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Peripheral biomarkers predict survival in patients
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Abstract. Grade 4 gliomas, including glioblastoma, isocitrate
dehydrogenase (IDH)-wild-type [GBM (IDH wt)], and astro-
cytoma, IDH-mutant, grade 4, are among the most aggressive
primary brain tumors. The standard of care for GBM (IDH
wt) and astrocytoma, IDH-mutant, grade 4 is maximum
safe resection and radiation plus oral temozolomide (TMZ)
followed by six cycles of TMZ. The study objective was to
identify peripheral biomarkers that predict favorable outcomes
and stratify patients likely to respond to treatment. Adults
with biopsy-confirmed glioblastoma (based upon the 2016
World Health Organization classification) treated at Beth
Israel Deaconess Medical Center (Boston, USA) between
January 2018 and November 2021 were identified. Data on
laboratory values (white blood cells, absolute neutrophil
count, absolute lymphocyte count, red blood cells, hemo-
globin and platelet count), molecular markers, including IDH1
R132H and methylguanine-DNA methyltransferase promoter
methylation, and progression-free survival (PFS) and overall
survival (OS) were collected retrospectively. Data were
combined with those from two prior studies, resulting in a
total of 263 patients. Leukopenia development during TMZ
treatment was associated with increased PFS (P=0.008) and
OS (P=0.03). Lymphopenia development during TMZ treat-
ment was associated with increased PFS (P=0.05) and OS
(P=0.007). Grade 3 thrombocytopenia during TMZ treatment
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was associated with decreased PFS (P=0.01) and OS (P=0.02).
Patients who developed leukopenia alone during treatment had
an increased OS compared with those with only lymphopenia
development and those with both lymphopenia and leukopenia
development (P=0.007). Lower baseline lymphocyte counts
(<0.7 K/ul) prior to treatment was associated with improved
OS (P=0.007), while increased baseline neutrophil counts
(=10.0 K/ul) prior to initiation of treatment were associated with
worse OS (P=0.002). In conclusion, TMZ exposure may result
in a leukocyte predominant bone marrow effect vs. a platelet
predominant bone marrow effect. Clinically, leukopenia could
indicate adequate TMZ dosing, with thrombocytopenia serving
as a limiting factor in the ability to continue TMZ. Baseline
counts may offer insights into which patients will benefit the
most from treatment.

Introduction

Grade 4 gliomas are among the most common and aggres-
sive brain tumors. Astrocytoma, IDH-mutant, grade 4 and
glioblastoma (GBM) (IDH wt) carry a poor prognosis, with
a median survival of 15 months and a 5-year overall survival
less than 10% (1). To date, prognosis is known to be governed
by age, Karnofsky performance score, extent of surgery and
functional status (2-4). Molecular alterations have also been
important prognostic factors in glioblastoma, including isoci-
trate dehydrogenase 1 and 2 (IDH1/2) oncogenic mutations,
06-methylguanine-DNA methyltransferase (MGMT) promoter
methylation, TERT promoter mutations and EGFR amplifica-
tion (5,6). Currently, the standard treatment is maximal safe
resection followed by 30 times 2 Gray daily fractionated inten-
sity-modulated radiation therapy (IMRT) or volumetric arc
therapy (VMAT) with 6 weeks of daily temozolomide (TMZ)
75 mg/m? per day and further followed by at least six cycles of
daily TMZ (150 or 200 mg/m?) for five consecutive days (1).
TMZ is an alkylating agent that induces cell cycle arrest and
apoptosis (7). Exposure to this drug results in DNA adducts,
mostly O6-methylguanine (O6-meG). MGMT is capable of
repairing O6-meG. MGMT promoter methylation reduces
expression and increases cytotoxic effects of TMZ (6,8). As
glioblastoma cells spend little time in the G1 phase of the cell
cycle, there is insufficient repair, allowing lethal mutations
to accumulate (9). However, TMZ is not without side effects,
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particularly myelosuppression (10-12). Myelosuppression may
be an indirect biomarker of DNA repair activity including
MGMT promoter methylation. TMZ dose adjustment based
on MGMT promoter methylation has been proposed (6), but
remains untested in a clinical trial. A number of prior studies
suggest increased toxicity may reflect increased drug efficacy
and treatment effect, resulting in increased progression-free
survival (13,14). Reports in the last decade focused on the effect
of myelosuppression in astrocytoma, IDH-mutant, grade 4 and
GBM (IDH wt) patients treated with TMZ as it relates to survival
outcomes, including decreased leukopenia, neutropenia, and
thrombocytopenia (15,16). Our group previously found that
leukopenia development during TMZ treatment was associated
with increased survival independent of age or extent of surgery
compared to those who did not develop leukopenia (17). This
and other similar studies have been limited by the number of
patients enrolled. We sought to expand the sample size and
to identify prognostic biomarkers that may predict outcomes
in patients undergoing treatment for glioblastoma. The use of
peripheral blood cell counts is an area of active investigation
due to the effect of TMZ on dividing cells and, in particular,
due to the ease of monitoring in clinical settings. This study
combined cohorts from two institutions, expanding the number
of patients compared to previously published papers. Our
hypothesis is that peripheral blood cell counts can identify
target cell counts that will help stratify patients who are likely
to respond to treatment and can potentially aid in TMZ dosing.

Materials and methods

Patients. We conducted a retrospective analysis of patients who
underwent treatment for histologically confirmed glioblas-
toma (2016 WHO classification) at the Beth Isracl Deaconess
Medical Center (BIDMC) between January 2018-November
2021. Given all data cohorts were collected prior to the 2021
WHO Classification of Tumors of the Central Nervous System
(CNS) re-classification (Glioblastoma, IDH-wild type and
astrocytoma, IDH-mutant, CNS WHO grade 4), patients were
diagnosed with glioblastoma based on the 2016 tumor clas-
sification (Glioblastoma, IDH-wild type and Glioblastoma,
IDH-mutant). Glioblastoma, IDH-wild type will be notated as
GBM (IDH wt), as above; and, ‘Glioblastoma, IDH-mutant’
based upon the 2016 WHO guidelines will be noted here as the
updated nomenclature of astrocytoma, IDH-mutant, grade 4
based upon the 2021 guidelines. All patients who were exposed
to TMZ were included, e.g. concurrent or adjuvant TMZ and
those without treatment completion. Patients without known
outcomes, or who were lost to follow-up, were excluded.
Patients who were still alive by September 2022 at the time
of data collection were censored. After exclusion criteria,
36 patients remained. Clinical data and outcomes including
age, sex, extent of surgical resection (classified as biopsy,
partial resection, and complete resection), chemotherapy
treatment, and radiation dose, were recorded. Molecular
markers including IDH1 R132H and methylguanine-DNA
methyltransferase (MGMT) promoter methylation status were
collected. This data was combined with previously published
data collected at BIDMC between January 2012 and December
2017 from a similarly screened cohort of patients published in
2020, in which 141 patients were studied (17). This data was

also combined with Massachusetts General Hospital (MGH)
data collected from 86 patients diagnosed with glioblastoma
(2016 WHO classification) between 2007 and 2014. The results
of this study were published in 2017 (15). These patients
were treated with at least 6 cycles of monthly TMZ. In total,
263 patients were included in the current analysis. This study
was approved by the BIDMC Institutional Review Board for
all activities. The authors declare that they have no competing
interests.

Data collection and statistical analysis. Data from the above
cohorts were pooled and analyzed together. In this expanded
pool of patients, we used similar methods compared with our
previous paper (15) as described in the following. The primary
endpoint was overall survival (OS), and the secondary endpoint
was progression free survival (PFS). OS was measured from
the date of diagnosis to the date of death, and PFS from the
date of diagnosis to the date of progression as determined
by MRI imaging. In addition, baseline complete blood cell
counts including white blood cell, absolute neutrophil count,
absolute lymphocyte count, red blood cell, hemoglobin, and
platelet count were recorded from the first set of such blood
values immediately prior to initiation of any TMZ. Lab values
from these time points are referred to as ‘baseline’ or ‘prior
to treatment’ in this study. The lowest or ‘nadir’ lab values of
leukopenia, lymphopenia, neutropenia and thrombocytopenia
during the patient's TMZ treatment course were also recorded.
These lab values are referred to as ‘during treatment’ results
in this study. The severity of nadir leukopenia, lymphopenia,
neutropenia and thrombocytopenia during treatment were
graded based on the National Cancer Institute's Common
Terminology Criteria for Adverse Events (CTCAE version 5.0).
Kaplan-Meier analysis with log rank and Cox multivariate
proportional hazards analysis were performed using R (R
version 4.2.2, R Foundation, Vienna, Austria; ‘survival’
library version 3.5-8; ‘survminer’ library version 0.4.9), using
similar methods compared to our group's previous paper (17).
Unique to this study, we extended the analysis to include other
types of cytopenia, such as lymphopenia, neutropenia, anemia,
and thrombocytopenia. A likelihood ratio test was performed.
Overall survival vs. each cytopenia in Fig. 1-4 were performed
using ggsurvplot in R ‘survminer’ package above. P-values
were calculated using the survdiff function and ggsurvplot,
which use the log rank test. In addition to the analysis above,
we also additionally performed regression graphs, which is
unique to this report and was not performed in our previous
study (17). Line graphs in Fig. 5 were performed using ggplot
in ‘ggplot2’ library version 3.4.1 which calculates regression
lines. Analysis of each table and figure used pooled, raw data
from (15,17), and the 36 patients collected between January
2018-November 2021 as noted above. Variables chosen for
multivariate analysis were based on statistical significance in
univariate analysis. De-identified patient data is available for
download by request. All reported P-values were 2-sided, and
statistical significance was considered as P<0.05.

Results

Patient characteristics. In total, 263 patients with biopsy-
proven glioblastoma (2016 WHO classification) exposed to
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Figure 1. Leukopenia overall survival curve. Overall survival curve of
patients who developed any leukopenia (including any grade) during TMZ
treatment. The y-axis shows the survival probability. The x-axis shows the
time in month(s). P=0.026 for patients who developed leukopenia during
TMZ treatment vs. those who did not develop any leukopenia during TMZ
treatment. The P-value was calculated using the log-rank test. The analysis
used pooled, raw data from previous studies (15,17) and the patients between
January 2018 and November 2021 after exclusion criteria were applied. +,
censored at that time point. TMZ, temozolomide.
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Figure 2. Lymphopenia overall survival curve. Overall survival curve of
patients who developed any lymphopenia (including any grade) during TMZ
treatment. The y-axis shows the survival probability. The x-axis shows the
time in month(s). P=0.0073 for patients who developed lymphopenia during
TMZ treatment vs. those who did not develop any lymphopenia during TMZ
treatment. The P-value was calculated using the log-rank test. The analysis
used pooled, raw data from previous studies (15,17) and the patients between
January 2018 and November 2021 after exclusion criteria were applied. +,
censored at that time point. TMZ, temozolomide.

TMZ at two institutions were included in this analysis. Of
the total number of patients, the average age at the time of
diagnosis was 58 years of age; 50.5% of patients were female
and 49.5% of patients were male (Table I). The median OS for

Figure 3. Grade 3 thrombocytopenia overall survival curve. Overall survival
curve of patients who specifically developed Common Terminology Criteria
for Adverse Events grade 3 thrombocytopenia during TMZ treatment. The
y-axis shows the survival probability. The x-axis shows the time in month(s).
P=0.025 for patients who developed grade 3 thrombocytopenia during TMZ
treatment vs. those who did not develop any grade 3 thrombocytopenia
during TMZ treatment. The P-value was calculated using the log-rank test.
The analysis used pooled, raw data from previous studies (15,17) and the
patients between January 2018 and November 2021 after exclusion criteria
were applied. +, censored at that time point. TMZ, temozolomide.

all patients was 27.9 months and median PFS was 13.8 months.
Of note, MGH progression free survival average (months)
was almost twice as long as the BIDMC cohort and overall
survival a couple months longer. The percentage of patients
who received biopsy (27.1%), partial resection (21.4%), and
total resection (51.4%) at BIDMC are listed in Table 1. 61%
of patients treated at BIDMC completed treatment. We did
not have completion rate data for patients treated at MGH.
Of the patients treated at both BIDMC and MGH, 26% of
patients developed leukopenia; 59% developed lymphopenia,
64% developed thrombocytopenia, and 11% developed
neutropenia (Table I).

Patient factors associated with survival. Kaplan-Meier with
log rank analysis revealed that age <65 was significantly
associated with increased OS and PFS. Median OS in patients
<65 years old was 24.8 months compared to 19.0 months
in patients >65 years old at the time of diagnosis (P=2e-04;
Table II). Median PFS was 11.1 months in those <65 years
old and 11.0 months in those >65 years old (P=0.03; Table II).
Gender was not significantly associated with OS or PFS,
however, female sex showed a minimal trend towards increased
OS. Median OS for men was 21.0 months compared to women
median OS with 22.9 months (P=0.30; Table II). We also did
not observe a difference in PFS in men compared to women
(P=0.07; Table II). Consistent with prior literature, IDH-wild
type status was associated with worse PFS (P=6e-05;
Table II) and OS (P=le-04; Table II), while MGMT promoter
methylation was associated with improved PFS (P=0.004;
Table II) and OS (P=0.002; Table II).

Correlation of blood counts with survival. Development of
leukopenia in patients treated with TMZ was associated with
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Figure 4. Neutropenia grade progression-free survival curve.
(A) Progression-free survival curve of patients who developed different
Common Terminology Criteria for Adverse Events grades of neutropenia
during TMZ treatment. The y-axis shows the survival probability. The x-axis
shows time in month(s). P=0.045 when comparing the grades against each
other, including none. (B) Progression-free survival curve of patients who
developed mild (grade 1-2) neutropenia vs. patients who developed severe
(grade 3-4) neutropenia vs. patients who did not develop neutropenia during
TMZ treatment. The y-axis shows the survival probability. The x-axis shows
the time in month(s). P=0.021 when comparing the three groups against
each other. The P-value was calculated using the log-rank test. The analysis
used pooled, raw data from previous studies (15,17) and 36 patients between
January 2018 and November 2021 after exclusion criteria were applied. +,
censored at that time point. TMZ, temozolomide.

a significant increase in PFS and OS. In patients with leuko-
penia (defined as <4.0 K/ul), median PFS was 13.0 months for
patients who developed leukopenia vs. 9.6 months for those
patients who did not develop leukopenia (P=0.008; Table II).
Median OS was 27.0 months in those with leukopenia compared
to 19.0 months in those without leukopenia (P=0.03; Table II;
Fig. 1). Of the patients who developed leukopenia, those who
specifically developed grade 2 leukopenia compared to all
others had significantly longer PFS and trended toward longer
OS. Median PFS with grade 2 leukopenia was 19.2 months

(P=0.005; Table III) while median OS in patients with grade
2 leukopenia was 30.3 months (P=0.06; Table III). Grade
3 leukopenia trended toward shorter OS with a median OS
of 16.0 months (P=0.7; Table III). We did not find signifi-
cant differences in OS between subgroups of patients with
decreased white blood cell counts when the data were stratified
by CTCAE grade (grades 0-4; Table III), however there were
significant differences in PFS between the subgroups (P=0.02;
Table III). When stratified by mild (grade 1-2) vs. severe
(grade 3-4) leukopenia vs. no leukopenia, there was signifi-
cantly improved PFS for mild leukopenia when compared to
severe leukopenia or no leukopenia (P=0.03; Table III). While
not significant, mild leukopenia trended towards longer OS,
with a median OS of 27.5 months compared to 19.0 months in
those without leukopenia and 20.3 months in those with severe
leukopenia (P=0.30; Table III).

Additionally, development of lymphopenia (defined
as <1.2 K/ul) during TMZ treatment was associated with
improved PFS and OS. The median PFS of those who devel-
oped lymphopenia was 12.6 months compared to 9.0 months
for patients who did not develop lymphopenia (P=0.05;
Table II). Significantly, the median OS of those who developed
lymphopenia was 25.0 months compared to 16.0 months for
patients who did not develop lymphopenia (P=0.007; Table II;
Fig. 2). Upon subgroup analysis (grade 0-4), grade 2 lympho-
penia was significant for longer PFS, while OS trended toward
such an increase. Median PFS for grade 2 lymphopenia was
16.0 months (P=0.01; Table III) and OS was 25.8 months
(P=0.40, Table III). Grade 4 lymphopenia trended towards
decreased PFS and OS at 11 months (P=0.10; Table III) and
20.0 months (P=0.90; Table III) respectively. There was a
significant difference between mild lymphopenia (grade
1-2) vs. severe lymphopenia (grade 3-4) vs. no lymphopenia
for PFS (P=4e-04; Table III). While OS was not statistically
significant, mild lymphopenia also trended towards improved
OS with a median of 24.8 months compared to severe lympho-
penia at 23.0 months and no lymphopenia at 21.0 months
(P=0.20; Table III).

While patients who developed thrombocytopenia (defined
as <150 K/ul) did not have a significant change in OS or PFS,
there was significant decrease in PFS and OS in those who
developed grade 3 thrombocytopenia upon subgroup analysis.
Those who developed grade 3 thrombocytopenia had a signifi-
cant decrease in median PFS to 6 months (P=0.01; Table III)
and a median OS of 14 months (P=0.02; Table III; Fig. 3).
There was no significant difference between mild thrombocy-
topenia (grade 1-2) vs. severe thrombocytopenia (grade 3-4)
vs. no thrombocytopenia for PFS (P=0.07; Table III) or OS
(P=0.40; Table III).

Patients who developed neutropenia (defined as <1.6 K/ul)
during TMZ exposure did not have significant change in OS or
PFS. However, subgroup analysis (grade 0-4) was associated
with significantly different PFS (P=0.05; Table III). Patients
who developed grade 2 neutropenia, compared to patients
who did not, had improved PFS. The median PFS of those
who developed grade 2 neutropenia was 26.0 months (P=0.05;
Table III; Fig. 4A). However, those who developed grade
4 neutropenia had worse PFS, with a median of 8.0 months
(P=0.02; Table III; Fig. 4). While those patients who devel-
oped grade 3 neutropenia had an even lower median PFS of
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Figure 5. Distribution of overall survival vs. cytopenia nadir count during TMZ treatment. Overall survival (months) is plotted against cytopenia nadir counts
during TMZ exposure. The y-axis shows the overall survival in month(s). The gray area is the 95% confidence interval. (A) Leukopenia nadir count (K/ul).
On the overall survival vs. leukopenia regression line plot, “one data point with the highest overall survival of 212 months with a nadir leukopenia value of
3.60 K/ul is not visually plotted on the graph. (B) Lymphopenia nadir count (K/ul). All values are shown on the graph. (C) Thrombocytopenia nadir count
(K/ul). On the overall survival vs. thrombocytopenia regression line plot, “one data point with the highest overall survival of 212 months with a nadir throm-
bocytopenia value of 137 K/ul is not visually plotted on the graph. (D) Neutropenia nadir count (K/ul). On the neutropenia vs. overall survival regression line
plot, “two data points with the highest nadir neutropenia value of 66.7 K/ul and overall survival of 47.0 months, and neutropenia value of 56.6 K/ul and overall
survival of 10.0 months are not visually plotted on the graph. Regression lines were added to each plot, revealing trends in the cytopenia and overall survival
data. (A-D) The analysis used pooled, raw data from previous studies (15,17) and the patients between January 2018 and November 2021 after exclusion criteria
were applied. Of note, not every patient is represented in each plot as not everyone will develop each particular cytopenia on TMZ; thus, a patient may appear
as a data point in one plot and not the other. Some cytopenia data [such as lymphopenia (n=29) and neutropenia (n=31)] were not available in the raw data
in previous studies (15,17). “These data points were not plotted in favor of revealing trends on each plot. For all the plots, the regression line calculation and
trajectory did include all the data points (including data points graphically excluded on the plot). By excluding the visual data on the plot, and keeping the data
in the regression line calculation, this clarifies the overall trends while also avoiding degradation of the regression line. TMZ, temozolomide.

2.0 months, the number of people in this group was 2, and this
was not statistically significant (P=0.80; Table III). The analysis
of neutropenia subgroup effect on OS was not statistically
significant (P=0.10), however OS trended similarly as PFS. OS
of those who developed neutropenia grade 2 was 36.0 months
(P=0.10; Table III). Upon analysis of no development of neutro-
penia vs. mild (grade 1-2) vs. severe (grade 3-4) neutropenia,
differences in PFS were significant (P=0.02; Table I1I; Fig. 4B);
the median PFS for mild neutropenia was 19.2 months while
severe neutropenia median PFS was 8.53 months. While
OS was not significant, this trended similarly; patients who

developed mild neutropenia had an OS of 29.9 months vs. the
severe neutropenia group OS was 16.0 months.

When we assessed the effect of anemia, there was no
significant change in survival. We did not observe any signifi-
cant change in OS or PFS (P=0.07; Table II).

Finally, given the above data in Table III, we evaluated
whether overall survival correlated with the degree of cytopenia
(leukopenia, lymphopenia, neutropenia and thrombocyto-
penia) in a linear or non-linear manner. When overall survival
is plotted against during treatment nadir values of leukopenia,
lymphopenia, thrombocytopenia and neutropenia, none of
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Table I. Patient characteristics.

Characteristic BIDMC (n=177) MGH (n=86) Total (n=263)
Mean age, years (median)

Female 60.2 (61.0) 56.5 (56.0) 58.7 (58.0)

Male 60.2 (64.0) 54.1 (54.5) 58.7 (60.5)

Total 60.2 (62.0) 55.7 (55.0) 58.7 (59.0)
Sex, n (%)

Female 79 (44.6) 54 (62.8) 133 (50.5)

Male 98 (55.3) 32 (37.2) 130 (49.5)
Mean survival, months (median)

(O] 26.2 (19.0) 30.5 (26.7) 279 (22.0)

PFS 10.7 (8.0) 20.3 (14.9) 13.8 (10.0)
Any (grade 1-4) development of, n (%)"

Leukopenia (<LLN, 4.0 K/ul) 18 (10.2) 49 (57.0) 67 (25.5)

Lymphopenia (<LLN, 1.2 K/ul) 86 (48.6) 70 (81.4) 156 (59.3)

Thrombocytopenia (<LLN, 150 K/ul) 115 (65.0) 53 (61.6) 168 (63.9)

Neutropenia (<LLN, 1.6 K/ul) 21 (11.9) 7(8.1) 28 (10.7)
Treatment completion, n (%)°

Yes 109 (61.6) NA NA

No 67 (37.9) NA NA
Surgery type, n (%)

Biopsy 48 (27.1) NA NA

Partial resection 38 (21.4) NA NA

Total resection 91 (514) NA NA

*The number of patients who developed leukopenia, lymphopenia, thrombocytopenia or neutropenia may not add up to the expected total
number of patients in each column as not everyone will develop each particular cytopenia on temozolomide and a single patient may also
develop multiple cytopenias. Some cytopenia data [such as lymphopenia (n=29) and neutropenia (n=31)] were not available in the raw data in
previous studies (15,17). °For 1 patient in the BIDMC subset, it was not known whether they completed treatment or not. A summary of patient
characteristics from each institution is shown. Patient sex, age, median OS and PFS, and breakdown of patients who developed any leukopenia,
lymphopenia, thrombocytopenia and neutropenia during temozolomide treatment with BIDMC assay cut offs are shown. Extent of resection
data are only available for the BIDMC cohort. OS, overall survival; PFS, progression-free survival; BIDMC, Beth Israel Deaconess Medical
Center; MGH, Massachusetts General Hospital; LLN, lower limit of normal, with BIDMC assay cut off; NA, not available.

the curves reveal a linear relationship (Fig. 5). In fact, certain
areas along the curve were associated with worse survival,
and others improved survival. The leukopenia graph appears
to have an associated higher curve and increased OS around
leukopenia nadir values around 3-4 K/ul and a positive curve
around 6 K/ul, latter which is within the grade 2 leukopenia
cut off; however, there is a negative curve and decrease in OS
around 5 K/ul, which is the borderline of grade 2 leukopenia
based upon CTCAE 5.0 criteria. The thrombocytopenia graph
shows a negative curve and worsened OS under thrombocyto-
penia 50-75 K/ul (latter which correlates with the beginning of
grade 1 values based upon CTCAE 5.0 criteria), compared to a
more positive curve and higher OS values beginning near the
100-150 K/ul thrombocytopenia nadir values. The lympho-
penia curve reveals a more positive curve with lower counts, as
does the neutropenia curve, consistent with our Kaplan-Meier
analyses using CTCAE criteria.

Relationship between patient factors and survival. Given the
significance of leukopenia, lymphopenia, and thrombocyto-
penia (specifically grade 3) development during TMZ exposure

on OS, we evaluated for an association between these factors
when compared with one another and known biomarkers IDH
and MGMT. Leukopenia development in patients with GBM
(IDH wt) was significant for improved PFS and OS. Those with
leukopenia development and GBM (IDH wt) had a median OS
of 25.0 months vs. 16.0 months in patients with GBM (IDH
wt) without development of leukopenia; however, regardless
of leukopenia status, the astrocytoma, IDH-mutant, grade 4
group had an improved OS at 57 and 55 months compared to
those with GBM (IDH wt) (P=1e-04; Table IV). PFS reflected
similar patterns (P=2e-05; Table IV). The development of
thrombocytopenia in patients with GBM (IDH wt) was associ-
ated with worse overall survival at 19.0 months compared to
21.5 months in patients with GBM (IDH wt) without throm-
bocytopenia development (P=0.001; Table IV). This pattern
was not reflective in the astrocytoma, IDH-mutant, grade 4
group, and the presence of thrombocytopenia was instead
correlated with improved PFS and OS (P=0.001; Table IV).
Lymphopenia development in patients with GBM (IDH wt)
was significant for improved OS at 24.0 months compared to
those with GBM (IDH wt) without lymphopenia development
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Characteristics Median PFS, months P-value Median OS, months P-value

Age
<65 years (n=170) 11.1 0.03 24.8 2x10*
>65 years (n=91) 11.0 190

Sex
Male (n=128) 11.0 0.07 21.0 0.30
Female (n=133) 12.0 229

IDH status
Wild-type* (n=165) 10.0 6x10° 11.0 1x10*
Mutant® (n=24) 555 21.1

MGMT promotor status
Not methylated (n=44) 124 4x1073 20.3 2x10°
Methylated (n=42) 212 40.0

Leukopenia during TMZ treatment
No (n=120) 9.6 0.01 19.0 0.03
Yes (n=139) 13.0 27.0

Thrombocytopenia during TMZ treatment
No (n=94) 10.4 0.90 248 0.60
Yes (n=164) 11.8 219

Lymphopenia during TMZ treatment
No (n=43) 9.0 0.05 16.0 0.01
Yes (n=152) 12.6 25.0

Anemia during TMZ treatment
No (n=30) 7 0.70 23.0 0.07
Yes (n=88) 9 21.0

Neutropenia during TMZ treatment
No (n=29) 10.0 0.80 21.0 0.60
Yes (n=184) 11.0 224

*Glioblastoma, IDH-wildtype. *Astrocytoma, IDH-mutant, grade 4. Univariate survival analysis using Kaplan-Meier analysis and the log-rank
test was performed. Patient age, sex, and presence of any thrombocytopenia, leukopenia, lymphopenia, anemia and neutropenia development
during TMZ treatment were assessed. PFS and OS in months for each group and corresponding P-values are shown. IDH, isocitrate dehydro-
genase; MGMT, O6-methylguanine-DNA methyltransferase; OS, overall survival; PFS, progression-free survival; TMZ, temozolomide.

at 13.5 median OS months (P=2e-04; Table IV). PFS also
reflected a similar pattern, though notably we did not have
data regarding lymphopenia development in the astrocytoma,
IDH-mutant, grade 4 group due to a high number of censored
data points in this group (P=0.002; Table I'V). Neutropenia
development in patients with GBM (IDH wt) resulted in similar
median OS at 20.5 months vs. 20.1 months for those without
neutropenia development in patients with GBM (IDH wt); in
the astrocytoma, IDH-mutant, grade 4 group, development of
neutropenia resulted in a median OS of 57.5 months compared
to 29.8 months in those without neutropenia development,
suggesting neutropenia may have an additive increase in OS
only in this group (P=7e-04).

Leukopenia, lymphopenia, neutropenia and thrombocy-
topenia were not related to each other with regards to OS.
Leukopenia was not always associated with thrombocyto-
penia. Of the patients with only thrombocytopenia and no
associated leukopenia, there was a significant difference in

OS of 16.0 months compared to those with only leukopenia
and no thrombocytopenia at 31.0 months (P=0.05; Table II).
Lymphopenia and leukopenia were also not associated with
each other. While patients with lymphopenia and no leuko-
penia had improved median OS at 22.5 months compared
to those without lymphopenia and no leukopenia with a
median OS of 14.0 months, those patients who did not
develop lymphopenia but only developed leukopenia had an
even longer median OS of 30.9 months; more interestingly,
those who developed both lymphopenia and leukopenia had
median OS of 27.5 months, which is lower than the median
OS of leukopenia alone (P=0.007; Table IV). PFS reflected
similar patterns (P=0.002; Table IV). Thrombocytopenia
and lymphopenia also were not always associated with each
other for OS. In patients who developed lymphopenia but no
thrombocytopenia, median OS was improved at 26.0 months
while patients who developed thrombocytopenia but no
lymphopenia, median OS was worse at 14.5 months; both
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Table III. CTCAE grading and survival.

Cytopenia CTCAE Median PFS, months P-value Median OS, months P-value
Leukopenia grade 0.02¢ 0.30*
0 (n=123) 9.7 0.02 190 0.07
1 (n=81) 110 0.70 240 0.70
2 (n=37) 19.2 0.01 30.3 0.06
3 (n=12) 9.7 0.90 16.0 0.70
4 (n=7) 110 0.20 250 0.70
Leukopenia grade 1-2 vs. grade 3-4 0.03* 0.20°

None (n=123) 9.7 19.0
Grade 1-2 (n=118) 13.0 27.5
Grade 3-4 (n=19) 10.0 203
Lymphopenia grade 4x10* 0.50*
0 (n=85) 9.0 1x10° 210 0.09
1 (n=35) 12.0 0.90 22.5 >0.99
2 (n=56) 16.0 0.01 25.8 0.40
3 (n=50) 13.0 0.10 235 0.30
4 (n=7) 110 0.10 200 0.90
Lymphopenia grade 1-2 vs. grade 3-4 6x10 0.20*
None (n=85) 90 21.0
Grade 1-2 (n=91) 144 248
Grade 3-4 (n=57) 13.0 23.0
Thrombocytopenia grade 0.10° 0.20*
0 (n=100) 104 0.90 250 0.30
1 (n=113) 11.7 0.50 222 >0.99
2 (n=19) 110 0.50 16.0 0.40
3 (n=11) 6.0 0.01 14.0 0.02
4 (n=17) 12.0 0.40 250 0.90
Thrombocytopenia grade 1-2 vs. grade 3-4 0.07* 0.40°
None (n=85) 90 21.0
Grade 1-2 (n=132) 110 200
Grade 3-4 (n=28) 104 25.7
Neutropenia grade 0.05* 0.10*
0 (n=184) 11.1 0.70 224 0.60
1 (n=4) 95 0.90 15.0 0.07
2 (n=14) 26.0 0.05 360 0.10
3 (n=2) 20 0.80 10.0 0.60
4 (n=27) 8.4 0.02 16.0 0.20
Neutropenia grade 1-2 vs. grade 3-4 0.02* 0.30°
None (n=184) 11.1 224
Grade 1-2 (n=18) 19.2 299
Grade 3-4 (n=29) 8.5 16.0

*P-value for the comparison among all grades compared against each other, such as grade 0 vs. grade 1 vs. grade 2 vs. grade 3 vs. grade 4.
The other P-values are for the corresponding grade vs. not having that grade, such as developing thrombocytopenia grade 3 vs. not developing
thrombocytopenia grade 3. Survival analysis based on cytopenia grade breakdown. Kaplan-Meier analysis with the log-rank test of leukopenia,
lymphopenia, thrombocytopenia and neutropenia subgroup analysis (grade 0-4) based on the CTCAE grading system was performed. Grade
1-2 was defined as mild cytopenia, while grade 3-4 was defined as severe cytopenia. CTCAE, Common Terminology Criteria for Adverse
Events; OS, overall survival; PFS, progression-free survival.

groups were compared to the group of patients who did not
develop thrombocytopenia and did not develop lymphopenia

in which the median OS was 20.0 months (P=0.01; Table IV).
Leukopenia and neutropenia were not clearly related. In those
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Table I'V. Relationship between patient factors and survival.
Characteristic Median PFS, months P-value Median OS, months P-value
Leukopenia and IDHI status 2x10° 1x10*
IDH1 WT" and no leukopenia (n=79) 9.0 16.0
IDH1 WT"* and leukopenia (n=85) 130 250
IDH1 mutant® and no leukopenia (n=9) 26.9 57.5
IDH1 mutant® and leukopenia (n=15) 555 555
Thrombocytopenia and IDH] status 3x107 1x10°
IDH1 WT"and no thrombocytopenia (n=58) 10.0 21.5
IDH1 WT"and thrombocytopenia (n=106) 110 19.0
IDH1 mutant® and no thrombocytopenia (n=8) 16.0 400
IDH1 mutant®and thrombocytopenia (n=15) 38.7 555
Neutropenia and IDH1 status 5x10* 7x10*
IDH1 WT" and no neutropenia (n=30) 9.0 20.5
IDH1 WT* and neutropenia (n=119) 110 20.1
IDH1 mutant® and no neutropenia (n=3) 21.1 29.8
IDH1 mutant®and neutropenia (n=19) 38.7 575
Lymphopenia and IDH1 status 2x10° 2x10*
IDH1 WT* and no lymphopenia (n=21) 10.0 13.5
IDH1 WT*and lymphopenia (n=93) 110 24.0
IDH1 mutant® and no lymphopenia (n=4) 16.8 370
IDH1 mutant” and lymphopenia (n=15) NA NA
Thrombocytopenia and leukopenia 0.07 0.05
No thrombocytopenia and no leukopenia (n=60) 90 203
Leukopenia and no thrombocytopenia (n=33) 16.0 31.0
Thrombocytopenia and no leukopenia (n=60) 11.0 16.0
Thrombocytopenia and leukopenia (n=104) 12.8 248
Leukopenia and lymphopenia 2x1073 0.01
No leukopenia and no lymphopenia (n=35) 7.0 14.0
Lymphopenia and no leukopenia (n=47) 12.4 225
Leukopenia and no lymphopenia (n=8) 18.2 309
Leukopenia and lymphopenia (n=104) 13.0 275
Lymphopenia and thrombocytopenia 0.20 0.01
No thrombocytopenia and no lymphopenia (n=19) 70 20.0
Lymphopenia and no thrombocytopenia (n=54) 14.0 26.0
Thrombocytopenia and no lymphopenia (n=24) 11.3 14.5
Thrombocytopenia and lymphopenia (n=95) 12.0 235
Leukopenia and neutropenia 0.01 0.07
No leukopenia and no neutropenia (n=19) 5.1 14.0
Neutropenia and no leukopenia (n=54) 9.7 19.0
Leukopenia and no neutropenia (n=24) 110 21.0
Leukopenia and neutropenia (n=95) 14.8 27.8

*Glioblastoma, IDH-wild-type. *Astrocytoma, IDH-mutant, grade 4. Survival analysis based on cytopenia breakdown. Kaplan-Meier analysis
with the log-rank test for leukopenia, lymphopenia, thrombocytopenia, neutropenia and IDH status. Each P-value represents the comparison
among categories compared against each other. For example, ‘No leukopenia and no neutropenia’ vs. ‘Neutropenia and no leukopenia’ vs.
‘Leukopenia and no neutropenia’ vs. ‘Leukopenia and neutropenia’. NA, not available, due to many patients being censored in the group,
leading to an insufficient number of events to generate the median survival time; IDH, isocitrate dehydrogenase; OS, overall survival; PFS,

progression-free survival; WT, wild-type.

with neutropenia and without leukopenia, median PFS was
9.7 months, while those with leukopenia and no neutropenia

had a median PFS of 11.0 months (P=0.007; Table IV). OS
trended similarly but was not significant (P=0.07; Table IV).
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Table V. Baseline cell counts and survival.

Baseline counts Median PFS, months P-value Median OS, months P-value
Absolute neutrophil count
Absolute neutrophil count =10.0 K/ul (n=51) 90 0.20 16.0 2x107
Absolute neutrophil count <10.0 K/ul (n=177) 11.7 24.0
Absolute lymphocyte count
Absolute lymphocyte count =0.7 K/ul (n=128) 9.8 5x10° 19.0 0.05
Absolute lymphocyte count <0.7 K/ul (n=105) 12.0 20.3
Platelet count
Platelet count =400.0 K/ul (n=233) 11.5 0.60 324 0.90
Platelet count <400.0 K/ul (n=25) 13.0 28.0
Leukocyte count
Leukocyte count =10.0 K/ul (n=109) 12.0 0.40 29.0 0.60
Leukocyte count <10.0 K/ul (n=149) 12.8 25.8

Survival analysis based on baseline counts using Kaplan-Meier analysis and the log-rank test. PFS, progression-free survival;

OS, overall survival.

Effect of baseline cell counts on survival. We also exam-
ined the effect of baseline peripheral cell counts prior to
any exposure of TMZ on survival. We found a correlation
between increased baseline neutrophil counts (defined as
absolute neutrophil count =10.0 K/ul) and decreased OS
and PFS. Those with elevated baseline absolute neutrophil
count had a median OS of 16.0 months vs. 24.0 months in
those with decreased baseline counts (absolute neutrophil
count <10 K/ul; P=0.002; Table V). There was no significant
difference in PFS (P=0.2; Table V). However, lower baseline
lymphocyte counts (defined as absolute lymphocyte counts
<0.7 K/ul) were associated with improved OS. Those patients
with lower baseline lymphocyte counts had a median overall
survival of 20.3 months vs. those with elevated baseline
lymphocyte counts (defined as absolute lymphocyte counts
>0.7 K/ul) had an OS of 19.0 months (P=0.05; Table V).
Those patients with lower baseline lymphocyte counts
also had a median PFS of 12.0 vs 9.8 months in those with
elevated baseline lymphocyte counts (P=5e-05; Table V).
Absolute platelet and white blood cell counts at baseline were
not significant (Table V).

Hazard ratio. Multivariate analysis using Cox propor-
tional hazards model revealed that grade 2 leukopenia
was associated with improved OS after controlling for
other predictors of survival such as age >50 years, sex,
IDHI status, MGMT promoter methylation status, grade 3
thrombocytopenia, grade 1 neutropenia, and lymphopenia
[HR=0.2608 (95%CI 0.39-0.99), P=0.00554, Table VI]. The
hazard ratio was also significant for age >50 [HR 0.3194
(95% C10.13475-0.7573), P=0.00957] and neutropenia grade
1 [HR 68.8210 (95% CI 4.42516-1070.3173), P=0.00251]
when taking into account for other predictors of survival,
including sex, IDH1, MGMT promoter methylation status,
grade 2 leukopenia, and lymphopenia. Likelihood ratio test
P=4x10-°. Factors to control for were chosen if significant on
univariate analysis.

Discussion

Peripheral biomarkers can predict response to standard GBM
(IDH wt) and astrocytoma, IDH-mutant, grade 4 treatment
with TMZ and reflect prognosis of grade 4 glioma. This is
especially relevant to patients who could have unique periph-
eral blood count profiles and will lead to improved clinical
management of glioblastoma. Proper identification of patient
factors and peripheral biomarkers can ultimately be used to
offer prognostic information, much like the IDH1 and MGMT
promoter statuses that we discuss in our clinical practice
today and help guide treatment. In this study, we explored
the effect of TMZ therapy on circulating blood cell counts
to determine which peripheral blood count markers can offer
prognostic value and help predict clinical outcomes in patients
with GBM (IDH wt) and astrocytoma, IDH-mutant, grade 4
gliomas. While other studies have explored this relationship
in single institutions (15-17), in this study we combined data
from different institutions and significantly expanded the
sample size.

Our data reveals that development of leukopenia, during
treatment with TMZ (completion or otherwise) is associated
with significantly improved OS and PFS. This is consistent
with our prior study (17). Compared to our previous study, we
have also discovered that the presence of leukopenia is associ-
ated with improved OS and PFS in both the GBM (IDH wt) and
in the astrocytoma, IDH-mutant, grade 4 group. This further
supports leukopenia as an independent prognostic factor for
improved survival. Interestingly, univariate subgroup analysis
of leukopenia grade 2 revealed a trend towards improved OS
compared to those who did not develop grade 2 leukopenia
(i.e. development of grade 1, 3 or 4 or no leukopenia). However,
leukopenia grade 2 was significantly associated with improved
OS upon multivariate analysis and accounting for IDHI,
MGMT, grade 3 thrombocytopenia, lymphopenia, grade 1
neutropenia, age, and sex during treatment with TMZ. This
has not been shown in previous studies (15,17) and supports
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Table VI. Multivariate analysis using Cox proportional hazards.

Characteristics Hazard ratio (95% CI) P-value
Age (>50 vs. <50 years) 0.3194 (0.1348-0.7573) 0.00957
Sex (male vs. female) 0.5490 (0.2669-1.1289) 0.10304
IDH1 status (wildtype vs. mutated) 0.1615 (0.0363-0.7181) 0.01662
MGMT promoter methylation status (methylated vs. unmethylated) 0.3120 (0.1513-0.6436) 0.00161
Grade 2 leukopenia® 0.2608 (0.1009-0.6741) 0.00554
Grade 1 neutropenia® 68.8210 (4.4252-1070.3173) 0.00251
Grade 3 thrombocytopenia® 1.7366 (0.3757-8.0272) 0.47980
Lymphopenia® 1.0612 (0.4206-2.6771) 0.89994

“Development of such cytopenia vs. no development. The association between overall survival and patient age >50 years, sex, IDHI status,
MGMT promoter methylation status, development of grade 2 leukopenia, development of grade 1 neutropenia, development of grade 3
thrombocytopenia and development of lymphopenia during temozolomide treatment was analyzed. Cox multivariate proportional hazards
analysis was performed with a likelihood ratio test P=4x10°. Hazard ratios (95% confidence interval) and P-values are shown. IDH, isocitrate

dehydrogenase; MGMT, O6-methylguanine-DNA methyltransferase.

evidence that TMZ induced leukopenia grade 2 can be an
independent prognostic factor. We therefore were curious to
look for particular subsets of leukocyte cells (e.g. neutrophils,
lymphocytes) that could be responsible for the leukopenia effect
on survival, or if leukopenia may be a separate biomarker.
Development of lymphopenia was also found to be an addi-
tional and significant positive prognostic factor with improved
PFS and OS, including in GBM (IDH wt). This is consistent
with previous studies (18). The association between lympho-
penia development and improved PES and OS is also true in the
GBM (IDH wt). On subgroup analysis, grade 2 lymphopenia
development during TMZ treatment was significantly associ-
ated with increased PFS while OS trended as such. However,
higher grades of lymphopenia (grade 3 and 4) trended toward
lower OS. Separately, lower baseline lymphocyte counts prior
to initiation of TMZ were also significantly associated with
improved PFS and OS. Overall, lymphopenia development was
suggestive of improved prognosis, before or after TMZ treat-
ment and can serve as a prognostic factor as well. Regulatory
T-cells have been associated with immunosuppression and
increased in patients with malignant glioma, and have been
associated with a decrease in anti-tumor T effector cells (19).
It is possible that development of lymphopenia during TMZ
treatment is reflective of T regulatory cells being less in
number, having less effect on anti-tumor T effector cells and
restoring anti-tumor immunosuppressive function; perhaps
severe degrees of lymphopenia have complete depletion of
all types of T cells, including effector cells, leading to fully
suppressed anti-tumor immunosuppression and could also
place patients at risk for infections leading to mortality risk.
Our study and others have found that lymphopenia can serve
as a consistent, positive prognostic biomarker of PFS and OS
for patients with GBM (IDH wt) treated with TMZ.
Neutropenia grade 2 as well as mild neutropenia develop-
ment during TMZ treatment were significant for increased
PFS, while higher grades and severe neutropenia were asso-
ciated with decreased PFS. The OS trended similarly. These
findings are reflective of other studies (16,18), one of which
showed that a 40% decrease in neutrophil counts during

treatment with TMZ correlated significantly with OS in
patients with glioblastoma (16). While interestingly neutro-
penia grade 1 on multivariate analysis was significant for what
seemed to be lower OS when adjusting for other factors such
as age, sex, IDH and MGMT promoter methylation status, this
should be interpreted with caution as 4 patients fell into this
category. Further, elevated baseline absolute neutrophil counts
(=10.0 K/ul) prior to TMZ treatment were associated with
worse OS. This is reflective of findings seen in prior studies in
which increased neutrophils counts are associated with worse
survival (15,18). Our findings and prior studies suggest that
an inflammatory state prior to treatment is reflective of poor
prognosis, and lower neutrophil counts during treatment reflect
a less inflammatory state, which is a positive prognostic factor.
Increased neutrophils at baseline appears to be a poor prognostic
factor, while neutropenia development during TMZ treatment is
a consistent biomarker for positive prognosis in patients with
GBM (IDH wt) or astrocytoma, IDH-mutant, grade 4.

Interestingly, we found that those who had leukopenia
without lymphopenia had significantly longer OS than those
who had lymphopenia without leukopenia. Further, those who
had both leukopenia and lymphopenia did not have similar OS
as those with leukopenia or have a synergistic positive affect
on OS; rather, the median OS for those who developed both
leukopenia and lymphopenia was lower than the median OS of
leukopenia alone. Neutropenia without leukopenia had a signifi-
cantly lower median PFS than leukopenia without neutropenia,
and OS trended as such as well. However, the presence of neutro-
penia and leukopenia, together had the highest median PFS and
OS. Taken together, this suggests that the development of leuko-
penia is a stronger prognostic factor compared to lymphopenia
or neutropenia alone. Leukopenia after TMZ exposure may be
a direct effect of DNA alkylation but other mechanisms are
also possible, such as lymphocyte redistribution after increased
tumor antigen exposure or a direct effect of TMZ on the tumor
microenvironment. There may also be another, yet unidentified
subset of leukocytes that may be causative.

We found that the presence of thrombocytopenia grade 3
was associated with worse PFS and OS, a result not previously


https://www.spandidos-publications.com/10.3892/mco.2025.2851

12 ZHANG et al: PERIPHERAL BIOMARKERS PREDICT SURVIVAL IN PATIENTS WITH GBM TREATED WITH TMZ

reported. For patients with GBM (IDH wt), the presence of
any thrombocytopenia resulted in significantly worse PFS and
OS. In a previous study, decreased platelet count from baseline
during concomitant radiotherapy and TMZ was associated
with prolonged survival (20), which we did not find in our study.
Thrombocytosis can occur in patients with malignant glioma
and may lead to complications and increased mortality (21).
Alternatively, thrombocytopenia and poor survival in our
study may reflect dose-limitations of TMZ during the chemo-
therapy course leading to poor outcomes. The data suggest
that thrombocytopenia in our patient cohort is a marker for
poor prognosis during TMZ treatment. The opposed effects
of leukopenia and thrombocytopenia on outcomes suggests
that TMZ exposure may result in a leukocyte predominant vs.
platelet predominant bone marrow effect. This may serve as
evidence for using such target blood counts to potentially aid
in adequate TMZ dosing for each individual.

These findings may have clinical implications. Much like
IDH, MGMT and other important factors such as Karnofsky
Performance Scale and age, we have identified and found
supportive evidence of using peripheral blood counts as
important biomarkers for prognostication in patients with
GBM (IDH wt) and astrocytoma, IDH-mutant, grade 4
treated with TMZ. Future applications include providing a
simple feedback tool to optimize treatment, and aid discussion
of prognosis. Limitations of this study include the use of two
patient cohorts with some variation in PFS and OS. This may
be due to the special patient cohorts at BIDMC and MGH, in
which many of them go on to clinical trials and may not reflect
the typical patient in the community. Further, eosinophils,
basophils, or monocytes were not collected for the patient
cohort at BIDMC, which may also be important in explaining
leukopenia etiology. We did not collect corticosteroid exposure
data in this cohort. Notably, corticosteroid exposure and treat-
ment are difficult to assess as patients are treated at different
time points and at different degrees based upon their range of
symptoms and clinical course.

In conclusion, we have identified lower baseline lymphocyte
counts prior to TMZ treatment, as well as during treatment leuko-
penia, lymphopenia, and mild neutropenia development during
TMZ exposure in GBM (IDH wt) and astrocytoma, IDH-mutant,
grade 4 as positive peripheral prognostic biomarkers, while
increased baseline neutrophil counts prior to TMZ treatment and
grade 3 thrombocytopenia development during TMZ exposure
are poor prognostic peripheral biomarkers. Further research must
be done to elucidate the exact mechanisms to further understand
and treat glioblastomas more effectively.
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