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Abstract. The median survival time of patients with glio‑
blastoma is 14‑16 months with a 5‑year overall survival rate 
of 9.8%. Standard of care treatment includes radiation with 
concomitant temozolomide followed by cyclic temozolomide. 
If the patient develops myelosuppression (thrombocytopenia, 
leukopenia or anemia), the dose of temozolomide is reduced 
or stopped to avoid bleeding or infections. Recent studies have 
demonstrated that mild leukopenia is associated with increased 
overall survival in patients with glioblastoma. To confirm prior 
results showing that leukopenia is associated with increased 
overall survival as a primary outcome in patients with glio‑
blastoma, the present study retrospectively collected complete 
blood counts from 141 patients with glioblastoma treated at the 
Beth Israel Deaconess Medical Center (Boston, USA) between 
January 2012 and December 2017. According to Kaplan‑Meier 
analysis with a log‑rank test, the presence of leukopenia 
was associated with increased overall survival (P=0.008). 
Furthermore, patients with grade  2 leukopenia (Common 
Terminology Criteria for Adverse Events version 5.0) survived 
longer than those without myelosuppression (P=0.024). There 
was no difference in overall survival between patients with 
grade 1, 3 or 4 leukopenia and those without myelosuppression. 
Leukopenia was associated with longer survival independent 
of age or extent of surgery in Cox proportional hazards regres‑
sion modeling (P=0.00205). A possible interpretation is that 
grade 2 leukopenia is a biomarker of adequate temozolomide 

dosing in a population with diverse DNA repair function, which 
may be the consequence of variable O6‑methylguanine‑DNA 
methyltransferase activity. A prospective dose escalation trial 
is necessary to determine if treatment‑induced leukopenia is 
beneficial for all patients receiving temozolomide.

Introduction

Glioblastoma (GBM) is the most common adult malignant 
brain tumor and has a uniquely poor prognosis. Median 
survival is 14‑16 months, and overall survival (OS) at 2 years 
is 27.2 and 9.8% at 5 years (1‑3). Standard of care treatment 
consists of maximal safe resection of the enhancing portion 
of the tumor followed by 30 times 2 Gray daily fractionated 
intensity‑modulated radiation therapy (IMRT) with concomi‑
tant temozolomide (TMZ) dosed at 75 mg/m2/day. This is 
followed by at least six cycles of five daily doses of TMZ 
(150 mg/m2 for the first month and 200 mg/m2 for subsequent 
treatments) with each cycle being 28 days long (3).

Temozolomide is an oral alkylating agent that leads to the 
formation of specific DNA adducts almost exclusively repaired 
by O6‑methylguanine‑DNA methyltransferase (MGMT) (4). 
In rapidly dividing cells, there is less time for the repair to 
take place, allowing for selective damage or killing of GBM 
cells (5). GBM tumor cells and somatic cells, including bone 
marrow progenitors, largely share MGMT polymorphisms and 
promoter methylation status. The limiting toxicity of TMZ 
is myelosuppression (particularly thrombocytopenia) and is 
thought to be due to low MGMT activity in hematopoietic 
progenitors (6). If severe myelosuppression occurs, the current 
practice is to stop or reduce the dose of TMZ to limit the risk 
of complications and allow for marrow recovery. For efficient 
treatment, however, the dose of TMZ should be adjusted 
according to individual MGMT activities (7). MGMT activity 
assays are available for research but not for routine clinical 
use. A surrogate marker of somatic MGMT repair activity 
during TMZ treatment may be myelosuppression.

Studies using various chemotherapies other than TMZ 
have suggested that greater toxicity to certain organ systems 
may reflect increased potency of the drug and is therefore 
associated with better treatment effect, including longer 
progression‑free survival (PFS) (8‑10). Recent reports suggest 
that decreases in platelet count and white blood cell count 
in the setting of TMZ use is associated with increased OS 

Leukopenia is a biomarker for effective temozolomide dosing 
and predicts overall survival of patients with glioblastoma

K. GRACE HO1,  ERIK N. UHLMANN2,  ERIC T. WONG1  and  ERIK J. UHLMANN1

1Department of Neurology, Beth Israel Deaconess Hospital and Harvard Medical School, Boston, MA 02215; 
2Khoury College of Computer Sciences, Northeastern University, Boston, MA 02115, USA

Received January 15, 2020;  Accepted September 17, 2020

DOI: 10.3892/mco.2020.2150

Correspondence to: Dr Erik J. Uhlmann, Department of 
Neurology, Beth Israel Deaconess Hospital and Harvard Medical 
School, 330 Brookline Avenue, Boston, MA 02215, USA
E‑mail: euhlmann@bidmc.harvard.edu

Abbreviations: GBM, glioblastoma; IMRT, intensity‑modulated 
radiation therapy; TMZ, temozolomide; MGMT, O6‑methylguanine‑ 
DNA methyltransferase; CTCAE, Common Terminology Criteria for 
Adverse Events; PFS, progression‑free survival; OS, overall survival; 
WBC, white blood cell count; IDH1, isocitrate dehydrogenase  1; 
EGFR, epidermal growth factor receptor

Key words: glioblastoma, bone marrow suppression, temozolomide, 
biomarker, survival

https://www.spandidos-publications.com/10.3892/mco.2020.2150
https://www.spandidos-publications.com/10.3892/mco.2020.2150
https://www.spandidos-publications.com/10.3892/mco.2020.2150
https://www.spandidos-publications.com/10.3892/mco.2020.2150


HO et al:  LEUKOPENIA AS A BIOMARKER FOR TREATMENT-EFFECTIVENESS IN GLIOBLASTOMA2

in GBM patients (11‑13). Our objective is to reproduce this 
finding and verify whether leukopenia in the setting of TMZ 
use is associated with increased OS in GBM patients at our 
institution.

Materials and methods

Patients. To be included in the study, patients must have histo‑
logically confirmed GBM and exposure to TMZ. Baseline and 
follow‑up complete blood counts (CBC) were stored in the 
Beth Israel Deaconess Medical Center's electronic medical 
record system as part of routine clinical care. Patients were not 
excluded for any other reason such as demographics, clinical 
or radiologic outcomes. One hundred and forty‑one patients 
met inclusion criteria. Age, sex, extent of surgical resection 
(categorized as biopsy, partial resection, and complete resec‑
tion), radiation dose, and chemotherapy treatments were 
recorded. CBCs were recorded at baseline (defined as the 
most recent set of laboratory results prior to TMZ exposure) 
and at various time points available throughout the patient's 
course of TMZ up to six cycles of adjuvant TMZ. The primary 
endpoint was OS, and the secondary end point was PFS. This 
study was reviewed and approved by the Institutional Review 
Board of Beth Israel Deaconess Medical Center (Boston, MA). 
Patients were retrospectively identified using a database of 
GBM patients seen at Beth Israel Deaconess Medical Center 
between January 2012 and December 2017.

Data collection and statistical analysis. The severity of leuko‑
penia was classified based on the National Cancer Institute's 
Common Terminology Criteria for Adverse Events (CTCAE 
version 5.0). OS was measured from the date of tissue diag‑
nosis to the date of death due to any cause. Patients who were 
still alive by July 2020 were censored. Kaplan‑Meier analysis 
with log rank and Cox multivariate proportional hazards 
analysis were performed using statistical computing language 
and survival analysis libraries (R version 4.0.2, R Foundation, 
Vienna, Austria; ‘survival’ library version 3.2‑3; ‘survminer’ 
library version 0.4.8). Individual de‑identified participant data 
used in this publication, including patient age, sex, extent of 
surgery, length of TMZ treatment, radiation dose, time to 
progression, time to death, baseline WBC and nadir WBC is 
available as supplementary material for download (Table SI).

Results

Patient characteristics. Between January 2012 and December 
2017, 141 biopsy‑proven GBM patients exposed to TMZ 
were retrospectively identified. Patient characteristics were 
comparable with respect to sex, extent of surgical resection, 
and fraction of patients completed six weeks of IMRT/TMZ 
followed by six cycles of adjuvant TMZ (Table I). The BIDMC 
cohort was older than the reference cohort (3) with a median 
age of 64 compared to 56, respectively. There were 26 patients 
younger than 50 years and 115 patients 50 years of age or 
older. The median age was 64 (range 18‑90). 88 of 141 patients 
completed the planned course of IMRT and concomitant TMZ 
with at least six cycles of adjuvant TMZ. Reasons for stopping 
or decreasing the dose of TMZ are listed in Table II. 53 patients 
stopped TMZ treatment (37.6%). Of these, hematologic toxicity 

(n=20, 14.2%) and progression of disease (n=29, 20.6%) were the 
two main reasons. Seventy five patients developed leukopenia, 
and 95 patients developed thrombocytopenia. IDH1 R132H 
mutation was identified in five patients, absent in 89 patients, 
and data was not available in 47 patients. The median OS for all 
141 patients was 19 months, and the median PFS was 8 months. 
There were no treatment‑associated deaths.

Table I. Comparison of patient demographics at time of study 
between the BIDMC cohort and the reference cohort.

	 BIDMC	 Reference
Characteristic	 cohort (n=141)	 cohorta (n=287)

Age, years
  Median	 64	 56
  Range	 18‑90	 19‑70
Age, years, n (%)
  <50 years	 26 (18)	 90 (31)
   ≥50 years	 115 (82)	 197 (69)
Sex, n (%)
  Male	 76 (54)	 185 (64)
  Female	 65 (46)	 102 (36)
Surgery, n (%)
  Biopsy	 40 (28)	 48 (17)
  Partial resection	 30 (21)	 126 (44)
  Complete resection	 71 (50)	 113 (39)
IMRT/TMZ + cTMZ, n (%)
  Completed	 88 (62)	 105 (37)a

  Did not complete	 53 (38)	 182 (63)
Median OS, months	 19	 14.6
Median PFS, months	 8	 6.9

aStupp et al  (3). Patient sex, extent of surgical resection, and frac‑
tion completed 6 weeks of IMRT/TMZ followed by six cycles of 
adjuvant TMZ are shown for the BIDMC cohort and the reference 
cohort. BIDMC, Beth Israel Deaconess Medical Center; IMRT, 
intensity‑modulated radiation therapy; TMZ, temozolomide; cTMZ, 
monthly cyclic temozolomide; PFS, progression‑free survival; 
OS, overall survival. 

Table II. Reasons for discontinuation of intensity‑modulated 
radiation therapy/TMZ and 6 cycles of adjuvant TMZ.

Complication	 Number affected (%)

Disease progression	 29 (20.6)
Bone marrow toxicity	 20 (14.2)
Dysphagia	 1 (0.7)
Cerebral hemorrhage	 1 (0.7)
Cardiac arrest (unrelated)	 1 (0.7)
Heart failure (unrelated)	 1 (0.7)
Total	 53 (37.6)

TMZ, temozolomide.
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Correlation of leukopenia with survival. Younger patient age 
(<50 years old) and development of leukopenia correlated with 
increased OS. Median OS for patients younger than 50 years 
old was 22 months compared to 16 months in patients 50 years 
of age and older (P=0.006). There is a significant increase in OS 
in patients who develop leukopenia (P=0.008). In patients with 
leukopenia, median OS was 21 months compared to 14 months 
in those without leukopenia (P=0.008; Table III). Subgroup 
analysis showed that leukopenia in patients with IDH1 R132H 

mutation does not correlate with increased OS, although the 
numbers are low. While sex was not a significant determinant 
of outcomes, completion of IMRT/TMZ with cyclic TMZ was 
associated with longer OS. Patients who had total resections 
had a median OS of 21 months compared to 14 months in 
patients with partial resections or biopsies (P=0.063). Those 
who completed the full course of IMRT/TMZ with six cycles 
of adjuvant TMZ had a median OS of 20 months compared 
to patients unable to complete the regimen (OS 14 months; 

Table III. Univariate survival analysis using Kaplan Meier analysis and the log‑rank test. 

Characteristic	 Median PFS, months	 P‑value	 Median OS, months	 P‑value

Age, years
  <50	 7	 0.262	 22	 0.006a

  ≥50	 8		  16	
Sex				  
  Male	 8	 0.324	 20	 0.742
  Female	 8		  18	
Extent of resection				  
  Total	 9	 0.707	 21	 0.063
  Partial, biopsy	 6		  14	
IMRT/TMZ + cTMZ				  
  Completed	 9	 0.108	 20	 0.030a

  Did not complete	 6		  14	
Platelet count				  
  No thrombocytopenia	 6	 0.082	 20	 0.928
  Thrombocytopenia	 9		  17	
WBC count				  
  No leukopenia	 6	 0.088	 14	 0.008a

  Leukopenia	 9		  21	
IDH1 status				  
  IDH1 wild type (89)	 8	 0.697	 16	 0.287
  IDH1 mutation (5)	 13		  23	
WBC, absent IDH1 R132H 				  
  No leukopenia (46)	 6	 0.116	 13	 0.053
  Leukopenia (43)	 9		  20	
WBC, present IDH1 R132H 				  
  No leukopenia (2)	 12	 0.432	 30	 0.586
  Leukopenia (3)	 13		  23	
WBC, incomplete IMRT/TMZ + cTMZ 				  
  No leukopenia (23)	 5	 0.035	 10	 0.055
  Leukopenia (30)	 8		  17	
WBC, IMRT/TMZ + cTMZ 				  
  No Leukopenia (43)	 7	 0.532	 16	 0.048
  Leukopenia (45)	 9		  24	

aP<0.05. For the categories of IDH1 status, WBC with absent IDH1 R132H, WBC with present IDH1 R132H, WBC with incomplete 
IMRT/TMZ + cTMZ, and WBC with IMRT/TMZ + cTMZ, the values in brackets indicate the number of patients in each subcategory. 
Patient age, sex, extent of resection, fraction completed 6 weeks of IMRT/TMZ followed by six cycles of adjuvant TMZ, platelet count, 
WBC count and IDH R132H status were analyzed, PFS, OS and corresponding P‑values are shown. Kaplan‑Meier analysis with log rank 
tests was performed using statistical computing language and survival analysis libraries (R version 4.0.2; R Foundation). IMRT/TMZ, 
intensity‑modulated radiation therapy/temozolomide; PFS, progression‑free survival; OS, overall survival; WBC, white blood cell count; 
IDH1, isocitrate dehydrogenase 1.
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P=0.030; Table III). There was no significant difference in 
median PFS in patients who developed leukopenia (P=0.088). 
There was no significant difference in median OS or PFS 
in patients who developed thrombocytopenia (P=0.082 and 
P=0.928, respectively).

Correlation of leukopenia grade with survival. Kaplan‑Meier 
survival representation of the correlation of leukopenia with 
OS is shown in Fig. 1. Of the patients who developed leuko‑
penia, those who developed grade 2 leukopenia had a median 
OS of 28.5 months compared to 14 months in patients who 
maintained a normal white blood cell count (P=0.024). When 
assessing OS in patients with grades 1, 3, and 4 leukopenia 
compared to patients who did not develop leukopenia, there 
was no significant difference (P>0.05; Table IV). Multivariate 
analysis using Cox proportional hazards model revealed that 
leukopenia grade was associated with longer OS after taking 
into account other known predictors of survival such as age, 
extent of surgery, and completed standard TMZ (P=0.00205, 
likelihood ratio test P=4.41e‑09*; Table V). In this analysis, 
age, extent of surgery and completion of standard TMZ 
therapy were also highly associated with longer OS.

Discussion

In this study, we demonstrate that leukopenia in the setting 
of TMZ exposure is an apparent predictor of improved OS in 
GBM patients. Compared to a landmark reference study (3), 
our cohort was older (median age 56 compared to 64, respec‑
tively). The percentage of patients able to complete six weeks 
of IMRT/TMZ followed by six cycles of TMZ was similar, 
though the reasons for discontinuation differed. Whereas 
14.2% of our patients stopped treatment or had treatment held 
for hematologic toxicity, 17% of patients in the reference cohort 
stopped treatment for bone marrow suppression. Thirty‑nine 
percent of patients in the reference cohort discontinued treat‑
ment due to disease progression compared to 20.6% of our 
patients. The reference cohort had a median OS of 14.6 months 
and a median PFS of 6.9 months while our cohort had a median 
OS of 19 months and a median PFS of 8 months. Our data is 
limited in that we are unable to determine the precise dose 
of corticosteroid exposure at the time of TMZ treatment. A 
follow‑up study to the landmark reference study showed that 
corticosteroids can compromise survival in GBM patients, and 
67% of patients who were part of the reference cohort were on 
corticosteroid therapy at the time of the study (14).

There have been three prior publications suggesting 
that myelosuppression in the form of thrombocytopenia or 
neutropenia is associated with better OS in patients who have 
had surgery, radiation, and TMZ. The initial study found 
that during six weeks of radiation with concomitant TMZ in 
84 patients, a decrease in platelet count compared to baseline 
correlated with prolonged OS whereas changes in lympho‑
cyte count showed no such correlation  (13). Lymphocyte 
count was chosen as a general marker for myelosuppression 
as this was more common than neutropenia. Neutrophil count 
and general leukopenia were not evaluated. The second study 
reviewed changes in neutrophil count during the course of 
standard treatment for correlation with survival (12). It was 
reported that MGMT promoter methylation, wild type EGFR 
status, younger age at diagnosis, and treatment‑induced 
decreases in white blood cell (WBC) count in 86 patients who 
completed the full six‑week course of IMRT/TMZ followed 
by six cycles of adjuvant TMZ had increased median OS. 
IDH1 R132H mutation and MGMT promoter methylation 
did not correlate with changes in WBC counts. In our study, 
patients who were unable to complete the standard treatment 
of six weeks IMRT/TMZ with six cycles of adjuvant TMZ 

Table IV. Survival analysis of leukopenia grade using Kaplan Meier analysis and log‑rank test. 

Grade	 Patients, n (%)	 Median PFS, months	 P‑value	 Median OS, months	 P‑value

0	 66 (47)	 6		  14
1	 41 (29)	 8	 0.918	 20	 0.069
2	 18 (13)	 11	 0.033a	 29	 0.024a

3	 9 (6)	 10	 0.047a	 15	 0.278
4	 7 (5)	 11	 0.544	 25	 0.417

aP<0.05. PFS and OS are shown with patient numbers for each grade of leukopenia. Corresponding P‑values are indicated for the leukopenia 
grade observed, relative to grade 0. Kaplan‑Meier analysis with log rank tests was performed using statistical computing language and survival 
analysis libraries (R version 4.0.2; R Foundation). PFS, progression‑free survival; OS, overall survival. 

Figure 1. Survival curve of patients who developed leukopenia in the setting 
of TMZ exposure. OS curve for patients who developed leukopenia after 
exposure to TMZ. Median OS was 21 months vs. 14 months. OS, overall 
survival; TMZ, temozolomide.
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were not excluded. Instead, all patients who were exposed to 
TMZ were included to assess bone marrow suppression and 
survival.

The third study assessed the change in neutrophil count 
in 50 patients with absent IDH1 R132H mutation during 
the initial six weeks of IMRT/TMZ only (11). They found 
that patients with greater than or equal to a 40% decrease 
in neutrophils showed significantly longer OS than those 
with less than a 40% decrease. They also report that extent 
of resection, MGMT status, decreased rate of WBC count, 
and decreased rate of platelet count were associated with 
increased median OS by univariate analysis. After adjusting 
for various factors, however, only the decrease in neutrophils 
remained significant. In our subset of IDH1 R132H negative 
patients, OS between patients who developed leukopenia 
and those who did not with any TMZ exposure approached 
statistical significance (P=0.05). Our patients with IDH1 
R132H mutation did not have increased OS, probably the 
result of the small sample size (n=5). Another prior study 
evaluated platelet count as a marker of outcomes in this 
setting and found that an increase in platelet count during 
chemoradiation was associated with poor outcome  (15). 
Platelet count, however, is unlikely to be useful as biomarker 
of bone marrow suppression owing to multiple factors that 
are unrelated to megakaryocyte activity such as consumption 
rate and acute‑phase induction.

The association of leukopenia with OS is not fully under‑
stood. We hypothesize that TMZ causes marrow suppression 
depending on MGMT repair activity, which in turn depends 
on factors like TMZ clearance, MGMT promoter methylation, 
MGMT protein expression, and polymorphisms and mutations 
affecting MGMT enzyme stability and activity. Current dosing 
practices do not take into account such individual differ‑
ences, resulting in a large proportion of patients experiencing 
dose‑limiting toxicity due to slow clearance and low MGMT 
repair activity. It can be assumed that some patients are rela‑
tively under‑dosed with TMZ due to fast TMZ clearance or 
high MGMT repair activity (16). This raises the possibility 
that there are patients who are relatively under‑dosed with 
current standard‑of‑care treatment and would do better with 

higher doses of TMZ, perhaps on a protocol targeting brief 
nadirs of grade 2 leukopenia.

The limitations of this study include its observational 
design and performance in a single‑institution involving a 
relatively small number of patients. Important clinical data 
such as corticosteroid use and MGMT methylation status 
were not available. This study does however confirm earlier 
reports of the association between bone marrow suppression 
and improved OS in GBM. For better understanding of this 
phenomenon, further studies such as a randomized controlled 
TMZ dose escalation trial or a two‑tier dose stratification trial 
based on MGMT promoter methylation is needed.

In conclusion, a possible interpretation of these results 
is that grade 2 leukopenia is a biomarker of adequate TMZ 
dosing in a population with diverse DNA repair function, 
which in turn may be the consequence of variable MGMT 
activity. A prospective dose escalation trial is necessary to 
determine if treatment‑induced leukopenia is beneficial for all 
patients receiving TMZ.
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