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Purpose

Fibroblast growth factor (FGF) signals are important in carcinogenesis and progression of
prostate cancer. Dovitinib is an oral, pan-class inhibitor of vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor, and fibroblast growth factor
receptor (FGFR). We evaluated the efficacy and toxicity of dovitinib in men with metastatic
castration resistant prostate cancer (nCRPC).

Materials and Methods

This study was a single-arm, phase Il, open-label, multicenter trial of dovitinib 500 mg/day
(5-days-on/2-days-off schedule). The primary endpoint was 16-week progression-free survival
(PFS). Secondary endpoints were overall survival (0S), toxicity and prostate-specific antigen
(PSA) response rate. Biomarker analyses for VEGFR2, FGF23, and FGFR2 using multiplex
enzyme-linked immunosorbent assay was performed.

Results

Forty-four men were accrued from 11 hospitals. Eighty percent were post-docetaxel. Median
PSA was 100 ng/dL, median age was 69, 82% had bone metastases, and 23% had liver
metastases. Median cycles of dovitinib was 2 (range, O to 33). Median PFS was 3.67 months
(95% confidence interval [Cl], 1.36 to 5.98) and median OS was 13.70 months (95% Cl, O
to 27.41). Chemotherapy-naive patients had longer PFS (17.90 months; 95% Cl, 9.23 to
28.57) compared with docetaxel-treated patients (2.07 months; 95% ClI, 1.73 to 2.41;
p=0.001) and the patients with high serum VEGFR2 level over median level (7,800 pg/mL)
showed longer PFS compared with others (6.03 months [95% Cl, 4.26 to 7.80] vs. 1.97
months [95% Cl, 1.79 to 2.15], p=0.023). Grade 3 related adverse events were seen in
40.9% of patients. Grade 1-2 nausea, diarrhea, fatigue, anorexia, and all grade thrombocy-
topenia are common.

Conclusion
Dovitinib showed modest antitumor activity with manageable toxicities in men with mCRPC.
Especially, patients who were chemo-naive benefitted from dovitinib.
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Introduction

Prostate cancer is the most common cancer among men
worldwide [1]. In Korea, prostate cancer has been continually
increasing in prevalence and is now the fourth most com-
monly diagnosed cancer and the eighth leading cause of can-
cer-related death in men [2].

Growth factor signals are important in carcinogenesis and
progressiton of prostate cancer, and fibroblast growth factors
(FGF) have important roles in this regard. FGF ligands
(FGF1, -2, -6, -8, and -17) and FGF receptors (FGFR1 and
FGFR4) are significantly overexpressed in prostate cancer
[3-6]. Recent studies have demonstrated that critical roles of
the FGF family members are mediated by the signaling
between epithelial and stromal compartments, which pro-
motes the epithelial-mesenchymal transition [7,8]. Moreover,
FGF-2 is a mediator of second-wave angiogenesis and tumor
progression in men during the formation of castration-resis-
tant tumors [9]. Therefore, inhibition of signaling via the FGF
axis might be a viable strategy for the treatment of castra-
tion-resistant prostate cancer.

Dovitinib, an oral multitargeted receptor tyrosine kinase
(RTK) inhibitor, potently inhibits class III, IV, and V RTKSs,
showing biochemical ICs values < 20 nmol /L for RTKs that
include vascular endothelial growth factor receptors
(VEGFR-1, VEGFR-2, and VEGEFR-3), platelet-derived growth
factor receptor-B, fibroblast growth factor receptors (FGFR-
1, FGFR-2, and FGFR-3), fetal liver tyrosine kinase receptor
3, KIT Ret, TrkA, and csf-1. Due to its unique inhibitory
activity on FGF pathways, dovitinib has significant activity
in a variety of tumor xenograft models in athymic mice,
including acute myeloid leukemia, multiple myeloma, and
colon- and prostate-derived models [10].

Castration-resistant prostate cancers (CRPCs) are one of
the challenges in oncology practice. Although there have
been advances in chemotherapy [11], hormonal agents [12],
and immunotherapeutics [13], CRPC patients still have lim-
ited life expectancy. There is an urgent need to identify ther-
apeutic targets and clinical development of target agents for
the treatment of CRPC. To this end, sorafenib has been tested
in phase II studies [14]. However, the clinical efficacy was
very limited. The low efficacy of sorafenib might be partly
explained by the lower potency in inhibition of RTKs. Con-
sidering nanomolar concentration range of ICs for dovitinib
compared with micrololar concentration for other multi-
tyrosine kinase inhibitors (TKIs) [15], the efficacy of dovitinib
should be evaluated in CRPC patients.

The present phase 2 trial evaluated whether dovitinib
would improve progression-free survival (PFS) in men with
progressive CRPC.

Materials and Methods

1. Study design and population

This multi-center, single-arm, open-label, phase II study
evaluated the efficacy and toxicity of dovitinib in CRPC.

Patients were eligible if they were > 20 years of age, had a
histological or cytological diagnosis of prostate cancer with
documented metastases, and prostate-specific antigen (PSA)
and /or radiographic progression despite receiving luteiniz-
ing hormone releasing hormone analogue therapy or under-
going orchiectomy, and serum testosterone level < 50 ng/dL.
Patients with only non-measurable lesions could be enrolled
if evaluable lesions were present. Patients had to be exposed
to two lines or less of previous cytotoxic chemotherapy, have
an Eastern Cooperative Oncology Group performance of
0-2, and have adequate bone marrow, renal, and hepatic
function indicated by a neutrophil count > 1.5x10°/L, platelet
count > 75x10°/L, hemoglobin > 8 g/dL, total bilirubin
< 1.5 times the normal limit, alanine aminotransferase and
aspartate aminotransferase < 2 times the upper limit of nor-
mal, and serum creatinine < 1.5 times the upper limit of nor-
mal (if values were borderline, the creatinine clearance had
to be = 30 mL /min by Cockcroft and Gault formula).

Exclusion criteria included history of central nervous sys-
tem metastasis, second primary malignancy within 3 years
except for completely cured non-melanoma skin cancer,
other systemic treatment (chemotherapy, immunotherapy,
TKI, or monoclonal antibody) within 4 weeks, and any
unstable medical condition.

2. Treatment

Dovitinib was administered at 500 mg orally once daily for
5 consecutive days, followed by a 2-day rest, with each cycle
consisting of 28 days. Treatment was discontinued if patients
had disease progression, intolerable toxicities, or withdrew.
Doses were modified based on the worst grade of toxicity
according to the protocol, but patients who had two dose
reductions (300 mg per day) and who experienced toxicity
requiring a third dose reduction were discontinued from the
study treatment. Patients who interrupted treatment for
more than 21 days were discontinued.

3. Evaluation of response and adverse events

Tumor response was assessed by computed tomography
or magnetic resonance imaging and bone scan with Response
Evaluation Criteria in Solid Tumor (RECIST) ver. 1.1 every 8
weeks during treatment. Progression of osseous disease was
indicated by bone scans showing two or more new lesions,

VOLUME 50 NUMBER 4 0CTOBER 2018 1253



Cancer Res Treat. 2018;50(4):1252-1259

with the requirement of a confirmatory scan performed 6 or
more weeks later showing additional new lesions according
to Prostate Cancer Working Group 2 (PCWG2). Toxic effects
were evaluated at each visit using Common Terminology
Criteria for Adverse Events ver. 4.0. The primary endpoint
of the study was the 16-week PFS rate, defined as the pro-
portion of patients showing complete response (CR), partial
response (PR), or stable disease (SD) in week 16 after treat-
ment started. Secondary endpoints were PFS, objective
response rate, PSA response rate, overall survival (OS), and
toxicity.

4. Biomarker analysis

We planned to collect blood samples before and after two
cycles of study treatment for biomarker study. The blood
samples were kept at room temperature within 2 hours to
allow clotting and then centrifuged at 3,000 xg for 5 minutes.
The serum was collected at stored at —80°C until analysis.
Serum levels of VEGFR2 and FGF23 were measured using
MILLIPLEX MAP kits (Millipore Corporation, Billerica, MA).
Serum levels of FGFR2 were measured using an ELISA kit
(Biorbyt Co., Cambridge, UK). Serum levels were compared
with tumor response as an exploratory endpoint.

5. Statistical analyses

The study was designed to rule out a 30% probability of
16-week PFS while targeting a 50% probability of patients
having 16-week PFS at the 0.10 significance level with a
power of 0.90. The study required a total of 39 evaluable
patients to demonstrate this hypothesis. With a 10% dropout
rate, 44 patients were enrolled to ensure 39 evaluable
patients. The probability of survival was estimated by the
Kaplan-Meier method, and the log-rank test with 95% confi-
dence interval (CI) was used to compare survival curves.
A p-value < 0.05 was considered statistically significant.
Analyses were performed using SPSS ver. 24.0 (IBM Corp.,
Armonk, NY).

6. Ethical statement
The protocol was approved by the institutional review
boards of participating institutions and Korea Cancer Study

Group (KCSG-GU11-05) and registered at ClinicalTrials.gov
(NCT01741116). Written informed consents were obtained.
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Table 1. Baseline characteristics

Characteristic No. (%) (n=44)
Age, median (range, yr) 69 (57-88)
ECOG performance status

0 4(9.3)

1 34 (79.1)

2 5(11.6)
Gleason score

<6 1(2.3)

7 409.1)

>8 36 (81.8)

Unknown 3(6.8)
Stage at diagnosis

Localized 15 (34.1)

Metastatic 27 (61.4)

Unknown 2 (4.5)
Time to CRPC, average (95% CI, yr) 3.66 (2.75-4.57)
Previous treatment

Surgery 16 (36.4)

Radiation 17 (38.6)

Chemotherapy 35(79.5)
Metastatic sites

Bone 36 (81.8)

Regional lymph node 10 (22.7)

Metastatic lymph node 25 (56.8)

Liver 10 (22.7)

(

PSA, median (range, ng/dL)

100 (0.02-1,247.55)

ECOG, Eastern Cooperative Oncology Group; CRPC, cas-
tration resistant prostate cancer; CI, confidence interval;

PSA, prostate specific antigen.

Table 2. Response to dovitinib

Endpoint Rate (95% CI, %)

16-Week PFS rate 42.1 (27.9-57.8)
Objective response rate 125 (5.0-28.1)
59.4 (42.4-76.4)
12.9 (1.3-25.4)

Disease control rate
PSA response rate

CI, confidence interval; PFS, progression-free survival;
PSA, prostate specific antigen.

Results

1. Patient characteristics

Between 2012 and 2015, a total of 44 patients were enrolled
from 11 hospitals in South Korea. Median age was 69 years
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Fig. 1. Progression-free survival (PFS) (A) and overall survival (OS) (B). Dashed lines are the upper bound and lower bound

of 95% confidence interval of Kaplan-Meier estimates.

(range, 57 to 88 years) and about 80% of the patients had
already received chemotherapy. Docetaxel was included in
all chemotherapy regimens. Eighty-two percent of patients
had bone metastases and 23% had liver metastases. Their
median PSA level was 100.00 ng/dL (range, 0.02 to 1,249.55
ng/dL) and time to CRPC was 3.66 years (95% CI, 2.75 to
4.57). Baseline characteristics are shown in Table 1.

2. Efficacy

The response to dovitinib is described in Table 2. Sixteen
of the 38 evaluable patients did not experience disease pro-
gression until week 16 of dovitinib treatment. The proportion
of patients alive and progression free at 16-weeks (16-week
PFS) was 42.1% (95% CI, 27.9 to 57.8). There was a significant
difference in 16-weeks PFS between chemotherapy-naive
patients (87.5%; 95% CI, 57.1 to 100.0) and post-docetaxel
patients (30.0%; 95% CI, 13.8 to 46.1; p=0.03). A total of 32
patients were able to evaluate the tumor response with
RECIST ver. 1.1. because 12 patients had unknown response
data mostly due to withdrawal. One patient died from traffic
accident. Of the patients who evaluated the response, no
patients experienced CR, four patients had PR (12.5%), 15
patients had SD (46.9%), 13 patients (40.6%) had progressive
disease, and The objective response rate was 12.5% (95% CI,
5.0 to 28.1). Follow-up PSA data was available for 31 patients.
PSA response (= 50% decline) was observed in four patients,
representing a PSA response rate of 12.9% (95% CI, 1.3 to
25.4). The PSA decline was observed in 32.3% of patients.

With a median follow-up duration of 19.5 months by
reverse Kaplan-Meier method, the median PFS was 3.67

100+ —— Chemotherapy-naive (n=9)
Docetaxel-treated (n=35)
p=0.001
80 4
60
e
o 17.9(95% Cl, 9.23-28.57)
40 4 P
20 4
2.07(95% Cl, 1.73-2.41)
0 T T T T T T
0 6 12 18 24 30 36

Time (mo)

Fig. 2. Progression-free survival (PFS) according to history
of chemotherapy. CI, confidence interval.

months (95% CI, 1.36 to 5.98) and median OS was 13.70
months (95% CI, 0 to 27.41) (Fig. 1). Chemotherapy-naive
patients had longer PFS (17.90 months; 95% CI, 9.23 to 28.57)
compared with docetaxel-treated patients (2.07 months; 95%
CI, 1.73 to 2.41; p=0.001) (Fig. 2). The duration of clinical ben-
efit among 19 patients who experienced clinical benefit (CR,
PR, and SD > 6 weeks) was much longer in chemotherapy-
naive patients (Fig. 3). Some continued to benefit even after
discontinuing treatment.
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Fig. 3. Duration of clinical benefit.

Table 3. Summary of maximum common toxicity criteria

Toxicity All grade (n=42) Grade 3/4 (n=42)
Laboratory
Neutropenia 21 (50.0) 3(7.1)
Anemia 26 (61.9) 2(4.8)
Thrombocytopenia 13 (31.0) 6 (14.3)
Bilirubin elevation 3(7.1) 2(4.8)
Non-laboratory
Nausea 14 (33.3) 2(4.8)
Anorexia 16 (38.1) 2 (4.8)
Vomiting 5(11.9) 0
Diarrhea 18 (42.9) 3(7.1)
Fatigue 9 (21.5) 2(4.8)

Values are presented as number (%).

3. Treatment and toxicity

The 44 enrolled patients received a total of 180 cycles of
dovitinib. Median number of cycles administered was two
(range, 0 to 33). About one-third of the cycles (57 of 180) were
administered at reduced doses. Forty-two patients were
evaluable for toxicity (Table 3). There was no death attrib-
uted to protocol treatment. Grade 3/4 adverse events (AEs)
were seen in 40.9% of patients with 7.0% of patients halting
dovitinib treatment due to toxicity or withdrawal of consent.
The most common related non-laboratory AEs included
grade 1-2 diarrhea (42.9%), anorexia (38.1%), nausea (33.3%),
and fatigue (21.5%). Grade 3/4 thrombocytopenia (14.3%)
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was the most common hematologic toxicity.
4. Biomarker study

Mean baseline plasma FGFR2 level was 56.0 pg/mL
(range, 0 to 603.1 pg/mL) and mean baseline plasma VEG-
FR2 level was 8,170.7 pg/mL (range, 2,787.4 to 15,497.4
pg/mL) among the 34 patients whose baseline samples were
available. We could not analyze FGF-23, because FGF-23 was
not detected in most samples collected. Among the 18
patients whose follow-up samples were available, there was
no significant changes from baseline including FGFR2 (48.7
pg/mL vs. 76.9 pg/mL, p=0.401) and VEGFR2 concentra-
tions (8,195.7 pg/mL vs. 8,942.1 pg/mL, p=0.446) after treat-
ment with dovitinib (Fig. 4). The patients with higher base-
line VEGFR2 (more than median) showed longer PFS com-
pared with others (6.03; 95% CI, 4.26 to 7.80 vs. 1.97; 95% CI,
1.79 to 2.15 months, p=0.023) (Fig. 5). However, there were
no differences of PFS according to baseline FGFR2 level and
changes of FGFR2 and VEGFR2 levels after treatment.

Discussion

This phase II study was designed to evaluate the effect of
dovitinib in the treatment of CRPC. The findings demon-
strate that dovitinib has modest activity and a mostly accept-
able safety profile in patients with CRPC.

Dovitinib showed a small but obvious effect. This might
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Fig. 4. Biomarker levels at baseline and after two cycles of dovitinib. (A) Fibroblast growth factor receptor 2 (FGFR2) levels.
(B) Vascular endothelial growth factor receptor 2 (VEGFR2) levels.
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Fig. 5. Progression-free survival (PFS) according to baseline
vascular endothelial growth factor receptor 2 (VEGFR?2) lev-
els. CI, confidence interval.

reflect the critical role of the FGF pathway in the develop-
ment and progression of CRPC, as previous preclinical stud-
ies reported [7-9]. Another study also reported that upregu-
lated FGFR1 expression was associated with transition of
hormone-naive prostate cancer to CRPC [16]. Presently, the
16-week PFS rate was 42.1% and the median PFS was 3.7
months (95% CI, 1.36 to 5.98) in evaluable subjects. Despite
the overall modest activity, chemotherapy-naive patients,

who accounted for 20% of all subjects, showed relatively
good results. There is no evidence to date to explain the
markedly better PFS in chemotherapy-naive patients. Sug-
gestions include the different natural course depending on
the time elapsed since diagnosis of CRPC and variation by
mutation after undergoing docetaxel chemotherapy.

Most patients tolerated the dovitinib treatment. However,
some patients experienced severe side effects that necessi-
tated the end of treatment. Grade 3/4 thrombocytopenia was
relatively frequent (14.8%), perhaps because most patients
enrolled had bone metastases and were elderly. Dose reduc-
tions should be considered for CRPC patients with dissemi-
nated bone metastases.

In the clinical setting, the benefit of dovitinib treatment has
been investigated for various cancer types including renal
cell carcinoma [17,18], melanoma [19], endometrial cancer
[20], breast cancer [21,22], gastrointestinal stromal tumor
[23], mesothelioma [24], and transitional cell carcinoma [25].
In most studies, dovitinib showed minimal to modest activ-
ity. A trial comparing dovitinib and sorafenib demonstrated
similar efficacy in heavily treated renal cell carcinoma
patients [18]. An involving endometrial cancer patients
investigated the efficacy of dovitinib according to FGFR2
mutation. The efficacy of dovitinib was independent of
mutation [20]. A recent phase II randomized study reported
that dovitinib in combination with fulvestrant showed a
trend to improve median PFS compared with fulvestrant
alone in FGF pathway amplified subgroup (10.9 months vs.
5.5 months) [22]. Biomarker analyses in two revealed a
decreased plasma VEGEFR level from baseline after dovitinib
treatment, while plasma FGF23, vascular endothelial growth
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factor, placental growth factor, or hepatocyte growth factor
levels were elevated due to compensatory upregulation
because of FGFR or VEGER inhibition [18,19].

Somatic mutation of FGFR1 has not been revealed in
human prostate cancer. Previous studies reported overex-
pression or amplification of FGFR, which may become a pre-
dictive biomarker, in human prostate cancer, especially
CRPC [7-9,16]. We did not perform immunohistochemical
staining or gene sequencing analysis of cancer tissue. Instead,
we examined the level of FGFR2, VEGFR2, and FGF23 in
serum. No predictive biomarker for response to dovitinib
was identified. Interestingly, miR-15a and miR-16 are thou-
ght to suppress FGF-2 and FGFR1 axis [26]. Future studies
should assess if miR-15a or miR-16 expression is progres-
sively lost in blood or tissue with development and progres-
sion of CRPC. Tissue FGFR overexpression or amplification
and serum or tissue miR-15a or miR-16 suppression could be
candidate predictive markers of dovitinib and should be
investigated.

During the course of this clinical trial, treatment options
for CRPC patients became more diverse. The second-gener-
ation anti-androgens, enzalutamide and abiraterone, were
demonstrated to significantly improve survival in men with
metastatic CRPC before and after docetaxel treatment [12,27-
29]. Since these drugs have little toxicity and excellent effi-
cacy, they have been quickly introduced into clinical practice.
Future research for CRPC patients should involve these
drugs.

There are some inevitable limitations to the study. The
study population was heterogenous and included CRPC
patients enrolled before docetaxel treatment (20%) and after
chemotherapy. Thus, it is very difficult to define the best
appropriate role of dovitinib in CRPC. In addition, the num-
ber of patients who underwent blood sampling was too small
to pick out meaningful markers.

To overcome these shortcomings, future investigations
should strive to enroll a homogenous study population and
could include a combination with current standard treat-
ment, especially second-generation anti-androgens. Compre-
hensive genetic testing, especially next generation sequen-
cing, including FGFR amplification should be used to clarify
dovitinib response and resistance mechanisms.

In conclusion, dovitinib displays modest antitumor activ-
ity with manageable toxicities in men with metastatic CRPC.
Especially, patients who are chemo-naive benefit from dovi-
tinib.
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