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Abstract

Background. There is an urgent need for effective treatments against glioblastoma (GBM). In this trial, we investi-
gated the efficacy and safety of an adoptive cell-based immunotherapy.

Methods. Patients with newly diagnosed GBM were recruited at 4 study sites in Sweden. The patients were ran-
domized 1:2 to receive either radiotherapy (RT), 60 Gy/30 fractions, with concomitant and adjuvant temozolomide
(TMZ) only, or RT and TMZ with the addition of Autologous Lymphoid Effector Cells Specific Against Tumor
(ALECSAT) in an open-label phase Il trial. The primary endpoint was investigator-assessed progression-free sur-
vival (PFS).The secondary endpoints were survival and safety of ALECSAT.

Results. Sixty-two patients were randomized to either standard of care (SOC) with RT and TMZ alone (n = 22) or
SOC with ALECSAT (n = 40). Median age was 57 years (range 38-69), 95% of the patients were in good performance
status (WHO 0-1).There was no significant difference between the study arms (SOC vs ALECSAT + SOC) in PFS (7.9
vs 7.8 months; hazard ratio [HR] 1.28; 95% confidence interval [Cl] 0.70-2.36; P = .42) or in median overall survival
(OS) (18.3 vs 19.2 months; HR 1.16, 95% CI 0.58-2.31; P = .67). The treatment groups were balanced in terms of se-
rious adverse events (52.4% vs 52.5%), but adverse events >grade 3 were more common in the experimental arm
(81.0% vs 92.5%).

Conclusion. Addition of ALECSAT immunotherapy to standard treatment with radiochemotherapy was well toler-
ated but did not improve PFS or OS for patients with newly diagnosed GBM.

Key Points
e ALECSAT, an adoptive cell therapy, was added to radiochemotherapy for GBM.
e The treatment did not improve PFS or OS in this randomized phase Il trial.

e ALECSAT may be efficacious in other settings, as supported by previous data.
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Importance of the Study

This study investigated the addition of a spe-
cific form of adoptive cell therapy, ALECSAT,
to standard of care with RT and TMZ for newly
diagnosed GBM. The study did not show any im-
provement of PFS (primary endpoint) or OS (sec-
ondary endpoint) with the addition of ALECSAT.
The treatment was well tolerated. Possible

Glioblastoma (GBM, grade IV astrocytoma) is the most
common malignant brain tumor in adults, constituting 48.3%
of malignant primary brain tumors.” The worldwide inci-
dence is around 3-4 per 100 000.2 Primary treatment for GBM
is maximal safe surgical resection followed by radiotherapy
(RT) with concomitant and adjuvant temozolomide (TMZ).3
Despite multimodal treatment, GBM is associated with a very
poor prognosis.>® In recent years, addition of Tumor-Treating
Fields (TTFields, Optune) to adjuvantTMZ has been shown to
increase survival.® There is no standard treatment at relapse,
but reoperation, alkylating chemotherapy, and re-irradiation
can be considered. Thus, there is a large unmet need for new
treatments to improve the prognosis for patients with GBM.

Cancer is characterized by the loss of normal cellular reg-
ulatory processes, resulting among others in the expres-
sion of neoantigens. Bound to human leukocyte antigen
(HLA) on the cancer cell surface, these antigens may be
recognized by the adaptive immune system, resulting in
the activation of antigen-presenting cells (APCs) and cyto-
toxicT lymphocytes (CTLs) leading to tumor killing.”

Adoptive cell therapy (ACT) is a highly personalized im-
munotherapy that relies on ex vivo activation and expan-
sion of the patients’ own immune cells to recognize and
kill the cancer cells when re-introduced to the patient. ACT
encompasses tumor-infiltrating lymphocytes, genetically
modified T cells expressing novel T-cell receptors, and chi-
meric antigen receptorT cells.8-1°

ALECSAT is a form of ACT, developed to induce an im-
mune response against a broad repertoire of cancer-
testis antigens (CTAs). Whereas CTAs are silent in normal
cells, except germ cells of the testis, they are aberrantly
re-expressed in most human solid cancers due to pro-
moter demethylation, rendering them an attractive target
for cancer treatment.”-"3 In the normal situation, T-helper
(T,) cells and CTLs must recognize the CTAs presented by
APCs simultaneously to become activated. When activated,
the CTLs target and kill cells that express these specific
antigens presented by the APCs. In ALECSAT, the genome
of T, cells is demethylated by 5-aza-2’-deoxycytidine treat-
ment.These T, cells can act as both APC and co-stimulatory
cells at the same time." ALECSAT consists of 2 main popu-
lations of effector cells: CTLs and natural killer cells.

The ability of ALECSAT to induce a cytotoxic effect in a
dose-dependent way has been demonstrated in vitro.™
ALECSAT has previously been tested in a phase | clinical
trial including 25 recurrent GBM patients, a single-arm trial
with no comparator. Among the 10 patients who continued
ALECSAT after the 3 initial doses, 2 obtained a complete

factors related to the lack of efficacy are con-
comitant use of corticosteroids, TMZ-induced
lymphopenia, or too low dose of ALECSAT. In
the present setting, ALECSAT is not effective as
a single immunotherapy modality. Combination
strategies may be needed to overcome GBM re-
sistance to immunotherapy.

response and 1 patient obtained a partial response.™ In ad-
dition, ALECSAT has been studied in a randomized phase
Il trial in recurrent GBM, with bevacizumab and irinotecan
as comparators. The results from the interim analysis have
been presented, but not published.’ ALECSAT did not pro-
long progression-free survival (PFS) or overall survival
(OS), as compared to bevacizumab and irinotecan, and
no objective responses to ALECSAT were seen. The treat-
ment appeared well tolerated and no safety concerns were
raised.The trial was terminated early, due to the lack of effi-
cacy of ALECSAT in the recurrent setting.

Here we report the results of a randomized phase Il trial
of the efficacy and safety of ALECSAT as an adjunct to RT
andTMZ for patients with newly diagnosed GBM.

Patients and Methods
Patients

This open-label, randomized phase Il trial enrolled patients,
aged 18-70 years, with histologically confirmed newly diag-
nosed GBM, including gliosarcoma. Patients were recruited
at 4 study sites in Sweden (Goteborg, Jonkoping, Stockholm,
and Lund), from April 1, 2016 until February 22, 2019. Eligible
patients were fit for combined RT and TMZ treatment and in
World Health Organization (WHO) performance status (PS)
0-2 at the time of inclusion. Prior GBM treatment was an ex-
clusion criterion. Patients were allowed to have systemic
steroids, without limitation in dose. Tumor-treating fields treat-
ment and experimental therapies for GBM were not allowed
at inclusion or during active treatment within the assigned
group. Additional inclusion and exclusion criteria are listed in
the synopsis, provided as Supplementary Methods 1.

The trial was conducted in accordance with
International Council for Harmonization Good Clinical
Practice guidelines. The study protocol and all amend-
ments were approved by the Ethics Committee in
Gothenburg (Regional Ethics Review Board, Dnr 1001-15,
date of approval January 26, 2016) and by the Swedish
Medical Products Agency (EudraCT number 2015-
004058-17). All included patients signed written informed
consent prior to any study-specific procedure. A review
of all collected safety data was performed annually by an
independent Data Safety Monitoring Board. The trial was
designed by representatives from Cytovac A/S together
with the first author and coworkers.
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Treatment

Patients were randomly assigned, in a 1:2 ratio, to receive
either standard of care (RT and concomitant and adjuvant
TMZ, hereafter called SOC) or SOC plus ALECSAT as an
adjunct. Photon RT was delivered, with modern 3D con-
formal planning technique, at 2 Gy per fraction, to a total
dose of 60 Gy, over approximately 6 weeks. During RT,
daily TMZ was administered orally, at a dose of 75 mg/
m?2, RT with TMZ had to start within 6 weeks of the diag-
nostic GBM surgery and was given in accordance with
the Swedish national guidelines for high-grade gliomas.
Four to five weeks after the completion of RT, all patients
were to begin adjuvant TMZ treatment, typically for 6
cycles (TMZ 150-200 mg/m?, once daily for 5 days every
28 days).?

Patients randomized to SOC + ALECSAT donated blood
(300 ml), for the first ALECSAT production, before the start
of radiochemotherapy. ALECSAT (at a dose of 1 x 107 to
1 x 10° cells, suspended in 20 ml plasmalyte solution and
given intravenously) was administered every 4 weeks for
3 doses, starting at study week 8, approximately 1 week
after the completion of RT. Before each ALECSAT dose, the
patient donated 200 ml of blood for the subsequent treat-
ment. Following the loading phase, ALECSAT doses were
given every 12 weeks starting at week 35. Each ALECSAT
preparation was produced by Cytovac A/S (Copenhagen,
Denmark) as described previously and summarized in
Supplementary Methods 2. Expression of CT antigens inT,
lymphocytes treated with a DNA-demethylating agent was
measured in the intermediate step of production. Before
release from laboratory and transport to the study sites,
the content of the ALECSAT product was analyzed and the
in vitro activity was tested against GBM cell line HROG17,'6
using real-time cytotoxicity assays (Supplementary
Methods 2).

Second-line treatment after disease progression was
administered at the discretion of the investigator. Patients
were allowed to remain on ALECSAT treatment after dis-
ease progression (Figure 1), due to the known risk of
pseudoprogression during immunotherapy. Cross-over to
treatment with ALECSAT was not allowed for patients ran-
domized to SOC.

Patient Evaluation and Follow-up

A pathological diagnosis of GBM or gliosarcoma was ac-
cepted. IDH1 mutation and MGMT-promoter methyla-
tion status were analyzed and reported according to local
standards. Disease status at baseline was decided using
the postoperative MRI, or if not available, the dose plan-
ning MRI. Evaluation was performed with MRI and clinical
examination every 12 weeks. Patients randomized to the
SOC arm followed the same study plan and underwent the
same study procedures as the patients in the experimental
arm, except for the additional visits for blood donation for
ALECSAT production and ALECSAT treatment (meaning 4
extra visits for the ALECSAT patients during the loading
phase and 1 extra visit every 3 months during the mainte-
nance phase).

Outcomes

The primary endpoint was PFS, measured as the time
from randomization to the date of investigator-assessed
progressive disease (PD) or death by any cause. PD was
based on MRI, clinical status, and use of corticosteroids,
according to Response Assessment in Neuro-Oncology cri-
teria.’” Secondary endpoints were OS, measured from the
time of randomization until death for any reason, and the
proportion of patients alive at 12 and 24 months after ran-
domization (1-year and 2-year OS). Safety endpoints were
adverse events (AEs), safety laboratory parameters, and
immune system status.

Statistical Analysis

Between February 2, 2018 and October 16, 2018, there
was a halt in recruitment, during which the study protocol
was substantially amended. The primary endpoint was al-
tered from OS to PFS, the secondary endpoint from PFS
to OS, and the sample size reduced from 87 to 60, due to
economic reasons. The new sample size calculation was
based on the assumptions of a median PFS of 6.9 months
in the SOC group® and an expected hazard ratio (HR) in
favor of the ALECSAT + SOC therapy of 0.54, equivalent

Progression

Radiotherapy + TMZ + ALECSAT tsr::‘t’n’l‘;:t“f
N-=62 n =40 (FAS) ALECSAT
di Surggry i Randomization 2:1
'agé‘glf/'ls o (ALECSAT:SOC)
Radiotherapy + TMZ (SOC) Second line
n =21 (FAS) treatment
Week 1-6 8 10 11 12 15 16 19 22 23 27 31 34 35
RT + TMZ T™Z T™Z ™Z ™Z ™Z ™Z
ALECSAT ALECSAT ALECSAT ALECSAT
MRI DIS MRI DIS ‘MRI DISJ
Visits Jvew 12
weeks hereafter
Figure 1. Overview of trial design and study schedule. DIS, disease status evaluation. FAS, full analysis set (or population).
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to a median PFS of 12.8 months in this group. A one-sided
10% significance level was used to establish the signifi-
cance of the observed differences. The primary analysis
was performed, according to protocol, when 47 events
(investigator-assessed progression or death by any cause)
had been observed. Data-base lock (DBL) for this analysis
was on November 14, 2019, but patients continued treat-
ment according to protocol until the end of study (EoS,
February 24, 2020). The data were signed by the investiga-
tors after EoS. Here we present the final analysis at DBL
on the signed and locked dataset. Statistical analysis was
performed using SAS 9.4 PROC PHREG and LIFE TEST.
Descriptive statistics were summarized using counts and
proportions, means were presented with standard devi-
ations, and medians with range. For comparison between
groups, Fisher’s exact test (lowest 1-sided P value multi-
plied by 2) was used for dichotomous variables, and the
Mann-Whitney U test was used for continuous variables.
The PFS and OS were analyzed using Kaplan—-Meier sur-
vival estimates. Comparisons between treatment groups
were analyzed by log-rank test.

Results
Patient Characteristics

Sixty-five patients were screened and 62 patients were
randomized in the trial, 22 in the SOC group and 40 in the
SOC + ALECSAT group. One patient in the SOC group did
not receive oncological treatment at all, due to a serious
fungal infection, unrelated to tumor treatment, and was ex-
cluded from the full analysis set (FAS). The FAS includes
all 61 patients who entered the trial and received at least
one trial treatment. The randomization and study arms are

Screening
N =65

l

Randomization 2:1

presented in Figure 2. Three patients in the experimental
arm, still alive at DBL, had terminated the trial by early
withdrawal, due to PD with inability to continue to comply
with trial procedures (n = 2) or PD and that the blood dona-
tion could put the patient at risk (n = 1).

The treatment groups were well balanced in terms of
sex and PS, with a majority of men (n = 36, 59%) and most
patients (n = 58, 95%) were in PSWHO 0 or 1 at baseline.
The median age of the SOC group was higher, 62 years
(range 44-69), compared to 55.5 years (range 38-69) in the
SOC + ALECSAT group. Complete resection was achieved
in 47.6 % in SOC arm and 42.5 % in SOC + ALECSAT. One
single patient in the SOC + ALECSAT group had a multi-
focal disease, all other patients had single tumors only.
All tumors, but one, were IDH wildtype (IDHwt). There
were significantly more patients with unmethylated
MGMT status in the SOC + ALECSAT group (n = 28; 70%)
as compared to the SOC group (n = 7; 33%). Relatively
more patients in the SOC group used corticosteroids at
baseline (n = 10, 48%), compared to the SOC + ALECSAT
group (n =10, 25%; Table 1).

Treatment Characteristics

The median time from surgery to the start of RT and TMZ
was 32 days (Table 1). RT was given as planned to 97% of
the patients, with 2 Gy per fraction to a median dose of 60
Gy in both treatment arms (Table 2). One patient in each
group stopped RT earlier than planned, due to epileptic
seizures requiring hospitalization and infection, respec-
tively. The treatment groups were well balanced in terms
of concomitant TMZ treatment, with a median duration of
43 days (range 24-48 days). There were no dose reduc-
tions during treatment, but 6 patients (15%) in the SOC +
ALECSAT group and 3 patients (14.3%) in the SOC group

N =62
SOC + ALECSAT SOC
n= 40 n= 22
1 patient excluded
received no treatment
SOC + ALECSAT FAS SOC FAS (Full analysis population) =
n =40 N =61 n=21 SAF (Safety analysis population)
Died n = 26 Diedn=12
Ongoing n = 11 Ongoingn =9
Early withdrawals n = 3

Figure 2. Randomization and study populations.
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Table 1. Baseline Characteristics (FAS)

Variable

SOC (n=21) SOC + ALECSAT

(n =40)

Total (N =61)
N (%)

n (%)

Age
Median, years (range)
Mean, years (SD)

Gender
Female
Male

Performance status?
0
1
2

Type of surgery
Complete resection
Partial resection
Biopsy

Tumor location®
Frontal
Temporal
Parietal
Occipital
Multifocal®

Tumor characteristics
IDH1wt
IDHTmut

MGMT status
Unmethylated
Methylated

Use of steroids at baseline
Yes
No

Median time from surgery to start
of oncological treatment® (days and
range)

n (%)

62.0 (44-69) 55.5 (38-69) 57.0 (38-69)
59.9 (+7.3) 55.2 (+9.0)* 56.8 (+ 8.6)
9 (42.9) 16 (40.0) 25 (41.0)
12 (57.1) 24 (60.0) 36 (59.0)
10 (47.6) 19 (47.5) 29 (47.5)
10 (47.6) 19 (47.5) 29 (47.5)
1(4.8) 2 (5.0) 3(4.9)
10 (47.6) 17 (42.5) 27 (44.3)
8(38.1) 21 (52.5) 29 (47.5)
3(14.3) 2(5.0) 5(8.2)
5(23.8) 13 (32.5) 18 (29.5)
11 (52.4) 17 (42.5) 28 (45.9)
5(23.8) 7(17.5) 12 (19.7)
1(4.8) 6(15.0) 7 (11.5)
0(0) 1(2.5) 1(1.6)
21 (100) 39 (97.5) 60 (98.4)
0(0) 1(2.5) 1(1.6)
7 (33.3) 28 (70.0) 35 (57.4)
14 (66.7) 12 (30.0)** 26 (42.6)
10 (47.6) 10 (25.0) 20 (32.8)
11 (52.4) 30 (75.0) 41 (67.2)
35 (23-43) 31 (22-42) 32 (22-43)

aPerformance status, according to Eastern Cooperative Oncology Group/WHO.

bFive patients had unifocal tumors engaging more than 1 lobe.

“Multifocal tumor, defined as at least 2 separate contrast-enhancing lesions.

dWaiting time from surgery to start of radiotherapy and TMZ.
*P=.046, **P=.013.

stopped concomitant TMZ treatment earlier than planned
(Table 2). The most common reasons for terminating con-
comitant TMZ early were thrombocytopenia (n = 5), fol-
lowed by rashes (n = 2), infection, and liver toxicity (one
of each).

A total of 5 patients did not start adjuvantTMZ treatment,
due to bone marrow toxicity (n = 3) or suspected disease
progression (n = 2). Patients in the SOC group received
a median of 6 adjuvant TMZ cycles (range 0-7) versus 5
cycles (range 0-9) in the SOC + ALECSAT group. More pa-
tients (57%) in the SOC group, versus the SOC + ALECSAT

group (45%) completed the planned 6 cycles of adjuvant
TMZ (Table 2).The main reason for not completing all adju-
vantTMZ cycles was disease progression.

All patients randomized to the experimental arm received
at least 2 loading doses of ALECSAT. Two patients missed
ALECSAT treatments (1 and 2 doses, respectively) due to
technical manufacturing problems. The number of patients
receiving ALECSAT dropped markedly from the loading
phase to the maintenance phase with only 28 subjects
(70%) receiving the first maintenance dose (Table 2). A total
of 8 patients (20%) had to stop maintenance treatment
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Table 2. Treatment Characteristics (FAS)

Variable

Radiotherapy

Total dose, Gy (median and range)

Number of fractions, n (range)

Treatment given as planned, n (%)
ConcomitantTMZ

Daily dose in mg, median (range)

Duration of TMZ treatment, days (median and range)

Treatment given as planned, n (%)
AdjuvantTMZ

Number of cycles, mean (SD)

Median (range)

Patients completed 6 cycles, n (%)
ALECSAT
Loading phase

At least 2 doses, n (%)

Completed 3 loading doses, n (%)
Maintenance phase

At least one dose, n (%)

Received 4 maintenance doses, n (%)

Received 7 maintenance doses, n (%)
Continued ALECSAT beyond PD, n (%)
Second-line treatment after PD

Received any second-line treatment

with ALECSAT earlier than planned due to the closure of
the study.

As mentioned above, 48% of patients in the SOC group
used corticosteroids at baseline, compared to 25% in the
experimental arm. At the end of RT, the proportion of pa-
tients on steroids had decreased to 38% in the SOC group,
but increased to 60% in the SOC + ALECAT group. The
trend over time of more patients in the experimental arm
using steroids remained. A clear difference in the use of
corticosteroids between study sites was noted.

After progression, 39 patients received second-line treat-
ment, the most common being single Lomustine. Seventy-
four percent (25 of 34) of patients continued ALECSAT
treatment after progression (Table 2).

ALECSAT Product Characteristics

The ALECSAT products contained a median of 117 million
cells at the first loading dose (week 8). At the following dose
(week 12), the cell amount in the ALECSAT products had
decreased to a median of 38.5 million. Hereafter, the cell
number per treatment remained relatively stable, at lower
levels than initially, for most patients (Supplementary
Table 1). In addition to the reduction in the total number
of cells, the levels of several subpopulations of T lympho-
cytes also decreased starting from the second treatment
(Supplementary Tables 1-3). These reductions appeared to
coincide with the observed decrease, within normal range,

SOC (n=21) SOC + ALECSAT (n = 40)
60.0 (58.0-60.0) 60.0 (38.0-60.0)
30 (29-30) 30 (19-30)

20 (95.2%) 39 (97.5%)
140 (120-160) 140 (120-180)
43 (24-48) 43 (28-48)

18 (85.7) 34 (85.0)

4.2 (+2.5) 4.4 (£2.0)

6.0 (0-8) 5.0 (0-9)

12 (57.1) 18 (45.0)

- 40 (100)

- 35 (87.5)

- 28 (70.0)

- 12 (30.0)

- 6(15.0)

- 25/34 (73.5)
12/15 (80.0) 27/34 (79.4)

in peripheral leukocytes, lymphocytes, neutrophils, CD4+
cells, and platelets. Similar decreases in blood counts were
seen in the SOC group (data not shown).

The cell viability, at the release from the laboratory,
was stable with a median viability of around 95% over the
course of the trial (Supplementary Table 1). Information
on the lymphocyte subpopulations in the final product
and expression of CTA in T, cells treated with 5-aza-2’-
deoxycytidine is given in SupplementaryTables 1-4.

There was a clear and stable dose response in the cyto-
toxicity test of ALECSAT cells in vitro throughout the trial
(SupplementaryTable 5).

Survival

The PFS was 7.9 months in the SOC group compared to
7.8 months in the SOC + ALECSAT group (Figure 3A). The
difference between the treatment groups was not statis-
tically significant (HR 1.28; 95% confidence interval [CI]
0.70-2.36; P =.42).The median OS was 18.3 months in the
SOC group and 19.2 months in the SOC + ALECSAT group
(Figure 3B). The difference was not statistically significant
(HR 1.16; 95% CIl 0.58-2.31; P=.67).

The 1-year probability of survival was 60.2% (95% CI
38.5-81.8) in the SOC group and 66.1% (95% CI 51.1-81.2)
in the experimental arm. The 2-year probability of survival
was 35.1% (95% Cl 12.3-57.9) in the SOC group, compared
to 30.0% (95% Cl 14.1-46.0) in the SOC + ALECSAT group.
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Figure 3. (A) Progression-free survival and (B) overall survival.

The differences between treatment groups were not statis-
tically significant.

Toxicity and Safety

All patients in the trial reported AEs related to SOC and
more than half (57.5%) of the patients in the SOC + ALECSAT
group experienced AEs possibly related to ALECSAT, as as-
sessed by the investigator. AEs of >CTCAE grade 3 were
more common in the experimental group than in the SOC
group (92.5% vs 81.0%), but the treatment arms were well
balanced in terms of patients with serious adverse events
(SAEs), 52.5% versus 52.4%. There was one fatal SAE in the
SOC group, as one patient died in a gastrointestinal hemor-
rhage. This particular patient terminated concomitant TMZ
treatment early due to thrombocytopenia, but the platelet
count was normalized 2 months before the event, and no ad-
juvant TMZ treatment was given according to the patient’s
wish.The patient had a relatively high dose of steroids at the
time of death (4 mg betamethasone daily). Reported AEs,
somewhat more commonly reported in the SOC + ALECSAT
group, were brain edema, mild headache, and infections
(Table 3). An SAE of retinal infiltrates in a patient with dia-
betes and visual disturbance in the medical history was re-
ported 3 months after the last ALECSAT dose. This event was
considered possibly related to ALECSAT and TMZ treatment,
with an alternative explanation according to the investigator
being a concurrent illness. Two patients developed spinal
metastasis (1 patient in each treatment arm) and 1 patient
in the SOC + ALECSAT group had distant metastases to the
right lung, diaphragm, and both kidneys at autopsy. These
3 patients all had IDHwt GBMs, 2 with unmethylated and 1
with methylated MGMT status.

Discussion

Here we report the results of a phase Il trial on the efficacy
and safety of ALECSAT as an add-on therapy to RT and
TMZ in patients with newly diagnosed GBM. The trial did

Table 3. Summary of Adverse Events

SOC + ALECSAT
(X))
Patients AEs Patients
with AEs with AEs
n (%)
Any AE 445  21(100) 1042 40 (100)
AE >grade 3 76 17 (81.0) 152 37 (92.5)
AEs related to 0 0(0.0) 201 23(57.5)
ALECSAT
AEs related to SOC 213 21(100) 477 40 (100)
AEs leading to discon- 35 11 (52.4) 33 22 (55.0)
tinued treatment
Any SAE* 19 11 (52.4) 40 21 (52.5)
SAEs related to 0 0(0.0) 12 9 (22.5)
ALECSAT
SAEs related to SOC 7 4(19.0) 1 8(20.0)
SAEs leading to 1 1(4.8) 0 0(0.0)
death*
AEs of special interest**
Brain edema 4 3(14.3) 1 10 (25.0)
Fatigue 33 19 (90.5) 77 38 (95.0)
Headache 20 7 (33.3) 56 30 (75.0)
Seizures 19 8(38.1) 43 17 (42.5)
Infections 22 12 (57.1) 59 28 (70.0)
Thromboembolism 7 5(23.8) 20 12 (30.0)
Leukopenia >grade3 12 6 (28.6) 9 (22.5)
Thrombocytopenia 5 4 (19.0) 4 4(10.0)

>grade 3

*Disease progressions not included.
**Any grade if not otherwise stated.

not meet the primary endpoint of improved PFS with the
addition of ALECSAT to SOC treatment (7.8 vs 7.9 months)
as compared to SOC only. The OS was comparable
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between the treatment groups (19.2 vs 18.3 months), and
these small differences were not statistically significant.
In the SOC + ALECSAT group, patients were significantly
younger, but it was also more common with unmethylated
MGMT promoter. Adjusting for these unbalances at base-
line did not yield any significant survival differences be-
tween the study groups.The PFS and OS of both treatment
arms in our study are comparable with outcome reported
from randomized phase Il trials,>'8'® as well as other im-
munotherapy trials in newly diagnosed GBM.20-22

Our results are not in accordance with the earlier re-
ported efficacy of ALECSAT as a single agent, observed in
a phase | clinical trial (NCT01588769), where 3 out of 25 pa-
tients with recurrent GBM obtained a treatment response.™
Several factors need to be considered trying to explain the
lack of efficacy of ALECSAT in the present study setting.
In the phase | study, the patients did not receive chemo-
therapy during ALECSAT treatment. It cannot be excluded
that the combination with TMZ in the present trial had a
negative impact on the efficacy of ALECSAT. In fact, the me-
dian number of cells in the ALECSAT product was reduced
by >50% after the initiation of TMZ treatment. Since batches
were manufactured with the same number of cells initially,
this suggests that TMZ may have affected the ability of T
cells to proliferate during the manufacturing of ALECSAT.

Furthermore, in the phase 1 trial of recurrent GBM, the
average lymphocyte cell number in ALECSAT preparation
was 156 million. In the present study, on average, less than
100 million cells were present in the ALECSAT product. It
cannot be ruled out that this contributed to a negative clin-
ical impact. Indeed, earlier studies demonstrated a positive
correlation between the number of ALECSAT cells and the
number of killed cancer cells in vitro, stressing the impor-
tance of the number of infused cells.”'* A clear dose re-
sponse of cytotoxicity of the ALECSAT products in vitro
was also seen in the present study.

Previous studies in patients with newly diagnosed GBM
have shown significant and long-lasting lymphopenia, with
severe reductions of CD4 counts, following treatment with
RT and TMZ.2324 Corticosteroids, commonly used to treat
peritumoral edema in GBM patients, have well-known neg-
ative effects on lymphocyte function and increase immune
suppression in the tumor microenvironment.?526 Increased
use of corticosteroids during chemoradiotherapy has
shown to be an independent risk factor for developing acute
severe lymphopenia.?’? There is also increasing evidence
that corticosteroids might negatively impact survival in
GBM and may hamper the efficacy of immunotherapies.?52°
Considering this, it would have been desirable with no or
very low doses of steroids during ALECSAT treatment. In
fact, the proportion of patients using corticosteroids in the
experimental arm was only 25% at baseline. However, this
proportion increased to 60% at the end of RT, before the
start of ALECSAT treatment, demonstrating the difficulties
in anticipating future steroid need at the time of inclusion.
We observed significant decreases in peripheral lympho-
cytes, CD4+ and CD56+ cells following chemoradiotherapy
in both treatment arms, as compared to baseline. This cell
reduction may have counteracted the ACT.

In our preclinical study, testing ALECSAT on autologous
GBM-derived cancer stem cells, the in vitro effect correl-
ated significantly with the blood count of CD4+ cells in
the patient.™ This suggests that there may be a benefit

in collecting cells for ALECSAT preparation at an even
earlier stage, when patients generally have higher blood
counts, as also seen in our trial. An increase in the pro-
portion of stem cell memory cells and central memory
cells in ACT has been suggested to improve the persist-
ence and antitumor efficacy.3® A new version of ALECSAT
(ALECSAT-2) has recently been developed that permits
generation of a larger number of the effector cells with
higher expression of CD62L. ALECSAT-2 is currently being
tested in a clinical trial with triple-negative breast cancer
patients (NCT04609215).

The reported AEs in our study were consistent with
known side effects from RT and TMZ or symptoms
present at disease progression of GBM. During the
study, brain edema was reported as SAE, with possible
but not evident relation to ALECSAT, for 4 patients in the
experimental arm. Even though the frequency of AEs
was somewhat higher in the SOC + ALECSAT group, the
distribution of AEs was comparable between treatment
arms. SAEs were reported with similar frequencies in
both treatment groups, and no new safety signals were
observed in the trial.

Data from early immunotherapy studies have indicated
a potentially important role for immunotherapy in the fu-
ture treatment of GBM,™31-33 put at the same time, several
clinical trials in recent years have failed to demonstrate ef-
ficacy.?03435 As pointed out in recent reviews, there are sev-
eral obstacles underlying the immunotherapy resistance of
GBM that need to be overcome: the low immunogenicity of
the tumor itself, the immune privilege of the CNS, and the
immune-suppressive microenvironment. A combination
of different immunotherapy strategies might be needed to
overcome these impediments.3657

Limitations

There are obvious limitations of our study. PFS (chosen
due to economical restrictions faced by the sponsor) is
not the best choice of primary endpoint in GBM, due to
the well-known risk of pseudoprogression after RT with
TMZ."7 In this trial, however, the mature OS data were in
concordance with PFS, and therefore, the choice of PFS is
unlikely to have biased the study result. Furthermore, the
trial was open-label, with an inherent risk of bias among
investigators in the reporting of AEs and PD. However, this
possible bias would unlikely have affected OS, and it was
considered ethically unacceptable for patients to donate
blood without receiving a potential positive treatment ef-
fect. Patient numbers were based on a sample size calcu-
lation hypothesizing a large positive treatment effect of
ALECSAT (HR 0.54), which was very ambitious, but con-
sidered reasonable for such a complex and costly treat-
ment like ALECSAT. The complete lack of efficacy signal in
OS data in this study, however, shows that ALECSAT was
not effective in the present setting.

Conclusion

The addition of ALECSAT immunotherapy to RT and
TMZ did not improve PFS or OS for patients with newly
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diagnosed GBM. The combination with TMZ and cortico-
steroids may have had a negative impact on the efficacy of
ALECSAT treatment. The treatment was well tolerated and

References

future studies should consider a different approach.

Supplementary Material

Ostrom QT, Cioffi G, Gittleman H, et al. CBTRUS statistical report: pri-
mary brain and other central nervous system tumors diagnosed in the
United States in 2012—2016. Neuro Oncol. 2019;21(suppl 5):v1-v100.

2. de Robles P, Fiest KM, Frolkis AD, et al. The worldwide incidence and
Supplementary material is available at Neuro-Oncology prevalence of primary brain tumors: a systematic review and meta-
Advances online. analysis. Neuro Oncol. 2015;17(6):776—783.
3. Stupp R, Mason WP, van den Bent MJ, et al.; European Organisation
for Research and Treatment of Cancer Brain Tumor and Radiotherapy
Groups; National Cancer Institute of Canada Clinical Trials Group.
Keywords Radiotherapy plus concomitant and adjuvant temozolomide for glioblas-
adoptive cell therapy | ALECSAT | glioblastoma | immuno- toma. NEng/J_Med. 2005;352“0):987_99.6' L
therapy | randomized trial 4. Stupp R, Hegi ME, Mason WP, et- al.; European O.rga‘msatlon for
Research and Treatment of Cancer Brain Tumour and Radiation Oncology
Groups; National Cancer Institute of Canada Clinical Trials Group.
Effects of radiotherapy with concomitant and adjuvant temozolomide
versus radiotherapy alone on survival in glioblastoma in a randomised
Funding phase Ill study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol.
. ; 2009;10(5):459-466.
The StUdY was funded by Cytovac A/S. Data anaIyS|s. and in- 5. Gilbert MR, Wang M, Aldape KD, et al. Dose-dense temozolomide for
terpretation were supported by grants from the Swedish state newly diagnosed glioblastoma: a randomized phase Il clinical trial. J
under the agreement between the Swedish government and Clin Oncol, 2013:31(32):4085-4091.
the county councils, the ALF agreement (ALFGBG-933972, 6. StuppR, Taillibert S, Kanner A, et al. Effect of tumor-treating fields plus
ALFGBG-716671, ALFGBG-717021), VGFOUREG-750851, and from maintenance temozolomide vs maintenance temozolomide alone on sur-
Goteborgs Lakareséllskap. vival in patients with glioblastoma: a randomized clinical trial. JAMA.
2017;318(23):2306-2316.
7. Chen DS, Mellman I. Oncology meets immunology: the cancer-immunity
cycle. Immunity. 2013;39(1):1-10.
ACkHOWIedgments 8. Tivnan A, Heilinger T, Lavelle EC, Prehn JH. Advances in immunotherapy
We thank all patients and their relatives, as well as the study forthetreatmentl of glioblastoma. J Neuroonco. 2.017;131(1):1_9' .
. . . L . 9. Rohaan MW, Wilgenhof S, Haanen JBAG. Adoptive cellular therapies:
tgams involved in the study, fot making this trial ;_)ossmle. A spe- the current landscape. Virchows Arch. 2019:474(4}443—41
cial thanks to study nurse Erén Svensson, for invaluable sup- 10. Dzhandzhugazyan KN, Guldberg P. Kirkin AF. Adoptive T cell cancer
pprt throughout the trial. We also acknowlgdge .Dr. Mlch?el therapy. Nat Mater. 2018:17(6:475-477
Il;(r)]:t?)l::iclt]:rnpr(?v‘?gizr;rgﬁz:)lagor::rcgtjlr\IIiInelsjrtll)vg;igzacl-l/f\)/ssplfsl 11. Kirkin AF, Dzhandzhugazyan KN, Guldberg P, et al. Adoptive cancer
! . . ' immunotherapy using DNA-demethylated T helper cells as antigen-
VYB|| as local pathologists at the study.snes for extra W(_)rk_ th pro- presenting cells. Nat Commun. 2018:9(1)785
\éi(:iislggl:allixﬁgclpi?:. and Mattias Molin, a statistician at 12. Kirkin AF, Dzhandzhugazyan KN, Zeuthen J. Cancer/testis antigens:
structural and  immunobiological  properties.  Cancer  Invest.
2002;20(2):222-236.
13. Scanlan MJ, Gure AQ, Jungbluth AA, Old LJ, Chen YT. Cancer/testis
Registration: EudraCT number 2015-004058-17, NCT02799238. 7{:279;”3 o gggg_”fég%lzgagz"y of targets for cancer immunotherapy.
14. Wenger A, Werlenius K, Hallner A, et al. Determinants for effective
ALECSAT immunotherapy treatment on autologous patient-derived gli-
. . oblastoma stem cells. Neoplasia. 2018;20(1):25-31.
Conflict of interest statement. The authors employed by Cytovac 15. Haslund C, Muhic A, Lukacova S, et al. 0S2.7 An open-labelled, random-
A/S did not have any influence on the outcome of t.he study. The ized phase Il study in patients with recurrent glioblastoma multiforme
other authors declare that they have no conflict of interest. comparing progression-free survival of ALECSAT (Autologous Lymphoid
Effector Cells Specific Against Tumour-Cells) versus bevacizumab/
irinotecan. Neuro Oncol. 2016;18(suppl 4):iv6—iv6.
. _ 16. Mullins CS. A comprehensive approach to patient-individual glioblastoma
Authorship Statement. Study design or concept: KW, M.B,, multiforme model establishment. J Cancer Sci Ther. 2014;6:177-187.
S.K, AFK. and KN.D. trial conduct: KW,, G.S., M.S., M.B., and 17. Wen PY, Macdonald DR, Reardon DA, et al. Updated response assess-
SK.; data analysis and |.nterpre.tat|0n: KW, SK., MB., AJS, ment criteria for high-grade gliomas: response assessment in Neuro-
A.S.,and AFK; manuscript writing: KW, SK., A.S., AJS., HC., Oncology working group. J Clin Oncol. 2010:28(11):1963-1972.
and A.EK.; manuscript review and approval: KW, G.S., M.S,, 18. Chinat OL, Wick W, Mason W, et al. Bevacizumab plus radiotherapy-

M.B., H.C.,A.S.J.,B.R.,D.D.,KN.D., AFK, MKR.,A.S. and SK.

temozolomide for newly diagnosed glioblastoma. N Engl J Med.
2014;370(8):709-722.



Werlenius et al. A randomized trial of ALECSAT for glioblastoma

19.

20.

21.

22.

23.

24,

25

26.

21.

28.

Gilbert MR, Dignam JJ, Armstrong TS, et al. A randomized trial
of bevacizumab for newly diagnosed glioblastoma. N Engl J Med.
2014;370(8):699-708.

Weller M, Butowski N, Tran DD, et al.; ACT IV Trial Investigators.
Rindopepimut with temozolomide for patients with newly diagnosed,
EGFRvlll-expressing glioblastoma (ACT IV): a randomised, double-blind,
international phase 3 trial. Lancet Oncol. 2017;18(10):1373-1385.

Wen PY, Reardon DA, Armstrong TS, et al. A randomized double-blind
placebo-controlled phase Il trial of dendritic cell vaccine ICT-107
in newly diagnosed patients with glioblastoma. Clin Cancer Res.
2019;25(19):5799-5807.

Migliorini D, Dutoit V, Allard M, et al. Phase I/Il trial testing safety
and immunogenicity of the multipeptide IMAS50/poly-ICLC vaccine in
newly diagnosed adult malignant astrocytoma patients. Neuro Oncol.
2019;21(7):923-933.

Grossman SA, Ye X, Lesser G, et al.; NABTT CNS Consortium.
Immunosuppression in patients with high-grade gliomas treated with
radiation and temozolomide. Clin Cancer Res. 2011;17(16):5473-5480.
Hughes MA, Parisi M, Grossman S, Kleinberg L. Primary brain tumors
treated with steroids and radiotherapy: low CD4 counts and risk of infec-
tion. Int J Radiat Oncol Biol Phys. 2005;62(5):1423-1426.

Kelly WJ, Gilbert MR. Glucocorticoids and immune checkpoint inhibitors
in glioblastoma. J Neurooncol. 2021;151(1):13-20.

Chitadze G, Fltih C, Quabius ES, et al. In-depth immunophenotyping of
patients with glioblastoma multiforme: Impact of steroid treatment.
Oncoimmunology. 2017;6(11):e1358839.

Hui CY, Rudra S, Ma S, Campian JL, Huang J. Impact of overall corti-
costeroid exposure during chemoradiotherapy on lymphopenia and sur-
vival of glioblastoma patients. J Neurooncol. 2019;143(1):129-136.

Lee C, Ahn S, Park JS, Song JH, Hong YK, Jeun SS. Effect of cumu-
lative dexamethasone dose during concomitant chemoradiation on

29.

30.

31.

32.

33.

34.

35.

36.

31.

lymphopenia in patients with newly diagnosed glioblastoma. Brain
Tumor Res Treat. 2020;8(2):71-76.

Pitter KL, Tamagno |, Alikhanyan K, et al. Corticosteroids compromise
survival in glioblastoma. Brain. 2016;139(Pt 5):1458—1471.

Gattinoni L, Speiser DE, Lichterfeld M, Bonini C. T memory stem cells in
health and disease. Nat Med. 2017;23(1):18-27.

Xu LW, Chow KK, Lim M, Li G. Current vaccine trials in glioblastoma: a
review. J Immunol Res. 2014;2014:796856.

Cloughesy TF, Mochizuki AY, Orpilla JR, et al. Neoadjuvant anti-PD-1
immunotherapy promotes a survival benefit with intratumoral and
systemic immune responses in recurrent glioblastoma. Nat Med.
2019;25(3):477-486.

Gumrukcu S, Nguyen TX, White RL, Howell GT, Musikanth P.
Allogeneic natural killer and cytomegalovirus (CMV)-pp65 pulsed
dendritic cells induced complete response through 15 months in a
patient with recurrent glioblastoma: a case study. Am J Case Rep.
2021;22:€931030.

Reardon DA, Brandes AA, Omuro A, et al. Effect of nivolumab vs
bevacizumab in patients with recurrent glioblastoma: the CheckMate 143
phase 3 randomized clinical trial. JAMA Oncol. 2020;6(7):1003—-1010.
Cloughesy TF, Petrecca K, Walbert T, et al. Effect of vocimagene
amiretrorepvec in combination with flucytosine vs standard of
care on survival following tumor resection in patients with recur-
rent high-grade glioma: a randomized clinical trial. JAMA Oncol.
2020;6(12):1939-1946.

Weenink B, French PJ, Sillevis Smitt PAE, Debets R, Geurts M.
Immunotherapy in glioblastoma: current shortcomings and future per-
spectives. Cancers (Basel). 2020;12(3):751.

Montoya ML, Kasahara N, Okada H. Introduction to immunotherapy for
brain tumor patients: challenges and future perspectives. Neurooncol
Pract. 2020;7(5):465—476.



