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TLR-9 agonists are immunostimulating agents that have antitumor effects in ani-
mal models. A phase | trial was conducted to define the safety profile of subcuta-
neous injections, combined with intrathecally administration of CpG-28, a TRL 9
agonist, in patients with neoplastic meningitis (NM). Cohorts of 3-6 patients with
NM were treated for 5 weeks with escalating doses of CpG-28. The primary end-
point was tolerance. Secondary endpoints were progression free survival (PFS)
and overall survival (OS). Twenty-nine patients were treated with CpG-28. The
primary cancers were malignant glioma, lung carcinoma, breast cancer, melanoma
or melanocytoma, ependymoma, and colorectal cancer. The median age was
56 years and median Karnovsky Performance status (KPS) was 70%. The treat-
ment was well tolerated. Adverse effects that were possibly or probably related
to the studied drug were grade 2 lymphopenia, anemia and neutropenia, local
erythema at injection sites, fever and seizure. There were five serious adverse
events: two confusions, two infections of ventricular devices and one grade 4
thrombopenia and neutropenia. The median PFS was 7 weeks and median OS
was 15 weeks. Interestingly, the median survival was slightly (but not signifi-
cantly) higher in the eight patients who were concomitantly treated with bev-
acizumab (19 weeks vs 15 weeks; P = 0.11). CpG-28 was well tolerated at doses
up to 0.3 mg/kg subcutaneously and 18 mg intrathecally. Additional trials are
warranted.

N eoplastic meningitis (NM) is a devastating disease, with
no effective therapies available. Despite the combination
of systemic treatment with intra-cerebrospinal fluid (CSF)
chemotherapy and radiotherapy to the sites of bulky disease,
the prognosis of NM remains poor, with a median survival of
2-3 months, and only 15% of patients surviving at
12 months.V

Oligodeoxynucleotides containing unmethylated cytosine-
guanosine motifs (CpG-ODN) activate both the innate and the
adaptive immune system through activation of Toll-like recep-
tor 9 (TLR-9).”) In humans, TLR-9 is mainly expressed by
plasmacytoid dendritic cells (pDCs) and B cells.®’ Plasmacy-
toid DCs are present in human CSF and are elevated in various
neuroinflammatory conditions.” TLR-9 is also expressed in
human microglial cells,’ and in human glioblastomas
(GBM).®®

Several animal models have shown that immune stimulation
by a TLR-9 agonist such as CpG-28 can induce tumor rejec-
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tion through activation of both innate and specific immunity,
especially when injected directly into the tumor.”® Phase I
and II clinical trials have been conducted in patients harboring
recurrent GBM where CpG-28 has been locally administered
into the tumor mass; both showed a good safety profile and
some cases of minor responses.”-

This phase I trial was conducted in patients with NM to
define the tolerance of CpG-28 injected both subcutaneously
and intrathecally.

Materials and Methods

Patient eligibility criteria. The eligibility criteria were defined
as follows: age >18 years; histologically proven systemic cancer
or primitive brain tumor; diagnosis of neoplastic meningitis
(positive cerebrospinal fluid cytology and/or clinical symptoms
of NM and MRI findings consistent with NM); absence of any
visible CSF blockage on cerebro-spinal MRI; a modified Rankin
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index >3; life expectancy >2 months; and adequate contracep-
tion. The exclusion criteria were pregnancy; breast-feeding; his-
tory of autoimmune disease; breast cancer NM either responding
to or not previously treated with intra-CSF methotrexate; lym-
phomatous meningitis; contraindication to MRI; platelets
<80 000/mm?; neutrophils <500/mm?; lymphocytes <300/mm?;
coagulation disorders. All patients signed an informed consent
form, which was approved by the institutional review board
(Comité de Protection des Personnes participant a une Recherche
Biomédicale de Paris-Pitié- Salpetriere; Protocole No. P060103).

Treatment and drug administration. The TLR-9 agonist CpG-
28 (sequence 5'-TAAACGTTATAACGTTATGACGTCAT-3'),
synthesized with a wholly phosphorothioate backbone was sup-
plied by Oligovax (Paris, France) and AGEPS (Agence Générale
des Equipements et Produits de Santé). Cohorts of 3—6 patients
were treated for 5 weeks with escalating doses of CpG-28 fol-
lowing a Fibonacci design (level 1: 0.1 mg/kg per week subcuta-
neously (SC); level 2: 0.3 mg/kg per week SC; level 3: 0.3 mg
/kg SC associated with 3 mg intra-CSF every other week; level
4: 0.3 mg/kg SC associated with 7 mg intra-CSF every other
week; level 5: 0.3 mg/kg SC associated with 12 mg intra-CSF
every other week; and level 6: 0.3 mg/kg SC associated with
18 mg intra-CSF every other week). After level 4, because the
dose-limiting toxicity (DLT) was not reached, the protocol was
amended to add two supplementary levels (5 and 6) and to allow
additional intrathecal injections (1 per month) for the patients
showing clinical and/or radiological improvement.

In addition to their usual treatment, patients received cloba-
zam (10 mg before every intrathecal injection and 10 mg dur-
ing the 3 days after the intra-CSF injection) to prevent
seizures and at least 20 mg of prednisolone to prevent arach-
noiditis. Concomitant treatments with antiepileptics and any
other approved chemotherapeutic agents were allowed if
deemed appropriate by the physician in charge of the patient.

Evaluation of the patients. Patients were assessed every week
during the initial 5 weeks, and then every 15 days for a
month, and then monthly until progression. At each visit, neu-
rological and general examinations, complete blood count,
serum biochemistry, and liver function tests were performed.
The CSF was examined at each intrathecal injection. Antinu-
clear antibody titers were measured at baseline, day 30 and 60.
Toxicity was graded according to the NCI expanded Common
Toxicity Criteria (NCI CTC 3.0).

Spinal and cerebral MRI were performed 4 and 8 weeks after
treatment, and then every other month. A complete response was
defined as the complete disappearance of all enhancing lesions
on MRI for at least 4 weeks on two consecutive images, and a
negative CSF cytology, confirmed on three different consecutive
CSF studies on days 0, 3 and 30, if the initial cytology was posi-
tive. A partial response was defined as a > 50% decrease of the
sum of products of diameters of all measurable enhancing
lesions on MRI for at least 4 weeks, without any new lesions.
Progression was defined as a > 25% increase in the sum of the
products of diameters of enhancing lesions, the appearance of
any new lesions on MRI. Stable disease applied to patients who
did not qualify for complete or partial response, or progression.

Study design and quality insurance. This phase I trial was
designed as an open-label, non-randomized study. The first
three patients at a dose level were observed for 4 weeks after
CpG-28 administration. If no DLT was observed, the dose was
then escalated to the next level. If one instance of DLT was
observed among the initial three patients, an additional three
patients had to be treated at that dose level with no further
DLT for dose escalation to proceed. If two instances of DLT
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were observed at a dose level, a total of six patients had to be
treated at the previous level. The maximum tolerated dose
(MTD) was the highest dose to cause DLT in no more than
one of six patients. DLT was defined as grade 4 toxicity occur-
ring within 1 month after administration of CpG-28. Evidence
for severe autoimmune diseases was also considered to be
DLT, irrespective of the delay after drug administration. An
independent scientific committee that approved each dose esca-
lation monitored all recorded data.

Statistical analysis and end points. Demographic and baseline
characteristics were recorded as medians (with ranges) for con-
tinuous variables and proportions for categorical variables. The
progression-free survival (PFS) was measured from the date of
enrolment to the first date of disease progression or of death
from any cause. The overall survival (OS) was measured from
the date of enrolment to the date of death from any cause.

IP-10 assay. Venous blood samples, drawn into EDTA-con-
taining Vacutainer tubes, were centrifuged and the supernatants
were stored at —70°C. IP-10 concentration was assessed using
a human IP-10 ELISA Kit (RayBiotech, Norcross, GA, USA).

Results

Patient characteristics. Thirty patients were included between
March 2007 and May 2012, but one patient did not receive the
experimental drug because of persisting abnormal liver func-
tions after the screening. The characteristics of the 29 treated
patients are summarized in Table 1.

Table 1. Patients’ characteristics

. - No. patients
Patients characteristics 29 %
Sex
Male 12 4
Female 17 59
Age, years
Median (range) 56 (21-71)
KPS
Median (range) 80 (50-100)
>70% 21 72
<70% 8 28
Primary cancer
Glioma (WHO grade Ill and 1V) 15 51.5
Breast cancer 3 10.3
Small cells lung cancer 2 6.9
Non small cells lung cancer 6 20.7
Colorectal adenocarcinoma 1 3.4
Melanoma 1 34
Melanocytoma 1 3.4
Ependymoma 1 34

Time from diagnosis of NM to inclusion, months
Median (range)
Prior therapy for NM

0.8 (0.1-101.9)

WBRT 4 14
Chemotherapy 8 28
None 18 62
Route of administration (n = 23)

Ventricular device 5 22
Lumbar puncture 15 65
Ventricular device or lumbar puncture 3 13

KPS, Karnovsky Performance Status; NM, neoplastic meningitis; WBRT,
whole brain radiation therapy; WHO, World Health Organization.
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Table 2. Adverse events (>grade 2) probably or possibly related to the procedure of studied drug according to the investigator in charge of

the patient

Dose level

0.1 mg/kg per
week SC

0.3 mg/kg per
week SC

Adverse event

n=3 n=3

0.3 mg/kg per
week SC
3 mg/15 days IT

0.3 mg/kg per
week SC

7 mg/15 days IT
n=12

0.3 mg/kg per
week SC
12 mg/15 days IT
n=3

0.3 mg/kg per
week SC
18 mg/15 days IT

n=3 n=5

Clinical

Fever > 38.0°C 2 1

Seizure - -

Local erythema (SC 3 1
injection)

Ommaya reservoir - -
infection

Arachnoiditis - -

Intra-cerebral - -
hematoma

Biological

Lymphopenia

Grade 2 2 2

Grade 3 2 1

Grade 4 - -

1% 14
1% -

iSevere adverse event (SAE).

Toxicity. There were 159 adverse events (AEs) reported; 72
were considered as possibly being related to the procedure or
studied drug, according to the investigator in charge of the
patient, and five of which were considered as severe AE
(SAE). AEs >grade 2 are summarized in Table 2.

Temperature over 38°C during 2448 h after CpG-28 injec-
tion was noted in 10 patients, was well tolerated and disap-
peared within 5 days without antibiotics. A relationship with
the studied drug is probable.

Local erythema after the subcutaneous injections was seen
in 16 patients, was well tolerated and disappeared within
1 week without any treatment. In nine patients, this local ery-
thema was observed after each subcutaneous injection.

Seven patients experienced grade 3 lymphopenia (<500
/mm?); four of them already had a grade 2 lymphopenia at the
time of inclusion. All of these patients had chemotherapy
between 1 and 4 months before study enrolment and/or
received concomitant chemotherapy during the protocol, leav-
ing the relationship with the studied drug uncertain.

Within 7 days following administration of CpG-28 into the
CSF, 11 patients experienced short partial seizures, which were
possibly related to the treatment. All seizures resolved without
recurrence following adjustments with anticonvulsant medication.

In addition, there were five SAEs considered as possibly or
probably related to the protocol. Two SAEs (arachnoiditis,
occurring within 24 h after intra-CSF injection) were consid-
ered to be related to the infusion of CpG. Patient 22 had con-
fusion and fever 24 h after the second CpG-28 intrathecal
injection. Patient 28 had confusion and fever (above 38.5°C)
8 h after the first CpG-28 intrathecal injection. Both patients
fully recovered once the steroid dosage was increased. There
were two infections of the Ommaya reservoir (patients 18 and
24). Patient 19 had a subarachnoid hemorrhage 7 days after
the first injection, in association with a grade 4 thrombopenia
and a grade 4 neutropenia, probably related to concomitant
chemotherapy with fotemustine.

There were no treatment-related deaths, and we found no evi-
dence for autoimmune disease after administration of CpG-28.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Dose escalation and dose-limiting toxicity. In level 4, three
patients (patients 10, 12 and 15) died prematurely before the
end of the protocol, due to tumor progression, and one patient
(patient 19) stopped the treatment at day 7 because of an SAE
that was not deemed to be related to the study drug. The inde-
pendent scientific committee recommended the inclusion of six
supplementary patients. Because no DLT was seen at this dose
level, the protocol was then amended to add two supplemen-
tary levels (5 and 6).

One adverse event was considered as a probable DLT at
level 6 (patient 28). This patient developed a grade 4 arach-
noiditis. As no other DLTs were observed at this last dose
level, the MTD was not reached in this study, as could be
expected with a non-cytotoxic drug.
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Fig. 1. Assessment of interferon-inducible protein-10 (IP-10) in the

plasma of 10 patients (two in level 1; one in level 3; two in level 4
and five in level 6), immediately before and 24 h after the first CpG-
ODN administration. IP-10 levels were determined by ELISA.
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Serum IP-10 assessment and CSF studies. In 10 patients, we
evaluated the plasma IP-10 levels immediately before and 24 h
after the first CpG-28 SC administration (Fig. 1). A significant
increase was seen 24 h after CpG-28 administration (median IP-
10 14 before vs 95 pg/mL after CpG-28 administration,
P = 0.02, Mann—Whitney test) and IP-10 levels returned to pre-
injection or baseline concentrations at day 7 (data not shown).
No clear correlation was found between the plasmatic IP-10 lev-
els and the intensity of local injection site reactions or pyrexia.

No significant decrease in proteinorachia or pleiocytosis was
seen during the protocol. None of the seven patients showing

Original Article
Ursu et al.

malignant cells at the time of inclusion achieved a complete
clearing of malignant cells.

PFS and radiological response. The median PFS was 7 weeks
(range, 1.0-81.0; Table 3). Four patients improved clinically
(patients 7, 8, 9 and 18) and three radiological responses were
observed (patients 8, 17 and 18; Table 3). These patients were
concomitantly treated with chemotherapy or radiotherapy,
making the role of CpG-28 unclear.

At level 4, two patients (patients 17 and 18) had clinical or
radiological responses. Because of this improvement, in agree-
ment with the independent scientific committee, these patients

Table 3. Efficacy of CpG-28 and concomitant chemotherapy received by the patients during the study
Concomitant oncological
. . KPS Time until neurological Survival treatment
Dose Patient Primary cancer . .
improvement progression (weeks) (weeks)
Radiotherapy Chemotherapy
0.1 mg/kg #01 Melanocytoma No 9 15
per week SC #02 Ependymoma WHO grade No 9 300 (alive)
1
#03 Breast No 5 7 Vinblastine +
Cyclophosmamid
0.3 mg/kg #04 Breast No 4 5
per week SC #05 Glioblastoma No 13 16
#06 Optic Astrocytoma WHO No 29 29
1
0.3 mg/kg #07 NSCLC Yes 4 8
per week SC #08 SCLC Yes 21 23 Spinal
3 mg #09 Anaplastic Yes 23 30 Carmustine
/15 days IT oligodendroglioma WHO
grade llI
0.3 mg/kg #10 NSCLC No 1 3 Erlotinib
per week SC #11 Breast No 6 18 Cytarabine +
7 mg Cisplatine
/15 days IT #12 Colorectal No 2 3
#13 Mixte glioma WHO grade Yes 9 26 Carboplatin +
1l Etoposide
#14 NSCLC No 5 10 Topotecane
#15 NSCLC No 2 4 Carboplatin +
Pemetrexed
#16 NSCLC No 21 23 Erlotinib,
Pemetrexed
#17 Anaplastic Stable 22 55 Carmustine,
oligoastrocytoma WHO Bevacizumab
Grade Il
#18 Glioblastoma Yes 36 40 Lomustine,
Bevacizumab
#19 Melanoma Stable 10 84 Fotemustine
#21 Glioblastoma No 4 4 Bevacizumab
#22 Glioblastoma No 3 9 Bevacizumab,
Lomustine
0.3 mg/kg #23 Glioma WHO grade Il Stable 81 81 Bevacizumab
per week SC #24 Glioblastoma No 9 14
12 mg #25 Glioblastoma No 5 6 Spinal Bevacizumab
/15 days IT thoracic
0.3 mg/kg #26 NSCLC Stable 19 28 Docetaxel
per week SC #27 Glioblastoma No 7 15 Lomustine
7 mg #28 Glioblastoma No 4 7
/15 days IT #29 Glioblastoma No 4 8 Bevacizumab
#30 Glioblastoma Stable 1 29 Bevacizumab

KPS, Karnovsky Performance Status; NSCLC, non-small cell lung cancer; SC, subcutaneously; SCLC, small cell lung cancer; WHO, World Health

Organization.
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were allowed to receive CpG-ODN intrathecally every month
until clinical progression.

Three patients showed a remarkable evolution. Patient 2,
who had a grade IIl ependymoma (with a chronic evolution
already before inclusion) was stable for 9 weeks during the
protocol, and is still alive 6 years after inclusion. Patient 17
showed a clinical and a radiological improvement after the
association of CpG-28 and bevacizumab (Fig. 2). He remained
stable for 5 months, and died at 12.5 months. Patient 18 had a
clinical improvement after the concomitant treatment with
CpG-28 and bevacizumab, remained stable for 8 months and
died at 8.8 months.

Survival and patient follow-up. The median overall survival
in the 29 patients was 15 weeks (range, 3-300; Fig. 3a). Inter-
estingly, the median survival tended to be higher in the
patients (n = 8) who were concomitantly treated with bev-
acizumab and intrathecal CpG28, although this trend was not
significant (19 weeks vs 15 weeks for patients treated with
CpG-28 and bevacizumab vs CpG-28 without bevacizumab;
P = 0.11; Fig. 3b).

Discussion

Neoplastic meningitis (NM) remains challenging for clinical
oncologists, because of its resistance to treatments and poor
outcome.'" As most therapeutic agents are not able to cross
the blood-brain barrier, direct intrathecal administration has
been proposed as a local approach to circumvent the blood-
CSF barrier. However, the number of anticancer drugs that can
be safely administered by the intrathecal route is limited. CpG
ODNs are powerful new immunostimulating agents that are

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 2. Radiological evolution of MRI (axial post-
contrast T1 weighted image) in patient 17. (a) and
(b): at screening; ¢ and d: after 7 intrathecal CpG-28
injections combined with 11 cycles of bevacizumab
(7.8 months later).

currently in clinical trials in cancer patients.”'” In this study,
we demonstrated the feasibility of administering CpG-ODN
intrathecally for patients with NM.

Safety was the primary endpoint of this trial. Subcutaneous
and intrathecal administration of CpG-28 was generally well
tolerated and the toxicity profile was very similar to those
reported in other clinical trials using CpG-ODN.'%!2 Symp-
toms relating to the inflammatory properties of CpG-28 were
the most significant toxicity observed. These inflammatory
reactions were local in the case of subcutaneous injections
(55% of patients), and could induce mild fever (38% of
patients). When CpG-28 was injected into the CSF, arachnoid-
itis was observed in two patients, which was self-limited in
one patient and reversible with increased steroid levels for
both patients who experienced this toxicity. This arachnoiditis
was severe enough in one patient to be considered as a DLT.
Short partial seizures, possibly related to arachnoiditis, also
occurred in 11 patients (41%) within 7 days of CpG-28 admin-
istration, but were easily manageable with anticonvulsant treat-
ments. Asymptomatic lymphopenia was the most frequent
adverse event (66%). It remains unclear whether the lymp-
hopenia was related to the studied drug or to previous treat-
ments with chemotherapy. This is a common biological event
seen in CpG trials that is counterintuitive with a drug that
stimulates lymphoproliferation.”'%'>'¥  The mechanisms
underlying these lymphopenia remain unclear and might be
related to a margination process.!> In summary, a DLT was
observed in only one patient, and the MTD was therefore not
reached.

IP-10 is an immune chemokine induced by TLR-9 activa-
tion.*'> In our patients, treatment with CpG-28 modulated
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Fig. 3. (a) Kaplan-Meier survival curve of patients treated within the

protocol. (b) Kaplan-Meier survival curve of patients with glioma trea-
ted with combined subcutaneous and intrathecal CpG-28 (levels 3-6),
without (n = 15) or concomitantly with (n = 8) bevacizumab (P = 0.11).

plasma IP-10 levels. This is consistent with the TH1-like pat-
tern of activation of the innate immune system previously
observed after subcutaneous injections of CpG-ODN in healthy
humans®'® or in cancer patients."”'® Interestingly, the
response to CpG-28 was heterogeneous among patients, some
responding by a marked elevation of plasma IP-10 (and CSF
levels, data not shown), whereas the others responded poorly.
This is in contrast with the studies performed on healthy vol-
unteers in which every subject showed an increase in serum
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