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ABSTRACT 
Glioblast oma is associat ed with a dismal prognosis with the standard of car e inv olving surgery, 
r adiation ther ap y and temo z olomide chemotherap y. T his r eview inv estiga tes the fea tures tha t make 
glioblastoma difficult to treat and the results of glioblastoma immunotherapy clinical trials so far. 
Ther e hav e been ov er a hundr ed clinical trials inv olving immunotherapy in glioblastoma. We report 
the surviv al-rela t ed out c omes of every Phase III glioblast oma immunotherapy trial with online 
published results we could find at the time of writing. To date, the DCVax-L vaccine is the only 
immunotherap y sho wn t o have statistically sig nifican t increased median surviv al compared with 
standard- of- care in a Phase III trial: 19.3 months versus 16.5 months. However, this trial used an 
ext ernal c ontrol g roup t o c ompare with the int ervention which limits its quality of evidence. In 
c onclusion, glioblast oma immunotherapy r equir es further investigation t o det ermine its sig nificanc e 
in improving disease survival. 
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. I ntro duction 

lioblastoma (GB) is an intrinsic brain tumor that orig-
nates from neuroglial stem or progenitor cells [ 1 ]. It
s associated with a dismal prognosis that confers a
oor quality of life [ 2 ]. GB is the most aggr essiv e and
ommon primary brain tumor in adults and is classified
s a grade 4 tumor by the World Health Organization
WHO) classification of central nervous sy st em (CNS)
umors [ 3 , 4 ]. Hist olog ical features of GB include poorly
ifferen tia ted astrocytic tumor cells with nuclear atypia
nd microvascular proliferation and necrosis [ 4 ]. Prior to
021, g reat er than 90% of GB w er e consider ed isocitrate
ehy dr ogenase IDH wild-type tumors [ 1 ]. Those that had
ene mutations of isocitrate dehy dr ogenase (IDH) 1 or 2
 er e consider ed to hav e a mor e fav orable out c ome [ 3 ].
s of 2021, with the release of the 5th Edition of the
HO classification of CNS tumors, GB is restrict ed t o only

DH wild-type tumors [ 4 , 5 ]. The previously classified IDH
utated GB have been reclassified as astrocytoma IDH
utat ed g rade 4 tumors [ 4 , 5 ]. Additionally, a minority

f GB ev olv e fr om pr eviously diag nosed WHO g rade
 or grade 3 gliomas and are thus termed secondary
lioblastomas [ 3 ]. 

On a molecular lev el , sev eral changes occur in
B and include mutations in genes regulating P53,
ONTACT Andrew Ng Tel.: 413 794 4373; andrew.ng@baystatehealth.org ; Haze
2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group 

his is an Open Ac c ess article distributed under the terms of the Cr eativ e Commons A ttribution
ermits unr estricted non-commer cial use, distribution and r epr oduction in any medium, pr ovid
llow the posting of the Ac c epted Manuscript in a repository by the author(s) or with their c ons
r etinoblastoma pr otein (RB) signaling, r eceptor tyr osine
kinase (RTK)/rat sarcoma (RAS)/phosphoinositide
3-kinase (PI3K) [ 3 ]. The status of MGM T pr omoter
methylation has been identified as an important
prog nostic fact or for pa tien t surviv al , as it can pr edict
the response to temo z olomide therap y [ 3 ]. Since
2005, the standard of care has included maximal safe
surgical resection followed by radiation therapy (RT) and
chemotherapy with temozolomide [ 1 , 6 ]. Interestingly,
this standard- of- care has been shown to result in a
g reat er overall survival of 22.6 months (95% CI: 19.7–26.0)
in female pa tien ts, compared with 15.9 mon ths (95% CI:
14.0–19.4, p = 0.0006) in male pa tien ts [ 7 ]. Although not
the focus of this review, it is important to note that sexual
dimorphisms from hormones to molecular mechanisms
in the disease have been documented [ 8 ]. 

The goal of this review is to investigate the features
of GB that make it difficult to treat and to discuss what
investigations using immunotherapy for GB trea tmen t
have yielded so far. There have been over a hundred
trials involving the use of immunotherapy with GB. The
majority of these trials are Phase I or Phase II trials.
While presenting the major immunotherapies that have
been t est ed with GB, w e r eport survival-r elated r esults
of every Phase III GB immunotherapy trial with online
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ublished results we could find at the time of writing
n October 2023. Our focus was on Phase III clinical
rials as our primary inv estigativ e question was whether
mmunotherapy had been shown to have a survival
enefit compared with the current standard of care. From
ur literatur e r eview, w e hav e found v ery little evidence
upporting immunotherapy increasing survival time in
B to date. 

. Glioblastoma mechanisms of tr ea tment 
resistance 

.1. Cancer stem cells 

B c ontain canc er st em c ells (CSCs) [ 9 ]. Like other st em
ells, CSCs possess the ability to self-renew and differ from
heir parent cells in terms of metabolic and regulatory
a thw ays, making them highly challenging to target
ith therapy [ 9 ]. Through the release of cytokines and

hemokines, CSCs recruit immunosuppressive cells, pri-
arily tumor-associated macrophages (TAMs), myeloid-

eriv ed suppr essor cells (MDSCs), T-r egulatory (Tr eg) cells
nd natural killer (NK) cells. In turn, these immuno-
uppr essiv e cells promote the differen tia tion of CSC
henotypes, leading t o chemo-resistanc e and evasion of

mmune surveillance. Supporting CSCs, the extracellular
atrix (ECM) of GB plays a crucial role by pr oviding r ecep-

ors for the stem cells to anchor and proliferate. Specific
CM proteins tha t facilita te this role are LAMA2, which

s inv olv ed in CSC gr owth, and ITGA6, which c ontribut es
o CSC self-r enewal . Fur ther suppor ting the CSCs, is the
 ypoxic en vir onment cr eated fr om tumor cell pr olifer-
tion. This hypoxic environment reduces oxygen free
adical forma tion associa t ed with RT and thus reduc es
NA damage to the CSCs. The h ypoxic en vironment also
r omotes chemor esistance by enhancing the expression
f efflux ABC transporters which lead to reduced drug
 onc en tra tion within the cells [ 10 ]. 

.2. The tumor immune microenvironment: 
glioma-assoc ia ted mic roglia, my eloid-deriv ed 

suppressor cells 

ne of the primary challenges in treating GB is its highly
mmunosuppr essiv e tumor immune micr oenvir onment.
o enhance therapeutic strat eg ies, it is imperative to gain
 compr ehensiv e understanding of the tumor immune
icr oenvir onment and the inherent heterogeneity it

resents. 
One of the most abundant immune cell populations

n the tumor immune micr oenvir onment (TIME) of GB
onsists of glioma-associated microglia (GAMs). These
ells play a piv otal r ole in shaping the immune landscape
ithin GB. As previously studied in different tumors,
the behavior of macrophages can be influenced by a
variety of cytokines and chemokines. These signaling
molecules can induce a transformation of macrophages
into either M1 or M2 phenotypes, with distinct functions.
M1 macrophages typically exhibit tumor-suppressive
functions, while M2 macrophages tend to promote tumor
gr owth and immunosuppr ession. How ev er, the c omplex -
ity of GAMs in the TIME of GB goes beyond the M1/M2
classifica tion. These GA Ms often exhibit a high degree of
plasticity, adapting to the specific signals and interactions
within the GB micr oenvir onment and leaning toward
immunosuppr essiv e functions. These GAMs have the
ability t o generat e both an ti-inflamma t ory cyt okines and
fact ors that enc ourage tumor g rowth [ 11 ]. Additionally,
PD-L1 has been found on GAMs and is known to play a
role in promoting angiogenesis and activ a ting immune
checkpoints [ 12 ]. 

My eloid-deriv ed suppr essor cells (MDSCs) hav e also
been observed to be present within the glioma Tumor
Micr oenvir onment. These cells employ mechanisms simi-
lar to GAMs and act by suppressing the activity of tumor-
specific effector T cells. Chemoa ttractan ts released by GB
cells recruit and enable tumor-associated macrophages
and my eloid-deriv ed suppr essor c ells (MDSCs) t o bypass
the blood–brain bar r ier (BBB) and facilitate tumor for-
mation [ 13 ]. This proc ess undersc ores the sig nificanc e
of the interplay between immune cells and the tumor
micr oenvir onment in glioma pr ogr ession. Furthermor e, a
notable deficiency in the numbers of natural killer (NK)
c ells and T c ells, which typically play a role in tumor
suppr ession, has been observ ed . Apart fr om being defi-
cient, both CD4 and CD8 cells have been observed to be
dysfunctional. This immune cell deficit and dysfunction
further c ontribut e t o the immunosuppr essiv e natur e of
the glioma micr oenvir onment [ 14 ]. 

2.3. Vascularity 

Ang iogenesis is rec og nized as a hallmark of tumors,
and GB is particularly known for its high vascularity [ 4 ].
The rapid tumor growth of GB creates greater nutrient
and oxygen demand which stimulates new blood vessel
formation and thus high tumor vascularization [ 15 ]. Beva-
cizumab, a drug targeting VEGF, has demonstrated some
impr ov ement in pr ogr ession-fr ee survival , but not ov erall
survival [ 16 ]. How ev er, targeting VEGF, while potentially
achieving v essel r egr ession, can lead to hypoxia and
upr egulation of pr o-ang iogenic fact ors like SDF1 α. This
upr egulation r esults in the recruitment of bone marrow-
derived cells with the ability to promote further angio-
genesis and tumor pr ogr ession, ultimately leading to
trea tmen t failure. Another factor that may explain Beva-
cizumab’s minimal efficacy in GB is the expression of the
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ndothelial cell-independent tube-like vascular structure
alled vasculogenic mimicry in GB [ 17 ]. These structures
re made from tumor cells that mimic endothelial cell
unction through their plasticity and extracellular matrix.
asculogenic mimicry has been associated with poor
rognosis in GB and may require iden tifica tion and

argeting of its relat ed sig naling pathway s t o impr ov e
rea tmen t [ 18 ]. Due to the highly vascular nature of GB
haracteriz ed b y leaky vessels and r apid infiltr a tion in to
eighboring tissues, surgery has struggled to achieve

umor-free margins. 
Lastly, Caspase 8, a protein involved in apoptosis,

romotes NF- κB transcription factor activ a tion, leading to
nhanced secretion of VEGF, IL -6, IL -8, IL -1 β and MCP-1.
his cascade of ev ents r esults in neov asculariza tion and
esistanc e t o t emo z olomide [ 17 ]. 

.4. The blo o d–bra in ba rrier & blo o d–tumor ba rrier 

he brain is a vital organ prot ect ed by the blood–brain
ar r ier, which is highly selective in allowing substances

o pass through. While this bar r ier is essential for safe-
uarding the brain in healthy individuals, it poses a sig-
ificant challenge in treating GB with chemotherapeutic
rugs [ 10 ]. Several studies have explored methods to
nhance drug delivery to the brain, such as brain micro-
ialy sis, intrac erebral implan ta tion and in traven tricular
eliv ery. How ev er, these appr oaches hav e often r esulted

n sev er e side effects and damage to normal brain tissue.
 pr omising appr oach lies in altering the permeability of

he blood–brain bar r ier using osmotic agents and efflux
ump inhibitors [ 10 ]. 

Notably, the blood–brain bar r ier’s structure and
ehavior are altered in the presence of brain tumors.
his modified bar r ier is called blood–tumor bar r ier [ 19 ].
xamples of these structural differences between a
or mal blood–brain bar r ier and that observed in the
rain-tumor bar r ier of GB include reduced expression of

ight junction claudins in endothelial cells and thinned
asement membranes [ 19 ]. These structural differences
etween the blood–brain bar r ier and blood–tumor
ar r ier result in a leakier bar r ier in the blood–tumor
ar r ier [ 20 ]. It is theorized that a better understanding
f the differences between the blood–brain bar r ier and

he blood–tumor bar r ier will allow for the design of
herapeutics for pr efer ential uptake into the blood–
umor bar r ier and lead to mor e fav orable r esponses to
n terven tions [ 19 , 20 ]. 

.5. Repa ir mecha nisms 

B consists of different genetic subclones and tran-
criptomic profiles that enable a unique DNA damage
esponse leading to drug resistance. MGMT is a DNA
repair enzyme that reverses the cyt ot oxic lesions gener-
at ed by t emozolomide. GB with highly methylat ed pro-
mot er sit es for the MGMT gene have shown g reat er resis-
tanc e c ompared with those with unmethylation. Another
resistance mechanism to temo z olomide inv olv es the mis-
mat ch repair (MMR) sy st em. This sy st em typically det ects
temo z olomide-induced mismatched pairing during DNA
replication and activates signaling pa thw ays tha t lead to
cell cy cle arr est and cell death [ 21 ]. How ev er, it has been
observed that GB with chronic exposure t o t emo z olomide
can produce clones with loss-of-function mutations of
MSH6, a part of the MMR [ 22 ]. Thus, these cells with MSH6
mutations do not respond to the temo z olomide-induced
mismatched pairing with cell death and become resistant
t o t emo z olomide trea tmen t [ 21 ]. 

Touat et al. [ 23 ] studied the relationship between
MMR deficiency, temo z olomide exposure and the devel-
opment of hypermutation in gliomas in detail. They
present ed evidenc e that r ecurr ent defects in the MMR
pa thw ay dr ive hyper mutation. Additionally, while iden-
tifying the origin of MMR deficiency was challenging,
their data suggested that some MMR variant defects
may be induced by temo z olomide. T he study highlights
that temo z olomide trea tmen t selectively pressures MMR-
deficient cells during late stages, promoting hypermu-
ta tion. This w as v alida ted through experimen ts using
isogenic models and pa tien t -derived xenogr afts, which
demonstra ted tha t MMR-deficien t gliomas can exhibit
resistanc e t o t emo z olomide, and develop a distinct
profile characteriz ed b y a lack of prominent T cell infil-
trat es and ext ensive in tra tumoral het erogeneity. Despit e
the increased mutation burden, MMR-deficient gliomas
paradoxically exhibit a poor response to PD-1 blockade
immunother apy, in contr ast t o MMR-deficient c olorectal
cancers where such therapies are effective. Thus, despite
the 2.5-month overall survival impr ov ement temo z olo-
mide in glioblastoma has shown [ 24 ], these acquired
deficiencies need to be considered when thinking about
the trea tmen t of the disease. 

2.6. Tumor mutational burden 

Tumor mutational burden (TMB) reflects the number
of mutations tumor cells have. It is believed that the
g reat er the number of mutations, the g reat er the num-
ber of potentially tumor-specific neoantigens (antigens
arising from soma tic muta tions). These neoan tigens
could then be targeted by the immune system [ 25 ].
In non-CNS tumors, it has been shown that higher
tumor mutational burden independently and positively
predicted immunotherapy response [ 26 ]. However, GB
has been associated with low tumor mutational burden
with Hodges et al. showing only 3.5% of GB sampled
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 er e consider ed to hav e high tumor mutational bur-
en [ 27 ]. Interestingly, higher tumor mutational burden
as been associated with decreased overall survival

n diffuse gliomas except for in GB where it did not
how a significant difference in overall survival [ 28 ].
ne hypothesis for this was that the high pr oliferativ e
ctivity of these non-GB diffuse gliomas with high TMB
 ontribut ed t o this observ ed phenomenon of decr eased
v erall survival . Still , r egar dless of how mutational bur den
ffec ts fac tors like pr oliferativ e activity, the low TMB
ssociated with GB suggests that this cancer frequently
as fewer neoantigens to mount an immune response to
nd tailor immunotherapy for. 

Supporting these findings, Gromeier et al. [ 29 ] dis-
ussed the association between high TMB and the
esponse to immune checkpoint blockade in various
ancer types and highlighted gliomas as an exception.
heir study showed that patients with r ecurr ent GB and

ow TMB had prolonged survival following trea tmen t with
mmune checkpoint inhibitors. They then demonstrated
hat r ecurr ent GB tumors with low er TMB lev els had
nriched inflammatory gene signatures compared with
hose with higher TMB, but not in primary glioblastoma
umors. These findings indicate that the relationship
etween tumor-intrinsic inflammation and TMB emerges
uring the course of disease r ecurr ence in glioblastoma.

n conclusion, the study suggested that the enrichment
f inflammat ory sig natures in combination with TMB
uppression upon recurrence may explain the association
etw een v ery low TMB, and pr olonged survival with

mmune checkpoint blockade. 

. Glioblastoma immunotherapy clinical trials 

her e ar e ov er a hundr ed clinical trials documented
nvolving immunotherapy with GB at the time of writing.
ow ev er, in our literatur e sear ch, w e hav e only identified

ix Phase III clinical trials ( Table 1 ) and no Phase IV
linical trials. We have chosen to focus on reporting
n the findings of these Phase III trials as they hold

he most clinical relevance. The focus of our literature
eview was to determine if any positive mortality -rela ted
ut c omes with immunotherapy had been demonstrated
hen compared with GB’s current standard of care. Thus,
arkers such as pr ogr ession-fr ee survival and overall

urvival w er e most critically assessed . Pr ogr ession-fr ee
urvival is the length of time before a disease worsens,
nd overall survival is the time from initiation of investi-
a tion observ a tion to dea th. 

.1. Immune che ck point inhibitors 

mmune checkpoint inhibitors have had little suc c ess in
reating GB thus far. While these therapies have been
beneficial in treating other malignancies, their effect
on GB has been limited for reasons not c omplet ely
known [ 30 ]. Several trials are ongoing involving agents
that block PD-1 or PD-L1 which are involved in T-cell
response to tumor cells. PD-1 is expressed on T-cells
and it binds to PD-L1 on tumor cells which results in
sev eral ev en ts tha t benefit the tumor cell such as T-
c ell apopt osis, T-c ell anergy, stimulation of T-regs and
decrease in Natural killer cells [ 30 ]. Monoclonal antibodies
that can bind to either PD-1 or PD-L1 can thus pr ev ent
the bindings and allow for the T-cell to target and destroy
the tumor cell. So far, a leading theory suggests that the
reason PD-1 and PD-L1 monoclonal antibodies have not
shown increased survival is due to the immunosuppres-
sive tumor microenvironment of GB. Several clinical trials
have been done looking at the efficacy of these immune
checkpoint inhibitors on GB and to date, none have had
pr omising r esults. Many of these trials ar e Phase I and
Phase II trials but, some Phase III have been c omplet ed. 

CheckMa te 143 w as a P hase III r andomized clinical trial
comparing the effects of nivolumab, a PD-1 monoclonal
an tibody, against bev acizumab, a VEGF monoclonal an ti-
body. A total of 369 subjects with r ecurr ent GB w er e
randomized to one of the two drugs. The median overall
survival in the nivolumab arm was 9.8 months (95% CI,
8.2–11.8), and for the bevacizumab arm was 10.0 months
(95% CI, 9.0–11.8) and a 12-month overall survival of 42%
in both. By 27 months, every participant had died [ 31 ]. 

Another Phase III clinical trial, CheckMate 498 was
a randomized trial comparing nivolumab + RT to the
standar d of car e of temo z olomide + RT. A total of 560
pa tien ts w er e randomized and r esults show ed median
overall survival was 13.4 months (95% CI, 12.6 to 14.3)
with nivolumab + RT and 14.9 months (95% CI, 13.3 to
16.1) with temo z olomide + RT (hazard ratio [HR], 1.31;
95% CI, 1.09 to 1.58; p = 0.0037) [ 32 ]. 

A third Phase III clinical trial, CheckMate 548, looked
at nivolumab + standard of care (temo z olomide +
RT) against placebo + standar d of car e. This study
randomized a total of 716 pa tien ts with newly diagnosed
GB with methylated or indeterminate MGM T pr omoter
1:1 to these tw o gr oups. The study found that the mean
overall survival for the nivolumab group was 28.9 months
(95% CI, 24.4–31.6) vs the plac ebo g roup 32.1 months
(95% CI, 29.4–33.8) and (HR, 1.1; 95% CI, 0.9–1.3). Thus,
nivolumab did not improve survival in this trial [ 33 ]. 

3.2. Peptide vaccines 

Vaccines have been developed as a potential therapeutic
tool f or GB . Peptide vaccines can be used to target
different tumor-specific antigens that are found on GB.
These tumor-specific antigens are specific to the tumor
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Table 1. Summary of the Phase III clinical trials involving immunotherapy treatment of glioblastoma. 

Type of immunotherapy Trial comparison Clinical trial 

Immune 
Checkpoint inhibitors 

Niv olumab v ersus Bevacizumab CheckMate 143 

Niv olumab v ersus RT CheckMate 498 
Nivolumab + Temozolomide + RT against placebo + Temozolomide + 

RT 
CheckMate 548 

Peptide vaccines Rindopepimut + Temozolomide versus control injections + 

Temozolomide 
ACT IV 

DSP-788 vaccine + Bevacizumab versus Bevacizumab alone NCT03149003 
Dendritic cell vaccines Autologous tumor lysate-loaded dendritic cell vaccination + standard 

of care (surgery, r adiother apy and Temozolomide) versus standard of 
care alone 

DCVax -L vac cine trial 

CAR-T Ther e ar e no Phase III clinical trials 
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ells which provide an ideal target to pr ev en t colla teral
amage to normal tissues [ 34 ]. To date, ther e hav e been
everal trials involving various tumor-specific antigens,
ut there are only two c omplet ed Phase III trials. One
f these trials used Rindopepimut (an EGFRvIIII-based
accine) and the other used DSP-788 (A Wilms tumor 1-
ased vaccine). 

Rindopepimut is a v accina tion tha t targets epidermal
 rowth fact or rec ept or v arian t III (EGFRvIII) which is found

n 24–67% of GB cases wher e EGFR is ov er expr essed [ 35 ].
GFR itself is ov er expr essed in appr oximately 40% of all
B cases [ 35 ]. This vaccine conjugates a specific peptide

PEP-3) of EGFRvIII to keyhole limpet hemocyanin (KLH), a
rotein that induces immune cellular response [ 36 ]. 

NCT00643097 was a Phase II clinical trial that led to
 Phase III trial and assessed the immune responses to
djuv an t Rindopepimut in pa tien ts with newly diagnosed
B. The study had three ar ms. In ar m 1, pa tien ts r eceiv ed
indopepimut and sargramostim (GM-CSF). In arm 2,
a tien ts r eceiv ed 3 initial v accina tions of Rindopepimut
nd sargramostim + temo z olomide for the first 5 days
f a 28-day cycle. In arm 3, pa tien ts received 3 initial
 accina tions of Rindopepimut and sargramostim + temo-
olomide for the first 21 days of a 28-day cycle. A total
f 40 subjects w er e enr olled and split into the three
ifferent arms with 18, 12 and 10 subjects in each group,
 espectiv ely. The primary out c ome of prog ression-free
urvival for Arm 1 was 14.2 months (95% CI, 9.9–17.6),
rm 2 was 12.1 months (95% CI, 10.5–23.7) and Arm 3
1.6 months (95% CI, 8.1–12.7) [ 37 ]. 

A subsequent Phase II trial (ACT III) administered
indopepimut and standard adjuv an t temo z olomide
hemotherapy to 65 pa tien ts with newly diagnosed
GFR vIII-expressing (EGFR vIII + ) GB aft er g ross t otal resec-
ion and chemoradiation. Pr ogr ession-fr ee survival at
.5 months ( ∼8.5 mo from diagnosis) was 66%. Relative
o the study entry, the median overall survival was
1.8 months (95% CI 17.9–26.5 months), and 36-month
verall surviv al w as 26%. After more than 3 months of
accine therapy, 6 tumor samples from the participants
w er e c ollect ed. In 4/6 of these samples, EGFRvIII protein
expression was absent [ 38 ]. 

Finally, there was a Phase III double-blind trial (ACT
IV) that randomized 745 eligible participants to either
a Rindopepimut trea tmen t g roup or a c ontrol g roup. In
each gr oup, participants w ould r eceiv e mon thly in tra-
dermal injections with the c onjugat ed vac cine or just
the KLH antigen until disease pr ogr ession or int oleranc e.
Both groups would also be undergoing concurrent temo-
zolomide trea tmen t alongside the injections. Participan t
eligibility r equir ed GB pa tien ts to ha ve under gone maxi-
mal surgical resection and c omplet ed standard radiation
with temo z olomide. With in ten tion-to-trea t analysis, the
median overall survival of the Rindopepimut group was
17.4 months (95% CI 16.1–19.4 months) and 17.4 months
(95% CI 16.2–18.8 months) in the control group. Thus,
the trial found no significant difference in median overall
survival between the two study groups. Similarly, there
w as no significan t difference f ound in pr ogr ession-fr ee
survival between the 2 groups with a hazard ratio of 0.94
(95% CI 0.79–1.13). Pr ogr ession-fr ee survival median time
in the Rindopepimut group was 7.1 months (95% CI 5.4–
7.9 months) and 5.6 months (95% CI 5.1–7.1 months) in
the control group [ 39 ]. 

NCT03149003 was a Phase III clinical trial that t est ed
the DSP-788 vaccine with bevacizumab versus beva-
cizumab alone in pa tien ts with r ecurr ent or pr ogr essiv e
GB follo wing initial therap y [ 40 ]. T his trial follo wed after
the Phase I study of the DSP-788 vaccine found that
the vaccine was well t olerat ed with no dose-limiting
toxicities [ 41 ]. The DSP-788 vaccine is comprised of
synthetic peptides from Wilms’ tumor 1 (WT1) which is
expressed in GB tumor cells [ 41 ]. In a study investigating
WT1 expression in GB, 48 out of 51 samples showed
immunohistochemically positive staining of WT1 pro-
tein [ 42 ]. The Phase III study enrolled 221 subjects who
w er e randomized to r eceiv e either DSP-788 vaccine +
bevacizumab or just bevacizumab. The primary out c ome
w as overall surviv al starting 4 weeks after the pa tien t w as
off study trea tmen t un til dea th or up to 24 mon ths. The
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edian survival for subjects who r eceiv ed DSP-788 was
0.2 months (95% CI, 8.2–11.4), and for the bevacizumab
roup, it was 9.4 (95% CI, 7.4–10.3) [ 40 ]. 

.3. Dendritic cell vaccines 

 dendritic cell is an an tigen-presen ting cell tha t has
he ability to activ a te na tive effect or T c ells which can
hen target and destroy tumor cells [ 43 , 44 ]. Being able
o activ a te the inna te and adaptive immune response is
deal when targeting a tumor such as GB that is largely
rot ect ed by the blood–brain bar r ier and its own tumor
icr oenvir onment. It has been shown that dendritic cells

r e pr esent in primary and r ecurr en t GB and in teract with
ther immune cells [ 45 ]. To date, there has only been one
hase III clinical trial involving dendritic cell vaccines in
he trea tmen t of GB. Fortuna tely, ther e hav e been sev eral
hase II clinical trials using this trea tmen t modality which

s promising for additional Phase III trials in the future. 
The only Phase III trial on dendritic c ell vac cines t o

at e t est ed the DCVax -L vac cine [ 46 ]. This vac cine is
n autologous tumor lysate-loaded dendritic cell vacci-
a tion. The v accine w as used in pa tien ts with GB who
lso r eceiv ed standar d of car e (surgery, r adiother apy and
emo z olomide) and compared with an external control
ho r eceiv ed standar d of car e alone. A total of 331

ubjects w er e enr olled in the study. In subjects who
 eceiv ed the vaccine, the median overall surviv al w as
9.3 months (95% CI, 17.5–21.3), compared with the
xt ernal c on trol pa tien ts who had a median overall
urvival of 16.5 months (95% CI, 16.0–17.5) (HR = 0.80;
8% CI, 0.00–0.94; p = 0.002) [ 46 ]. This was found to
e both clinically significant and statistically significant

mpr ov ement for these patients. 

.4. CAR-T 

himeric antigen rec ept ors (C ARs) are chimer ic molecules
ha t are syn thetic an tigen-specific rec ept ors plac ed on
-cells [ 30 ]. These molecules are composed of three
omponents including a targeting moiety, a transmem-
rane domain and an intracellular domain [ 30 , 47 ]. The
ngineered targeting moiety attached to the T-cell is
sed to identify and attach to the tumor cell allowing

he T-cell to destroy it. To date, ther e hav e been three
rimary targets of CAR-T therapy for GB, which include

L-13 R α2, HER2 and EGFRvIII [ 48 ]. IL-13 R α2 is expressed
n 75% of GB and linked to poor prognosis. HER2 is
 heavily r esear ched r ec ept or that is inv olv ed in many
ther cancers, most notably breast cancer. HER2 has been
onsidered an ideal tumor-associated antigen for [ 48 ].
s mentioned previously, EGFRvIII is an oncogene that

s found in approximately 40% of the 24–67% GB that
v er-expr ess EGFR [ 48 ]. Most trials to date on CAR-T
therapy for GB are Phase I trials, how ev er, ther e hav e been
some phase two trials. These trials have been focused on
EGFRvIII and one on B7H3 which is expressed in 70% of
GB and not expressed in normal tissues which makes it an
ideal target antigen. To date, there have been no Phase III
clinic trials on CAR-T therapy for GB. 

4. Conclusion & future p ersp ective 

At the time of writing, immunotherapy is not part of the
standard of care for GB. With over a hundred clinical trials
involving immunotherapy in GB, there is a clear interest
in determining the role of these trea tmen t modalities in
GB management. The only clinical trial that has shown
sta tistically significan t surviv al benefit when compared
with standard of care is that using the DCVax-L vaccine. 

This DCVax-L clinical trial’s methodology is discussed
in detail by Gatto et al. [ 49 ], but it is essential to note
tha t the significan t incr ease in ov erall surviv al sta tistic
w as genera t ed by c omparing the DCVax -L vac cine g roup
to an external control group. The trial’s crossover design
wher e participants w er e allow ed to cr oss ov er to start
receiving the vaccine after tumor r ecurr ence led to most
of the control group being given the DCVax-L trea tmen t.
Because of this, a new ext ernal c ontrol g r oup was cr eated .

This ext ernal c ontrol g r oup was cr eated fr om fiv e
Phase III GB studies with a control arm treated with
RT and a temo z olomide regimen. T his methodology
leads to limitations in its applicability. One of these
issues was that the tr eatment gr oup in the trial only
included pa tien ts with gross or near total resection of
their tumor with the disease confined to one hemisphere.
This inclusion cr iter ion w as not presen t in the studies
the external control group was formed from. Thus, there
w er e characteristic differ ences betw een the tr ea tmen t
group and the control group they were compared with.
In summary, this post-hoc r etr ospectiv e analysis that
c ompares the DCVax -L int ervention arm to the external
c ontrol g roup enc our ages the need for a true r andomized
control trial using this technology rather than providing
definitive evidence of popula tions tha t can benefit from
this therapy. 

Although not the focus of our review, in general,
immunotherapy is well t olerat ed in the trials that have
been published so far. So, while there are many Phase I
and Phase II trials that support the safety of immunother-
apy in GB, there is a paucity of data that supports the
effectiveness of immunotherapy in treating GB. Taking
note of current effect sizes, w e hav e not found any
evidence that immunotherapy could be offered as a
curative option for GB at present. 

From the low tumor mutational burden to the tumor
micr oenvir onment, ther e ar e sev eral factors that make
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B both v ery pr o-tumorigenic and r esistant to tr ea tmen t.
et, with further elucidation of the biology of GB,
dv ancemen t of immunotherapy and many clinical trials,
ignificant impr ov ements in glioblastoma treatment with
mmunotherapy appear possible. Evidently, much further
tudy will be r equir ed if this possibility does e xist . To
ummarize this literature review, the present clinical land-
cape of glioblastoma immunotherapy is one requiring
urther investigation to determine if it has a significant
ole in improving survival with the disease. 

Article highlights 

• Glioblastoma is an aggr essiv e, grade 4 brain tumor originating 
fr om neur oglial stem or pr ogenitor c ells, associa ted with poor 
prognosis and quality of life. 

• The current standard of care is a maximal safe surgical resection 
follo wed b y r adiation ther apy and chemother apy with 
temozolomide. 

• This review investigates the features that make glioblastoma 
difficult to treat and the results of glioblastoma immunotherapy 
clinical trials so far. 

Glioblastoma mechanisms of treatment r esistanc e 
• Many aspects of glioblastoma create treatment resistance 

including a blood–tumor barrier, high vascularity, repair 
mechanisms and an immunosuppr essiv e tumor immune 
micr oenvir onment. 

Glioblastoma immunotherapy clinical trials 
• T here ha ve been Phase III clinical trials using checkpoint inhibitors, 

and peptide vaccines, dendritic cell vaccines in glioblastoma. 
• To date, the DCVax-L dendritic cell vaccine is the only 

immunotherapy treatment with a Phase III trial showing 
statistically significant survival benefit, but with methodological 
limitations including using an external control group for 
comparisons. 

Conclusion 
• Ther e ar e ov er a hundr ed clinical trials inv olving the use of 

immunotherapy with glioblastoma suggesting interest and 
investigation into its utility. 

• The present clinical landscape of glioblastoma immunotherapy is 
one requiring further investigation to determine if it has a 
significant role in improving survival with the disease. 
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