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Abstract

Purpose We assessed the efficacy and toxicity of a fixed
dose of docetaxel and prednisone, combined with escalat-
ing doses of gemcitabine (DGP). The primary endpoint was
PSA response.

Methods Fifteen patients were enrolled in the phase I and
50 patients entered the phase II. Patients were given DGP,
maximum of eight courses, until progression or unaccept-
able toxicity. Docetaxel 75 mg/m? was administered intra-
venously day 1, gemcitabine was given day 1 and 8 in
doses increasing from 600 to 1,000 mg/m> every third
week. Patients had castrate refractory metastatic prostate
cancer (CRMPC), adequate function of liver, kidney and
bone marrow; ECOG performance status <2 and were che-
motherapy-naive.

Results Median age was 64 range (49-77). Twenty-one
(42%) were PS 0, 26 (52%) were PS 1 and 3 (6%) were PS
2. The median pre-treatment PSA was 448 (12-4.580). No
dose limiting toxicity was observed even with the highest
dose level in the phase I part of the study. In the phase II
part, PSA response was observed in 37 (74%) patients.
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Twenty-four (48%) patients had measurable disease; 12
(50%) had partial remission, 5 (21%) had stable disease, 7
(29%) were not evaluable. Time to progression (TTP) was
7.9 months and overall survival (OS) was 13.9 months.
Thirty-seven patients (74%) developed neutropenia, non-
haematological toxicity was modest.

Conclusions The PSA response rate was promising and
the toxicity of DGP was manageable; however OS was
comparable to results of treatment with single agent doce-
taxel.
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Introduction

Prostate cancer (PC) is the most frequent cancer in men and
one of the most common cancer-related causes of death in
men in the Western World [1]. There is a large variability
in response to anticancer therapy in prostate cancer. Most
cancers are sensitive to treatment with hormones, although
they all within time become insensitive or independent to
hormone therapy. Similar to other solid tumours, PC has
recently been found to be sensitive to treatment with che-
motherapy [2]. Castrate refractory PC is defined as that
state of disease, where clinical progression and/or increas-
ing PSA is observed, in spite of castrate level of plasma-
testosterone. Patients with castrate refractory metastatic
prostate cancer (CRMPC) typically have a median survival
of 12—-18 months [3]. Men with metastatic PC often suffer
from skeletal pain-, fractures, haematological consequences
of marrow infiltration, neurological impairment and cord
compression emphasising that palliation is an important
parameter in treatment [4].
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Treatments of metastatic PC comprise hormone therapy,
chemotherapy, palliative radiation therapy, isotope treat-
ment and bisphosphonates plus experimental treatments.
Tannock etal. [5] demonstrated that a combination of
mitoxantrone and prednisone had a superior palliative
response compared to single agent treatment with predni-
sone. A new era in the treatment of CRMPC was opened by
the TAX327 study demonstrating that overall survival was
significantly longer and quality of life improved with a
docetaxel-based regime given in a 3-week schedule com-
pared to mitoxantrone [6, 7]. This was confirmed by the
SWOG 9916 trial where overall survival was significantly
longer in the docetaxel-arm [8]. The two studies proved
that chemotherapy in CRMPC patients prolonged overall
survival.

The combination docetaxel, gemcitabine, and pre-
dnisone (DGP) chemotherapy has been successful in
treatment of other solid tumours. Laufman et al. [9] con-
cluded that monthly docetaxel combined with weekly
gemcitabine was effective in metastatic breast cancer,
resulting in high response rates, durable responses and
was associated with favourable survival. Hejna et al. [10]
assessed the regimen Docetaxel, Gemcitabine and granu-
locyte-colony stimulating factor in treatment of advanced
non-small cell lung carcinoma and found this treatment
to have significant activity. In the treatment of CRMPC,
Morant et al. [11] showed that single agent gemcitabine
had a significant beneficial impact on pain despite its
limited efficacy in terms of PSA response. However, there
is only limited literature available on the anti-tumour
efficacy and tolerance of DGP to treatment of CRMPC.
As suggested by Roth et al., combining a taxane with an
anti-microtubuli agent, this treatment might have differ-
ent mechanisms of action on tumour-cells, thereby leav-
ing the possibility of additive or even synergistic effect
[12, 13].

In this study we aimed to assess the toxicity and
efficacy of the combination of DGP in patients with
CRMPC. By combining docetaxel and gemcitabine we
hoped to augment the rate of response and ameliorate
palliation for patients with metastatic PC. The study was
planned as a dose-escalating phase I followed by a phase
II, where the primary end-point was PSA response with
overall survival, palliation effects, and toxicity being sec-
ondary end points.

Materials and methods
Design

Our study was an open-label multicenter phase I/II design,
carried out by three Departments of Oncology in Denmark,
each including about one-third of the enrolled patients. In
the phase I study 15 patients were included; each dose lev-
els (0—4) of DGP were given to 3 patients. The 3 patients
receiving dose level 4 were analysed together with the 47
patients included in the phase II part, giving a total of 50
patients in the phase II. Descriptive statistics were applied
to describe the observed toxicity during the study. In phase
I, dose limiting toxicity (DLT) was defined as Chemother-
apy Toxicity Criteria (CTC) grade 4 of both haematological
and non-haematological side effects, fever and neutropenia
grade 3—4 >5 days, or CTC grade >2 lung toxicity. The
aim of the phase I was to define the maximum tolerated
dose (MTD) of DGP (Table 1). Three patients were
included in dose level 0, if DLT had occurred the treatment
would have been reduced to dose level —1. If one patient
developed DLT, three extra patients would have been
included in this particular dose level, and if none of them
had developed DLT, then another three patients could be
included in the next dose level. MTD was defined as the
dose level below DLT. The MTD of DGP was defined to be
docetaxel 75 mg/m? and gemcitabine 1,000 mg/m? and was
used in the phase II. Patients were enrolled in the period
between December 2004 and December 2006 with a follow
up period of minimum 1 year.

Study population

Eligible patients had histological verified adenocarcinoma
of the prostate with either radiological or clinical evidence
of metastatic disease. Patients had to have symptomatic
CRMPC, castrate level of testosterone (<0.5 nmol/L); cas-
tration could be due to either orchidectomy or treatment
with LHRH agonists. CRMPC was defined as being in clin-
ical and biochemical progression despite castration and
addition of anti-androgen and subsequent withdrawal of the
anti-androgen. Anti-androgens had to be stopped at least
4 weeks before entering the study. PSA should be at least
10 pg/l, and no previous treatment with oestrogen or ste-
roids for metastatic disease was allowed. Patients should

Table 1 Dose steps phase I

Dose level -1 0 1 2 3 4
Docetaxel (mg/m?) 60 75 75 75 75 75
Prednisone P.O. 2 x 5mg 2 x 5mg 2 x 5mg 2 x 5mg 2 x 5mg 2 x 5mg
Gemcitabine (mg/m?) 450 600 700 800 900 1,000
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have sufficient function of liver, kidneys and bone marrow.
Patients had to be in ECOG performance status <2 and life
expectancy had to be at least 3 months. Patients with symp-
tomatic brain metastasis, or concurrent serious medical
condition were excluded. All patients provided written
informed consent; the study was carried out according to
the Helsinki Declaration II and individual patient data were
monitored according to international standards of good
clinical practice. The protocol was approved by the Ethics
Committee of Copenhagen County (KA 04122 gms
12.17.2004).

Chemotherapy

The DGP was administrated in cycles of 3 weeks. Doce-
taxel (Taxotere, Sanofi-Aventis, Denmark) was given as a
I-h infusion day 1 and gemcitabine (Gemzar, Eli Lilly,
Denmark) infusion over 30 min day 1 and 8. Patients
received 5 mg of oral prednisone twice daily, continuously
and all patients received pre-medication in the form of oral
prednisone 50 mg 12, 3 and 1 h before infusion of doce-
taxel. Anti-emetics were prescribed according to local prac-
tice in the three participating departments. Each patient
could receive a maximum of eight courses, and treatment
was stopped if progression or unacceptable toxicity were
registered. Patients who discontinued due to toxicity were
followed for 30 days after last chemotherapy. Haematopoi-
etic growth factors were not used. Treatment on day 1 was
delayed if WBC <3 x 10%/1, neutrophil count <1.5 x 10%/1
or platelet counts <100 x 10°/1 whereas the dose was
reduced in case of insufficient haematological status on day
1, day 8 or at nadir. Patients were examined at start of each
cycle where clinical evaluation of the non-haematological
toxicity was also registered. Non-haematological toxicity
rated by CTC grade 1-4 (NCI; CTCAE version 3.0, Dec
2003) could if necessary result in dose reduction.

Endpoints

The primary endpoint in the phase I part was to determine
the MTD of the combination of DGP in treatment of
CRMPC. Primary endpoint in the phase II part was PSA
response. The level of PSA was measured before entering
study, and used as baseline for evaluation of response.
According to Bubley et al., PSA response is defined as a
reduction of >50% compared to baseline level, verified
by a second measurement at least 4 weeks later [14]. PSA
progression was defined as a rise in PSA level of >25%,
though at least 5 pg/L, and verified by a second measure-
ment. Response rates in patients with measurable disease
were evaluated regarding to the RECIST criteria. Second-
ary endpoints were time to progression (TTP) and toxic-
ity. TTP was calculated from inclusion until PSA

progression, clinical progression or cancer-related death.
Furthermore, the study aimed to evaluate the palliative
response, defined as reduction in pain after four and eight
courses of treatment. Toxicity was evaluated by the
CTCAE version 3.0 grading system. Patients recorded the
presence of pain and the consumption of analgesics (opi-
oids and non-opioids) on daily basis in a dedicated diary
during the course of chemotherapy. Grading of fatigue
and pain was done by the CTC grade 0—4 scale from data
in the patients’ diaries.

Statistical analysis

In the phase II part, a two-step design was carried out leav-
ing the possibility to stop the study early, if treatment with
DGP proved to be ineffective or encumbered with unac-
ceptable toxicity. Serious adverse events, laboratory tests
and objective response were summarised by the use of
descriptive statistics during study. This design conse-
quently gives 0.66 chances to stop the study at the first step,
if response rates were less than 20% (H,,) and a probability
of 0.095 to stop early if the true rate of response was 40%
(H,). The statistical power was more than 90% if tumour
response rate exceeded 40%. TTP and overall survival (OS)
were calculated by the method of Kaplan—Meier. Pain and
fatigue response were analysed by two times two-tables and
Pearson'’s i test. P values <0.05 were considered of statis-
tical significance.

Results
Patient characteristics

Fifteen patients were included in the phase I part in the
period of December 2004-2006. For patient characteristics,
see Table 2. Haematological and non-haematological side
effects were modest, no CTC grade 4 toxicity was regis-
tered, see Table 3. No fever and neutropenia occurred, two
patients had anaemia CTC grade 2 and one patient devel-
oped thrombocytopenia CTC grade 2; the haematological
toxicity were manageable. Adverse events were seen in two
patients suffering from anaemia and hospitalised for blood
transfusion, one patient with thrombosis in the eye, subse-
quently treated with anti-coagulants, and one patient was
hospitalised due to pathological fracture. One patient devel-
oped lung fibrosis after four courses of DGP. Since lung
fibrosis has been reported as a possible side effect to gem-
citabine, although rare, this patient discontinued treatment.
Reduction in PSA >50% and <75% was seen in four
patients (27%), whereas PSA reduction >75% was
observed in ten patients (67%), one patient did not respond
in terms of PSA.
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Table 2 Patient characteristics phase I (patient n = 15)

Table 3 Side effects phase 1 (patient n = 15)

Median age at inclusion (Range)
Median PSA ng/ml (Range)
ECOG Performance status, n (%)

68 (54-81)
984 (72-2,678)

0 3 (20)
1 12 (80)
2 0
Sites of metastasis, n (%)
Bone 12 (80)
Lymph node 10 (67)
Liver 0
Lung 3 (20)
Mean time with metastatic disease 22 (4-50)
before enrolment, months
Gleason score, n (%)
2-6 0
7 4.(27)
8-10 9 (60)
Not available 2 (13)

Fifty patients were enrolled in the phase II, part of which
three patients were recruited from the phase I part. Prior
local treatment at Department of Urology was radical
prostatectomy (n = 2) or radiation therapy (n =1). In 16
patients (32%), data on gleason score and prior local treat-
ment were unfortunately not available. For patient charac-
teristics for patients included in the phase II, see Table 4.

Toxicity and dose modification

The treatment with DGP was generally well tolerated, side
effects were manageable, and no toxicity-related deaths
were observed. Alopecia CTC grade 1 or 2 was registered
in 8 patients in phase I and in 35 patients in the phase II
part, giving a total of 69% of patients. Due to neutropenia,
36 patients received no treatment at day 8 at least once, and
these patients received no gemcitabine on day 8 with a
mean of three times during study time. Nine patients had
dose reductions of DGP at day 1 or 8 primarily because of
fever and neutropenia grade 3—4 prior to treatment, or neu-
ropathy grade 3. Delays in treatment were seen in five
patients. In total, 18 patients had serious adverse events;
seven had fever and neutropenia, five were hospitalised and
treated for infection, one patient had a myocardial infarc-
tion treated with percutaneous coronary intervention, and
one patient was observed for pulmonary and peripheral
oedema. One patient developed lung fibrosis and one
patient was treated for bilateral pleuritis, both possibly
related to gemcitabine and these two patients discontinued
treatment. Most frequent haematological toxicity grade 3—4
was neutropenia, whereas non-haematological side effects
grade 3—4 was modest, Table 5.
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Dose level Symptom CTC Grade

2 3

0(n=3) Pain
Fatigue
1 (n=3) Pain
Fatigue
Nausea
Alopeci
Neuropati
Infection
Loss of appetite
Anaemia
2(n=3) Pain
Fatigue
Nausea
Alopeci
Loss of appetite

[NO Y GV S G U (G N G U (U U ST 6

Mucositis

Oedema 1

Diare

Trombopeni
3(n=3) Fatigue
Alopeci
Infection
Diare
Anaemia
4 (n=3) Fatigue
Alopeci

S

Infection
Oedema 1
Diare 1

Dyspnoe 1

Effect of treatment

Biochemical response defined as >50% reduction of PSA
was observed in 37 patients (74%) confidence interval (CI)
59.7-85.4% patients, whereas major PSA response of
>75% was registered in 23 patients (46%), Table 6. We
found statistical significant (P =0.049) association
between pain grade and time, meaning that patients had
reported less pain after eight courses of DGP, Table 7. We
also examined fatigue during study but found no statistical
association between courses of chemotherapy and fatigue
over time. The median TTP was 7.9 months with 95%, CI
6.9-9.0 and median OS was 13.9 months, 95% CI 10.2—
17.5, Fig. 1.
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Table 4 Patient characteristics phase II (patient n = 50)

Table 7 Pain response (patient n = 49)

Median age at inclusion (Range) 64 (49-77)
Median PSA ng/ml (Range) 448 (12-4,580)
ECOG performance status, n (%)

0 21 (42)

1 26 (52)

2 3(6)
Sites of metastases, n (%)

Bone 49 (98)

Lymph node 24 (48)

Liver 0(0)

Lung 4(8)
Mean time with metastatic disease 22 (1-92)

before enrollment, months
Gleason Score, n (%)

2-6 4(8)

7 9 (18)

8-10 21 (42)

Not available 16 (32)
Table 5 Side effects phase II (patient n = 50)
Symptom, no (%) CTC-grade

1 2 3 4

Nausea 16 (32) 7(14) 1(2) 0(0)
Vomiting 11(22) 3 (6) 2(4) 0(0)
Alopecia 18 (36) 17 (34) 0(0) 0(0)
Infection 4(8) 9(18) 9(18) 0(0)
Fever and neutropenia 00 1(2) 4(8) 2(4)
Diarrhea 14 (28) 2(4) 0(0) 0(0)
Neuropathy 15 (30) 4 (8) 2(4) 0(0)
Lose of appetite 13 (26) 9 (18) 0(0) 0(0)
Dyspnea 10 (20) 4 (8) 1(2) 0(0)
Edema 2(4) 4(8) 2(4) 0(0)
Neutropenia 0(0) 7(14) 25 (50) 12 (26)

Table 6 Results phase II (patient n = 50)

n %

Tumour response (RECIST)
Partial remission 12 50
Stable disease 5 20
Progressive disease 3 13
Not evaluable 17
Total with measurable tumours 24 48
PSA response >50% 37 74
PSA response >75% 23 46

CTC grade Pre-treatment Pain after 8. course
No of patients No of patients
0 30 45
1 0
2 4
3 0
4 0
Total 49* 49*

The pain response was statistical significant. 50% extra patients had re-
ported no pain CTC = grade 0 after treatment with 8 courses of DGP

* One patient did not fill out the pain diary

Overall survival

0,25

0,00 - . . . . : - -

o 5 10 15 20 25 30 35 40
Months after enroliment

Fig.1 Overall survival. Kaplain-Meier estimation of overall sur-

vival—mean OS 13.9 months

Discussion

The aim of the present study was to investigate the efficacy
and safety of docetaxel treatment combined with gemcita-
bine and prednisone in the treatment of CRMPC patients.
We found a high proportion of patients responding to DGP,
74% responded with reduction in PSA >50%, whereas
46% had PSA reduction >75%. In the TAX 327 (docetaxel
arm 75 mg/m? given every third week = B-arm) they found
response rates of PSA reduction >50% at 45% of the
patients [6]. Similarly studies examining the efficacy of
Docetaxel treatment have shown 50% PSA response rates
between 30 and 70%, emphasising the high rate of PSA
response we found in our study [13, 15]. In addition, we
found that a large proportion of patients with measurable
disease obtained either partial remission (50%) or stable
disease (20%), compared to Sinibaldi etal. [16] who
reported partial remission in 25% of patients with measur-
able disease in CRMPC patients treated with docetaxel plus
1-day oral estramustinephosphate.

Response to treatment was encouraging, although the
time to progression and the overall survival we demonstrated
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was 13.9 months, compared to OS of 18.9 months in the
Tax 327 B-arm [6]. The differences shown in TTP and
OS might be due to the fact that patients in our study had
more advanced disease when entering study. We found a
mean PSA of 448 pg/L at baseline, compared to mean PSA
of 114 pg/L in the B-arm of TAX 327, suggesting that
patients receiving DGP had poorer prognosis [6, 8, 17]. In
our study 98% had bone metastasis and 56% had visceral
metastasis, whereas patients in the B-arm of Tax 327
patients had bone involvement in 90% of cases and visceral
metastasis in 22% of cases [6]. Measurable tumours were
seen in 48% of DGP patients, whereas in Tax 327 B-arm
40% of patients had measurable lesions [6]. In our study, an
inclusion criteria for patients to receive DGP was symp-
tomatic disease, thus all our patients had symptoms of
CRMPC, which is different from the TAX 327 study. We
also found that 42% of DGP patients had Gleason score
8-10, which was registered for 31% of the TAX 327 B-arm
patients [6]. The above-mentioned differences might explain
the relative impaired OS found in the present study.

Patients were diagnosed with metastatic disease in aver-
age 22 months before enrolment, thus the DGP patients had
extended disease for almost 2 years before given chemo-
therapy. When our study was initiated, docetaxel had
recently become standard treatment of CRMPC. It is possi-
ble that overall survival would have been higher if patients
were treated earlier, as also suggested by Roth et al. [13].
For more accurate estimation of the efficacy of the DGP
combination in patients with CRMPC, a randomized phase
III trial have to be conducted. The role of combination che-
motherapy for patients with CRMPC is still uncertain; we
need further studies to differentiate what we gain from
docetaxel treatment alone, and what a secondary chemo-
therapy offers to the patients in terms of longer survival,
pain relief, toxicity, etc.

Our study showed statistical significant reduction in pain
for CRMPC patients when treated with eight courses of
DGP, although only fifty patients were enrolled. The
importance of pain as a statistically significant predictor of
OS in men with CRMPC was demonstrated by Halabi et al.
[18]. Pain reduction after treatment with docetaxel was also
demonstrated in the Tax 327 study [6].

The combination DGP was in general well tolerated
and side effects manageable. We found that treatment with
gemcitabine at day 8 was not possible for about three
cycles per patient, due to haematological toxicity, this
being comparable to similar studies [19, 20]. Haematolog-
ical toxicity is an important issue in PC patients with bone
metastasis and possible impaired bone marrow function,
thereby limiting the ability of tolerating chemotherapy
doublets or triplets, which must be taken into consider-
ation when testing different regimes for this type of cancer
[19, 21]. Hejna etal. [10] used routinely prophylactic
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administration of hematopoietic granulocyte-colony stim-
ulating factor (G-CSF) in combination with docetaxel and
gemcitabine in treatment of lung cancer patients, and
showed that this treatment was effective in preventing and
counteracting myelosuppression as dose limiting toxicity.
The MTD of DG treatment chosen for the phase II study
might retrospectively have been too high, due to the high
proportion of patients developing neutropenia and there-
fore being forced to avoid, reduce or delay chemotherapy
day 8. Since we did not allow treatment with granulocyte-
colony stimulating factor, we might have profited using
Gemcitabine 800 mg/m?.

Since we have found high response rates to treatment
without improvement in overall survival, this raises the
question whether PSA response has limited use in the pre-
diction of survival in chemotherapy of CRMPC. The use-
fulness of PSA prediction of survival was questioned as
well by Roth et al. when discussing results of the TAX 327
and the SWOG study [6, 8, 13]. We believe that the treat-
ment with DGP is better than single agent docetaxel for
patients with CRMPC, and hypothesise that, in a clinical
setting in which DGP treatment is introduced immediately
after the diagnosis of metastatic, CRPC disease, even if the
patient being asymptomatic, the DGP treatment probably
would improve overall survival and PSA response. Nob-
uyuki et al. reported that levels of PSA decreased by more
than 50% in 95% of patients with hormone refractory pros-
tate cancer and a median overall survival of 26.6 months,
when treated with docetaxel, estramustine phosphate and
carpoplatin [22]. This study and similar phase II studies of
combination chemotherapy for CRMPC patients have
proven effective and with acceptable toxicity [23, 24] and
thus warrants further studies.

Conclusion

We found promising biochemical and objective response as
well as pain reduction in CRMPC patients treated with a
combination of docetaxel, prednisone, and gemcitabine.
Nevertheless, TTP and overall survival were not improved
compared to results of mono-therapy with docetaxel. The
combination was safe and tolerable. Further studies on the
drug combination DGP are needed to clarify the relation-
ship between PSA response and overall survival in patients
with CRMPC. A randomized phase III study with single
agent docetaxel compared to different regiments of combi-
nation chemotherapy for patients with CRMPC is war-
ranted.
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