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IMPORTANCE Glioblastoma is the most lethal primary brain cancer. Clinical outcomes for
glioblastoma remain poor, and new treatments are needed.

OBJECTIVE To investigate whether adding autologous tumor lysate-loaded dendritic cell vaccine
(DCVax-L) to standard of care (SOC) extends survival among patients with glioblastoma.

DESIGN, SETTING, AND PARTICIPANTS This phase 3, prospective, externally controlled
nonrandomized trial compared overall survival (OS) in patients with newly diagnosed
glioblastoma (nGBM) and recurrent glioblastoma (rGBM) treated with DCVax-L plus SOC vs
contemporaneous matched external control patients treated with SOC. This international,
multicenter trial was conducted at 94 sites in 4 countries from August 2007 to November
2015. Data analysis was conducted from October 2020 to September 2021.

INTERVENTIONS The active treatment was DCVax-L plus SOC temozolomide. The nGBM
external control patients received SOC temozolomide and placebo; the rGBM external
controls received approved rGBM therapies.

MAIN OUTCOMES AND MEASURES The primary and secondary end points compared overall
survival (OS) in nGBM and rGBM, respectively, with contemporaneous matched external
control populations from the control groups of other formal randomized clinical trials.

RESULTS A total of 331 patients were enrolled in the trial, with 232 randomized to the DCVax-L
group and 99 to the placebo group. Median OS (mOS) for the 232 patients with nGBM
receiving DCVax-L was 19.3 (95% CI, 17.5-21.3) months from randomization (22.4 months
from surgery) vs 16.5 (95% CI, 16.0-17.5) months from randomization in control patients
(HR = 0.80; 98% CI, 0.00-0.94; P = .002). Survival at 48 months from randomization was
15.7% vs 9.9%, and at 60 months, it was 13.0% vs 5.7%. For 64 patients with rGBM receiving
DCVax-L, mOS was 13.2 (95% CI, 9.7-16.8) months from relapse vs 7.8 (95% CI, 7.2-8.2)
months among control patients (HR, 0.58; 98% CI, 0.00-0.76; P < .001). Survival at 24 and
30 months after recurrence was 20.7% vs 9.6% and 11.1% vs 5.1%, respectively. Survival was
improved in patients with nGBM with methylated MGMT receiving DCVax-L compared with
external control patients (HR, 0.74; 98% CI, 0.55-1.00; P = .03).

CONCLUSIONS AND RELEVANCE In this study, adding DCVax-L to SOC resulted in clinically
meaningful and statistically significant extension of survival for patients with both nGBM and
rGBM compared with contemporaneous, matched external controls who received SOC alone.
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G lioblastoma is a highly lethal brain cancer, with a nearly
100% recurrence rate and dismal patient survival. Stan-
dard of care (SOC) for newly diagnosed glioblastoma

(nGBM) includes surgery, radiotherapy, and chemotherapy. Fol-
lowing initial surgery, tumors typically recur in 6 to 8 months,1

median overall survival (mOS) is 15 to 17 months, and 5-year
survival is generally less than 5%.2 For recurrent glioblas-
toma (rGBM), there is no established SOC.3 Among more than
400 clinical trials since 2005, with more than 32 000 pa-
tients, testing diverse treatment modalities,4 only 1 phase 3 trial
in nGBM and no phase 3 trials in rGBM have demonstrated a
survival benefit.5

We report the overall survival (OS) and safety outcomes
of a phase 3 nonrandomized controlled trial testing an autolo-
gous tumor lysate-loaded dendritic cell vaccine (DCVax-L) com-
bined with SOC for treatment of glioblastoma. Dendritic cells
present tumor antigens to the immune system, prime T cells,
and mobilize antitumor responses.6,7

Many trials, especially for incurable diseases, incorporate a
crossover design for feasibility and/or ethical reasons. A cross-
over was considered necessary when our study began in 2007
to make patient enrollment and retention feasible when novel
immunotherapies were not yet generally viewed as promising
for cancer. The crossover was also important to justify the pla-
cebo group for patients undergoing a leukapheresis—an inva-
sive procedure necessary for blinding and for manufacturing vac-
cine but offering no benefit to patients in the placebo group if
they could not receive their autologous vaccine.

The crossover design necessitated the use of external
controls to evaluate OS. Traditional (ie, within-study) ran-
domized control comparisons were infeasible, since most
placebo group patients received DCVax-L through the cross-
over. When randomized clinical trials (RCTs) are not feasible,
use of external controls is increasingly recognized as an effec-
tive way to enable comparative analyses of outcomes.8 There
is also growing support for streamlining trials in the neuro-
oncology field.9,10

Methods
Study Design and Oversight
This was originally a phase 3 randomized, double-blind clini-
cal trial, with a crossover design. The trial was conducted at
94 sites in 4 countries (US, Canada, UK, and Germany). The
screening and enrollment process and treatment assignment
are described in Figure 1A and B.11,12 The trial protocol ap-
pears in Supplement 1.

The primary end point was OS in patients with nGBM from
the time of randomization (a median of 3.1 months after sur-
gery), and the secondary end point was OS in rGBM from the
time of recurrence. Each group was compared with indepen-
dently selected, contemporaneous, matched external con-
trol patients as prespecified in the Statistical Analysis Plan (SAP)
(Supplement 1).

The original primary end point in the 2007 study proto-
col was progression-free survival (PFS) determined by mag-
netic resonance imaging (MRI). However, while the trial was

underway, the difficulty of distinguishing actual disease pro-
gression from pseudo-progression comprised of inflamma-
tion or necrosis or from vaccine-induced infiltration of im-
mune cells was recognized.13 Accordingly, the SAP for this study
focused on OS.

On enrollment, patients were randomized 2:1 to either
DCVax-L or placebo, plus SOC. Randomization was per-
formed centrally by independent contract research organiza-
tions (CROs [Synteract, Parexel]).

Following tumor recurrence, all patients were allowed to
cross over to start or continue receiving DCVax-L. The trial did
not prescribe additional surgery at recurrence; the DCVax-L ad-
ministered to crossover patients after recurrence was the prod-
uct from the original surgery. All parties remained blinded to
the treatment before crossover. Due to the crossover, the pla-
cebo group was depleted, and OS was assessed by compari-
son to external control populations (ECPs).

The protocol was approved by the relevant institutional
review boards or ethics committees. The trial was performed
in accordance with the Declaration of Helsinki.14 The data
were collected and held by independent CROs (Synteract,
Parexel) and were analyzed by independent statisticians
(Quantics). Patients gave informed consent for tumor collec-
tion in presurgery screening and thereafter gave consent for
study participation (Figure 1A).

Patients and Study Procedures
Patients aged 18 to 70 years with nGBM (World Health Organi-
zation grade 4), Karnofsky Performance Score (KPS) of 70 or
greater, life expectancy of 8 or more weeks, and adequate labo-
ratory values were eligible for enrollment (Figure 1A). Patients
centrally determined (ICON) to have radiographic evidence of
early disease progression15 following radiochemotherapy were
excluded.

After initial diagnosis, all patients underwent surgery and
collection of tumor tissue for manufacturing of DCVax-L. Af-
ter surgery, diagnosis of glioblastoma was histologically con-

Key Points
Question Is treatment with autologous tumor lysate-loaded
dendritic cell vaccination (DCVax-L) associated with improved
overall survival (OS) for patients with newly diagnosed
glioblastoma (nGBM) and recurrent glioblastoma (rGBM)
compared with standard of care (SOC)?

Findings In this phase 3 nonrandomized controlled trial of 331
patients, patients with nGBM receiving DCVax-L had a median OS
of 19.3 months from randomization (22.4 months from surgery),
while contemporaneous, matched external control patients
treated with SOC had a median OS of 16.5 months from
randomization; for patients with rGBM, median OS was 13.2
months from relapse in the DCVax-L group vs 7.8 months in the
external control cohort. Meaningful increases in the long-term tails
of the survival curves in both nGBM and rGBM were also observed.

Meaning In this study, adding DCVax-L to SOC was associated with a
clinically meaningful and statistically significant improvement in
median OS for patients with both nGBM and rGBM compared with
matched, contemporaneous external controls.
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firmed centrally (Quest Diagnostics; Mayo Clinic). The MGMT
(O6-methylguanine-DNA methyltransferase) gene promoter
methylation status, IDH (isocitrate dehydrogenase) R132 mu-
tation status, and postsurgery minimal (<2 cm2) vs signifi-
cant (≥2 cm2) residual tumor were determined centrally (Lab-
Corp; Mayo; ICON). The KPS was determined by the treating
physician.

Patients underwent MRI before enrollment and every 2
months thereafter. Progression was assessed centrally (ICON)
on a blinded basis. Adverse events were assessed throughout
the study according to National Cancer Institute Common Ter-
minology Criteria version 3.0.17

Patients received either DCVax-L or placebo on days 0, 10,
and 20, then in months 2, 4, and 8 and months 12, 18, 24,
and 30, with monthly temozolomide as SOC. Each DCVax-L
dose comprised 2.5 million DCs injected intradermally in
the upper arm, alternating arms between treatment visits.
The placebo was unmanipulated peripheral blood mono-
nuclear cells.

External Control Populations
The ECPs were determined by an independent expert firm (York
Health Economics Consortium) and comprised patients from
the control groups from contemporaneous RCTs closely
matched to the current study based on 14 criteria prespeci-
fied in the SAP (Supplement 1). These studies met the “fit for

purpose” criteria outlined by Mishra-Kalyani et al.8 We com-
pared the treatment groups of the external trials to the ECPs
to validate the methodology, applied sensitivity analyses to
check for biases, and conducted a matching-adjusted indi-
rect comparison (MAIC)18 to adjust for imbalances in indi-
vidual patient characteristics (eAppendix 1 in Supplement 2).

Statistical Analysis
Primary End Point: OS in Patients With nGBM
All statistical analyses were conducted in SAS version 9.4 (SAS
Institute). The primary end point was OS from randomiza-
tion to death from any cause in patients with nGBM. The 1-sided
significance level was 2.5%. The O’Brien-Fleming group se-
quential boundary function19 and alpha-spending function of
Lan and DeMets20 were used to adjust for sequential testing
of OS. The final analysis was conducted at the 1-sided 2.409%
level. OS was analyzed using log-rank test at the appropriate
α level. The hazard ratio (HR) and confidence intervals were
calculated using the proportional hazards model with treat-
ment as covariate. Individual control patient survival data
were reconstructed by digitizing the published Kaplan-Meier
(KM) curves.16 The algorithm to extract individual patient level
data from published KM curves uses as inputs the x- and y-
coordinates from digitized KM curves, the reported numbers
at risk at various time points (which accounts for censored par-
ticipants), and the total number of events reported. It then ap-

Figure 1. Study Design and Flow

232 Patients received DCVax-L
222 Received DCVax-L plus temozolomide

7 Received DCVax-L only
3 Withdrew

120 Continued with DCVax-L on recurrencea

99 Patients received placebo
93 Received placebo plus temozolomide
5 Received placebo only
1 Withdrew

64 Crossed over to DCVax-L on recurrencea

Initial screening before standard tumor resectionA

Patient enrollmentB

Day 0: enrollment and randomization
(approximately 10 d after eligibility scan)

Treatment with DCVax-L or placebo
plus SOC adjuvant temozolomide

Leukapheresis (approximately
3 wk after surgery)

Chemoradiation (6 wk)

DCVax-L manufacturing

Surgery (<1 wk after
start of screening)

Start of screening End of screening

Average time: 3.1 mo

331 Patients randomized into main study

A, After the surgery and centralized histological confirmation of glioblastoma,
patients underwent leukapheresis to obtain their immune cells and then
received 6 weeks of standard of care (SOC) radiochemotherapy, following the
Stupp protocol.11 The autologous tumor lysate-loaded dendritic cell vaccination
(DCVax-L) products and placebo (peripheral blood mononuclear cells) were
both manufactured for all prospective patients during the 6 weeks of
radiochemotherapy, prior to enrollment. The manufacturing process for

DCVax-L is described in Liau et al.12 At the end of radiochemotherapy, patients
who met the eligibility criteria were enrolled. B, Enrollment of patients into the
study.
a (Re)started day 0, 10, and 20 and beyond DCVax-L vaccination regimen at

recurrence.
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plies an iterative process to reconstruct the KM parameters,
from which the individual patient data are obtained. Full de-
tails on the method are found in Guyot et al.16

Secondary End Point: OS in Patients With rGBM
For the secondary end point, OS in patients with rGBM was
measured from first recurrence to death from any cause. The
1-sided significance level allocated to this end point was 2.5%.
OS was analyzed using the log-rank test, and the HR and 95%
CIs were calculated as described previously.

Landmark Analyses and KM Survival Curve Tails
The KM estimates of landmark survival rates at 6, 12, 18, 24,
30, 36, 42, 48, 54, and 60 months were calculated along with
Hall-Wellner 2-sided 95% CIs21 (adjusted for multiplicity). The
numbers of patients available for comparison at late time points
was small, especially in the control population, resulting in rela-
tively wide confidence intervals.

Results
Patients and Treatments
From August 2007 to November 2015, 331 patients with nGBM
were enrolled (Figure 1B). The median (range) age was 56 (19-
73) years, 202 participants (61.0%) were men; 7 (2.1%), Black
or African American; 16 (4.8%), Hispanic or Latino; and 294
(88.8%), White. Screening and enrollment were suspended
from 2008 through 2011 due to the financial crisis, resumed
on a limited basis in 2012, and 303 of the 331 patients (91.5%)
were enrolled during 2012 to 2015.

All patients underwent surgical resection, recovery, leu-
kapheresis, and 6 weeks of postoperative SOC radiochemo-
therapy prior to enrollment (Figure 1A). The median time from
surgery to randomization was 3.1 months.

Of the 331 patients, 232 were randomized to initial DCVax-L
treatment and 99 to placebo. Following tumor recurrence, 64
of the 99 patients in the placebo group crossed over to re-
ceive DCVax-L, while 120 of the 232 patients who had already
received DCVax-L continued to receive DCVax-L. The pa-
tients, investigators, study team, and sponsor remained blinded
to the treatments before crossover.

External Controls
The ECP for the primary end point (OS in nGBM) comprised
1366 patients with nGBM treated with SOC in the control groups
of 5 comparator RCTs5,22-25 (eTable 1 in Supplement 2). The ECP
for the secondary end point (OS in rGBM) comprised 640 pa-
tients with rGBM at first recurrence treated with either SOC
therapies (lomustine, bevacizumab, or best supportive care)
or a placebo in the control groups of 10 comparator RCTs26-35

(eTable 1 in Supplement 2).
The patient demographic characteristics and prognostic

factors of the DCVax-L cohorts were well matched with the
ECPs for both the primary and secondary end points, based on
the 14 criteria prespecified in the SAP (Table 1; eAppendix and
eTable 2 in Supplement 2). The analysis of each of the 15 com-
parator trials, substituting our ECP for the original control

groups, confirmed that the outcomes were the same as origi-
nally reported (primary end point met or not met).

In the 5 sensitivity analyses conducted to address poten-
tial known and unknown confounders in the nGBM ECP, the
HR results (range, 0.77-0.82) were comparable with the HR in
all 5 studies included (HR, 0.80). In the sixth sensitivity analy-
sis, dropping 2 of the 5 comparator studies22,23 because it was
not clear whether they had excluded patients with early pro-
gression, the HR remained the same (0.80 in both). The MAIC
analyses adjusted for imbalances in individual patient char-
acteristics between the patients receiving DCVax-L and the
nGBM ECPs by applying a weight to each patient in the DCVax-L
cohort to result in a match with the patient characteristics of
the external populations.

Survival Outcomes
OS in Patients With nGBM
The mOS for patients with nGBM assigned to the DCVax-L co-
hort at enrollment was 19.3 (95% CI, 17.5-21.3) months from the
time of randomization (22.4 months from surgery) compared
with 16.5 (95% CI, 16.0-17.5) months from randomization for the
1366-patient ECP (log-rank HR, 0.80; 95% CI, 0.00-0.94;
P = .002) (Figure 2A). The data indicate a 20% relative reduc-
tion in risk of death at any point in time for patients with nGBM
receiving DCVax-L, and this relative survival benefit increased
over time (Table 2): 15.7% of patients receiving DCVax-L vs 9.9%
of ECP patients were alive at 48 months after randomization,
and 13.0% of DCVax-L patients vs 5.7% of ECP patients were alive
at 60 months after randomization. The long-term survivors
tended to have favorable prognostic characteristics, but these
factors did not fully explain the survival observed (eFigure 2 in
Supplement 2). The outcome of the MAIC analyses showed that
after adjustment for imbalances in individual patient charac-
teristics the difference in OS between the DCVax-L cohort and
the ECP was still significant.

Six prespecified subgroup analyses were conducted
(Figure 2B and eFigure 1 in Supplement 2). Patients receiving
DCVax-L had HRs less than 1 in all subgroups, and the differ-
ence was statistically significant for 4 of the 6 subgroups at the
95% confidence level, and for 3 of the 6 subgroups when mul-
tiplicity correction was applied. In patients with nGBM with
methylated MGMT, mOS was 30.2 (95% CI, 23.7-33.9) months
from randomization (33.0 months from surgery) in 90 pa-
tients receiving DCVax-L vs 21.3 (95% CI, 18.3-25.1) months in
the 199 patients in the ECP (HR, 0.74; 95% CI, 0.55-1.00,
P = .03).

OS in Patients With rGBM
The 64 patients with rGBM who received DCVax-L after recur-
rence had mOS of 13.2 (95% CI, 9.7-16.8) months from relapse
vs 7.8 (95% CI, 7.2-8.2) months in the ECP (HR, 0.58; 0.00-
0.76; P < .001) (Figure 3). These data indicate a 42% relative
reduction in risk of death at any point in time for patients with
rGBM treated with DCVax-L at first recurrence, and this sur-
vival benefit continued over time (Table 2): 20.7% of the pa-
tients receiving DCVax-L vs 9.6% of the patients in the ECP were
alive at 24 months after recurrence, and 11.1% vs 5.1% were alive
at 30 months after recurrence.
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Postprogression Treatments
The trial design did not prescribe a second surgery on recur-
rence, and most patients did not have a second surgery. Only 18
of the 64 patients in the placebo group (28.1%) who crossed over
to start receiving DCVax-L after progression as patients with
rGBM had any surgery beyond the original tumor resection when
newly diagnosed. The patients who had additional surgery had
shorter survival than patients who had no additional surgery
(postprogression mOS of 11.8 [95% CI, 8.5-14.7] months vs 13.4
[95%CI,7.7-19.3]months).Forallcrossoverpatients,theDCVax-L
vaccines administered after progression were the products made
after the original surgery. No new DCVax-L vaccines were made
following any postprogression surgery.

The trial design allowed additional treatments during the
postrecurrence crossover period. Among the 232 patients in
the DCVax-L group, 22 received bevacizumab and lomustine
(9.5%), 65 (28.0%) received only bevacizumab, and 15 (6.5%)
received only lomustine. Participants who received bevaci-
zumab had shorter survival times than those who did not (16.4
[95% CI, 14.2-18.6] vs 22.1 [95% CI, 19.4-24.9] months). There

was no significant survival difference between participants
who received lomustine vs those who did not (18.6 [95% CI,
13.6-23.6] vs 19.3 [95% CI, 16.8-21.7] months).

Eight of the 232 patients (3.4%) receiving DCVax-L were
treated with tumor-treating fields (TTF) following recur-
rence. Four of those 8 patients (50.0%) continued receiving
DCVax-L while using the TTF device after recurrence and sur-
vived from 22.6 to more than 72.7 months from randomiza-
tion. Four of the 8 patients (50.0%) stopped receiving DCVax-L
while using the TTF device post-recurrence, and survived from
8.9 to 29.2 months from randomization.

Progression-Free Survival
The PFS end point became infeasible for this trial due to the
challenges now well recognized in trying to distinguish true
progression from pseudo-progression (including vaccine-
induced immune cell infiltration).13 There were 494 imaging
time points when possible progression was observed by the
independent radiologists, and 256 of these (>50%) required ad-
judication due to discordant interpretations. Based on these

Table 1. Baseline Demographic and Clinical Characteristics of Patients With nGBM and rGBM

Source
Patients,
No.

Median
age, y

Patients, %

Age group, y Sex MGMT Residual disease

<65 ≥65 Male Female Methylated Unmethylated Missing Minimal Significant Missing
Patients with nGBM

Gilbert et al,23

2013
411 NA NA NA 58 42 30 62 9 NA NA NA

Gilbert et al,22

2014
309 NA NA NA 63 37 28 69 3 NA NA NA

Stupp et al,5

2017
229 NA 80 20 69 31 34 42 25 NA NA NA

Weller et al,24

2017
374 NA 77 23 61 39 35 58 7 56 44 0

Wen et al,25

2019
43 NA 67 33 72 28 42 56 2 NA NA NA

All nGBM ECP 1366 NA 77 23 62 38 32 59 9 56 44 0

nGBM DCVax-L 232 NA 78 22 59 41 39 56 5 63 37 0

Patients with rGBM

Cloughesy et al,28

2017
65 55 NA NA 60 40 40 39 22 NA NA NA

Wick et al,35

2010
92 NA NA NA 61 39 NA NA NA NA NA NA

Brandes et al,26

2016
40 NA NA NA 58 43 NA NA NA NA NA NA

Wick et al,34

2017
149 60 NA NA 61 39 25 26 50 NA NA NA

Narita et al,32

2019
30 59 NA NA 63 37 NA NA NA NA NA NA

Brandes et al,27

2019
62 59 NA NA 73 27 19 40 40 NA NA NA

Taal et al,33

2014
46 56 NA NA 57 43 50 44 6 NA NA NA

Lombardi et al,31

2019
60 59 NA NA 72 28 46 54 1 NA NA NA

Lee et al,30

2020
58 58 NA NA 62 38 NA NA NA NA NA NA

Galanis et al,29

2019
38 57 NA NA 58 42 NA NA NA NA NA NA

All rGBM ECP 640 NA NA NA 63 38 33 37 31 NA NA NA

rGBM DCVax-L 64 56 NA NA 66 34 44 52 5 NA NA NA

Abbreviations: DCVax-L, lysate-loaded dendritic cell vaccination; ECP, external control population; MGMT, O6-methylguanine-DNA methyltransferase; NA, not
available; nGBM, newly diagnosed glioblastoma; rGBM, recurrent glioblastoma.
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assessments, the median PFS was 6.2 (95% CI, 5.7-7.4) months
for patients receiving DCVax-L and 7.6 (95% CI, 5.6-10.9)
months for the placebo group. This difference was not statis-
tically significant (P = .47).

Safety and Toxic Effects
The DCVax-L was well tolerated. Of 2151 total doses of
DCVax-L administered, only 5 serious adverse events were
deemed at least possibly related to the investigational treat-
ment. There were 3 cases of intracranial edema (2 at grade 3;
1 at grade 2), 1 case of nausea (grade 3), and 1 case of lymph
node infection (grade 3). There was no evidence of any
auto-immune reactions or cytokine storm among patients
who received DCVax-L.

Discussion
Glioblastomas are aggressive, extremely heterogeneous, im-
munologically “cold,” and rapidly lethal. There is a pressing
need for new treatments and for novel clinical trial designs to
streamline their development.

This trial tested a novel fully personalized active immu-
notherapy. The trial also implemented an innovative design
that could help accelerate advances in the field.

The survival benefit with DCVax-L vs ECP increased over
time in the tails of the survival curves, with 13.0% vs 5.7%
survival at 60 months in patients with nGBM and 11.1% vs
5.1% survival at 30 months after recurrence in patients with
rGBM. Also of note, patients receiving DCVax-L have sur-
vived for years after completing their vaccine doses, which
could be due to an effective memory immune response.36

Although the absolute survival was greater in patients
with positive prognostic factors, the relative survival benefit
of DCVax-L vs ECPs was larger in certain patients who
generally fare worse with SOC, including older patients,
patients with substantial residual tumor, and patients with
recurrent disease. These encouraging results suggest that
cancer vaccines could be relevant for a broad range of clini-
cal settings.

The mechanism of action of DC vaccines has been previ-
ously reported.6,7 Using DCs as the active agent and antigen
delivery method can mobilize a broader immune response (in-
cluding diverse populations of T cells)36 than with other agents.

Figure 2. Overall Survival and Subgroup Analyses for Patients with Newly Diagnosed Glioblastoma
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A, Kaplan-Meier plot comparing
overall survival for patients with
newly diagnosed glioblastoma
treated with autologous tumor
lysate-loaded dendritic cell
vaccination (DCVax-L) and 1366
contemporaneous matched external
control participants (ECPs) treated
with standard of care, derived from 5
other contemporaneous matched
randomized clinical trials. B, Cox
hazard ratios of overall survival in
prespecified subgroups of
participants receiving DCVax-L or
treated with standard of care in
external trials. In the age subgroup,
there were 50 participants in the
DCVax-L group and 45 in the ECP
group aged 65 years or greater and
182 and 184, respectively in the
younger than 65 years group; in the
residual disease subgroup, there
were 86 patients in the DCVax-L
group and 163 in the ECP group with
significant residual disease and 146
and 210, respectively, with minimal
residual disease; in the MGMT
(O6-methylguanine-DNA
methyltransferase) subgroup, there
were 90 patients in the DCVax-L
group and 199 in the ECP group with
methylated MGMT and 131 and 349,
respectively, with unmethylated
MGMT. Subgroup analyses of
survival, using the same parameters
as the comparator publications, are
presented with 95% confidence
intervals to facilitate comparisons
with the ECP.
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Second, using autologous rather than standardized antigens
addresses the extreme heterogeneity of glioblastoma and can
ensure that the treatment is targeting antigens actually pre-
sent on the patient’s tumor. Third, distinctively, targeting the
full repertoire of antigens by using tumor lysate can prevent
the patient’s tumor from mutating around the targeted anti-
gens, as has been seen when only one or a few antigens are
targeted.24,25

Although the primary end points of this study focused on
OS, exploratory analyses of immunogenicity and biomarkers
of immune activation and sensitization that may correlate with
therapeutic benefit are planned. We have previously shown
that CD8+ and CD4+ T cells can traffic into glioblastomas fol-
lowing DC vaccination, which correlates with survival,37,38 and
we plan to confirm these prior findings with this larger phase
3 data set. Similarly, analyses of patient characteristics and
baseline immune parameters (eg, tumor immune activation sig-

natures, tumor infiltrating lymphocytes) will be correlated with
outcomes but are beyond the scope of this initial report.

Treatment with DCVax-L can potentially be combined with
a wide range of other treatment agents (including checkpoint
inhibitors, cytokines, targeted therapies, chemotherapies, or
oncolytic virus therapies).39 The robust survival benefit in pa-
tients with MGMT methylated tumors who received DCVax-L
could reflect a cooperative effect between temozolomide40 and
DCVax-L, an increase in somatic mutations associated with
MGMT methylation41 or temozolomide-induced hypermuta-
tion in MGMT methylated tumors.42

The benign safety profile observed with DCVax-L can en-
able treatment of patients vulnerable to adverse events. Fur-
thermore, it avoids the need (and cost) for other treatments
to manage side effects.

This trial highlights the feasibility and appropriateness of
using independently selected, contemporaneous, matched,

Table 2. Landmark Survival Rates in Patients With nGBM and rGBM

Time

Patients, %

Relative rate, DCVax-L vs ECP, %ECP DCVax-L group

nGBM

No. 1366 232 NA

Landmark survival rate

36 mo 15.5 20.2 130

48 mo 9.9 15.7 159

60 mo 5.7 13.0 228

rGBM

No. 640 64

Landmark survival rate measured
from date of progression

6 mo 64.0 90.6 142

12 mo 30.8 54.1 175

18 mo 15.9 31.8 200

24 mo 9.6 20.7 215

30 mo 5.1 11.1 217

Abbreviations: DCVax-L,
lysate-loaded dendritic cell
vaccination; ECP, external control
population; NA, not applicable;
nGBM, newly diagnosed
glioblastoma; rGBM, recurrent
glioblastoma.

Figure 3. Overall Survival for Patients With Recurrent Glioblastoma
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Kaplan-Meier plot comparing overall
survival for patients with recurrent
glioblastoma treated with autologous
tumor lysate-loaded dendritic cell
vaccination (DCVax-L; ie, patients
who were randomized to the placebo
group and who crossed over to begin
DCVax-L following recurrence) and
640 contemporaneous, matched
external controls derived from 10
other contemporaneous randomized
clinical trials.
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and validated ECPs when a traditional RCT is not feasible.8 This
approach is highly relevant for glioblastoma, where key prog-
nostic factors are known, patient survival remains consis-
tently dismal, and new approaches are sorely needed to stream-
line and accelerate clinical trials.

Limitations
This study has limitations. Since individual patient-level data for
the ECPs were not available for this trial, as is often the case, pro-
pensity score matching could not be performed, which is a poten-
tial limitation of this study. However, the MAIC analysis applied
hereisapowerfulmethodtoovercomethelackofsuchindividual
patient data and to enable matching of specific patient character-

istics in external controls compared with patients in the investi-
gational group. This method also has wider general applicability
to provide reliable comparative evidence of benefit.18

Conclusions
This phase 3, nonrandomized, externally controlled trial found
that the addition of DCVax-L to SOC was associated with a clini-
cally meaningful and statistically significant extension of over-
all survival in both nGBM and rGBM. Treatment with DCVax-L
also had an excellent safety profile and noteworthy tails of long-
term survival curves.
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