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150 mg daily and bevacizumab 15 mg/kg every 3 weeks. 
Patients could receive treatment until PD or unacceptable 
toxicity.
Results T hirty-six patients were enrolled; 35 received at 
least one treatment dose. Two dose-limiting toxicities were 
observed across the dose range (Grade 3 dehydration and 
fatigue) with neither suggestive of a consistent toxicity pat-
tern. IMO-2055 0.32  mg/kg was adopted as RP2D based 
on clinical and pharmacodynamic data. The most common 
treatment-emergent adverse events (TEAEs) were diarrhea 
(74  %), nausea (51  %), fatigue (51  %), rash (51  %), and 
injection-site reactions (49  %). Four patients experienced 
serious TEAEs considered to be study drug related. Five 
patients died, all due to PD. High-grade neutropenia and 
electrolyte disturbances previously reported with TLR9 
agonists combined with platinum-based therapy were not 

Abstract 
Background  IMO-2055 is a Toll-like receptor 9 (TLR9) 
agonist that potentially enhances the efficacy of antitumor 
agents through immune stimulation. The objective of this 
phase Ib dose-escalation trial (3 + 3 design) was to deter-
mine the recommended phase II dose (RP2D) of IMO-2055 
when combined with erlotinib and bevacizumab in patients 
with advanced non-small cell lung cancer (NSCLC).
Methods  Patients with stage 3/4 NSCLC and progressive 
disease (PD) following chemotherapy received IMO-2055 
0.08, 0.16, 0.32, or 0.48 mg/kg once weekly plus erlotinib 
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observed in this study. Five of 33 patients evaluable for 
response (15  %) achieved partial response; another 20 
(61 %) had stable disease, including 13 with stable disease 
≥4 months.
Conclusions  IMO-2055 demonstrated good tolerability 
and possible antitumor activity in combination with erlo-
tinib and bevacizumab in heavily pretreated patients with 
advanced NSCLC.

Keywords A dvanced/metastatic NSCLC · IMO-2055 
(EMD 1201081) · TLR9 agonist · Phase I · Recommended 
phase II dose
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SD	� Stable disease
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TLR9	�T oll-like receptor 9
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VEGF	� Vascular endothelial growth factor

Introduction

Non-small cell lung cancer (NSCLC) accounts for more than 
85 % of all lung cancer diagnoses and is the major cause of 
cancer deaths in the USA [1, 2]. The majority of NSCLC 
patients present with inoperable, advanced-stage disease at 
diagnosis [3], and only about 30–40  % of initially treated 
patients are eligible for subsequent therapy [4]. Docetaxel, 
pemetrexed, and erlotinib, an epidermal growth factor recep-
tor (EGFR) tyrosine kinase inhibitor, are the only currently 

approved therapies in the USA for second-line treatment of 
NSCLC [5–7]. These drugs are indicated regardless of the 
patient’s EGFR mutation status [4]. In Europe and Asian 
countries, gefitinib, another EGFR tyrosine kinase inhibitor, 
is approved for treatment of NSCLC patients with locally 
advanced or metastatic disease and activating mutations of 
the EGFR tyrosine kinase across all lines of therapy [8]. 
Nevertheless, for patients with advanced NSCLC survival 
remains limited, with a median survival of 9  months in 
patients with good performance status [9].

One approach to improve the survival of these patients 
is to simultaneously target the vascular endothelial growth 
factor (VEGF) and the EGFR pathways [10]. Both are 
interrelated and play a role in tumorigenesis and tumor 
growth in NSCLC [10, 11]. In phase I/II studies, the com-
bination of the anti-VEGF recombinant humanized mono-
clonal antibody bevacizumab with erlotinib resulted in 
prolonged survival compared with chemotherapy alone in 
patients with advanced NSCLC [12, 13]. However, in a 
recent phase III trial of patients with advanced NSCLC for 
whom first-line treatment had failed, overall survival (OS) 
did not differ between patients treated with erlotinib plus 
bevacizumab (median 9.3 months) compared with erlotinib 
plus placebo (median 9.2  months; p =  0.7583), despite a 
trend toward increased progression-free survival (PFS) in 
the erlotinib and bevacizumab group [14]. Therefore, novel 
strategies to improve clinical outcomes with currently 
approved treatment options are needed.

Immunostimulating Toll-like receptor 9 (TLR9) ago-
nists are associated with antitumor, antiproliferative, and 
antiangiogenic effects that are at least in part related to 
inhibition of EGFR-related signaling [15]. When combined 
with small-molecule EGFR tyrosine kinase inhibitors or 
anti-EGFR antibodies, TLR9 stimulation has been shown 
to produce a synergistic antitumor effect in vitro [15]. Fur-
thermore, synthetic agonists of TLR9 have also been shown 
to act via EGFR-independent mechanisms to synergize 
with bevacizumab in both sensitive and cetuximab-resistant 
colon cancer xenografts [16].

IMO-2055 (EMD 1201081) is a TLR9 agonist with the 
potential to enhance the antitumor efficacy of biologics and 
small molecules through immune stimulation. In NSCLC 
xenograft models, it has been shown to enhance the antitu-
mor effects of erlotinib and bevacizumab, and a synergis-
tic effect of the triple combination was reported [17]. The 
objective of the present phase Ib trial was to determine the 
recommended phase II dose (RP2D) of IMO-2055 when 
combined with bevacizumab and erlotinib in patients with 
advanced or metastatic NSCLC whose disease was not 
amenable to curative therapy or for whom standard chemo-
therapy was not an option. Additional objectives were to 
evaluate safety, potential drug–drug interactions, and anti-
tumor activity of the three-drug combination regimen.
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Materials and methods

Study design and objectives

This was a phase Ib, open-label, dose-escalation trial of 
IMO-2055 combined with erlotinib and bevacizumab in 
patients with advanced or metastatic NSCLC who pro-
gressed during or after first-line therapy (clinicaltrials.
gov no. NCT00633529). The primary objective was to 
determine the RP2D of IMO-2055 when combined with 
erlotinib and bevacizumab. Secondary objectives were to 
evaluate the safety profile, pharmacokinetics (PK), and 
antitumor activity of the triple-drug combination, as well as 
potential markers of IMO-2055 immune activation.

Dose escalation was performed using a standard 3 + 3 
design [18]. IMO-2055 dose levels were escalated from 
0.08 to 0.16, 0.32, and 0.48 mg/kg/week. All patients had 
to have the first 3-week treatment cycle 1 completed before 
a higher dose level could be initiated. Doses were escalated 
until the first IMO-2055–related dose-limiting toxicity 
(DLT) was observed. If one of three patients experienced 
an IMO-2055–related DLT, a total of six patients (3 + 3) 
had to be enrolled at that dose level. If only one of the six 
patients experienced an IMO-2055–related DLT, the next 
dose cohort could be initiated. If IMO-2055–related DLTs 
were seen in more than one of six patients, de-escalation 
to the previous dose level and expansion of this cohort to 
six patients was to occur. Once the RP2D was established, 
another 15 patients were planned to be enrolled at this dose 
level in order to further assess the secondary objectives.

The study received institutional review board approval 
at each participating center. The study was conducted in 
accordance with International Conference on Harmoniza-
tion guidelines for Good Clinical Practice, as well as the 
principles of the Declaration of Helsinki.

Patient population

Patients ≥18 years old with histologically proven stage 3 
or 4 NSCLC according to American Joint Committee on 
Cancer Classification (AJCC 6th ed) whose disease was 
not amenable to curative therapy and for whom erlotinib 
and bevacizumab therapy was appropriate were eligible. 
Patients were also required to have received at least one 
standard platinum-containing chemotherapy regimen prior 
to enrollment, a radiologic assessment within 21 days prior 
to inclusion if measurable disease was present, an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0 or 1, and adequate bone marrow, liver, and renal func-
tion. Main exclusion criteria were as follows: presence of 
squamous cell carcinoma, except for patients with no or 
well-controlled intrathoracic disease or small peripheral 
lesions only and no cavitating lesions; known metastases 

of the central nervous system; <4 weeks between registra-
tion and last receipt of NSCLC-related treatment; or con-
current or planned use of hormonal agents. EGFR mutation 
status of tumors was not determined; at the time of study 
initiation, routine testing was neither common nor required 
according to erlotinib’s label. Patients were enrolled 
between November 2007 and November 2009. All patients 
provided their written informed consent prior to the start of 
any study-specific procedures. The study was completed in 
March 2011.

Treatment

IMO-2055 was administered subcutaneously on days 1, 8, 
and 15 of each 3-week treatment cycle. Each patient addi-
tionally received erlotinib 150 mg per os on days 1–21 (on 
an empty stomach) and bevacizumab 15  mg/kg intrave-
nously on day 1 of each 3-week cycle. On day 1 of cycle 1, 
bevacizumab was administered simultaneously with erlo-
tinib, followed by IMO-2055 administered 90 min later. On 
day 1 of cycle 2 and all subsequent cycles, all three drugs 
could be administered simultaneously. On days 8 and 15 of 
cycle 1 and all subsequent cycles, IMO-2055 and erlotinib 
could be given simultaneously.

Patients were eligible to continue treatment beyond 
the dose-escalation phase until progressive disease (PD), 
unacceptable treatment-related toxicity, or withdrawal of 
consent. Once treatment was discontinued, patients were 
followed until death or 1  year after the last study drug 
administration, with follow-up visits at 1 month post-treat-
ment and every 3 months thereafter.

Outcome measures

Safety was assessed through adverse event (AE) monitor-
ing, physical examinations, vital signs, ECOG performance 
status, electrocardiograms, and laboratory studies. AEs 
were classified according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI 
CTCAE) version 3.0 and coded using the Medical Dic-
tionary for Regulatory Activities (MedDRA) version 10.1. 
DLTs were assessed during cycle 1 only and were defined 
as follows: Grade 4 neutropenia, anemia, or thrombocy-
topenia lasting 5 or more days; Grade 3 or higher nausea, 
diarrhea, or vomiting despite maximal support; any clini-
cally significant Grade 3 or higher non-hematologic toxic-
ity; treatment delay of more than 14 days due to prolonged 
recovery from a Grade 2 or higher drug-related toxicity; or 
toxicity leading to interruption of erlotinib treatment for 
more than 5 days.

Plasma samples for the evaluation of PK interactions of 
the three drugs were collected before study drug adminis-
tration and at various times post-dosing during cycles 1 and 
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2 for the planned 15 patients treated with IMO-2055 at the 
RP2D once this had been established.

Tumor response and progression were evaluated after 
every second treatment cycle using Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.0. Changes 
in tumor measurements were confirmed by repeat meas-
urements no less than 4  weeks apart to determine partial 
response (PR) or complete response (CR).

Statistical methods

The planned sample size of 27–36 patients was based on 
three to six patients per dose cohort with an additional 15 
patients enrolled once the RP2D level was established, for 
a total of 18 or more patients treated at the RP2D level. 
Baseline characteristics, safety, and preliminary antitumor 
activity outcomes were evaluated using summary data. 
DLTs were described according to dose level. Response 
outcomes were calculated as the percentage of patients with 
measurable disease at baseline. PFS and OS were evaluated 
using the Kaplan–Meier method [19]. PFS was calculated 
from first trial drug administration to documented PD or 
death from any cause. OS was calculated from first trial 
drug administration to death from any cause. PK param-
eters were calculated using non-compartmental methods 
with Kinetica 4.4.1 software. PK parameters obtained with 
single and multiple doses of erlotinib in combination with 
bevacizumab and IMO-2055 were compared with historical 
single-agent erlotinib PK results to assess any drug–drug 
interactions.

Results

Patient disposition and baseline characteristics

Thirty-six patients were enrolled in this study [intention 
to treat (ITT) population] and 35 of these received at least 
one dose of the study drugs (safety population). Thirty-
three patients had measureable disease at baseline (anti-
tumor activity evaluable population). Nineteen patients 
were enrolled during the dose-escalation phase. Four, six, 
six, and three patients were treated at dose level 0.08, 
0.16, 0.32, and 0.48  mg/kg, respectively, including one 
patient assigned to the 0.08-mg/kg IMO-2055 dose cohort 
who discontinued the trial before completing the first 
treatment cycle. This patient was subsequently replaced. 
Demographic and baseline disease characteristics were 
comparable between dose cohorts (Table  1). Patients had 
a median age of 64  years (range 42–81  years), and were 
predominantly male (58  %) and Caucasian (81  %), and 
most patients (81  %) had an ECOG performance status 
score of 1 at baseline. Adenocarcinoma (69 % of patients) 

was the most common histopathology. Overall, patients 
had a median disease duration of 17.1  months (range 
3.9–79.9 months; calculated from initial diagnosis to study 
entry). Forty-four percent of patients had 2 or more prior 
therapies for their cancer. Overall, 89 % of patients had a 
history of smoking.

Dose‑limiting toxicities and selection of the recommended 
dose

Dose-limiting toxicities were assessed during the first cycle 
of treatment and were reported in two patients; one patient 
in the 0.16-mg/kg IMO-2055 cohort experienced Grade 3 
dehydration and one patient in the 0.48-mg/kg cohort expe-
rienced Grade 3 fatigue. The observed DLTs did not sug-
gest a consistent dose-related toxicity pattern for the study 
treatment. Injection-site reactions, although not dose lim-
iting, were more frequent and severe in patients receiving 
0.48 mg/kg. Prior pharmacodynamic studies suggested that 
IMO-2055 immune stimulation as evidenced by cytokine 
release and cell activation was not consistently enhanced 
at increasing doses: IMO-2055 0.32 mg/kg yielded maxi-
mal responses in circulating IL-12, IL-6, and IFN-alpha 
in a previous phase I trial in patients with refractory solid 
tumors (data on file). In addition, a maximal effect on cir-
culating lymphocytes was observed at IMO-2055 0.32 mg/
kg (data on file). Based on these results and a better toler-
ability compared with IMO-2055 0.48 mg/kg seen in this 
trial, the 0.32  mg/kg IMO-2055 dose was selected as the 
RP2D for an expanded cohort of 16 additional patients.

Safety

All 35 patients in the safety population experienced at 
least one treatment-emergent AE (TEAE) during the over-
all treatment period. The most commonly reported TEAEs 
were diarrhea (74 %), nausea (51 %), fatigue (51 %), rash 
(51  %), and injection-site reactions (49  %). Overall, 25 
patients (71  %) experienced Grade 3 or higher TEAEs, 
including dyspnea (17 % of patients), diarrhea (11 %), and 
acneiform dermatitis (11 %). Fifteen patients (43 %) expe-
rienced at least one serious TEAE of which the most com-
mon were PD and deep vein thrombosis, each reported in 
9 % of patients.

Overall, 34 patients (97 %) reported at least one TEAE 
considered related to study drug (IMO-2055, erlotinib, or 
bevacizumab). There was no indication of cumulative tox-
icity. Drug-related TEAEs occurring in ≥20 % of patients 
are summarized in Table 2. Twelve patients (34 %) had one 
or more Grade 3 or higher drug-related TEAE of which the 
most commonly reported were fatigue (9 %) and diarrhea 
(9  %) (Table  2). Four patients (11  %) experienced seri-
ous TEAEs that were considered to be possibly related to 
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the study medication. These serious TEAEs were as fol-
lows: in the 0.32-mg/kg cohort, one patient with a tempo-
ral lobe encephalomalacia at baseline experienced a Grade 

3 cerebral hemorrhage. Another patient in this cohort 
had a Grade 2 enlarged uvula, and a third patient experi-
enced Grade 4 blood creatinine increase, dyspnea, fatigue, 

Table 1   Patient baseline and demographic characteristics (ITT population)

ECOG Eastern Cooperative Oncology Group, ITT intention to treat, NOS not otherwise specified, RP2D recommended phase II dose
a  Includes 17 patients who were enrolled after the dose-escalation phase was completed and the RP2D of IMO-2055 (i.e., 0.32 mg/kg) was 
determined; 16 of these received ≥1 treatment dose

Characteristic IMO-2055, mg/kg/week Overall (N = 36)

0.08 (N = 4) 0.16 (N = 6) 0.32 (N = 23)a 0.48 (N = 3)

Median age [years (range)] 61.5 (52–81) 67.5 (54–80) 64.0 (42–79) 65.0 (61–75) 64.0 (42–81)

Male [n (%)] 1 (25) 3 (50) 14 (61) 3 (100) 21 (58)

Ethnicity [n (%)]

Caucasian 4 (100) 5 (83) 18 (78) 2 (67) 29 (81)

Black 0 1 (17) 3 (13) 1 (33) 5 (14)

Asian 0 0 1 (4) 0 1 (3)

Other 0 0 1 (4) 0 1 (3)

ECOG performance status [n (%)]

0 1 (25) 1 (17) 4 (17) 1 (33) 7 (19)

1 3 (75) 5 (83) 19 (83) 2 (67) 29 (81)

Histopathology [n (%)]

Adenocarcinoma, NOS 3 (75) 4 (67) 16 (70) 2 (67) 25 (69)

Large cell carcinoma, NOS 1 (25) 0 4 (17) 0 5 (14)

Non-small cell carcinoma 0 0 3 (13) 1 (33) 4 (11)

Squamous cell carcinoma, NOS 0 2 (33) 0 0 2 (6)

Median disease duration [months (range)] 15.5 (5.7–22.5) 23.3 (5.1–48.9) 17.9 (3.9–79.9) 13.6 (7.5–16.5) 17.1 (3.9–79.9)

Prior cancer therapies [n (%)]

1 4 (100) 3 (50) 12 (52) 1 (33) 20 (56)

2 0 3 (50) 3 (13) 2 (67) 8 (22)

≥3 0 0 8 (35) 0 8 (22)

Table 2   Study drug 
(IMO-2055, erlotinib, or 
bevacizumab)-related TEAEs 
(safety evaluable population)

TEAEs listed were considered 
to be “possibly related,” 
“probably related,” or 
“definitely related” to any of the 
three study drugs

TEAE treatment-emergent 
adverse event
a A ccording to Medical 
Dictionary for Regulatory 
Activities (MedDRA) version 
10.1

Preferred terma [n (%)] IMO-2055, mg/kg/week Overall (N = 35)

0.08 (N = 4) 0.16 (N = 6) 0.32 (N = 22) 0.48 (N = 3)

Any grade, occurring in ≥20 % of patients

Injection-site reaction 2 (50) 3 (50) 9 (41) 3 (100) 17 (49)

Diarrhea 3 (75) 2 (33) 9 (41) 3 (100) 17 (49)

Fatigue 2 (50) 2 (33) 8 (36) 3 (100) 15 (43)

Nausea 1 (25) 1 (17) 6 (27) 2 (67) 10 (29)

Injection-site pain 0 3 (50) 5 (23) 1 (33) 9 (26)

Chills 2 (50) 1 (17) 4 (18) 1 (33) 8 (23)

Anorexia 2 (50) 1 (17) 4 (18) 1 (33) 8 (23)

Muscle spasms 1 (25) 0 5 (23) 1 (33) 7 (20)

Weight decreased 3 (75) 1 (17) 3 (14) 0 7 (20)

Grade ≥3, occurring in ≥5 % of patients

Fatigue 0 0 2 (9) 1 (33) 3 (9)

Diarrhea 1 (25) 0 2 (9) 0 3 (9)

Anemia 1 (25) 0 1 (5) 0 2 (6)

Dyspnea 0 0 1 (5) 1 (33) 2 (6)
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hypotension, and metabolic acidosis. In the 0.48-mg/kg 
cohort, a single patient experienced Grade 1 pyrexia lasting 
for 7 days.

Sixteen patients (46  %) overall discontinued the study 
due to TEAEs, including two patients (50 %) in the 0.08-
mg/kg cohort, three patients (50  %) in the 0.16-mg/kg 
cohort, eight patients (36  %) in the 0.32-mg/kg cohort, 
and three patients (100 %) in the 0.48-mg/kg cohort. The 
most common TEAEs leading to study discontinuation 
were chills (one patient each in the 0.08- and 0.16-mg/kg 
cohorts), injection-site reaction (two patients in the 0.16-
mg/kg cohort), back pain (one patient each in the 0.08- 
and 0.32-mg/kg cohorts), fatigue (one patient each in the 
0.32- and 0.48-mg/kg cohorts, and hypoxia (one patient 
each in the 0.08- and 0.48-mg/kg cohorts). Five patients 
(14 %) died either during the study or within 1 month post-
treatment. All deaths were due to PD, with one patient also 
experiencing septic shock. None of these deaths was con-
sidered to be related to study medication. Beyond 1 month 
post-treatment, another 14 patients died, all due to PD.

Pharmacokinetics

Pharmacokinetic evaluations included the determination 
of maximum plasma concentration (Cmax), time to Cmax 
(tmax), and area under the plasma concentration–time curve 
from time zero to time t (AUC0–t) from plasma samples of 
patients treated with the IMO-2055 RP2D (i.e., 0.32 mg/kg) 
after the dose-escalation phase was completed. Results for 
IMO-2055, bevacizumab, and erlotinib, as obtained after 
the first administration during cycle 1 and again during 
cycle 2, are summarized in Table 3 and concentration–time 
profiles by treatment cycle and day are shown in Fig.  1. 
Variability of the main PK parameters was moderate to 
high for IMO-2055 and erlotinib, and low for bevacizumab. 

No apparent differences in PK parameters were observed 
between the two cycles and administration days for IMO-
2055. However, as expected from the reported half-life of 
bevacizumab of ~20  days [12, 20], bevacizumab serum 
concentrations in cycle 2 were slightly higher than in the 
first cycle, with correspondingly higher Cmax and AUC0–t. 
Similarly, erlotinib, with a reported half-life of approxi-
mately 1.25  days [12], was associated with a moderate 
accumulation after multiple dosing resulting in a twofold 
higher Cmax and AUC0–t compared with cycle 1. Overall, 
the PK results for IMO-2055, bevacizumab, and erlotinib 
were within the expected ranges. 

Definitive analysis of drug–drug interactions was not 
performed because the sampling interval in this trial did 
not allow the evaluation of all PK parameters of the three 
drugs due to the long half-life of bevacizumab. Specifically, 
because there were no data from the elimination phase, 
the terminal phase could not be precisely estimated and 
thus half-life, total AUC, total clearance of the drug from 
plasma, and volume of distribution were not calculated. As 
a consequence, potential drug–drug interactions of IMO-
2055 could not be determined.

Antitumor activity

Of the 33 patients with measurable disease at baseline, 
four patients had no post-baseline antitumor activity 
assessments while on treatment. Five patients (15  %) 
achieved a PR (confirmed according to RECIST), of 
which one patient previously failed to respond to beva-
cizumab-containing treatment (combination of bevaci-
zumab plus paclitaxel/carboplatin). Another 20 patients 
(61 %) had stable disease (SD) as a best response, with 
13 patients having SD for at least 4  months (Table  4). 
No patients achieved a CR. Four patients (12  %) in the 

Table 3   Pharmacokinetic parameters of IMO-2055, bevacizumab, and erlotinib

Values for Cmax and AUC0–t are given as geometric mean (range); values for tmax are given as median (range)

AUC0-t area under the concentration–time curve from time zero to time t, Cmax maximum plasma concentration, tmax time to Cmax
a N umber of patients analyzed
b T wo patients received 100 mg erlotinib in cycle 2

Administration Dose Na Cmax (ng/mL) tmax (h) AUC0–t (ng/mL h)

IMO-2055

Cycle 1, day 1 0.32 mg/kg 15 306.19 (69.70–1300.00) 3.4 (1.8–4.0) 1190.5 (289.1–4931.1)

Cycle 2, day 15 0.32 mg/kg 12 418.05 (161.00–1130.00) 4.0 (2.0–6.0) 1732.8 (786.5–4810.6)

Bevacizumab

Cycle 1, day 1 15 mg/kg 15 370.19 (276.00–493.00) 1.7 (1.5–6.0) 6298.9 (2074.4–9443.2)

Cycle 2, day 1 15 mg/kg 11 465.09 (357.00–580.00) 1.7 (1.5–2.2) 9247.4 (7187.1–10968.7)

Erlotinib

Cycle 1, day 1 150 mg 15 831.45 (348.00–1580.00) 6.0 (2.0–24.0) 12618.9 (6137.7–22898.9)

Cycle 2, day 15b 150 mg 12 1651.90 (704.00–3580.00) 2.0 (1.0–24.0) 21870.1 (5249.0–59983.1)
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0.08-, 0.16- and 0.32-mg/kg cohorts had PD at cycle 
2. Changes in tumor size per patient from baseline are 
shown in Fig.  2. In the ITT population, the median 
PFS was 5.6  months [95  % confidence interval (CI): 
3.9–7.2  months] with a 1-year PFS rate of 24.2  %. The 
median OS was 16.0 months (95 % CI: 7.5–17.9 months), 
with 55.1  % of patients alive at 1  year after treatment 
start. One patient still showed no evidence of disease at 
the last confirmation visit 3.75 years after ending IMO-
2055 treatment [CT scan and normal carcinoembryonic 
antigen (CEA) levels]. This patient was treated with 
IMO-2055 0.32  mg/kg for 21  weeks and is still alive 
without additional therapy ~4  years after IMO-2055 
treatment was stopped (Boyd T, personal communication; 
Oct 2013).

Discussion

This trial was launched to explore the promising preclini-
cal data suggesting that IMO-2055 combined with erlotinib 
and bevacizumab would enhance the antitumor activity of 
the latter two drugs [15–17]. The success of other immune-
stimulating agents has increased the interest in this 
approach to cancer drug development [21, 22]. This phase 
Ib trial established the RP2D of subcutaneously adminis-
tered IMO-2055 as 0.32 mg/kg/week when combined with 
oral erlotinib 150  mg daily and intravenous bevacizumab 
15 mg/kg once every 3 weeks. There were just two DLTs 
across the dose range and neither was suggestive of a con-
sistent toxicity pattern. The decision to adopt the 0.32 mg/
kg dose for subsequent phase II studies was based on phar-
macodynamic and clinical data.

Subcutaneous weekly injections of IMO-2055 in combi-
nation with erlotinib and bevacizumab were generally well 
tolerated at all doses, including the expanded 0.32-mg/kg 
dose cohort. IMO-2055 did not appear to cause hemato-
logic toxicity in this limited number of patients. The most 
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Fig. 1   Mean plasma concentration–time profiles of IMO-2055 
0.32 mg/kg (a), bevacizumab 15 mg/kg (b), and erlotinib 150 mg (c). 
Profiles are depicted in linear scale

Table 4   Summary of patient responses to treatment (antitumor activity evaluable population)

PD progressive disease, PR partial response, RECIST Response Evaluation Criteria In Solid Tumors, SD stable disease
a N one of the patients achieved a complete response
b T wo patients (one patient each in the 0.16- and 0.32-mg/kg cohorts) of the treated 35 patients had no measurable disease at baseline and were 
not part of the antitumor activity evaluable population
c  Patients had no post-baseline response assessment

Best overall response  
(RECIST)a

IMO-2055, mg/kg/week Overallb (N = 33)

0.08 (N = 4) 0.16 (N = 5) 0.32 (N = 21) 0.48 (N = 3)

PR [n (%)] 2 (50) 0 3 (14) 0 5 (15)

SD [n (%)] 1 (25) 3 (60) 13 (62) 3 (100) 20 (61)

PD [n (%)] 0 2 (40) 2 (10) 0 4 (12)

Not evaluated [n (%)]c 1 (25) 0 3 (14) 0 4 (12)
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commonly reported TEAEs of diarrhea, nausea, fatigue, 
and rash were consistent with previously reported trials of 
erlotinib combined with bevacizumab in a range of tumor 
types, including NSCLC [12, 23–25]. In addition, the fre-
quency of observed injection-site reactions and chills was 
consistent with what was expected with the administration 
of an immunostimulatory agent; these TEAEs have been 
observed also in other clinical settings with IMO-2055 [26]. 
Two patients each withdrew from the study due to these two 
TEAEs (injection-site reactions: two patients in the 0.16-mg/
kg cohort; chills: one patient each in the 0.08- and 0.16-mg/
kg cohorts) despite prophylactic and symptomatic therapy.

There have been previous reports that the combination 
of TLR9 agonists with platinum-based therapy may exac-
erbate AEs in patients with advanced solid tumors [27–30]. 
Two recent phase III studies investigating the combination 
of platinum-based chemotherapy with the TLR9 agonist 
CPG 7909 (PF-3512676) as first-line treatment of advanced 
NSCLC were terminated at the first interim analysis, as 
the treatment group with CPG 7909 had increased rates of 
Grade 3 neutropenia but failed to show improved OS, PFS, 
or higher objective response rates compared with chemo-
therapy alone [28, 30]. Similarly, hematologic AEs were 
dose-limiting in two recent phase I trials of IMO-2055 
combined with platinum-based chemotherapy in patients 
with advanced solid tumors [27, 29]. In addition, high 
rates of Grade 3 hypokalemia and hypomagnesemia were 
observed in these patients [27]. Myelosuppression and 
electrolyte disturbances are well-known side effects asso-
ciated with platinum-based treatment [31, 32]. The precise 
role that TLR9 agonists played in these side effects when 
combined with platinum-based treatment is unclear; but 
these results show the difficulty of investigating increas-
ingly complex regimens.

The combination of IMO-2055 with bevacizumab and 
erlotinib did not result in increased rates of myelosuppres-
sion or electrolyte imbalances in the limited number of 
patients treated in the present trial. The addition of IMO-
2055 to erlotinib and bevacizumab was well tolerated and 
it is feasible to further explore IMO-2055 combined with 
these agents for the treatment of advanced NSCLC. This 
study is of interest because some of these heavily pre-
treated patients had prolonged responses, with one patient 
who received IMO-2055 0.32 mg/kg remaining in unmain-
tained remission for at least 3.75 years after study treatment 
was stopped. As a small uncontrolled trial, responses seen 
in this study are anecdotal and presented in a descriptive 
manner. However, the disease control rate of 76 % together 
with median PFS and OS of 5.6 and 16  months, respec-
tively, are well within the range of historical data for the 
combination of erlotinib plus bevacizumab in this setting 
[12–14]. The disease control rates observed in these previ-
ously reported studies were 45–51 %, and the medians of 
PFS and OS ranged from 3.4–6.2 to 9.2–13.7 months. This 
suggests that IMO-2055 may have stimulated an antitumor 
response in these patients.

Any conclusions about the study must be tempered by 
the small number of patients enrolled. Further investiga-
tions in a larger patient population would be needed to 
establish the antitumor activity of IMO-2055 in combina-
tion with erlotinib and bevacizumab. The role of TLR9 
agonists in the future of cancer drug development has not 
been established [33]. Current efforts are focused on their 
use as adjuvants in combination with other immune thera-
pies (e.g., TLR2-neutralizing antibodies) and on evaluat-
ing direct application to a patient’s tumor in combination 
with irradiation [34–37]. As immune therapies become 
more widespread in the treatment of malignancies, the data 
presented here will be useful in planning the next combina-
tion of a TLR9 agonist with targeted therapies for use in 
both solid and hematologic tumors. Further investigation is 
required to see if the prolonged disease stabilization seen in 
the patients in this study can be replicated.
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