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Abstract: Prostate cancer (PCa) is one of the most common types of malignancy, most
patients with PCa will eventually progress to metastatic castration-resistant prostate cancer
(mCRPC), which has a poor prognosis. Since 2004, chemotherapy has been approved by the
FDA as the first-line treatment for mCRPC, and docetaxel-based regimens have been shown
to improve both the patients’ symptoms and overall survival (OS). 10 cycles of docetaxel
therapy are usually given to patients with mCPRC, but there is still no consensus on the
optimal number of treatment cycles. Here, we present three cases of mCRPC patients that
received maintenance long-term multiple-cycles docetaxel treatment. We believe that this
new treatment strategy may benefit carefully selected mCRPC patients and provide several
key advantages such as maximum exposure to drugs, improvements in drug efficacy, and
reduce the risk of developing drug resistance.

Keywords: metastatic castration-resistant prostate cancer, docetaxel, maintenance long-term
multiple chemotherapy

Introduction

PCa is one of the most common forms of malignancy in men and is the second
leading cause of cancer-related death in Western countries. The incidence and
mortality rates have been increasing in most Asian countries, possibly due to the
increased use of prostate-specific antigen(PSA) testing, an aging population, and
the increasing popularity of the westernized diet.' Although most patients with
metastatic PCa respond to medical or surgical castration, the disease eventually
progresses to mCRPC within 2-3 years.”™*

Since 2004, multiple studies have demonstrated that drugs such as docetaxel,
abiraterone, enzalutamide, cabazitaxel, radium-223 dichloride, and sipuleucel-T
can increase the OS of patients with mCRPC, and these drugs have also been
approved by the Food and Drug Administration(FDA).” Based on the TAX327
and SWOG9916 trials, docetaxel with prednisone has become the mainstay of
treatment in mCRPC.®’ Usually, 10 cycles of docetaxel therapy are given to
patients with mCPRC as the standard therapy,® before or after chemotherapy
new hormanal therapy drugs, such as abiraterone and enzalutamide, either for
convenience or to reduce the risk of cumulative side effects. However, the
optimal number of docetaxel cycles needed to achieve a significant survival
benefit in patients has not yet been determined. In a retrospective study, Morree
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et al showed that treatment with >8 cycles of docetaxel
may be associated with a better OS than with fewer
cycles in patients with mCRPC.? A single-center clinical
trial in Japan also showed an improved prognosis in
mCRPC patients with long-cycles docetaxel therapy.'’
These findings provided a clue for determining the opti-
mal number of docetaxel cycles.

Here we reported three patients from our department
with continuous multiple cycles therapy of mCRPC by
docetaxel. These patients’ clinical characteristics are sum-
marized in Table 1. We define this treatment strategy as
maintenance long-term multiple cycles docetaxel therapy
and we believe that this strategy is a reasonable choice for
carefully selected mCRPC patients.

Case |

The first patient is a 63-year-old man, who had an initial
PSA level of 200 ng/mL in 2016, and an Eastern coopera-
tive oncology group (ECOG) score of <l1. The imaging
examination indicated that the PCa had broken through the
left capsule of the prostate. Multiple bone metastases were
also detected using the bone Emission Computed
Tomography (ECT) scan. Subsequently, the prostatic
biopsy revealed that the patient had a poorly differentiated
adenocarcinoma and the Gleason score was 4+5=9. He
was diagnosed as prostate cancer (T3,N;Mjy).
Bicalutamide combined with Goserelin (BG) treatment
was initiated. After 3 months of BG treatment, his PSA
level kept increasing and the cancer progressed to the
mCRPC stage. Next, he received docetaxel 75 mg/m?every
3 weeks with prednisone Smg twice daily. Zoledronic acid
was also administered to protect his bones. After the first
cycle of docetaxel, his PSA levels dropped from 190ng/
mL to 148ng/mL. By the 7th cycle, a review of his bone
ECT (Figure 1A) revealed that the patients’ multiple bone
metastases were still stable and the patients’” PSA level
was 49ng/mL. As the chemotherapy cycles continued, his
PSA levels continued to decrease. By the 28th cycle, the
patients’ PSA level was 0.5 ng/mL (Figure 1B) and ima-
ging examination showed significant remission. However,
as the treatment cycle continued, the patient’s PSA level
started to increase at the 33rd cycle. At that time, the
patients’ ECOG score was<l. The patients’ treatment
was then switched to abiraterone combined with predni-
sone and is currently still ongoing at the time of writing. In
summary, the patient could tolerate 33 cycles of docetaxel
chemotherapy. His PSA response was obvious, imaging

Table | Patients’ Clinical Characteristics
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Figure | Bone metastases and PSA responses after receiving maintenance long-term multiple cycles docetaxel chemotherapy in patient |. (A) After the 7th cycle, bone ECT
showed significant remission of bone metastasis in patient |. (i) Baseline of docetaxel administration, (i) after 7 cycles of docetaxel administration. (B) The curve of PSA
changes and chemotherapy cycles in patient |. The patient received maintenance docetaxel chemotherapy for a total of 33 cycles. During the treatment, the PSA level of the

patient was monitored regularly.

showed definite remission, and his quality of life (QoL)
did not decrease significantly.

Case 2

The next patient is a 68-year-old man who had an initial
PSA level of 156 ng/mL in 2017 with an ECOG score of
<1. A prostate biopsy was performed and the Gleason
score was 4+4=8. The clinical stage was cT3,N;Mjp.
After the cancer progressed into mCRPC, docetaxel
75mg/m2 every 3wk with prednisone 5Smg twice daily
was administered to the patient as the first-line treatment,
combined with Goserelin and zoledronic acid. During the
first two chemo-cycles, the patient’s PSA increased, likely
due to the PSA flare-up phenomenon from the initial

chemotherapy. Fortunately, as the docetaxel therapy cycles
continued, the patients’ PSA levels began to decline, even-
tually dropping to 0.07ng/mL at the 12th cycle. Patients’
bone scans were reviewed every six months, and it showed
that the patients’ bone metastases were reduced signifi-
cantly (Figure 2). Palliative radiotherapy was administered
locally to the prostate and seminal vesicles after the 17th
chemotherapy cycle. Progression of the disease was
observed at the 24th cycle of maintenance chemotherapy.
During this period, the ECOG score of the patient was <I.
The patient did not develop granulocytopenia, hair loss,
fatigue, or any gastrointestinal reactions. After docetaxel
failure was observed, abiraterone 1000mg once daily com-
bined with prednisone Smg twice daily was administered.
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Figure 2 Bone metastases response after receiving maintenance long-term multiple cycles docetaxel chemotherapy in patient 2. After 14 cycles of docetaxel administration,
bone ECT showed significant remission of bone metastasis in patient 2. (i) Baseline of docetaxel administration, (i) after 14 cycles of docetaxel administration.

Case 3

The last case is a 72-year-old man who underwent a prostate
biopsy with an initial PSA of 342.56ng/mL in 2013.
Pathological findings revealed a moderately differentiated ade-
nocarcinoma with a Gleason score of 4+3. The patient was
given a systemic evaluation, as the prostate cancer has already
invaded to the seminal vesicle and bladder, the patient also had
both pelvic lymph node enlargement and multiple bone metas-
tases. The clinical-stage was cT4;N;M;,. After 5 years of
receiving castration therapy, the patients’ cancer progressed
to mCRPC and his PSA levels increased to 46.53 ng/mL.
Docetaxel 75 mg/m? every 3 weeks combined with prednisone
Smg twice daily and zoledronic acid were administered to the
patient. Since the initiation of the docetaxel treatment, a steady
decline in PSA level has been observed (Figure 3). Until the
26th cycle, the patients” PSA level was 1.31ng/mL. Diarrhea,
vomiting, taste disturbance, and other grade 1 and grade 2
adverse events (AEs) occurred during the duration of the
patient’s docetaxel therapy. At the time of writing, the patient’s
PSA level was stable and his quality of life (QoL) was rela-
tively good. No obvious progression of the disease was
observed using imaging evaluation. To date, the patient has
undergone 35 cycles of maintenance long-term chemotherapy.

Discussion
In 2004, two landmark studies TAX-327° and SWOG-9916°
demonstrated that docetaxel-based chemotherapy could

prolong the OS of mCRPC patients, which led to the approval
of docetaxel as the first-line treatment for mCRPC. Currently,
there is no consensus on the optimal number of cycles of
treatment.'' In the TAX 327 and SWOG 9916 studies, the
number of cycles was limited to 610 cycles, mainly due to
toxicity considerations and disease progression concerns.”
Morree has identified that the total number of docetaxel cycles
delivered was an independent factor for patient OS. Patients
who received more than 10 cycles had a median OS of 33.0
months compared with 26.9 months in patients who received 8
to 10 cycles; patients who received 5 to 7 cycles had a median
0S of 22.8 months.’ Furthermore, a clinical trial from Taiwan
confirmed that mCRPC patients with >10 cycles of docetaxel
chemotherapy had a longer OS time (22.7 months vs 13.4
months) compared to patients who received <10 cycles.'”
Kongsted et al'? also reported that treatment with >9 cycles
of docetaxel was found to be an independent predictor of OS.
Taken together, increasing the number of docetaxel therapy
cycles while maximizing exposure to docetaxel-based che-
motherapy might improve the OS of mCRPC patients.

There are two ways to achieve maximum exposure to
docetaxel-based chemotherapy. One is intermittent doce-
taxel therapy and the other is continuous docetaxel ther-
apy. For intermittent docetaxel therapy, infusion of
docetaxel is stopped when disease stabilization is
observed; upon progression (PSA and/or clinical progres-
sion), treatment is restarted until the disease is resistant to
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Figure 3 PSA response after receiving long-term multiple cycles docetaxel administration in patient 3. The patients received maintenance docetaxel chemotherapy for
a total of 35 cycles. The PSA level of the patient was monitored regularly after docetaxel therapy. At the time of writing, the patient was still being treated with docetaxel.

docetaxel and progresses. For continuous docetaxel ther-
apy, docetaxel is continuously infused in every cycle until
the disease eventually progresses. Currently, most studies
about maximizing exposure to docetaxel in prostate cancer
are based on intermittent docetaxel therapy.®'* !¢

However, theoretically, continuous therapy may have
better results compared to intermittent therapy.'’
A Phase III clinical trial (PRINCE)'® compared contin-
uous docetaxel therapy with intermittent docetaxel ther-
apy in patients with mCRPC. Although the one-year
survival showed that intermittent docetaxel therapy was
not inferior to continuous docetaxel therapy, the median
OS of continuous docetaxel was better than that of
intermittent docetaxel (19.3 mouths vs 18.3mouths).
Animal model-based studies also found that intermittent
docetaxel therapy was more likely to result in develop-
ing drug resistance compared to continuous docetaxel
therapy.'®

Few studies have been reported on long-term multiple
cycles of continuous docetaxel chemotherapy. Takahashi
et al reported two cases with continuous lone-term doc-
etaxel therapy in mCRPC patients.”® In their report, two
patients received over 70 cycles of docetaxel chemother-
apy. However, the docetaxel dose was significantly
reduced in both cases and they continued to administer
docetaxel even after the disease has progressed. Unlike

their study, in our report, all three patients received the
standard dose of docetaxel, and its administration was
stopped when the disease was observed to have pro-
gressed. Therefore, our report is potentially a better reflec-
tion on the efficacy and safety of continuous long-term
multiple cycles of docetaxel administration in carefully
selected mCRPC patients. A major concern for continuous
lone-term multiple cycles maintenance chemotherapy is
docetaxel-related toxicity. However, in all of our cases,
the treatment was well-tolerated and they all had
good QoL.

Another strategy for docetaxel chemotherapy is doce-
taxel rechallenge. A few studies have demonstrated that
docetaxel rechallenge is a viable treatment option for
patients who have a progression-free interval of >6 months
and a > 50% reduction in PSA levels during the first-line
chemotherapy with docetaxel.?'* In a retrospective series
of 46 patients, Caffo and colleagues were able to show that
a progression-free interval of >6 months was a positive
independent predictor for 0S.*? Although docetaxel
rechallenge is a therapeutic option for selected patients,
the risk of cumulative toxicity as described in literature
should receive careful consideration.

Regarding the selection process for mCRPC patients
who are suitable for maintenance long-term multiple
cycles of docetaxel therapy? Among the three patients
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receiving long-term maintenance multiple cycles che-
motherapy at our center, the following characteristics
were observed: (1) A decrease in PSA levels during the
early cycles (except during a PSA flare). (2) At the 10th
cycle of chemotherapy, the PSA levels continued to
decline, and these patients may continue to benefit from
docetaxel. (3) Patients’ performance was good and their
QoL did not decrease significantly after receiving multiple
cycles of chemotherapy. (4) No AEs such as serious mye-
losuppression, febrile neutropenia, and gastrointestinal dis-
comfort occurred during chemotherapy.

In summary, we propose a new treatment strategy
called long-term maintenance docetaxel multiple cycles
chemotherapy, which may benefit carefully selected
mCRPC patients. This treatment strategy provides the
advantages of maximum drug exposure, improvement of
efficacy, and a lower probability of developing drug resis-
tance. More clinical trials are needed to demonstrate the
safety and efficacy of long-term maintenance multiple
cycles of docetaxel therapy in selected mCRPC patients.
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