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Abstract

Purpose The purpose of this prospective multicenter
phase II study was to evaluate the efficacy and toxicity of
weekly docetaxel and fixed dose rate gemcitabine in
patients with previously treated advanced soft tissue and
bone sarcoma.

Methods Patients with advanced soft tissue or bone sar-
coma, previously treated with ifosfamide and anthracy-
cline-based chemotherapies, were treated with docetaxel
(35 mg/m* over 60 min) and gemcitabine (1,000 mg/m>
over 100 min) on days 1 and 8 of every 3-week cycle.
Results From September 2008 to August 2010, 30
patients were enrolled; 24 (80.0%) were men and median
patient age was 45 years (range 17-70 years). The patients
received a total of 136 cycles of therapy (median 4 cycles
per patient; range 1-15 cycles). Of these 30 patients, none
achieved complete response (CR) and 5 achieved a partial
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response (PR), making the overall response rate 16.7%
(95% CI, 2.5-30.8%). Twelve patients had stable disease
(SD), resulting in tumor control (CR or PR or SD) in 17 of
30 patients (56.7%). Median progression-free survival was
2.5 months (range 0.8—15.3 months), and median overall
survival was 8.4 months (range 1.4-22.3 months). Grade 3
or 4 neutropenia, thrombocytopenia, and anemia were
observed in 17 (56.7%), 13 (43.4%), and 4 (13.3%)
patients, respectively. None of these patients, however, had
febrile neutropenia or bleeding events, and all non-hema-
tologic toxicities were manageable.

Conclusions The combination of weekly docetaxel and
fixed dose rate gemcitabine was tolerable and may be an
active regimen in patients with previously treated advanced
sarcoma.

Keywords Weekly docetaxel - Gemcitabine - Sarcoma -
Survival
Introduction

Soft tissue sarcomas (STS) are heterogeneous malignancies
originated from mesenchymal tissues and account for less
than 1% of all new cancers in the United States annually
[1]. Anthracycline and ifosfamide, either alone or in
combination, have served as the backbone of treatment for
several decades [2]. Once advanced sarcoma becomes
resistant to the first-line therapy with these two drugs,
however, subsequent chemotherapeutic options are limited.

Docetaxel and gemcitabine as a single agent have been
tested as a salvage therapy in patients with advanced STS
[3-12]. Docetaxel, which is usually administered as a 1-h
infusion once every 3 weeks, showed a 17% response rate as
the second-line therapy in patients with advanced STS [9].
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In a follow-up randomized phase II study, however, first-
and second-line docetaxel did not show any response [11].
Nevertheless, angiosarcoma has been shown sensitive to
taxanes, although most trials tested paclitaxel [13].

Gemcitabine remains a therapeutic option for patients
with metastatic sarcoma, especially for those with leio-
myosarcoma who cannot tolerate combination chemother-
apy. A randomized phase II trial in patients with pancreatic
cancer found that gemcitabine might have greater activity
when given as a fixed dose rate (FDR) infusion (10 mg/mZ/
min) than as a bolus infusion over 30 min, in that FDR
infusion can maximize the amount of gemcitabine tri-
phosphate that can accumulate intracellularly in a given
time period [14]. A trial of FDR infusion of gemcitabine in
patients with sarcoma showed that the pharmacodynamics
of this agent were consistent with those observed in
patients with pancreatic cancer [5].

Although docetaxel or gemcitabine as a single agent has
minimal activity, their combination has been shown
effective in patients with advanced sarcoma [15-19]. For
example, the combination of FDR gemcitabine and doce-
taxel showed a 53% response rate and a median time
to progression of 5.6 months in patients with metastatic
leiomyosarcoma [15]. This combination regimen was also
found to be active in other histological subtypes of sarcoma
[16-19]. This combination, however, may be associated
with significant toxicities, such as thrombocytopenia and
neutropenia. The observed toxicity profile in patients given
weekly docetaxel has been found to be more favorable,
with a lower incidence of myelosuppression, than the
standard 3-week cycle [20]. Little is known, however,
about the toxicity profile of weekly docetaxel plus gem-
citabine in patients with advanced sarcoma.

We therefore evaluated the efficacy and safety of weekly
docetaxel plus FDR gemcitabine in patients with advanced
soft tissue or bone sarcoma, who had been previously
treated with chemotherapy regimens containing anthracy-
cline and ifosfamide.

Patients and methods
Eligibility criteria

Patients with histologically confirmed recurrent, meta-
static, or unresectable soft tissue sarcoma or bone sarcoma
were enrolled. All patients had been previously treated and
failed anthracycline and ifosfamide-based chemotherapies
afterward; had unidimensionally measurable lesions; were
>16 years; had a life expectancy >3 months; had an
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) <2; and had adequate hematologic
(neutrophil >1,500/mm> and platelet >100,000/mm?),
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renal (serum creatinine <1.5 mg/dl), and hepatic (bilirubin
<2 mg/dl, transaminases <3 times the upper normal limit
[UNL] or <5 times for patients with liver metastases,
serum alkaline phosphatase <2.5 times the UNL, or <5
times if liver metastases were present, or <10 times if bone
metastases were present) function. Patients were excluded
if resectable lung metastasis was present, CNS metastasis
was present, or they were pregnant or lactating.

Physical examination, ECOG PS, laboratory test, and
echocardiography or multigated acquisition (MUGA) scan
were performed in the screening visit. Initial work-up for
metastases included chest radiography, chest and abdomi-
nal computed tomography (CT), and bone scan, if bone
metastasis was clinically suspected.

The study was approved by the Institutional Review
Board of each participating centers, and all patients pro-
vided written informed consent.

Study design

Patients received intravenous gemcitabine, 1,000 mg/mz,
and intravenous docetaxel, 35 mg/m?, on days 1 and 8 every
21 days. Gemcitabine was administered at 10 mg/m*/min,
and docetaxel was administered as a continuous infusion
over 1 h. Patients were premedicated with 8 mg of dexa-
methasone, starting the night before each docetaxel infusion
and ending the evening of the day after chemotherapy, for a
total of 6 doses per docetaxel infusion. All patients received
full supportive care, including blood product transfusions,
antibiotics, and antiemetics as appropriate. Use of the pro-
phylactic hematopoietic growth factors may be allowed to
prevent neutropenia. Treatment was continued until disease
progression or unacceptable toxicities, or discontinuation
by the patients.

Toxicities were evaluated before days 1 and 8 of each
treatment cycle according to the National Cancer Institute
of Common Toxicity Criteria for Adverse Events (NCI-
CTCAE) version 3.0. The next treatment cycle could be
started only when ANC was Zl,SOO/mm3, platelet was
>75,000/mm?>, and all non-hematologic toxicities had been
reduced to grade 1 or less. The doses of gemcitabine and
docetaxel were reduced to 75% each in patients who
experienced febrile neutropenia, grade 4 neutropenia
lasting >7 days, grade 3 or 4 thrombocytopenia, or grade 3
or 4 non-hematologic toxicities, except for nausea, vomit-
ing, and alopecia. Weekly doses of gemcitabine and
docetaxel on day 8 were reduced to 75%, if ANC was
between 1,000 and 1,500/mrn3 or platelet was between
50,000 and 75,000/mm3, and doses of both were omitted
when ANC was <1,000/mm3 or platelet was <50,000/mm3.

Complete blood counts (CBC) and blood chemistry tests
were performed before days 1 and 8 of each treatment
cycle, and physical examinations were carried out before
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every cycle. Tumor size was measured radiologically every
2 cycles until disease progression. Tumor response was
classified by Response Evaluation Criteria in Solid tumor
(RECIST) guideline.

Statistical analysis

The primary end-point was response rate, with secondary
end-points including toxicity profile, progression-free sur-
vival (PFS), and overall survival (OS). According to
Simon’s two-stage phase II design with o and f errors of
0.05 and 0.20, respectively, a minimum of 13 patients were
required to terminate the study of the first stage as early as
possible if the response rate was <5%. If <3 responses in
27 patients were observed by the end of second stage, then
no further investigation would be warranted. Since we had
expected non-compliance rate of 10%, the planned sample
size was 30 patients.

The Kaplan—-Meier method was used to estimate the
survival, and differences were analyzed by the log-rank
test. Progression-free survival (PFS) was measured from
the first day of chemotherapy until disease progression or
death. Overall survival (OS) was measured from the first
day of chemotherapy until death of any cause. Patient
characteristics and toxicities were evaluated by descriptive
methods. All statistical analyses were performed using the
SPSS software (version 14.0), and P < 0.05 was defined as
statistically significant.

Results
Patient characteristics

From September 2008 to October 2009, 30 patients were
enrolled. Their characteristics are summarized in Table 1.
Sixteen patients (53.3%) were initially diagnosed with
metastatic disease, and 14 (46.7%) with recurrent disease.
Median age at the start of chemotherapy was 45 years old
(range 17-70 years). PS at the time of chemotherapy was
ECOG 0 in 10 patients (33.3%), ECOG 1 in 18 (60.0%),
and ECOG 2 in 2 (6.7%). Seven patients had Ewing’s
sarcoma or primitive neuroectodermal tumor (PNET), 4
had leiomyosarcoma, 3 each had liposarcoma, fibrosar-
coma, and angiosarcoma, 2 each had osteosarcoma, syno-
vial sarcoma, and pleomorphic sarcoma, and 1 each had
malignant fibrous histiocytoma (MFH), rhabdomyosar-
coma, hemangiopericytoma, and high-grade undifferenti-
ated sarcoma. Primary tumors were located in the
extremity/trunk of 12 patients and in the retroperitoneum/
abdomen of 16. Of the 4 leiomyosarcomas, 3 originated
from the retroperitoneum and 1 from visceral organs. The
most common metastatic site was lung (n = 18, 60%),

Table 1 Patient characteristics

Characteristics No. of patients (%)

Soft tissue/bone sarcoma 27 (90.0)/3 (10.0)
45 (17-70)
24 (80.0)/6 (20.0)

10 (33.3)/18 (60.0)/2 (6.7)

Age, years [median (range)]
Gender male/female
ECOG PS 0/1/2

Histology
Ewing’ sarcoma/PNET 7 (23.3)
Leiomyosarcoma 4 (13.3)
Liposarcoma 3 (10.0)
Fibrosarcoma 3 (10.0)
Angiosarcoma 3 (10.0)
Osteosarcoma 2 (6.7)
Synovial sarcoma 2 (6.7)
Pleomorphic sarcoma 2 (6.7)
Others* 4 (13.3)
Primary tumor site
Extremities/trunk 12 (40.0)
Retroperitoneum/abdomen 16 (53.5)
Others 2 (6.7)
No. of metastatic site 1/2/3 14 (46.6)/9 (30.0)/7 (23.3)
Lung metastasis 18 (60.0)
Liver metastasis 10 (33.3)

Previous chemotherapy

Line of chemotherapy regimen 1/2/>3 12(40.0)/11 (36.7)/7(33.3)

ECOG Eastern Cooperative Oncology Group, PS performance status,
PNET primitive neuroectodermal tumor

* Others included 1 patient each with malignant fibrous histiocytoma,
rhabdomyosarcoma, hemangiopericytoma, and high-grade undiffer-
entiated sarcoma

followed by the liver (n = 10, 33.3%), lymph nodes
(n =8, 26.7%), peritoneum (n = 4, 13.3%), and pleura
(n =4, 13.3%). All patients had previously received at
least first line of chemotherapy containing anthracyclines
and ifosfamide, separately or together. Anthracycline and
ifosfamide had been used as adjuvant and/or neoadjuvant
chemotherapy in 11 patients.

Treatment and toxicity

The 30 patients received a total of 136 cycles of chemo-
therapy (median 4 cycles, range 1-15 cycles). Four patients
received only 1 cycle of chemotherapy each due to disease
progression. The relative dose intensities per cycle were
83.1% for both gemcitabine (554 mg/m?*/week) and doce-
taxel (20 mg/m?/week). None received prophylactic hema-
topoietic growth factor.

Toxicity profiles are shown in Table 2. The most com-
mon grade 3 or 4 toxicity was neutropenia (56.7%).
However, febrile neutropenia was not observed. Rates of
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Table 2 Maximal toxicity

profile per patient (according to ! 2 3 ¢
NCI-CTCAE ver. 3.0) [n (%)] Hematologic
Anemia 6 (20.0) 16 (53.3) 3 (10.0) 1(3.3)
Leucopenia 3 (10.0) 9 (30.0) 6 (20.0) 6 (20.0)
Neutropenia 1(3.3) 4 (13.3) 9 (30.0) 8 (26.7)
Thrombocytopenia 1(3.3) 9 (30.0) 8 (26.7) 5 (16.7)
Febrile neutropenia 0 0 0 0
Non-hematologic
AST/ALT elevation 7(23.3) 0 0 0
Hyperbilirubinemia 1(3.3) 0 1(3.3) 0
Nausea 7 (23.3) 0 0 0
Vomiting 2 (6.7) 0 0 0
Anorexia 8 (26.7) 5 (16.7) 0 0
Mucositis/stomatitis 6 (20.0) 0 0 0
Fatigue/weakness 9 (30.0) 4 (13.3) 0 0
Myalgia 7(23.3) 0 0 0
Alopecia 6 (20.0) 5 (16.7) 0 0
Diarrhea 3 (10.0) 2 (6.7) 1(3.3) 0
Edema 4 (13.3) 2 (6.7) 1(3.3) 0
Peripheral neuropathy 6 (20.0) 2 (6.7) 1(3.3) 0
Hemorrhage 2(6.7) 0 1(3.3) 0
NCI-CTCAE National Cancer Infection 0 133 133 0
Institute Common Terminology Fever 4 (13.3) 0 0 0
Criteria for Adverse Events, Nail change 1(3.3) 2 (6.7) 0 0
AST aspartate aminotransferase, Rash 1(3.3) 1(3.3) 1(3.3) 0

ALT alanine aminotransferase

grade 3 or 4 anemia and thrombocytopenia were 13.3 and
43.4%, respectively. Grade 3 non-hematologic toxicities
included hyperbilirubinemia (3.3%), diarrhea (3.3%),
edema (3.3%), peripheral neuropathy (3.3%), hemorrhage
(3.3%), infection (3.3%), and rash (3.3%). Dose reduction
was required in seven patients due to severe and prolonged
cytopenia and in one patient due to grade 3 edema and
diarrhea. Following dose reductions, severe toxicities were
uncommon and the next cycle of chemotherapy was gen-
erally tolerable. One patient discontinued chemotherapy
due to grade 3 neuropathy and edema. Treatment-related
death occurred in one patient, who may have died of
pneumonia, but it was not associated with neutropenia.

Response evaluation

Of the 30 patients, 26 were evaluable for response after 2
cycles, whereas four patients received only 1 cycle of
chemotherapy each because of disease progression. None
of these patients had shown complete response (CR),
although 5 had shown partial response (PR), for a total
response rate of 16.7% (95% confidence interval [CI],
2.5-30.8%). All patients who achieved PR had been
administered 8 or more cycles of chemotherapy (8 cycles in
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4 patients and 9 in 1). Of these 5 patients, 4 had only lung
metastases and 1 had lung and pleural metastases. In
addition, 12 patients had stable disease (SD), making the
tumor control rate (CR 4+ PR + SD) 56.7% (95% ClI,
38.7-75.5%). Of the 12 patients with SD, 3 had received 10
or more cycles of chemotherapy (10 cycles in 2 patients
and 15 in 1). Responses according to histological subtypes
are listed in Table 3. Two patients with angiosarcoma and
1 each with osteosarcoma, Ewing’s sarcoma, and heman-
giopericytoma achieved PR. Of the 3 patients with angio-
sarcoma, 2 achieved PR and 1 had SD. All 4 patients with
leiomyosarcoma had SD.

Survival

The 30 patients had median PFS of 2.5 months (range
0.8-15.3 months). The progression-free rates (PFR) at 3
and 6 months were 47 and 20%, respectively (Fig. 1a). At
a median follow-up of 13.9 months (range, 10.1-22.3
months), median OS was 8.4 months (range 1.4-22.3
months), and the 1-year survival rate was 33% (Fig. 1b).
Survival was significantly correlated with response to
treatment. Median PFS and OS were 4.8 months (range
2.5-15.3 months) and 15.9 months (range 5.7-22.3 months),
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Table 3 Tumor response per . -
histological subtype by RECIST Histology No. of patients PR SD PD NE
Ewing’s sarcoma/PNET 7 1 2 2 2
Leiomyosarcoma 4 0 4 0 0
Liposarcoma 3 0 2 1 0
Fibrosarcoma 3 0 0 2 1
Angiosarcoma 3 2 1 0 0
Osteosarcoma 2 1 0 1 0
Synovial sarcoma 2 0 1 1 0
RECIST Response evaluation Pleomorphic sarcoma 2 0 1 1 0
criteria in solid tumor, PR MFH 1 0 1 0 0
pgrtlal response, SD .stabl.e Rhabdomyosarcoma 1 0 0 0 1
disease, PD progressive disease, ) )
NE not evaluable, PNET Hemangiopericytoma 1 1 0 0 0
primitive neuroectodermal High-grade undifferentiated sarcoma 1 0 0 1 0
tl%m‘or, MFH malignant fibrous Total 30 5 12 9 4
histiocytoma
Fig. 1 Kaplan—Meier estimates
of survival. a PFS of all 100 - 100 -
patients. b OS of all patients.
¢ PFS in patients with PR 4+ SD
versus PD. d OS in patients with 75 75 1
PR + SD versus PD
& 50+ & 501
25 4 25 4
0 T T T T 1 0 T T T T 1
0 4 8 12 16 20 0 4 8 12 16 20
PFS [months] OS [months]
100 - —— PR+SD 100 —— PR+SD
i. --- PD .i- ---- PD
754 i p < 0.0001 75 . iy p < 0.0001
i
[} [}
—_ H —_ L
g sof | £ s0- :
[} [}
" l.-..l
25 4 25
. i
0 T T T L) 1 0 ) ) .I 1 1
0 4 8 12 16 20 0 4 8 12 16 20
PFS [months] OS [months]
respectively, in patients achieving disease control  Discussion
(CR + PR + SD), compared with 1.2 months (range

0.8-1.7 months) and 5.2 months (range 1.4—11.8 months),
respectively, in those not achieving disease control
(Fig. 1c, d; P < 0.001). ECOG PS, age, and lung metas-
tases were not correlated with either PFS or OS. Of the
4 patients with leiomyosarcoma, 3 survived at least
12 months.

The current standard chemotherapy regimens for advanced
or metastatic sarcoma include anthracycline and/or ifosfa-
mide, but therapeutic options are limited for patients with
tumors refractory to anthracycline and ifosfamide. This
prospective phase II trial showed that the combination of
weekly docetaxel and fixed dose rate gemcitabine as a
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salvage therapeutic option had an overall response rate of
16.7% and a tolerable toxicity profile.

The combination of FDR gemcitabine and docetaxel has
been shown to be highly active in patients with uterine
leiomyosarcoma [15, 21, 22]. For example, a phase II
randomized trial of FDR gemcitabine and docetaxel in 34
patients with unresectable leiomyosarcomas predominately
originated from uterus yielded a surprising response rate of
53% [15]. Several subsequent studies had showed that
combinations of gemcitabine and docetaxel had antitumor
activities, with response rates of 43% in patients with
uterine leiomyosarcoma and 15-18% in patients with var-
ious subtypes of sarcoma [16—-19]. We observed a response
rate of 16.7%, although none of our patients had uterine
leiomyosarcoma.

Except for uterine leiomyosarcoma, it is not clear which
specific histological subtypes of sarcoma are more sensi-
tive to this combination regimen. Although our study
included 4 patients with leiomyosarcoma, none of these
tumors was of uterine origin; rather, they originated from
the retroperitoneum and visceral GI tract. It is also unclear
if non-uterine leiomyosarcomas are as sensitive to the
combination of gemcitabine and docetaxel as uterine
leiomyosarcomas. All 4 of our patients with leiomyosar-
coma showed SD, with 2 maintaining SD for over
6 months. In current study, PR was achieved by patients
with angiosarcoma, Ewing’s sarcoma/PNET, osteosar-
coma, and hemangiopericytoma. Of the 3 patients with
angiosarcoma, 2 achieved PR and 1 had SD, comparable to
finding that 3 of 4 patients with angiosarcoma achieved PR
[16] and suggesting that angiosarcoma is sensitive to the
combination of gemcitabine and docetaxel. It is unclear,
however, whether this sensitivity is due to the synergistic
effect of the combination regimen, because angiosarcoma
has been reported to be relatively sensitive to taxanes
[13, 23, 24].

Although overall response was considered as the effec-
tive end-point, evaluations of tumor response by volume
reduction in soft tissue sarcomas are limited. Because
tumor tissue may be replaced by necrotic or fibrotic tissue,
a substantial reduction in viable tumor cell volume may not
result in a marked decrease in overall tumor volume [25].
Disease stabilization seems to be relevant in patients with
advanced sarcoma because patients who exhibit prolonged
SD often have similar clinical outcomes as those who
achieve PR [25-27]. We observed that the disease stabil-
ization rate, the combination of SD, PR, and CR, was
56.7%. Three patients who never achieved PR showed
prolonged disease stabilization over 6 months and received
10 or more cycles of chemotherapy, suggesting that disease
stabilization is beneficial, at least in some types of
advanced soft tissue sarcoma. Treatment with FDR gem-
citabine and docetaxel may be continued in patients with
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good disease control, whereas the duration of anthracy-
cline-based treatment is limited by the cumulative risk of
cardiotoxicity.

Progression-free rate (PFR) may be a more reliable end-
point in phase II studies of non-cytotoxic agents or in sit-
uations where a low response rate is expected [28]. That
study suggested that a 3-month PFR > 40% for second-
line therapy would be indicative of drug activity. We found
that the 3-month PFR in our patients was 47%. The median
OS we observed, 8.4 months, was lower than the almost
12 months observed in other studies [16, 17, 19]. However,
few of our patients had a subsequent therapeutic option
after failure of this combination regimen, because all of
these patients had previously failed treatments with
anthracycline and ifosfamide.

The optimal dose schedules for gemcitabine plus doce-
taxel combination chemotherapy have not been determined
yet. Weekly docetaxel is well tolerated in patients with
other tumor types, with minimal myelosuppression and the
added benefit of maintaining dose intensity [20, 29, 30]. In
a randomized phase III trial in lung cancer patients, the rate
of febrile neutropenia was significantly lower in patients
treated with weekly than with 3 weekly docetaxel (0.8%
vs. 7.8%) [20]. Our patients were regarded as being at high
risk for severe neutropenia because all had been previously
treated with more than 2 myelotoxic agents. We, therefore,
administered FDR gemcitabine 1,000 mg/m2 and docetaxel
35 mg/m?, on days 1 and 8 of every 21-day cycle, a regi-
men shown safe and effective in a phase I study of patients
with pancreatic cancer [31].

We found that this regimen had an acceptable toxicity
profile, with rates of grade 3 or 4 neutropenia and throm-
bocytopenia of 56.7 and 43.3%, respectively, and no cases
of febrile neutropenia. In previous trials, the rate of febrile
neutropenia with this regimen was 0-6% [15, 18, 21, 22].
While patients in other such studies routinely received
prophylactic hematopoietic growth factor, our patients
were not so treated. We also found that the non-hemato-
logic toxicity profile of this regimen was manageable, with
only 1 patient requiring a dose reduction due to grade 3
edema and diarrhea. Severe pulmonary toxicity has also
been reported in patients treated with the combination of
gemcitabine and docetaxel [32]. Of our 30 patients, 1
patient died during treatment, possibly due to pneumonia.
Chest radiographs of this patients showed diffuse ground
glass opacities on both lungs, suggesting that pneumonia in
this patient was consistent with underlying chemotherapy-
induced lung injury.

In conclusion, we found that the combination of gem-
citabine and weekly docetaxel was active in patients with
advanced sarcomas refractory to anthracyclines and ifosfa-
mide. This regimen also showed a good toxicity profiles,
with low rates of myelosuppression and non-hematologic



Cancer Chemother Pharmacol (2012) 69:635-642

641

toxicities. However, survival remains still poor, indicating
the need for novel treatment options to improve the outcome
of patients with advanced sarcoma.
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