (100%)

Control cohort, 
n = 456 (100%)

p value

Sex
 Female 53 (60.9) 156 (34.2) < 0.001
 Male 34 (39.1) 300 (65.8)

Age, years
 Mean (SD) 58.4 (10.8) 54.8 (13.1) 0.01
 Median (range) 60 (16–78) 56 (19–85)

KPS
 > 70 77 (88.5) 412 (90.4) 0.56
 ≤ 70 10 (11.5) 44 (9.6)

Surgery
 Biopsy/partial 35 (40.2) 188 (41.2) 0.91
 Gross/total 52 (59.8) 268 (58.8)

Histology
 GBM 78 (89.7) 336 (73.7) 0.001
 Any MG out of GBM 9 (10.3) 120 (26.3)

MGMT promoter
 Not methylated 34 (39.1) 152 (33.3) 0.4
 Methylated 33 (37.9) 169 (37.1)
 Not available 20 (23.0) 135 (29.6)

IDH1
 Wild type 40 (46.0) 214 (46.9) 0.041
 Mutation 16 (18.4) 42 (9.2)
 Not available 31 (35.6) 200 (43.9)

Radiotherapy dose
 60 Gy 80 (92.0) 427 (93.6) 0.64
 54 Gy 7 (8.0) 29 (6.4)
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