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Background and Objective: Standard treatment for glioblastoma includes maximal safe resection
followed by adjuvant radiation and concurrent temozolomide for 6 weeks, followed by 6 months of
maintenance temozolomide; additionally, concurrent high doses of corticosteroids are required for many
patients to reduce intracranial pressure and reduce inflammatory side effects. This combination of cytotoxic
therapies (including radiotherapy, temozolomide, and corticosteroids) often results in severe treatment-
related lymphopenia that can persist beyond the duration of therapy.

Methods: Papers on treatment-related lymphopenia were retrieved to analyze the role of lymphocytes in
tumor control, the role of radiotherapy in inducing lymphopenia, understand other contributing factors to
lymphopenia and investigate strategies (including altered radiation approaches) that may reduce the impact
of lymphopenia for patients with glioblastoma in the future.

Key Content and Findings: Radiation, in particular, plays an important role in lymphopenia.
Lymphocytes are considered the most radiosensitive cells in the human body, and ionizing radiation
often results in apoptotic response and rapid death of lymphocytes within hours of exposure. As a result,
radiotherapy can lead to systemic immunosuppression including lymphopenia which is permissive of tumor
growth and is linked to impaired local control and reduced survival. For this reason, interactions between
radiotherapy treatment and the immune response to tumor is the subject of active study. This study also
explores promising lymphocyte-medicated immune therapies which have developed clinical use for many
non-glioblastoma cancer types, with promising preclinical results in glioblastoma treatment.

Conclusions: Limiting treatment-related lymphopenia is especially important in improving treatment
outcomes for glioblastoma. Research on strategies to reduce the impact of lymphopenia may promote

improved treatment outcomes for glioblastoma patients.
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Introduction resection is considered the gold standard to achieve maximal
survival benefit while preserving neurological function
Background . . . . .
whenever possible. Even with maximal therapy including
Glioblastoma is the most common malignant primary a gross total resection, however, most patients with
brain tumor in the adult population. Maximal safe surgical glioblastoma will develop recurrent tumors. Consequently,
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standard of care for glioblastoma generally includes
maximal safe resection followed by adjuvant radiation
and concurrent temozolomide for 6 weeks, followed by
6 months of maintenance temozolomide (1). Even with
maximal combination therapy, glioblastoma has a high rate
of recurrence and poor median survival at 17 months even
for younger patients with excellent performance status (2).

Glioblastoma, remains incurable even though it is a
localized tumor and many treatments appear effective in
preliminary studies with cell culture or rodent models. A
contributing factor to poor control appears to be an i vivo
suppression of anti-tumor immune response both as an
adaptive response to the tumor itself, and also as a consequence
of the therapies used (3-6). Standard radiation treatment for
glioblastoma, with or without concurrent temozolomide,
causes significant and prolonged lymphopenia which even
while being cytotoxic to tumor cells could result in impaired
tumor control and reduced survival outcomes (5,6).

Rationale and knowledge gap

In this review, we will explore the evidence that radiotherapy
treatment causes lymphopenia with a consequent decrease
in tumor control. Conventionally fractionated radiation
has a daily cytotoxic effect on circulating lymphocytes cells,
among the most radiosensitive tissues in the human body
(7,8). Conversely, high-dose hypofractionated radiotherapy
given over several days, rather than over weeks, may result in
less lymphotoxicity through reduced dose to the circulating
blood (6,9-12). In addition, high-dose hypofractionated
treatment has potential to boost the anti-tumor immune
response when used synergistically with lymphocyte-
mediated immune therapies by increasing tumor neo-
antigens that may be detectible and then targeted by the
immune system (13-15). For this reason, there is increasing
attention that is directed towards improving radiotherapy by
developing an understanding of both the lymphotoxic effects
of standard fractionated radiotherapy and the potential to
harness the synergistic effects of high-dose hypofractionated
radiotherapy in improving tumor outcomes.

This review is significant in that it provides new
updates regarding the recent advances in lymphocyte-
mediated immune therapies over the past several years
and emerging interest in considering the use of high-dose
hypofractionated radiotherapy which may actually increase
the effectiveness of treatment in certain scenarios and
disease sites, although this remains an area of active research
in glioblastoma and other solid tumors (6,16).
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Objective

Our objective is to describe the immunosuppressive effects
of radiotherapy and its impact on local control and survival
outcomes. Further, we aim to explore the systemic effect of
radiation on circulating white blood cells in glioblastoma
patients. We then aim to review other contributing factors
to immunosuppression and describe the potential role of
cancer cells in triggering neuroprotective anti-inflammatory
mechanisms (generally part of the normal adaptive
protective response to prevent injury from excessive neuro-
inflammation after ischemic stroke and traumatic brain
injuries), and how this is exacerbated by radiotherapy creating
an immune environment permissive of tumor growth within
the central nervous system. Finally, we provide updates
regarding lymphocyte-mediated immune therapies over
the past several years and how immunotherapy (combined
with possible use of hypofractionated radiotherapy) may
provide insights towards limiting the impact of treatment-
related lymphopenia and optimizing treatment outcomes
in the future for glioblastoma patients. We present this
article in accordance with the Narrative Review reporting
checklist (available at https://cco.amegroups.com/article/
view/10.21037/cco-22-94/rc).

Methods

A literature review was performed using PubMed and Google
Scholar to identify scientific articles published between 1970
and 2022. The search terms used included “glioblastoma”,
“treatment-related lymphopenia”, “radiotherapy”,
“tumor microenvironment”, “anti-tumor immunity”,
“immunosuppression” and “immunomodulation”. We used a
table (Table I) to present detailed search strategy.

Immunosuppressive tumor microenvironment
unique to glioblastoma

Unlike most solid tumors, glioblastoma is characterized
by a highly immunosuppressive tumor microenvironment
within the brain (17). First of all, the central nervous
system is generally protected by the blood-brain-barrier.
While the goal of the blood-brain-barrier is to restrict
pathogen entry into the brain, it also contributes towards
an immunosuppressive microenvironment by preventing
circulating immune cells from infiltrating the brain
parenchyma (17,18). In addition, glioblastoma cells generate
an immunosuppressive environment that are conductive
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Table 1 The search strategy summary
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Iltems Specification

Date of search
Databases and other sources searched

Search terms used

08/01/2022-09/26/2022
PubMed, Google Scholar

Glioblastoma; treatment-related lymphopenia; radiotherapy; tumor microenvironment;

anti-tumor immunity; immunosuppression; immunomodulation

Timeframe 1970-2022

Inclusion and exclusion criteria

Inclusion criteria: research articles and reviews in English about themes such as

treatment related lymphopenia and immunosuppression. Exclusion criteria: some
papers which we considered were controversial or with low reliability

Selection process

Carmen Kut and Lawrence Kleinberg conducted the selection and discussed the

literature and obtained the consensus

Any additional considerations, if applicable

Some papers were identified by reviewing reference lists of relevant publications and

from a priori knowledge of key publications

to tumor growth (19,20). For example, glioblastomas are
known to render T cells dysfunctional once they have
migrated from the circulating blood pool into the tumor
microenvironment (21). Glioblastoma cells are also known
to trigger decreased T cell production and reduce the
availability of T cells for anti-glioblastoma immunity
(19,22). All of these mechanisms create an immune
environment rendering glioblastoma patients especially
vulnerable to the severity and consequences of treatment-
induced lymphopenia.

Definition of lymphopenia

Lymphopenia is commonly defined by the Common
Terminology Criteria for Adverse Events (CTCAE
Version 5.0) (23). Grade 2 lymphopenia is defined by an
absolute lymphocyte count (ALC) of <500 cells/mm’;
grade 3 lymphopenia by ALC <200 cells/mm’; and grade 4
lymphopenia by ALC <50 cells/mm”* (23).

Glioblastoma treatment

Glioblastoma is the most common and most aggressive
adult primary brain cancer, with a median survival of 14 to
15 months (24). The current standard of care is maximal
safe resection, followed by radiotherapy with temozolomide
chemotherapy. Radiotherapy is given daily for six weeks
(30 treatments) with concurrent temozolomide at 75 mg/m?,
administered Monday to Friday before each daily
radiotherapy session. This was followed by maintenance
temozolomide at 150 mg/m’ monthly for 6 additional
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cycles. The radiation component of the therapy consists
of an initial gross target volume (GTV) defined by
contrast enhancement plus the post-operative cavity plus
surrounding edema treated to 46 Gy in 23 fractions,
followed by a boost of 14 Gy in 7 fractions to the area of
contrast enhancement plus the post-operative cavity. Wide
margins in the brain (generally a 1.5 to 2.5 cm expansion
from gross treatment volume to planned treatment volume)
are necessary for glioblastoma radiotherapy coverage given
the aggressive histology and the tendency for glioblastoma
to develop finger-like projections that infiltrate deep
into the surrounding tissue. Additionally, corticosteroids
are often used to reduce intracranial pressure and limit
inflammatory side effects secondary to radiotherapy. It is
generally administered from diagnosis at a maximum dose
of 4 mg every 6 hours for a period of >8-12 weeks, and
gradually tapered as tolerated following the completion
of radiotherapy. This combination of cytotoxic therapies
(radiotherapy, temozolomide and corticosteroids) for
glioblastoma treatment often places our patients at high risk
for severe treatment-related lymphopenia that can persist
for months (25).

Treatment-related lymphopenia in glioblastoma

Lymphopenia was first noted as a potentially important
complication in 2003 by an unexpected increase in cases
of Pneumocystis Firoveci pneumonia cases in patients with
primary brain tumors who were treated primarily with post-
operative radiotherapy and corticosteroids (26). This led to a
retrospective study which found that radiotherapy and high-

Chin Clin Oncol 2023;12(1):4 | https://dx.doi.org/10.21037/cco-22-94



Page 4 of 14

dose corticosteroids (without chemotherapy) were sufficient
to trigger continuous decline in CD4 lymphocytes throughout
the weeks of treatment, with 24% of patients resulting
in CD4 counts <200/mm’ (27). After temozolomide was
established as part of standard of care, a second prospective
study evaluated 96 patients and found that that those with
CD#4 counts <200/mm’ at 2-month follow up had significantly
worse survival (median survival at 13.1 vs. 19.7 months,
P=0.002) (28). Most importantly, 88% of these deaths resulted
from disease progression, whereas only 2.5% were due to
infecdon. Rahman ez 4/. (29) published an abstract in 2016 and
provided retrospective data with 196 glioblastoma patients
which supported this observed association of treatment-
related lymphopenia with reduced survival outcomes. In this
study, Rahman ez 4. found that 47% of the patients developed
grade 3—4 lymphopenia (defined by post-treatment ALC
<500 mm’), and that lymphopenic patients had reduced
overall survival (13.1 vs. 18.2 months, P=0.023). Similarly,
Mendez et al. observed shorter survival patterns in elderly
(age >65) glioblastoma patients with ALC <500 cells/mm’ two
months after initiating radiotherapy and temozolomide (4.6 vs.
11.6 months, P=0.008) (30). This observation is supported
by more recent studies highlighting the association of severe
treatment-related lymphopenia with inferior overall survival
(HR 1.08, P=0.009) (31).

Treatment-related lymphopenia in other solid
tumors

Radiation-induced lymphopenia has since been observed
in patients diagnosed with other solid tumors and is
similarly associated with worse survival outcomes. Since
chemotherapy and radiotherapy often provide synergistic
mechanisms in targeting tumor cells, they are often used
concurrently for their cytotoxic and anti-neoplastic effects
in many disease sites. However, myelosuppressive systemic
therapies can also significantly impact circulating blood cells
and bone marrow reserves. While irradiation of the bone
marrow can result in myelosuppression and pancytopenia,
radiotherapy generally has a more selective role in inducing
lymphopenia through its effect on circulating blood cells
rather than the bone marrow progenitor cells. Mammalian
lymphocytes are exquisitely radiosensitive and rapidly
undergo apoptotic death within hours of radiation exposure
within the treatment field. Consequently, treatment-related
lymphopenia occurs in 40% to 70% of patients diagnosed
with solid tumors and treated with radiotherapy, regardless
of the type of corticosteroid and/or chemotherapy regimens
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that were administered concurrently (30,32-44).

Treatment-related lymphopenia is associated with
significantly worse overall and progression-free survival
in many other solid tumor types outside the central
nervous system (CNS) (32,33,35,37,40,44-47). Table 2
summarizes both prospective and retrospective data
highlighting the impact of lymphopenia on survival
outcomes in including nasopharyngeal cancer, malignant
glioma, gastrointestinal malignancies, pancreatic cancer,
esophageal cancer, lung cancer, cervical cancer and
rectal cancer (30,32-40,43,44,48,49). For example, Liu
et al. (32) conducted a prospective study with 413 patients
diagnosed with nasopharyngeal cancer, and found that
those with on-treatment ALC nadir of <390 cells/mm’ had
significantly lower 5-year overall survival (79% vs. 90%,
P=0.002) and 5-year progression free survival (72.4% vs.
79.8%, P=0.005). Similarly, several retrospective studies have
demonstrated significantly reduced median survival for lung
and pancreatic cancer patients treated with chemoradiation
with ALC <500 cells/mm’ and 2-month follow-up status
post treatment. A recent study showed that patients with
decreased wvs. increased T-cell receptor repertoire post-
radiotherapy had a 3-year overall survival of 22% vs. 75%
(P=0.04) in gastrointestinal malignancies (48).

Radiotherapy is cytotoxic to circulating
lymphocytes

Lymphopenia in patients treated with cranial radiotherapy is
predominantly the result of radiation exposure of circulating
blood cells (50). Bone marrow or lymphatic tissue are less
likely contributing factors since only a limited volume of
these tissues were exposed to cranial radiotherapy. For
example, localized cranial radiotherapy when added to
marrow depleting chemotherapy resulted in increased
leukopenia and thrombocytopenia (51). Importantly,
extracorporeal irradiation of the circulating blood for dialysis
patients (for sterilization purposes) has been shown to cause
severe lymphopenia in the absence of any radiation exposure
to the patient’s marrow or other tissues (50).

As irradiation of circulating blood is a cause of lymphopenia,
the fractionation regimen and size of radiation target
can have a significant impact. In 1978, MacLennan et al.
explored this issue and found that the extent of lymphopenia
in patients treated with whole brain radiotherapy is
dependent upon the number of radiotherapy fractions (with
a constant total combined dose of 24 Gy) (52). Importantly,
this study found that irradiation of the brain in patients with
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Figure 1 Percentage of blood receiving >0.5 Gy plotted against
number of fractions administered. Dose rate =600 MU/min; PTV
diameter =8 cm (volume =268 cc) at 2 Gy per fraction. Reprinted
with permission from Cancer Investigation (Taylor & Francis

Group) (53). MU, monitor units; PTV, planned target volume.
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Figure 2 Percentage of blood receiving >0.5 with varying PTV
sizes of 2 cm diameter (4.2 cc) and 8 cm diameter (268 cc). Dose
rate =600 MU/min at 2 Gy per fraction. Reprinted with permission
from Cancer Investigation (Taylor & Francis Group) (53). MU,

monitor units; PTV, planned target volume.

childhood leukemia can result in a 65% greater reduction
in the averaged lymphocyte counts after 20 daily fractions
when compared with five daily fractions. This suggests that
repeated daily radiotherapy sessions exposed more of the
circulating lymphocytes to the radiotherapy treatment field,
which results in more severe immunosuppression. We note
that the effect may be particularly important for cranial
radiotherapy given that the brain is a highly perfused organ.

This observation of the immunosuppressive effect based
upon radiation fractionation is supported by a modeling
study which generated a typical glioblastoma plan with an
8 cm tumor planned for 60 Gy in 30 fractions to assess the

© Chinese Clinical Oncology. All rights reserved.
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percent of circulating cells receiving >0.5 Gy (53). This study
showed that while a single radiation fraction would expose
only 5% of the circulating blood cells to a dose of 0.5 Gy,
thirty radiotherapy fractions would have exposed 99% of the
circulating blood cells (53) (see Figures 1,2). Similarly, the
target irradiation volume also plays a significant role; for a 60
Gy plan administered in 30 fractions, the average dose to the
circulating blood was 2.2 Gy for an 8-cm diameter planned
target volume (PTV), but only 0.3 Gy for a 2-cm diameter
PTV (53). This finding also highlights the importance of
addressing treatment-related lymphopenia in glioblastoma
populations, since large volume irradiation of the brain
(with 1.5 to 2.5 cm margins) are often necessary for local
control given the aggressive histology and the tendency
for glioblastoma cells to generate finger-like projections
and infiltrate surrounding normal brain tissues. Byun
et al. presented clinical data in 2019 which supported the
hypothesis that large PTV is indeed significantly associated
with increased incidence of acute severe lymphopenia after
chemoradiation in glioblastoma patients (47).

Although reported studies primarily focused
on knowledge gained from endpoints measured in
routine clinical care, the immunosuppressive effects of
radiotherapy and temozolomide extend beyond overall
lymphocyte and CD4 counts (6). Campian et 4. collected
blood sample for patients with high-grade astrocytoma (54)
and found that 75% patients developed lymphopenia
with significant decline in all tested lymphocyte subsets
included NK cells, B cells and all T lymphocyte subsets
after concurrent radiotherapy and temozolomide.
Furthermore, all lymphocyte populations remained
suppressed with little evidence for recovery through
follow-up testing for a period of up to a year. Similar
results were demonstrated with medulloblastoma patients
who experienced reduced overall lymphocyte counts
during post-operative chemoradiation (55).

Tumor-related immunosuppression likely
contributes to persistence of radiation-induced
lymphopenia

The severity and duration of radiation-induced lymphopenia
are likely exacerbated by the direct and indirect actions
of glioblastoma in generating an immunosuppressive
environment that is conducive to tumor growth. In the
brain, there are built-in immunosuppressive mechanisms
in response to injury for protection of normal brain tissues
during catastrophic events such as strokes and traumatic

Chin Clin Oncol 2023;12(1):4 | https://dx.doi.org/10.21037/cco-22-94



Chinese Clinical Oncology, Vol 12, No 1 February 2023

brain injury (56-58). These mechanisms are highly controlled
and regulated, and are meant to protect neurons from the
fluctuations of nutrients, hormones, metabolites, electrolytes
and other endogenous and exogenous compounds.

In the glioblastoma patient, however, these neuroprotective
anti-inflammatory responses may actually be taken over
by the cancer cells to evade the host immune system
(3,6,59). As they adapt to escape immune surveillance,
glioma cells release a number of soluble mediators which
increase the percentage of T-regulatory (Treg) cells,
induce activation of immunosuppressive M2 macrophages,
stimulate proliferation of myeloid-derived suppressor
cells (MDSCs), and hamper anti-tumor immune activity
within the tumor microenvironment (59). This results in
an immunosuppressive environment at baseline which is
then exacerbated by radiotherapy, and allows glioblastoma
to infiltrate and divide and grow relatively unchecked. An
international prospective trial demonstrated pretreatment
lymphopenia in 24.4% of patients that was associated
with worse survival outcome (60). These tumor-mediated
mechanisms likely explain why post-radiotherapy
immunosuppression can persist for close to one year
for glioblastoma patients, even though the radiotherapy
treatment field includes only the brain with no exposure
to the progenitor cells in bone marrow and/or lymphatic
tissues (6,54).

Other contributing factors to lymphopenia

Lymphopenia in glioblastoma is a complex phenomenon
with contributions from multiple biological mechanisms
in addition to radiotherapy treatment. Temozolomide is a
myelosuppressive systemic therapy and clearly contributes
to the incidence of lymphopenia (6,61); Perry ez al. used
short-course radiotherapy for elderly glioblastoma patients
and found lymphopenia <500 cells/mm’ in 27.3% of
patients treated with both radiation and temozolomide
(compared with 10.3% of patients treated with radiotherapy
alone) (61). Similarly, glucocorticoids are known to suppress
the immune system by triggering apoptotic death for
lymphocytes, and also by upregulating the CTLA-4 which
limits the production of naive T cells and enables tumor to
escape immune surveillance (62,63).

In the context of tumor-related immune suppression,
regulatory T (Treg) cells are key players in maintaining an
immunosuppressive environment in glioblastoma patients
(64-66). In normal tissues, Treg cells have an important
role in dampening potentially damaging excessive
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inflammatory responses and to protect host tissues by
limiting autoimmunity (6). In cancer tissues, however, Treg
cells appear to be significantly upregulated. Fecci er al.
presented evidence for significantly diminished CD#4 counts
in patients with malignant glioma prior to therapy; however,
the percentage of Treg cells appear to be 2.6 times higher
in glioma patients when compared with control (15.9% ws.
6.1%, P=0.004) (67). Similarly, circulating myeloid cells also
contribute to the inhibition of lymphocyte function and
proliferation. Myeloid-derived suppressor cells, for example,
are theorized to produce arginase that depletes L-arginine,
curtails T cell receptor expression, and ultimately results
in a blunted anti-tumor immunological response (68-71).
Myeloid cells are one of the predominant cell types within
a glioblastoma and are essential in the development of an
immunosuppressive environment that promotes tumor
growth. In fact, up to 30-50% of the glioma tissue is made
up of tumor-associated macrophages and microglia rather
than tumor cells (72).

Radiotherapy and immunotherapy: opportunity
for a beneficial liaison?

Limiting treatment-related lymphopenia is especially
important with the introduction of promising lymphocyte-
medicated immune therapies in recent years. In the past
several years, immunotherapy and checkpoint inhibitors
have revolutionized the oncologic field with remarkable
clinical efficacy in many solid tumors (73-77), and we are
hopeful to see similar advances in primary brain tumors
as well. Initial preclinical data highlights the potential
of checkpoint inhibitor use in glioblastoma patients. For
example, Guan et /. enrolled 471 glioblastoma cases
and found that the expression of CTLA4 in the tumor
specimen was positively correlated with the infiltration
level and macrophage function in the glioblastoma tumor
microenvironment (62), which points towards CTLA4 as
a prospective target for glioblastoma treatment. Mathios
et al. found that anti-PD-1 treatments are efficacious in
facilitating an anti-tumor response and improving survival
in glioblastoma mice models (78). Nevertheless, a recent
phase III trial in human patients did not show a benefit (79).
However, a robust lymphocyte count is essential to optimize
the efficacy of any immune-directed therapies which may
be impaired in glioblastoma as a result of the radiotherapy
and systemic therapy. Anti-PD-1 treatment, for example, is
enhanced by locally delivered chemotherapy, but abrogated
by systemic chemotherapy considering its myelosuppressive
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side effects (78).

Radiotherapy and checkpoint inhibitors:
synergistic or adversarial relationship?

Since radiotherapy is cytotoxic and a key driver for
lymphodepletion, logically we would expect a dampened
treatment efficacy when radiotherapy is used in conjunction
with immune checkpoint inhibitors. However, the answer
is not so simple, as radiation has been linked with both
immuno-potentiating and immunosuppressive effects
(10,36,53,79,80). In the 1950s, the term “abscopal effect”
was coined to describe the regression of distant tumors that
were outside of the radiation fields (81). While this term
remains controversial, there is preclinical evidence that
support the observation for abscopal effect especially when
radiation is used in conjunction with immunotherapies.
Zeng et al. in 2012 evaluated the use of a single-fraction
stereotactic radiotherapy to enhance anti-tumor immune
responses in mice implanted with an orthotopic brain tumor,
and found that long-term survival was only observed in the
combined treatment arm with both PD-1 blockade and
stereotactic radiotherapy (9). Similar results were observed
in other disease sites (10,79,80,82,83). Short-course
radiotherapy (12 Gy in 1 fraction, or 10 Gy in 5 fractions),
when used in combination with anti-PD-L1 treatments,
were found to have a synergistic effect in potentiating the
immune response and triggering an abscopal response
in murine tumor models (84,85). In clinical studies, the
combination of focal radiotherapy (6 Gy x 5 or 9.5 Gy x 3)
and CTLA-4 blockade was found to augment anti-tumor
responses in patients with chemo-refractory metastatic non-
small cell lung cancer (10,79,80).

Investigational strategies to improve immune
response to glioma

There is increasing evidence that the fractionation scheme
and target volume are essential in determining whether
radiotherapy has an immuno-suppressive vs. immuno-
potentiating effect. The standard fractionation regimen
(60 Gy in 30 fractions) is effective in killing glioblastoma
cells and takes advantage of the better therapeutic ratio
with a small daily fraction size i.e., a more favorable tradeoff
with high tumor control and less potential injury of normal
tissues. However, the treatment field covers large intracranial
volumes and irradiates >99% of the circulating lymphocytic
population over the course of 30 daily fractions (53).
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As a result, this fractionation regimen promotes an
immunosuppressive regimen which could impede local tumor
control and reduce survival outcomes even while effectively
killing tumor cells.

On the other hand, there is emerging evidence that
stereotactic and/or hypofractionated radiotherapy regimens
(with higher daily doses) are amenable to boosting anti-
tumor immune activity through upregulation of tumor
antigens, activation of inflammatory pathways, and reduction
of Treg and myeloid-derived suppressor cells in the tumor
microenvironment, amongst other changes (6,9-11).
Stereotactic approaches allows for tighter treatment margins
which translates to a smaller irradiated volume and lowered
lymphopenia risks during the course of radiotherapy. While
this remains an area of active research, there is preliminary
evidence that support the use of stereotactic and/or
hypofractionated approaches in glioblastoma. For example,
investigators at Memorial Sloan Kettering Cancer Center
used a “dose painting” integrated boost to administer 600 cGy
x 6 (plus 1 em margin) to the contrast enhanced tumor
cavity and 400 cGy x 5 to the larger T2/FLAIR volume at
risk for subclinical disease (12) along with temozolomide
with favorable 1-year overall survival at 93%, and favorable
median survival at 19 months. Hypofractionated regimens are
already accepted in routine therapy for elderly glioblastoma
patients (62). Similar regimens were attempted with other
hypofractionated regimens with mixed outcomes (86-89).
There is evidence from a randomized phase II study that
proton radiotherapy, which results in less exposure of normal
tissues and less exposure of circulating blood outside the
target, may reduce the likelihood of severe treatment-related
lymphopenia for glioblastoma patients when compared with
conventional photon radiation therapies (90). Similarly,
limiting radiation dose to lymphocyte-rich structures may
help to curb the extent of treatment-related lymphopenia and
possibly improve cancer-related outcomes (91).

Clinical trials are ongoing to investigate the
optimal administration of radiotherapy along with
immunomodulatory therapies in glioblastoma. For example,
our group initiated a pilot study to assess the safety and
feasibility of 5-fraction hypofractionated stereotactic
radiosurgery with concurrent combined anti-PD-1 and anti-
TIM3 checkpoint inhibitors for recurrent glioblastoma (92).
We are also testing the use of locally administered non-
myelosuppressive chemotherapy (Carmustine wafers)
along with anti-PD-1 treatment prior to initiation of
lymphotoxic treatment with radiotherapy (93). The role of
hypofractionated stereotactic radiation (as an alternative
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to conventionally fractionated radiation) in the initial
combined modality therapy of newly diagnosed glioblastoma
remains to be assessed as well with regard to the extent
of lymphopenia and tumor outcomes. Other potential
investigative strategies include the depletion of regulatory
T cells within the tumor microenvironment, targeting of
the myeloid-derived suppressor cells, and considerations
to administer locally delivered chemotherapy (rather than
systemic myelosuppressive therapy). Finally, alternative
therapies including interleukin-7 have also been explored
with the goals to restore and maintain total lymphocyte
counts while salvageable systemic therapies are administered
for recurrent glioblastoma patients (94).

Strengths and limitations

In this narrative review, we have provided a broad
overview related to treatment-related lymphopenia in
glioblastoma patients, explored mechanisms behind the
unique immunosuppressive environments in the brain, and
summarized recent research in understanding how we may
be able to adjust our current treatment regimens to maximize
treatment impact and limiting treatment-related lymphopenia
in this era of immunotherapeutics. Data from this review
is provided primarily by a combination of literature search
and research experience from the authors. There are some
limitations of this narrative review. First of all, this review is
subject to publication bias as positive results are more likely
to be accepted for publication and cited during the literature
search process. Furthermore, the glioblastoma tumor
microenvironment is highly complex and heterogeneous in
nature. Despite recent research attempts, the cellular and
molecular complexity of the glioblastoma microenvironment
remains poorly understood and recently published papers
may be subject to biased interpretations in the setting
of limited data available. Future research is necessary to
further understand the tumor microenvironment and how
we can maximize treatment impact especially in this era of
immunotherapeutics. Finally, since the review is narrative in
nature, it can be subject to the authors’ unconscious biases
during the literature search process and the interpretation of
study findings.

Conclusions

Glioblastoma is an aggressive cancer type with median
survival of approximately 14-15 months with rare 5-year
survivorship after maximal safe resection followed by
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the combination of radiation, temozolomide and often
corticosteroids when indicated. While these adjuvant
treatments (including radiotherapy, temozolomide,
and corticosteroids) are effective, they are also a cause
of significant lymphopenia which can impair tumor
outcome. At the same time, the tumor often “hijacks”
neuroprotective anti-inflammatory mechanisms to perpetuate
an immunosuppressive environment that promotes tumor
growth. Radiotherapy, in particular, has been identified
as a treatment modality with both immuno-modulatory
and immuno-suppressive effects adding to the complexity
of designing an approach that best enhances the anti-
neoplastic immune response when combined with the use
of checkpoint inhibitor therapy for this disease. Future
research is necessary to further understand this dynamic
and how we can adjust radiation fractionation scheme
and target volumes to maximize treatment impact in this
era of immunotherapeutics. Prospective studies will be
required to determine whether improving lymphopenia
will lead to better tumor outcome, especially as there are
many other immunosuppressive effects within the tumor
microenvironment. For this reason, it is equally important to
better understand the complex interplay of immune-mediated
factors within the tumor microenvironment, and how we can
devise innovative investigational approaches in the future
to limit lymphopenia risks, maximize anti-tumor immune
responses, and improve treatment outcomes in glioblastoma.
The decreased survival associated with treatment-related
lymphopenia suggests the potential of improved anti-
neoplastic immune response in improving the outcome of
this disease.
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