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Background: This phase II study was conducted to assess clinical efficacy of tasquinimod maintenance therapy in patients with
metastatic castrate-resistant prostate cancer not progressing during first-line docetaxel-based therapy.

Patients and methods: Patients were randomly assigned (1 : 1) to receive tasquinimod (0.25–1.0 mg/day orally) or placebo.
The primary end point was radiologic progression-free survival (rPFS); secondary efficacy end points included: overall survival
(OS); PFS on next-line therapy (PFS 2) and symptomatic PFS, assessed using the Brief Pain Inventory (BPI) questionnaire and
analgesic use. Quality of life was measured by the Functional Assessment of Cancer Therapy-Prostate (FACT-P) questionnaire
and by the EuroQol-5 Dimension Quality of Life Instrument (EQ-5D). Adverse events were recorded.

Results: A total of 219 patients were screened and 144 patients randomized. The median duration of treatment was
18.7 weeks (range 0.6–102.7 weeks) for the tasquinimod arm and 19.2 weeks (range 0.4–80.0 weeks) for the placebo arm. Median
(90% CI) rPFS was 31.7 (24.3–53.7) and 22.7 (16.1–25.9) weeks in the tasquinimod and placebo arms, respectively [HR (90% CI)
0.6 (0.4–0.9), P¼ 0.0162]. The median OS was not reached because only 14 deaths occurred by the cut-off date. No statistically
significant differences between treatment arms were noted for symptomatic PFS, PFS 2, BPI score, FACT-P score, or EQ-5D. The
incidence of any treatment emergent adverse event (TEAE) was similar in the tasquinimod and placebo arms (97.2% versus
94.3%, respectively), whereas severe TEAEs (NCI-CTC Grade 3–5) incidence was higher in the tasquinimod group (50.7% versus
27.1%).

Conclusions: Randomized trials testing new drugs as maintenance can be successfully conducted after chemotherapy in
castrate-resistant prostate cancer. Maintenance tasquinimod therapy significantly reduced the risk of rPFS by 40%.
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Introduction

Improvement in understanding tumor–host interactions in prostate

cancer has led to the development of novel immunomodulatory

agents and anti-angiogenic molecules, which act on the tumor

microenvironment rather than the tumor itself [1, 2].

Tasquinimod—a first-in-class, oral quinolone-3-carboxamide de-

rivative—has immunomodulatory, anti-angiogenic, and anti-

metastatic properties [3, 4]. Tasquinimod inhibits S100A9, a

calcium-binding protein that promotes accumulation of myeloid-

derived suppressor cells [3]. In addition to immunosuppressive ef-

fects, evidence indicates that these cells are involved in angiogenesis,

invasion and metastasis [5]. In a randomized phase II study in

chemotherapy-naı̈ve patients with minimally symptomatic meta-

static castrate-resistant prostate cancer (mCRPC), tasquinimod

delayed disease progression by a median of 4.3 months and had an

acceptable safety profile [6].

Maintenance therapy after successful first-line chemotherapy

is an established concept in a number of malignancies [7, 8]. This

randomized, phase II study aimed to obtain a clinical proof of

concept of the clinical efficacy of tasquinimod maintenance ther-

apy in patients with mCRPC who had not progressed following

first-line docetaxel-based therapy.

Methods

Patient eligibility

Patients with mCRPC aged 18 years or older treated with first-line doce-
taxel in an every 3-week schedule were eligible. Docetaxel should have
been administered for a minimum of six cycles with a cumulative dose of
�360 mg/m2. Other key inclusion criteria included: Eastern Cooperative
Oncology Group (ECOG) performance status of 0 or 1; no progressive
disease at the end of docetaxel treatment defined according to Response
Evaluation Criteria In Solid Tumors (RECIST1.1) and Prostate Cancer
Clinical Working Group in March 2008 (PCWG2) criteria; and no PSA
increase for the three last tests. The time between each PSA test had to be
preferably at least 7 days. If the value for the third PSA test was above that
for the second, a fourth PSA test had to be carried out. The value of the
fourth test had to be below or equal to that of the second. Patients should
have an ongoing chemical or surgical castration (serum testosterone<0.5
ng/ml or <1.75 nmol/l). Key exclusion criteria included: concurrent use
of other anticancer agents with the exception of ongoing treatment with
luteinizing hormone-releasing hormone agonists or antagonists.
Denosumab or bisphosphonate (e.g. zoledronic acid) were permitted if
started �4 weeks before screening. Excluded were patients who had
received: strontium, samarium, or radium therapy; treatment with tas-
quinimod; any agent with anti-angiogenic properties; ongoing cortico-
steroids (equivalent>10 mg/day prednisolone).

Study design and conduct

This was a multinational, multicenter, randomized, double-blind, pla-
cebo-controlled proof of concept phase II clinical trial (ClinicalTrials.gov
identifier NCT01732549), conducted at 44 sites in 11 countries (Belgium,
Czech Republic, Denmark, France, Germany, Hungary, Italy, Lithuania,
Poland, Spain, and the UK). The study was conducted between January
2013 and May 2015. Patients were randomly assigned with a ratio of 1 : 1
to tasquinimod or placebo treatments. A list of randomization numbers
stratified for presence (or absence) of visceral metastases [all prostate
cancer metastatic lesions (e.g. lung, liver) except lymph nodes, local re-
currence and bone] and opioid analgesic use (or not) to control for

cancer-related pain, was generated with a balanced ratio (1 placebo : 1
tasquinimod). After eligibility was confirmed, patients were randomized
at Baseline (Day 1), in sequential order within each centre (and within
each level of strata). Placebo capsules were identical to tasquinimod cap-
sules in appearance and excipients but excluded the active compound.

Patients received initially an oral dose of 0.25 mg/day of tasquinimod
(or corresponding placebo), starting on Day 1 of the treatment period for
at least 2 weeks. Once tolerability of the 0.25 mg/day dose was established,
patients received a dose increase to 0.5 mg/day for at least 2 weeks, and
then increased to 1 mg/day of study treatment. The treatment period
continued until any criteria for treatment withdrawal was fulfilled,
including disease progression or toxicity or wish to stop. Patients show-
ing poor tolerability for the escalated doses of tasquinimod were allowed
to continue study treatment at the highest individually tolerated dose.

The study was conducted under the provisions of the Declaration of
Helsinki, and in accordance with the International Conference on
Harmonisation (ICH) Consolidated Guideline on Good Clinical
Practice. The protocol was approved by an independent ethics committee
and informed consent was obtained before study entry.

Study assessments

Tumor assessment was carried out at 8-week intervals according to
RECIST (v1.1, soft tissue lesions) and/or the PCWG2 (bone lesions)
guidelines. Adverse events (AEs) were coded using the Medical
Dictionary for Regulatory Activities (MedDRA dictionary, version 17.1)
and graded using the current version of the National Cancer Institute
Common Terminology Criteria (NCI-CTC) for AEs (version 4.03).

Outcomes

The primary end point was investigator-assessed radiologic progression-
free survival (rPFS) including skeleton-related events, defined as the time
from the date of randomization to the date of radiologic progression or
death due to any cause. Radiologic progression was defined as any of the
following: progression of soft tissue lesions evaluated by computed tom-
ography (CT) scan, or magnetic resonance imaging according to the
RECIST v.1.1 criteria; progression of bone lesions detected with bone
scan according to PCWG2 criteria; or radiologically confirmed spinal
cord compression or pathological fracture due to malignant progression.
Secondary efficacy end points included: overall survival (OS), defined as
the time from random assignment to death due to any cause; symptom-
atic PFS, defined as the time from the date of random assignment to the
date of symptomatic progression or death due to prostate cancer; PFS on
next-line therapy (PFS 2; defined as the time from start date of first fur-
ther anticancer treatment of prostate cancer until disease progression or
death [from any cause] during the study follow-up). Symptomatic PFS
was assessed using the Brief Pain Inventory (BPI) questionnaire and anal-
gesic use. Further secondary end points were time from random assign-
ment to further treatment of prostate cancer and quality of life, measured
by the Functional Assessment of Cancer Therapy - Prostate (FACT-P)
questionnaire and by the EuroQol-5 Dimension Quality of Life
Instrument (EQ-5D).

Safety was assessed in all patients who received at least one dose of
study treatment. Safety assessments focused on AEs, vital signs, physical
examination, ECOG PS, electrocardiogram, and laboratory analyses
(hematology, biochemistry, and urinalysis).

Statistical analyses

The study was designed to detect a hazard ratio (HR) of 0.588, which cor-
responded to an increase in median PFS from 20.0 to 34.0 weeks based on
published data. Assuming a one-sided significance level of 0.05, 80%
power and a 1 : 1 allocation, 88 events (radiologic progression or death
due to any cause) were required. Assuming a non-constant accrual period
of 15 months, with all patients followed up until an event or 9 months,
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and a dropout rate at 3 months of 10%, 140 patients (tasquinimod,
n¼ 70; placebo, n¼ 70) were required in order to observe the 88 events.

A log-rank test was used to compare the PFS and other time to event
end points for tasquinimod versus placebo. The treatment effect was esti-
mated by calculating the HR and its 90% confidence interval (CI) from a
Cox proportional hazards model. Kaplan–Meier plots were also pro-
duced. Statistical evaluation was carried out using SAS software (version
9; SAS Institute, Cary, NC).

Results

Patients

A total of 219 patients were screened and 144 patients were

randomized (supplementary Figure S1, available at Annals of

Oncology online). At baseline, all patients were castrated with tes-

tosterone data below 1.75 nmol/l. All patients received prior

docetaxel treatment. A median number of eight docetaxel cycles

was received. The treatment arms were well balanced for most

demographic and baseline characteristics (Table 1).

Treatment

The median duration of treatment was 18.7 weeks (range 0.6–

102.7 weeks) for the tasquinimod arm and 19.2 weeks (range 0.4–

80.0 weeks) for the placebo arm. A lower proportion of patients

reached the maximum dose of 1 mg in the tasquinimod com-

pared with the placebo arm (80.3% versus 92.9%).

Outcomes

The median follow-up duration for tasquinimod- and placebo-

treated patients was 59 and 53 weeks, respectively. Median rPFS

data are shown in Table 1 and further illustrated in a Kaplan–

Meier plot in Figure 1. The HR (90% CI) using Cox analysis was

statistically significant (P¼ 0.0162) when adjusted for visceral

metastases, opioid analgesic use and region, demonstrating a re-

duction in the risk of progression of 40% for tasquinimod com-

pared with placebo.

The median OS was not reached as only a total of 14 deaths

occurred by the cut-off date. A summary of results for the efficacy

end points of PFS 2, symptomatic PFS, and time to further anti-

cancer treatment of prostate cancer is presented in Table 2. The

median time to PFS 2 was 19.3 weeks for the tasquinimod arm

and 24.1 weeks for the placebo arm, and the difference was

not statistically different [HR (90% CI) was 1.5 (0.5–4.8),

P¼ 0.7375].

The median time to symptomatic PFS was not reached for tas-

quinimod and was 95.3 weeks for the placebo arm [HR (90% CI)

was 1.2 (0.7–2.1), P¼ 0.7276]. The median time to further anti-

cancer treatment of prostate cancer was in favor of tasquinimod

at 42.3 weeks for the tasquinimod arm and 29.0 weeks for the pla-

cebo arm [HR (90% CI) was 0.7 (0.5–1.0)] but the result did not

reach statistical significance (P¼ 0.0571).

Median time to deterioration (90% CI) in FACT-P was 8.1

(8.1–13.1) and 15.7 (10.6–16.3) weeks in the tasquinimod and

placebo arms, respectively. HR by Cox analysis was not statistic-

ally significant [HR (90% CI) was 1.3 (0.9–1.7), P¼ 0.8759]. The

mean FACT-P total score showed consistently larger deterior-

ation from baseline in the tasquinimod compared with the pla-

cebo arm at all time points. Analysis of covariance of change from

baseline for FACT-P scores showed mostly a larger deterioration

in the tasquinimod compared with the placebo arm, but none of

the treatment differences were statistically significant at the end-

of-study visit.

The BPI score at baseline was similar in the two treatment arms

for almost every question. At the end-of-study treatment, the

mean and median scores for almost all BPI questions were higher

in the tasquinimod group, indicating higher intensity of pain and

degree to which pain interferes with function in the tasquinimod

compared with the placebo group.

Analysis of covariance of change from baseline for EQ-5D vis-

ual analog scale (VAS) score showed a greater deterioration in the

tasquinimod compared with the placebo arm at the end-of-study

visit; although, the treatment difference was not statistically sig-

nificant (1-sided P¼ 0.9824) (supplementary Table S1, available

at Annals of Oncology online).

Safety

The incidence of any treatment emergent adverse event (TEAE)

was similar in the tasquinimod and placebo arms (97.2% versus

94.3%, respectively). The incidence of any Grade 3–5 TEAEs was

higher in the tasquinimod compared with the placebo arm

(50.7% versus 27.1%) (Table 3; supplementary Table S2,

Table 1. Baseline characteristics (intent to treat population)

Variable Placebo
(N 5 72)a

Tasquinimod
(N 5 71)

Age (years)
Median (range) 70.0 (58–82) 71.0 (46–85)

PSA (lg/l)
N 70 71
Median (range) 7.40 (0.1–468.3) 5.20 (0.1–814.4)

ECOG PS score, n (%)
N 69 71
0 (normal activity) 31 (42.5) 39 (54.9)
1 (restricted activity) 38 (52.1) 32 (45.1)

Gleason score at diagnosis, n (%)
N 70 70
3–7 31 (42.5) 38 (53.5)
8–10 39 (53.4) 32 (45.0)

Total cumulative dose of docetaxel (mg)
N 72 70
Median (range) 1050.0 (450.0–1691.5) 1050.0 (135.6–1680.0)

Number of cycles
N 72 71
Median (range) 8.0 (6–11) 8.0 (6–12)

Visceral metastases, n (%) 16 (21.9) 17 (23.9)
Opioid use at baseline, N (%) 11 (7.6) 10 (6.9)

aDue to data entry error, one patient was excluded from the analysis of
patient characteristics in the placebo group.
ECOG PS, Eastern Cooperative Oncology Group performance status; PSA,
prostate-specific antigen; SD, standard deviation.
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available at Annals of Oncology online). Serious TEAEs occurred

in 24 (33.8%) and 14 (20.0%) patients in the tasquinimod and

placebo arms, respectively. Grade 3–5 serious TEAEs occurred in

18 (25.4%) and 10 (14.3%) patients in the tasquinimod and pla-

cebo arms, respectively. Only one patient receiving tasquinimod

died during the study treatment period due to a non-related

myocardial infarction. The most common drug-related TEAEs

(all grades) were nausea (21.1% versus 8.6%), constipation

(16.9% versus 7.1%), diarrhea (11.3% versus 5.7%), fatigue

(15.5% versus 10%), and asthenia (15.5% versus 8.6%) and de-

crease appetite (28.2% versus 8.6%) in tasquinimod versus pla-

cebo arms, respectively. Of particular interest in this study were

blood levels of amylase and lipase. In the tasquinimod arm, ab-

normal increases of grade 3 or higher were noted in two (2.8%)

patients for lipase and one (1.4%) patient for amylase.

Discussion

Analysis of the primary end point of this double-blind random-

ized study demonstrated that rPFS was in favor of tasquinimod

[HR (90% CI): 0.6 (0.4–0.9), P¼ 0.0162] when adjusted for vis-

ceral metastases, opioid analgesic use, and region in patients with

mCRPC who had not progressed after a first-line docetaxel-based

chemotherapy. To our knowledge, this is the first completed trial

1.0

Patients censored (%)

Placebo

Placebo

Tasquinimod

Tasquinimod

(n=73) (n=71)
24 (32.9) 32 (45.1)

31.7 (24.3, 53.7)
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Figure 1. Kaplan–Meier plot for rPFS by investigator assessment (intent to treat population). CI, confidence interval; HR, hazard ratio; rPFS,
radiologic progression-free survival.

Table 2. rPFS and symptomatic PFS on first-line therapy

Placebo N 5 73 Tasquinimod N 5 71 Log-rank test P Cox analysisb

Stratifieda HR (90% CI)c P

Median rPFS 22.7 (16.1–25.9) 31.7 (24.3–53.7) 0.0863 0.6 (0.4–0.9) 0.0162
Median symptomatic PFS, weeks (90% CI) 95.3 (NE–NE) NE (31.9–NE) 0.5442 1.2 (0.7–2.1) 0.7276
Median time to further anticancer treatment, weeks (90% CI) 29.0 (23.1–39.1) 42.3 (32.0–58.0) 0.1120 0.7 (0.5–1.0) 0.0571
Median PFS 2 (90% CI) (weeks) 24.1 (12.6–NE) 19.3 (7.1–30.7) 0.5219 1.5 (0.5–4.8) 0.7375

Time from randomization to next-line therapy for prostate cancer and PFS on the next-line therapy (PFS 2) (intent to treat population).
aLog-rank test adjusting for presence (or absence) of visceral metastases, opioid analgesic use and region (Eastern Europe, Western Europe). Two-sided
P value.
bCox proportional hazards model adjusting for presence (or absence) of visceral metastases, opioid analgesic use and region (Eastern Europe, Western
Europe). one-sided P value.
cHR tasquinimod/placebo.
CI, confidence interval; HR, hazard ratio; NE, not evaluable; PFS, progression-free survival; PFS 2, progression-free survival 2; rPFS, radiologic progression-
free survival.
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of a maintenance strategy with a novel agent in mCRPC in pa-

tients not progressing after docetaxel therapy.

The median time to further anticancer treatment of prostate

cancer was 42.3 weeks for the tasquinimod arm and 29.0 weeks

for the placebo arm, but the overall difference between the arms

was not statistically significant based on stratified log-rank test.

For the efficacy end points of PFS 2 and symptomatic PFS, HR

by Cox analysis was not in favor of tasquinimod and none of the

results were statistically significant. The median OS was not

reached as only a total of 14 deaths occurred by the cut-off date.

Quality of life analyses showed deterioration in tasquinimod-

treated patients compared with placebo in FACT-P. The change

in the BPI scores showed a similar trend, although not tested stat-

istically, suggesting higher intensity of pain and degree to which

pain interferes with function in the tasquinimod compared with

the placebo arm. The greater deterioration in EQ-5D VAS score

from baseline in the tasquinimod compared with the placebo

arm was not statistically significant. Tasquinimod showed a rea-

sonable safety profile in patients with mCRPC who had not pro-

gressed after a first-line docetaxel-based chemotherapy, which is

consistent with phase II [6] and III [9] study results in pre-

chemotherapy mCRPC patients.

Following positive results in a multicenter, double-blind,

randomized phase II trial [6], tasquinimod was investigated in a

phase III, double-blind placebo-controlled international trial in

patients with asymptomatic to mildly symptomatic chemother-

apy-naı̈ve mCRPC and evidence of bone metastases. In common

with the current study, results showed that tasquinimod im-

proved rPFS compared with placebo (HR¼ 0.69, 95% CI 0.60–

0.80) but did not extend OS (HR¼ 1.10, 95% CI 0.94–1.28) [10].

A number of studies have now been completed on mainten-

ance therapy in CRPC. One of these was a randomized, double-

blind, placebo-controlled trial that assessed the impact of

orteronel (TAK-700), an inhibitor of extra-gonadal androgen

synthesis [11], as maintenance therapy in patients with mCRPC

and non-progressive disease after docetaxel [12]. Patients receiv-

ing orteronel showed a significant improvement in the primary

end point of event-free survival (defined as the time from random

assignment to death, or a combination of at least two outcomes

that included radiographic, clinical or PSA progression): 8.5 ver-

sus 2.9 months in the orteronel and placebo arms, respectively

(HR¼ 0.32; P¼ 0.001). However, the study was terminated be-

fore completing enrolment due to discontinuation of orteronel

development for prostate cancer and only 47 patients were

randomized. The second study was a phase II single arm trial

evaluating maintenance therapy with temsirolimus, a mamma-

lian target of rapamycin inhibitor, after docetaxel induction

chemotherapy in 21 patients with CRPC [13]. Time to treatment

failure (radiologic and/or symptomatic progression), the primary

end point, was a median of 24.3 weeks. Both the orteronel and

temsirolimus studies met their primary end point and concluded

that maintenance treatment is feasible.

In conclusion, this study aimed to evaluate maintenance therapy

with tasquinimod as a strategy to prolong treatment response with-

out significantly compromising quality of life in patients with

mCRPC not progressing under a first-line docetaxel-based therapy.

The primary objective of delayed rPFS with tasquinimod was met,

with a reduction in the risk of progression of 40% for tasquinimod

compared with placebo. Although the planned number of patients

was included and analysis of the outcome was possible, further devel-

opment of tasquinimod in prostate cancer has been discontinued.
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Table 3. Summary of treatment-emergent adverse events by preferred term and system organ class with an incidence >5% of patients in any treatment
group regardless of relationship (safety population); number of patients (%) reported

System organ class/preferred term Placebo (N 5 70) Tasquinimod (N 5 71)

All Grades 3–5 All Grades 3–5

Any TEAE 66 (94.3) 18 (25.7) 69 (97.2) 36 (50.7)
Musculoskeletal and connective tissue disorders 44 (62.9) 3 (4.3) 45 (63.4) 13 (18.3)
General disorders and administration site conditions 37 (52.9) 3 (4.3) 50 (70.4) 9 (12.7)
Gastrointestinal disorders 32 (45.7) 2 (2.9) 46 (64.8) 7 (9.9)
Nervous system disorders 19 (27.1) 1 (1.4) 36 (50.7) 5 (7.0)
Infections and infestations 21 (30.0) 1 (1.4) 22 (31.0) 4 (5.6)
Metabolism and nutrition disorders 15 (21.4) 1 (1.4) 28 (39.4) 3 (4.2)
Vascular disorders 12 (17.1) 3 (4.3) 20 (28.2) 4 (5.6)
Skin and subcutaneous tissue disorders 13 (18.6) 0 (0.0) 16 (22.5) 0
Investigations 7 (10.0) 2 (2.9) 16 (22.5) 5 (7.0)
Psychiatric disorders 7 (10.0) 0 (0.0) 16 (22.5) 3 (4.2)
Respiratory, thoracic and mediastinal disorders 7 (10.0) 0 (0.0) 16 (22.5) 3 (4.2)
Renal and urinary disorders 10 (14.3) 5 (7.1) 10 (14.1) 3 (4.2)
Blood and lymphatic system disorders 2 (2.9) 0 (0.0) 11 (15.5) 2 (2.8)
Injury, poisoning and procedural complications 8 (11.4) 1 (1.4) 2 (2.8) 1 (1.4)

TEAE, treatment emergent adverse event.
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