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Summary

Background: The number of effective cytotoxic agents for the treatment of patients with metastatic adult type soft tissue
sarcoma (STS) is limited, when patients have failed anthracyline-based chemotherapy. The aim of this trial was to
evaluate the efficacy of gemcitabine in this setting. Methods: Between August 2001 and March 2003 19 patients were
eligible to enter. Gemcitabine was administered as a 30-minutes infusion at a dosage of 1 g/m? on day 1, 8 and 15
every 4 weeks. All patients had progressive disease during (n = 12) or shortly after an anthracycline-based regimen (n
= 3). Results: Four of 19 patients did not start study treatment because of fulminant progression. Fifteen patients with
a median age 47 years (32-72) were assessable. All patients had received at least one prior treatment regimen (range,
1-6) for metastatic disease containing anthracyclines (n = 15) and ifosfamide (n = 11). To date, a total of 724 cycles
have been applied (median; 3, 1-28+). Seven patients (47%) had progressive disease after completion of two cycles
at the first response assessment. One patient (6%) attained a partial remission, and 7 patients (47%) achieved disease
stabilisations. One patient is still on treatment after more than 2.5 years. The calculated progression-free rate at 3 and
6 months was 46.7% (Clysg, 21.4-71.9) and 13.3% (Clysg, (0-30.5). 95% of the cycles have been applied without
any dose modification or treatment delay. Conclusions: Considering response and progression-free rate as the primary
endpoints for phase II trials in pretreated STS, gemcitabine has moderate efficacy.

Introduction

Soft tissue sarcoma (STS) are malignant tumors arising
from mesodermal tissues. They consist of a wide vari-
ety of histological subtypes differing in terms of bio-
logical behaviour, prognosis and response to different
treatment modalities [1]. The number of effective anti-
tumor drugs in the treatment of advanced adult type STS
is limited [2]. Only three drugs have shown significant
single-agent activity with response rates of approximately
7 to 27%, ifosfamide and the anthracyclines, doxoru-
bicin and epirubicin [3-6]. The response of epirubicin
is approximately 15% [7] in patients with anthracycline
refractory STS after failure of first-line treatment only
agents with limited efficacy have been identified so far
[4, 5, 8-12]. Prospective trials with the nucleoside ana-

logue gemcitabine have revealed various efficacy results
on the phase II level in pretreated patients with advanced
STS using different dosages and administration types,
e.g., prolonged infusion schedules [13-20]. The aim of
this open, non-comparative phase II study was to evalu-
ate the efficacy and toxicity of gemcitabine applied as a
30 minutes-infusion in a dosage of 1000 mg/m? on day
1, 8 and 15 of a four weeks cycle on an outpatient setting
in pretreated patients with metastatic STS.

Patients and methods
Eligibility

Patients with histologically proven STS with evidence
of progression during or after anthracycline-based
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chemotherapy have been entered into this open-label,
non-comparative study. Patients had to be between 18
and 75 years of age, had to have a performance status of
0-2 according to the ECOG-criteria and a life expectancy
of at least 3 months. Measurable or evaluable lesions had
to be defined by diagnostic studies including computed
tomography (CT) or magnet resonance imaging (MRI),
ultrasound or chest X-ray. The same diagnostic imaging
method had to be used throughout the study to evaluate
the lesions. Patients had to have pretreatment neu-
trophile counts >1.500/u1, platelet counts >100.000/ul,
haemoglobin >9 g/dl, serum creatinine concentration
<2.0 mg/dl or creatinine clearance >60 ml/min and total
bilirubin levels <2.5 mg/dl. ASAT, ALAT and alkaline
phosphatase had to be <2 times the upper limit of normal,
if liver metastases were absent by abdominal CT or MRI
scan, or <5 times the upper limit of normal, if liver metas-
tases were present. Patients of reproductive potential had
to agree to practice an effective contraceptive method.
Exclusion criteria were the histology of a gastrointesti-
nal leiomyosarcoma (GIST), active uncontrolled infec-
tion, concurrent severe medical problems which would
limit full compliance within the study or expose the pa-
tient to extreme risk or decreased life expectancy, con-
comitant or previous malignancies within the last 5 years,
except for basal or squamous cell carcinoma or carci-
noma in situ of the cervix, history of allergic reaction
to compounds chemically related to gemcitabine, preg-
nancy or lactation. No concurrent other chemotherapy,
immunotherapy, investigational therapy or radiotherapy
other than prevent the risk of bone fracture in osteolytic
lesions were allowed. All patients were informed of the
investigational nature of this study and had to provide
written informed consent in accordance with institutional
and federal guidelines. The study was approved by the lo-
cal ethical committees of all participating cancer centers.

Treatment protocol

Gemcitabine was administered as an infusion over a
maximal time of 30 min with 1000 mg/m? on day 1, 8
and 15 every 4 weeks on an outpatient basis. All patients
were assessed prior to and during treatment by physical
examination, routine hematology and biochemistry
analysis, 12-lead ECG, and to define the extent of disease
chest-X-ray, ultrasound, CT or MRI scans. Complete
blood cell counts with platelets and differential counts
had to be obtained weekly during chemotherapy and
serum chemistry analysis were repeated at least once
every course. Subjective symptoms, physical examina-
tion, performance status and all adverse reactions were
recorded before each treatment cycle. Determination of
tumor response followed WHO standard criteria [21].

Dose modifications

Patients were treated within the study protocol until tumor
progression, occurrence of unacceptable toxicity or with-
drawal of informed consent. The gemcitabine dosage had
to be reduced to 750 mg/m? (75%) in case of occurrence
of a neutrophil count <0.5x10°/1 associated with fever
or infection or duration of neutropenia IV°® >7 days, neu-
trophils ranging between 0.5 and 0.9 x 10%/1 beyond day
28 of the treatment cycle or any non-hematologic toxicity
grade III/TV according to CTC-criteria (except nausea and
vomiting, alopecia). Patients had to be withdrawn from
study if treatment delay was longer than two weeks due
to toxicity reasons.

Statistical analysis

The primary objective of the study was to determine the
rate of complete or partial remissions (CR/PR) of gem-
citabine in advanced pretreated STS. A two-stage study
design was used [22]. With an alpha-error of 5% and
a power of 80%, the sample size was 14 patients for
the first stage and additional 14 patients for the second
stage. The accrual was to stop if less than two remissions
were observed in the first 14 assessable patients (<14%).
Duration of response was defined as the interval from
the onset of response until evidence of disease progres-
sion. Progression-free rate (PFR), progression-free sur-
vival (PFS) and overall survival were defined as intervals
from date on study until progression or death of any cause
and was estimated by the method of Kaplan and Meier
[23].

Results

Patients’ characteristics

From August 2001 to March 2003 a total of 19 pa-
tients, 11 male and 8 female, with advanced STS
with different histologic subtypes progressing during or
after anthracycline-based first-line chemotherapy were
screened to enter this open-label phase II trial. Four pa-
tients had a tumor progression immediately after the first
study evaluation or a rapid decrease of their performance
status and therefore never started study treatment. The re-
maining 15 patients, 10 male and 5 female, with a median
age of 47 years (range, 32—72) have entered the trial and
were assessable within the study protocol. One patient
who had undergone allogenic bone marrow transplanta-
tion (ABMT) during his treatment for chronic myeloic
leukaemia (CML) 6 years prior to study treatment was
assessable for response but not for haematological toxic-
ity evaluation.



At study entry 9 patients (60%) had local recurrences.
Lung metastases were found in 12 (80%), lymph node in-
volvement in 5 (33%) and liver as well as bone metastases
in 3 patients (20%) each.

All patients had undergone at least one (up to 6) pre-
vious treatment regimens for advanced disease regimen
containing of anthracyclines (n = 15, 100%) or ifosfamide
in 11 patients (73%). Progressive disease has occurred
in 12 of 15 patients while on treatment. The remaining
three patients experienced progression within 6, 8 and 19
months after completion of the previous chemotherapy
regimen. Best response to pretreatment was a partial re-
mission (PR) in two patients (13%), temporary disease
stabilisation in five patients (33%) and progressive dis-
ease in 8 patients (53%). A detailed summary of baseline
patients’ characteristics is given in Table 1.

Toxicity

The drug was well tolerated in patients with pretreated
STS. In total, 95% of the cycles could be applied without
dose reduction. Treatment due to haematotoxicity was
delayed in five patients (33%) with thrombocytopenia
and/or neutropenia occurring at treatment day 15.

Four dose reduced and time extended cycles have been
applied in the ABMT recipient with CML who achieved
a disease stabilisation over five cycles of gemcitabine.
After the first cycle this patient experienced severe anemia
and neutropenia (grade III) as well as thrombocytopenia
(grade 1V). Therefore, the further four cycles have been
applied in a reduced dosage of 750 mg per meter squared
every two weeks.

In the other 14 patients haematological toxicity profile
was moderate. Anemia grade III/IV was seen in 7% (n =
1), severe thrombocytopenia (grade III/IV) in 33% (n =
5) and neutropenia (grade III/IV) in 13% (n = 2) of the
patients. Mild haematologic toxicity (grade I/II) occurred
in 66% of the patients during gemcitabine treatment.

The non-haematological side-effects are listed in
Table 2. Grade III/IV toxicity consisted of neutropenic
fever, alopecia and flulike syndrom in one patient (7%)
each. There were no major abnormalities on blood chem-
istry examinations and no toxicity-related death occurred
or any hospitalisation were necessary due to study medi-
cation.

Response to treatment

To date, a total of 72+ cycles of gemcitabine have been
applied in the 15 patients with a median number of three
cycles per patient (range, 1-28+). One patient is still on
study treatment having a disease stabilisation for more
than 2.5 years while progressive during an adriamycin
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Table 1.  Patients’ characteristics.
N (pts) %

Sex

Male 10 67

Female 5 33
Median age 47 years (range, 32—72)
Performance status (ECOG)

0 11 73

1 4 27
Primary histology

Malignant fibrous histiocytoma 6 40

Leiomyosarcoma 3 20

Haemangioendothelioma 2 13

Rhabdomyosarcoma 1 7

Malignant peripheral nerve sheath 1 7

tumor

Undifferentiated sarcoma, nos 2 14
Grading of primary tumor

Grade 1 1 7

Grade 2 6 40

Grade 3 6 40

Not applicable 2 14
Staging at primary diagnosis

T1 8 64

T2 7 46

NO 15 100

N1 0

MO 10 67

Ml 5 33
Response to previous chemotherapy

Complete remission 0 0

Partial remission 2 13

Stable disease 5 33

Progressive disease 8 53
Sites of metastases at study entry

Local recurrence 9 60

Lung 12 80

Lymph node 5 33

Liver 3 20

Bone 3 20

nos = not otherwise specified.

and ifosfamide combination. The reason for the end of
gemcitabine treatment was tumor progression in other 14
patients. At the first response evaluation after 10 weeks 7
patients (47%) had progressive disease. Only one patient
(7%) attained a partial response and 7 patients (47%)
achieved a temporary disease stabilization.
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Table 2. Worst toxicity per patient during treatment with gemcitabine
(1000 mg/m? on day 1, 8, 15 every 4 weeks) for advanced soft tissue
sarcoma (n = 15 pts; n = 72 cycles).

Grade
Toxicity 1 2 3 4
Alopecia 0 0 1 (7%) 0
Diarrhea 1 (7%) 1 (7%) 0 0
Dyspnoea 0 1 (7%) 0 0
Elevation of ASAT/ALAT 2(13%) O 0 0
Fever 2(13%) 1 (7%) 0 0
Flulike syndrome 5033%) 1(7%) 1 (7%) 0
Myalgia/arthralgia 2(13%) 1 (7%) 0 0
Nausea/emesis 8(53%) 1(7%) 0 0
Neutropenic fever 3R20%) O 1 (7%) 0
Oedema 1 (7%) 0 0 0
Sweating 1 (7%) 0 0 0

ASAT: Aspartat-Amino-Transferase; ALAT: Alanin-Aminotransferase.

The median PFS was 3 months (range, 1-33+) and the
median survival 6 months (range, 3-33+). The PFR at 3
months was 46.7% (Clysq,, 21.4-71.9) and 13.3% (Closg,,
(0-30.5) at 6 months.

Discussion

Patients with metastatic STS except of GIST still have
a dismal prognosis because the number of effective cy-
totoxic agents is limited. These patients with so called
adult type STS-fibro-, lipo-, leiomyo-, pleomorphic and
synovial sarcoma-are treated with an anthracycline-based
regimens with or without ifosfamide as front-line therapy.
Both drugs have produced single-agent activity in the
range of 7 to 26% partial remissions [3—6] and therefore
are part of currently used first-line treatment regimens.

Active agents for patients progressing during or shortly
after first-line chemotherapy are still rare. Potential
active groups of cytotoxic drugs have been investi-
gated such as the taxanes—docetaxel and paclitaxel —
, patupilone derivates (epothilone B analogues; BMS
247550), vinca alkaloids (vinorelbine), minor groove
binders (ecteinascidin, ET-743; brostacillin), alkylating
agents such as oxazaphosphorines (trofosfamide) or im-
idazotetrazine (temozolomide), as well as DNA topoiso-
merase inhibitors-topo-, rubo-, exa-, irino-and recently
becatecarin (NSC 655649), a rebbeccamycin analogue
with topo I inhibitory properties [8—12].

The role of the newer agents acting as proteasome
inhibitor (PS 341) or restoring the sensitivity to P-
glycoprotein (VX 710) is currently not definable. Tar-
geted therapy such as mTOR inhibitors and tyrosine ki-

nase inhibitors to VEGFR, EGFR, c-Kit, Raf or PDGFR
are currently being tested in GIST patients refractory to
imatinib mesylate and in other sarcoma histological sub-
types.

The antimetabolite gemcitabine was evaluated in a var-
ious number of phase II trials in patients with advanced
STS. These trials were heterogeneous in design, used drug
dosage and drug administration. The observed remission
rates in those studies, including trials with at least 15 pa-
tients, ranged from 3 to 18% [13, 15-20]. The highest
response rates have been reported by Patel and coworkers
using a fixed dose-rate infusion of 10 ml/min over 2.5 h
[18]; however, the median time to progression (TTP) was
3 months in this trial corresponding to other phase II trials
using a 30-minutes infusion.

With an objective response rate of 6% and a median
TTP of 3 months the results of this trial using a more
practical application regimen (dosage of 1000 mg/m? as
a 30 min infusion) are comparable to published data with
a pharmacologically guided fixed dose-rate infusion reg-
imen despite a 1.4-fold increase in the concentration of
GTP (gemcitabine triphosphate) measured in peripheral-
blood mononuclear cells.

By reviewing all trials, activity of gemcitabine was par-
ticularly observed in patients with histological subtypes
of angio-, non-GI leiomyo-and unclassified sarcomas [13,
16, 18-20].

Gemcitabine is currently tested as first-line treatment in
metastatic disease alone [24, 25] or in combination with
adriamycin, vinorelbine, dacarbacin and docetaxel [26—
29] as well as in phase I trial as a radiosensitizer in the
neoadjuvant setting in conjunction to radiation therapy
[30].

In conclusion, this trial confirms the considerable num-
ber of disease stabilisations during gemcitabine applied
as a 30 min-infusion in a dosage of 1000 mg/m? in
pretreated adult STS patients. Considering response and
progression-free rate as primary endpoints for phase II
trials in STS, gemcitabine has moderate efficacy [31].

References

1. Patel SR: Systemic chemotherapy, in Pollock RE (ed): Soft tissue
sarcomas, Hamilton Ontario, Canada, 2002, pp 323-328

2. Hartmann JT, Patel S: Recent developments in salvage chemother-
apy for patients with metastatic soft tissue sarcoma. Drugs 65:
167-178, 2005

3. Benjamin RS, Legha SS, Patel SR, Nicaise C: Single-agent
ifosfamide studies in sarcomas of soft tissue and bone: the M.D.
Anderson experience. Cancer Chemother Pharmacol 31(Suppl 2):
S174-S179, 1993

4. Borden EC, Amato DA, Rosenbaum C, Enterline HT, Shiraki MJ,
Creech RH, Lerner HJ, Carbone PP: Randomized comparison of
three adriamycin regimens for metastatic soft tissue sarcomas. J
Clin Oncol 5: 840-850, 1987



10.

11.

12.

13.

14.

15.

16.

. Lopez M, Vici P, Di Lauro L, Carpano S: Increasing single

epirubicin doses in advanced soft tissue sarcomas. J Clin Oncol
20: 1329-1334, 2002

. Lorigan PC, Verweij J, Papai Z, Rodenhuis S, le Cesne A, Leahy

MG, Radford J, Hogendoorn PC, Van Glabbeke M, Kirkpatrick
A, Nielsen OS: Randomised phase III trial of two investigational
schedules of ifosfamide versus standard dose doxorubicin in
patients with advanced or metastatic soft tissue sarcoma (ASTS).
Proc Am Soc Clin Oncol 21: 2002 (abstr. 1616)

. Nielsen OS, Dombernowsky P, Mouridsen H, Crowther D,

Verweij J, Buesa J, Steward W, Daugaard S, VanGlabbeke M,
Kirkpatrick A, Tursz T: High-dose epirubicin is not an alternative
to standard-dose doxorubicin in the treatment of advanced soft
tissue sarcomas. A study of the EORTC soft tissue and bone
sarcoma group. Br J Cancer 78: 1634-1639, 1998

. Cure H, Krakowski I, Adenis A, Tubiana N, Kerbrat P, Roche H,

Chevallier B, Lentz MA, Fumoleau P, Chollet P: Results of a phase
II trial with second-line cystemustine at 60 mg/m2 in advanced
soft tissue sarcoma: a trial of the EORTC Early Clinical Studies
Group. Eur J Cancer 34: 422-423, 1998

. Hartmann JT, Oechsle K, Mayer F, Kanz L, Bokemeyer C: Phase

II trial of trofosfamide in patients with advanced pretreated soft
tissue sarcomas. Anticancer Res 23(2C): 1899-1901, 2003
Reichardt P, Oechsle K, Pink D, Bokemeyer C, Schneller F, Issels
R, Kanz L, Hartmann JT: An open label, non-comparative phase II
study of topotecan as salvage treatment for patients with soft tissue
sarcoma. Invest New Drugs 21: 481-486, 2003

Balcerzak SP, Benedetti J, Weiss GR, Natale RB: A phase II trial
of paclitaxel in patients with advanced soft tissue sarcomas. A
Southwest Oncology Group study. Cancer 76: 2248-2252, 1995
Delaloge S, Yovine A, Taamma A, Riofrio M, Brain E, Raymond
E, Cottu P, Goldwasser F, Jimeno J, Misset JL, Marty M, Cvitkovic
E: Ecteinascidin-743: a marine-derived compound in advanced,
pretreated sarcoma patients—preliminary evidence of activity. J
Clin Oncol 19: 1248-1255, 2001

Look KY, Sandler A, Blessing JA, Lucci JA III, Rose PG: Phase
II trial of gemcitabine as second-line chemotherapy of uterine
leiomyosarcoma: a Gynecologic Oncology Group (GOG) Study.
Gynecol Oncol 92: 644-647, 2004

Merimsky O, Meller I, Flusser G, Kollender Y, Issakov J, Weil-
Ben-Arush M, Fenig E, Neuman G, Sapir D, Ariad S, Inbar M:
Gemcitabine in soft tissue or bone sarcoma resistant to standard
chemotherapy: a phase II study. Cancer Chemother Pharmacol 45:
177-181, 2000

Merimsky O, Meller I, Kollender Y, Inbar M: Palliative effect of
gemcitabine in osteosarcoma resistant to standard chemotherapy.
Eur J Cancer 34: 1296-1297, 1998

Okuno S, Edmonson J, Mahoney M, Buckner JC, Frytak S, Galanis
E: Phase II trial of gemcitabine in advanced sarcomas. Cancer 94:
3225-3229, 2002

. Okuno S, Ryan LM, Edmonson JH, Priebat DA, Blum RH: Phase

II trial of gemcitabine in patients with advanced sarcomas (E1797):
a trial of the Eastern Cooperative Oncology Group. Cancer 97:
1969-1973, 2003

. Patel SR, Gandhi V, Jenkins J, Papadopolous N, Burgess MA,

Plager C, Plunkett W, Benjamin RS: Phase II clinical investigation
of gemcitabine in advanced soft tissue sarcomas and window
evaluation of dose rate on gemcitabine triphosphate accumulation.
J Clin Oncol 19: 3483-3489, 2001

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

Address for offprints:

253

Spath-Schwalbe E, Genvresse I, Koschuth A, Dietzmann A,
Grunewald R, Possinger K: Phase II trial of gemcitabine in patients
with pretreated advanced soft tissue sarcomas. Anticancer Drugs
11: 325-329, 2000

Svancarova L, Blay JY, Judson IR, van Hoesel QG, van Oosterom
AT, le Cesne A, Keizer HJ, Hermans C, Van Glabbeke M, Verweij
J, Hogendoorn PC, Nielsen OS: Gemcitabine in advanced adult
soft-tissue sarcomas. A phase II study of the EORTC Soft Tissue
and Bone Sarcoma Group. Eur J Cancer 38: 556-559, 2002
WHO: International classification of diseases, 10th edition
(ICD-10), in WHO (ed): Geneva, 1996

Fleming TR: One-sample multiple testing procedure for phase II
clinical trials. Biometrics 38: 143-151, 1982

Kaplan EL, Maier P: Non-parametric estimation from incomplete
observations. J Am Stat Assoc 53: 457481, 1958

Burton GV, Rankin C, Flaherty LE, Borden EC, Mills GM, Antman
KH: Phase II trial of gemcitabine as first line chemotherapy in
patients with metastatic or unresectable soft tissue sarcomas (STS).
Proc Am Soc Clin Oncol 22: 820, 2003 (abstr. 3297)
Lopez-Pousa A, Buesa J, Casado A, Garcia del Muro J, Poveda
A, Maurel J, Martin J, Balana C, Martinez J: Doxorubicin (DXR)
and prolonged infusion gemcitabine (GMC) as first-line treatment
in advanced soft tissue sarcomas (STS). A phase II trial of the
Spanish Group for Research in Sarcomas (GEIS). J Clin Oncol 22:
148, 2004 (abstr. 9033)

Buesa JM, Losa R, Fernandez A, Sierra M, Esteban E, Diaz
A, Lopez-Pousa A, Fra J: Phase I clinical trial of fixed-dose
rate infusional gemcitabine and dacarbazine in the treatment of
advanced soft tissue sarcoma, with assessment of gemcitabine
triphosphate accumulation. Cancer 101: 2261-2269, 2004
Morgan JA, George S, Desai J, Amand MS, Horton D, Wilkins E,
Manola J, Demetri GD: Phase II study of gemcitabine/vinorelbine
(GV) as first or second line chemotherapy in patients with metastatic
soft tissue sarcoma (STS). J Clin Oncol 22: 14S, 2004 (abstr. 9009)
Hensley ML, Maki R, Venkatraman E, Geller G, Lovegren M,
Aghajanian C, Sabbatini P, Tong W, Barakat R, Spriggs DR: Gem-
citabine and docetaxel in patients with unresectable leiomyosar-
coma: results of a phase II trial. J Clin Oncol 20: 2824-2831, 2002
Leu KM, Ostruszka LJ, Shewach D, Zalupski M, Sondak V,
Biermann JS, Lee JS, Couwlier C, Palazzolo K, Baker LH:
Laboratory and clinical evidence of synergistic cytotoxicity of
sequential treatment with gemcitabine followed by docetaxel in
the treatment of sarcoma. J Clin Oncol 22: 1706-1712, 2004
Pisters PW, Ballo MT, Bekele N, Thall PF, Feig BW, Lin P, Cormier
JN, Benjamin RS, Patel SR: Phase I trial using toxicity severity
weights for dose finding of gemcitabine combined with radiation
therapy and subsequent surgery for patients with extremity and
trunk soft tissue sarcomas. J Clin Oncol 22: 14S, 2004 (abstr. 9008)
Van Glabbeke M, Verweij J, Judson I, Nielsen OS: Progression-free
rate as the principal end-point for phase II trials in soft-tissue
sarcomas. Eur J Cancer 38: 543-549, 2002

J. T. Hartmann, Department of Med-

ical Oncology/Hematology/Immunology/Rheumatology/Pneumology,
UKT-Medical Center II, Interdisciplinary Sarcoma Center, South
West German Cancer Center, Eberhard-Karls-University, Tuebingen,
Otfried-Mueller-Str. 10, 72076 Tuebingen, Germany. Tel.: +49-7071/29
82127, Fax: +49-7071/29 5689; E-mail: joerg.hartmann@med.uni-
tuebingen.de



