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Evidence-Based Series #11-5: Section 1

Dose-intensive Chemotherapy with Growth Factor or Autologous

Bone Marrow/Stem Cell Transplant Support in the First-line Treatment

of Advanced or Metastatic Adult Soft Tissue Sarcoma: A Clinical
Practice Guideline

S Verma, J Younus, D Stys-Norman, AE Haynes, M Blackstein,
and the Sarcoma Disease Site Group

A Quality Initiative of the
Program in Evidence-based Care (PEBC), Cancer Care Ontario (CCO)

Report Date: April 11, 2006

Questions

1.

In patients with inoperable locally advanced or metastatic soft tissue sarcoma, does first-line
dose-intensive chemotherapy supported by growth factor or autologous bone marrow/stem
cell transplantation improve response rate, time-to-disease progression, or survival,
compared with standard-dose chemotherapy?
What are the effects of first line dose-intensive chemotherapy supported by growth factor or
autologous bone marrow/stem cell transplantation on toxicity and quality of life?

For the purposes of this practice guideline, “dose-intensive chemotherapy” is defined as

regimens administered with the intent to increase standard doses of chemotherapy, supported
by the use of hematopoietic growth factors and/or autologous bone marrow/stem cell transplant
support. Standard chemotherapy includes regimens that have been previously evaluated in a
large phase Il trial or a randomized phase Il trial without growth-factor support.

Recommendations

Dose-intensive chemotherapy with growth factor support is hot recommended in the first-line
treatment of patients with inoperable locally advanced or metastatic soft tissue sarcoma.
There is insufficient data to support the use of high-dose chemotherapy with autologous
bone marrow/stem cell transplantation as first-line treatment in this group of patients.

Eligible patients should be encouraged to enter clinical trials assessing novel approaches or
compounds.

Qualifying Statements

High-dose chemotherapy with growth factor or autologous bone marrow/stem cell
transplantation and standard-dose chemotherapy have similar adverse effects. The
incidence of grade 3/4 thrombocytopenia is significantly higher; neutropenic fever and febrile
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neutropenia occur more frequently with high-dose regimens. Compared to standard
treatment, the rate of treatment related deaths is also higher with high-dose regimens.

Key Evidence

Evidence is available from two phase Il randomized trials, one phase Il randomized trial, 11
phase Il trials, and five phase | dose-escalation trials.

One randomized trial (N=314) did not detect significant differences in response rate (p=0.65)
or survival (log-rank p=0.98) between high-dose doxorubicin (75 mg/m?) plus ifosfamide (5
g/m?) with granulocyte-macrophage colony stimulating factor (GM-CSF) and doxorubicin (50
mg/m?) plus ifosfamide (5 g/m?) at standard doses. Progression-free survival, however, was
significantly longer in the high-dose arm (log-rank p=0.03). There were higher rates of
thrombocytopenia, infection, grade 3/4 asthenia, and grade 3/4 stomatitis with high-dose
chemotherapy compared to standard-dose chemotherapy.

Preliminary results from a second randomized trial (N=162), reported only in abstract form,
indicate no benefit with respect to tumour response for an intensified MAID (mesna,
Adriamycin [doxorubicin] 75 mg/m?, ifosfamide 9 g/m? and dacarbazine 1200 mg/m?)
regimen with granulocyte-colony stimulating factor (G-CSF) support compared to standard
MAID (doxorubicin 60 mg/m?, ifosfamide 7.5 g/m? and dacarbazine [DTIC] 900 mg/m?).
Survival data have not yet been reported for that trial. The rate of grade 4 thrombocytopenia
was significantly higher with the high-dose regimen.

Four phase Il trials of high-dose regimens that contained ifosfamide (>7.5 g/m?/per cycle)
and an anthracycline observed tumour response rates in excess of 50%.

Dose-liming toxicity for the dose-intensive chemotherapy regimens evaluated in phase |
trials included neutropenia, thrombocytopenia, mucositis, neutropenic fever, vomiting,
fatigue, and nephrotoxicity.

Future Research

Future research in patients with inoperable, locally advanced, or metastatic soft tissue

sarcoma should focus on the identification of novel compounds or combinations that improve
the response rate or survival of those patients. If high-dose chemotherapy with growth factor
support or autologous bone marrow/stem cell transplantation is to be pursued, potentially
myeloablative combinations similar to those used in hematological malignancies should be
compared to conventional approaches. Outcomes should include survival, response, response
duration, symptom control, and quality of life.

Related Guidelines

Practice Guideline Report #11-1: Doxorubicin-based Chemotherapy for the Palliative
Treatment of Adult Patients with Locally Advanced or Metastatic Soft Tissue Sarcoma
[completed guideline].

Draft Practice Guideline Report #11-4: Ifosfamide-based Combination Chemotherapy in
Advanced Soft Tissue Sarcoma [guideline under development].
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Funding
The PEBC is supported by CCO and the Ontario Ministry of Health and Long-Term Care. All work
produced by the PEBC is editorially independent from its funding agencies.

Copyright
This guideline is copyrighted by CCO; the guideline and the illustrations herein may not be reproduced
without the express written permission of CCO. CCO reserves the right at any time, and at its sole
discretion, to change or revoke this authorization.

Disclaimer
Care has been taken in the preparation of the information contained in this document. Nonetheless, any
person seeking to apply or consult the practice guideline is expected to use independent medical
judgment in the context of individual clinical circumstances or seek out the supervision of a qualified
clinician. Cancer Care Ontario makes no representation or guarantees of any kind whatsoever regarding
their content or use or application and disclaims any responsibility for their application or use in any way.
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For further information about this series, please contact:
Dr. Shailendra Verma, Chair, Sarcoma Disease Site Group; Ottawa Regional Cancer Centre, General
Division, 503 Smyth Road, Ottawa, Ontario K1H 1C4; TEL 613-737-7700 ext. 56792; FAX 613-247-3511.

For information about the PEBC and the most current version of all reports,
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Phone: 905-527-4322 ext. 42822 Fax: 905 526-6775

PRACTICE GUIDELINE — page 3



EVIDENCE-BASED SERIES #11-5

<77
\ program in programme de soins
evidence-based care | fondé sur des preuves
a cancer care ontario program un programme de action cancer ontario

Evidence-Based Series #11-5: Section 2

Dose-intensive Chemotherapy with Growth Factor or Autologous
Bone Marrow/Stem Cell Transplant Support in the First-line Treatment
of Advanced or Metastatic Adult Soft Tissue Sarcoma:

A Systematic Review

S Verma, J Younus, D Stys-Norman, AE Haynes, M Blackstein,
and the Sarcoma Disease Site Group

A Quality Initiative of the
Program in Evidence-based Care (PEBC), Cancer Care Ontario (CCO)

Report Date: April 10, 2006

QUESTIONS

1. In patients with inoperable locally advanced or metastatic soft tissue sarcoma (STS), does
first line dose-intensive chemotherapy supported by growth factor or autologous bone
marrow/stem cell transplantation improve response rate, time-to-disease progression, or
survival compared with standard dose chemotherapy?

2. What are the effects of first line dose-intensive chemotherapy supported by growth factor or
autologous bone marrow/stem cell transplantation on toxicity and quality of life?

For the purposes of this practice guideline, “dose-intensive chemotherapy” is defined as
regimens administered with the intent to increase standard doses of chemotherapy supported
by the use of hematopoietic growth factors and/or autologous bone marrow/stem cell transplant
support. Standard chemotherapy includes regimens that have been previously evaluated in a
large phase Il trial or a randomized phase lll trial without growth factor support.

INTRODUCTION

The treatment of advanced or metastatic STS is one of the most challenging areas in
oncology. While the multidisciplinary management of early-stage localized disease has led to a
number of improved outcomes, therapy for inoperable advanced or metastatic disease remains
problematic. In patients with STS who develop metastases, the lung is the most common site
and, in many patients, may be the only site of distant dissemination (1). Although surgical
resection of pulmonary metastases may be curative in 15% to 30% of patients with isolated
slow-growing metastases, the majority of patients with metastatic STS are not candidates for
surgical resection (2,3). Patients with metastatic involvement have a median survival of
approximately one year, and, for most of these patients, systemic therapy is the only therapeutic
option. It is widely acknowledged that the cytotoxic agents doxorubicin and ifosfamide have the
highest activity in metastatic STS, with approximately 20-30% of patients responding to these
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drugs as single agents (4-7). Improved response rates have been observed with combination
chemotherapy involving doxorubicin and ifosfamide at conventional doses (8); however, when
data from randomized trials comparing single-agent doxorubicin to doxorubicin-based
combination chemotherapy were pooled in a recent meta-analysis, response and survival
outcomes were not significantly different for single-agent doxorubicin versus combination
therapy (4).

More recent efforts to improve response rate—and by inference, disease-free survival
and overall survival—have involved the exploration of dose-intensive chemotherapy regimens
incorporating growth factors and/or autologous cellular support. Dose-response relationships
have been observed for both doxorubicin and ifosfamide as single agents in STS (8-12). A
number of prospective trials have demonstrated that growth factors, such as granulocyte-colony
stimulating factor (G-CSF) and granulocyte macrophage-colony stimulating factor (GM-CSF), or
autologous bone marrow/stem cell transplantation may improve the hematologic tolerance of
dose-intense combination-chemotherapy regimens (13-15).

Thus far, the literature dealing with the subject of dose-intensive chemotherapy in adult
STS is sparse, and the majority of studies are non-randomized trials involving small numbers of
subjects. However, as the therapeutic options for adult patients with advanced or metastatic
STS are extremely limited and the possibility of a cure for these patients is virtually nonexistent,
the Sarcoma Disease Site Group (DSG) elected to systematically review the available evidence
on dose-intensive chemotherapy for adult patients with locally advanced or metastatic STS and
to subsequently develop a clinical practice guideline based on that evidence.

METHODS

This systematic review was developed by CCO’s PEBC, using the methods of the
Practice Guidelines Development Cycle (16). Evidence was selected and reviewed by two
members of the PEBC Sarcoma DSG and methodologists.

This systematic review is a convenient and up-to-date source of the best available
evidence on dose-intensive chemotherapy for patients with inoperable locally advanced or
metastatic STS. The body of evidence in this review is primarily comprised of mature
randomized controlled trial data. That evidence forms the basis of a clinical practice guideline
developed by the Sarcoma DSG. The systematic review and companion practice guideline are
intended to promote evidence-based practice in Ontario, Canada. The PEBC is editorially
independent of CCO and the Ontario Ministry of Health and Long-Term Care.

Literature Search Strategy

MEDLINE (1982 to January Week 4, 2005), EMBASE (1980 to February Week 6, 2005),
and the Cochrane Library (2005, Issue 1) databases were searched. Disease-specific search
terms “sarcoma” (Medical subject heading [MeSH]), “soft tissue neoplasms” (MeSH),
"*sarcoma/dt" (exploded MeSH term) and “soft tissue sarcoma” (text word) were combined with
treatment-specific terms “drug therapy” (MeSH), “drug therapy, combined” (MeSH),
“granulocyte-macrophage colony-stimulating factor” (MeSH), “granulocyte colony-stimulating
factor’” (MeSH), “bone marrow transplantation” (MeSH), “transplantation, autologous” (MeSH),
“‘hematopoietic stem cell transplantation” (MeSH) and each of the following phrases used as text
words: “chemotherapy”, “high-dose”, “dose-intense”, “g-csf”, “gm-csf’, "growth factor", “abmt”,
“pbsc”, “psct”, “transplant”. These terms were combined with search terms for the following
publications types: practice guidelines, systematic reviews, meta-analyses, randomized
controlled trials, controlled clinical trials, phase | clinical trials, phase Il clinical trials, and phase
1l clinical trials.

In addition, the 1998-2004 conference proceedings of the American Society of Clinical
Oncology (ASCO) were searched for abstracts of relevant trials. The Canadian Medical

Association Infobase (http://mdm.ca/cpgsnew/cpgs/index.asp) and the National Guidelines
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Clearinghouse (http://www.guideline.gov/index.asp) were also searched for existing evidence-
based practice guidelines.

Relevant articles and abstracts were selected and reviewed by two reviewers, and the
reference lists from these sources were searched for additional trials, as were the reference lists
from relevant review articles.

Study Selection Criteria
Inclusion Criteria

Articles (full reports or abstracts) were eligible for inclusion in this systematic review of
the evidence if they matched one of the following sets of criteria:

1. They were first line randomized controlled trials (RCTs) comparing dose-intensive
chemotherapy regimens, supported by growth factor (e.g., G-CSF or GM-CSF) or
autologous bone marrow/stem transplantation, with a lower- or standard-dose
chemotherapy regimen in adult patients with locally advanced or metastatic STS. They
reported data, by allocation group, on overall survival, time-to-progression, or tumour
response rate.

“‘Dose-intensive chemotherapy” was defined as regimens for which the
investigators expressed intent to increase standard doses of chemotherapy supported
by the use of hemopoietic growth factors and/or autologous bone marrow/stem cell
transplant support. Comparator regimens were accepted as standard chemotherapy if
they had been previously evaluated in a large phase |l trial or a randomized phase |l
trial without growth-factor support.

2. First-line single-arm non-compatrative trials were also included if they were phase Il trials
that reported toxicity data, response rates, or survival rates or if they were phase | trials
that reported dose-limiting toxicity (DLT) or maximum tolerable dose (MTD) for adult
patients who received dose-intensive chemotherapy (as defined above) as first-line
therapy for locally advanced or metastatic STS. The rationale for including the non-
comparative trials was due to the paucity of RCTs and to permit as detailed a description
as possible of the potential efficacy and toxicity of dose-intensive chemotherapy in STS.

Exclusion Criteria
Articles were excluded from the systematic review if:
1. They included patients with pediatric sarcomas, bone sarcoma, or small round cell
sarcomas including Ewing’s sarcoma.
2. They assessed dose-intensive chemotherapy in the second-line setting.
3. They were letters or editorials.
4. They were published in a language other than English.

Synthesizing the Evidence

The DSG considered pooling data from relevant randomized trials but decided that
meta-analysis would not be appropriate because the two phase Il trials found by the literature
search evaluated different chemotherapy regimens.

RESULTS
Literature Search Results

A total of 19 reports evaluating dose-intensive chemotherapy in adult patients with
locally advanced or metastatic STS were identified by the literature search and included in this
systematic review of the evidence (Table 1). Those included two phase Ill randomized trials
(17,18), twelve phase Il trials (three abstract and nine completed trials) (13,19-29), and five
phase | dose-escalation trials (30-34).

SYSTEMATIC REVIEW - page 3



EVIDENCE-BASED SERIES #11-5

Table 1. Clinical trials of dose-intensive first-line chemotherapy included in this
systematic review of the evidence.

Dose-intensive chemotherapy regimen, Trial Number

control treatments for randomized trials* Author, Year, (Ref) enrolled

Phase Il

doxorubicin 75 mg/m* + ifosfamide 5 g/m* + GM-CSF Le Cesne, 2000 (17) 314

Vs.

doxorubicin 50 mg/m? + ifosfamide 5 g/m?

MAID+25% (doxorubicin 75 mg/m* + ifosfamide 9 g/m* + DTIC 1200 mg/m?) + G-CSF Bui, 1998 (18) 162

VS. [abstract]

MAID (doxorubicin 60 mg/m? + ifosfamide 7.5 g/m” + DTIC 900 mg/m?)

Phase Il

doxorubicin 75 mg/m* + ifosfamide 5 g/m* + GM-CSF Steward, 1993 (13) 111

doxorubicin 75 mg/m*  + ifosfamide 10 g/m* + G-CSF Patel, 1997 (19) 79
[abstract]

doxorubicin 20 mg/m*  + ifosfamide 12.5 g/m” + G-CSF De Pas, 1998 (20) 14

doxorubicin 90 mg/m? + ifosfamide 12.5 g/m” + G-CSF Maurel, 2004 (21) 60

doxorubicin 60 mg/m*  + ifosfamide 6 g/m* + G-CSF Worden, 2003 (22) 86

VS. - randomized trial

doxorubicin 60 mg/m®  + ifosfamide 12 g/m® + G-CSF

doxorubicin 50 mg/m* + ifosfamide 10 g/m* + DTIC 1250 mg/m® + G-CSF Lin, 1999 (23) 35

Induction: doxorubicin 75 mg/m* + ifosfamide 6 g/m* + G-CSF; then PBSCR Schlemmer, 2004 (24) 55

Followed by: ifosfamide 12 g/m? + etoposide 1.2 g/m” + carboplatin 1.2 g/m? [abstract]

liposomal daunorubicin 100 mg/m? + ifosfamide 5 g/m* + G-CSF Deckert, 2004 (25) 40
[abstract]

epirubicin 90 mg/m*  + ifosfamide 12.5 g/m* + G-CSF Reichardt, 1998 (26) 46

epirubicin 110 mg/m*  + ifosfamide 10 g/m* + G-CSF Palumbo, 1999 (27) 39

etoposide (escalating 600-840 mg/m?) + ifosfamide (escalating 4.5-6.3 g/m?) + PBSCR  Saeter, 1997 (28) 107

+ G-CSF

ifosfamide 14 g/m” + GM-CSF Buesa, 1998 (29) 48

Phase |

epirubicin (escalating 100-140 mg/m®) + ifosfamide (fixed 9 g/m?) + GM-CSF Frustaci, 1997 (30) 38

epirubicin (fixed 120 mg/m?) + ifosfamide (escalating 9-12 g/m?) + G-CSF Frustaci, 1999 (31) 31

doxorubicin (fixed 75 mg/m®) + ifosfamide (escalating 8-15 g/m®) + G-CSF De Pas, 2002 (32) 35

doxorubicin (fixed 75 mg/m?) + ifosfamide (escalating 8-16 g/m?) + G-CSF + PBSCR Bokemeyer, 1997 (33) 18

escalating MAID (+25% to +100%) + G-CSF Chevreau, 1999 (34) 16

Notes: DTIC — dacarbazine, G-CSF — granulocyte colony stimulating factor, GM-CSF — granulocyte macrophage-colony stimulating
factor, MAID — mesna-Adriamycin (doxorubicin)-ifosfamide-dacarbazine, PBSCR — peripheral blood stem cell rescue, vs. — versus.

* mesna given with ifosfamide.
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All but two trials (28,29) administered chemotherapy that included both an anthracycline
(doxorubicin, epirubicin, or liposomal daunorubicin) and ifosfamide. Sixteen trials (13,17-23,25-
27,29-32,34) used hematopoietic growth factors, alone, and three trials used G-CSF plus
peripheral-blood stem cell rescue (24,28,33). Five small non-comparative trials of high-dose
chemotherapy with peripheral stem cell transplantation did not meet the eligibility criteria for this
guideline because they included patients with bone sarcomas (35-37) or patients receiving
second-line chemotherapy (38,39).

Outcomes
Randomized trials

Two randomized trials compared standard to higher doses of chemotherapy (17,18).
Both trials incorporated a colony-stimulating factor into the high-dose treatment regimen. A full
discussion of those studies is hindered by the fact that one of the trials is reported in abstract
form only (18). Patients who had received prior chemotherapy were excluded from both trials.
Neither trial was double blind, and no published information is available on the concealment of
allocation prior to randomization. The published report of a trial by Le Cesne et al included a
justification of sample size, which was achieved (17). Data on survival, tumour response, and
disease progression are summarized in Table 2. No quality-of-life data have been published for
those trials. Toxicity data appear later in the guideline report under the subtitle Adverse Effects.

In a trial conducted by the European Organization for Research and Treatment of
Cancer (EORTC), Le Cesne et al randomized 314 patients to receive either a standard dose of
doxorubicin and ifosfamide or a high dose of doxorubicin combined with a standard dose of
ifosfamide (17). The patients randomized to the high-dose regimen received GM-CSF. Six
percent of randomized patients were excluded from the analysis because they did not meet the
eligibility criteria for the trial. There were no significant differences between treatments in
response rate (p=0.65) or survival (log-rank p=0.98). Progression-free survival, however, was
significantly longer in the high-dose arm (log-rank p=0.03); one-year progression-free survival
rates were 20% with standard chemotherapy and 28% with high-dose chemotherapy.

In the study by Bui et al, patients were randomized to receive either standard dose MAID
(mesna, Adriamycin [doxorubicin], ifosfamide, and dacarbazine) or MAID+25% with G-CSF
support (18). Preliminary results of that study, reported thus far only in abstract form, suggest
no benefit for the intensified regimen in terms of tumour response. Survival data have not yet
been reported.
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Table 2. Randomized trials of dose-intensive chemotherapy: clinical outcomes.
Study Treatment groups # pts entered Median Median time to Response
Author, # pts eligible survival progression rate*
Year (Ref) # pts evaluable (months) (months) (CR+PR)
doxorubicin 50 mg/m* 157
ifosfamide 5 g/m? 149 13 4.4 21%
(+ mesna) 147
Le Cesne, — P
2000 (17) doxorubicin 75 ng/m 157
ifosfamide 5 g/m 145 13 6.7 239%
GM-CSF
133
(+ mesna)
80
Bui MAID? NR NR NR 37%
1998 (18) 76
MAID+25%" 82
[abstract] +25% NR NR NR 43%
+G-CSF 72

Notes: CR — complete response, G-CSF — granulocyte colony stimulating factor, GM-CSF — granulocyte macrophage-colony
stimulating factor, MAID — mesna-Adriamycin (doxorubicin)-ifosfamide-dacarbazine, NR — not reported, PR — partial response, pts —
patients, Ref — reference.

* (# partial responses + # complete responses) /# evaluable E)atients.

2 doxorubicin 60 mg/m?, ifosfamide 7.5 g/m?, DTIC 900 mg/m®.

® doxorubicin 75 mg/m?, ifosfamide 9 g/m? DTIC 1200 mg/mZ.

Phase Il Trials

Twelve phase Il trials (13,19-29) investigated dose-intensive chemotherapy in patients
with STS. The abstract by Patel et al, prepared for the 1997 meeting of the Connective Tissue
Oncology Society, reported on a group of 79 patients who participated in one of three sequential
trials (19). This report included a smaller proportion of patients with metastatic disease (53%),
as opposed to primary sarcoma, than did most other trials listed in Table 3. One phase Il trial,
by De Pas et al, contributed data on only 14 patients (20).

In seven of the 11 single-arm phase Il trials summarized in Table 3, ifosfamide and an
anthracycline were administered in combinations in which one or both drugs were given at
higher than standard doses with G-CSF or GM-CSF (13,19,21,24-27). Four trials used
doxorubicin (75-90 mg/m? per cycle) (13,19,21,24), and two used epirubicin (90-110 mg/m? per
cycle) (26,27), one trial used liposomal daunorubicin (100 mg/m? per cycle) (25), and one phase
Il dose-escalation trial examined etoposide and ifosfamide (600 mg/m? and 4.5 g/m?
respectively, with a 10% increase in dose per course) (28). Response rates ranged from 36%
to 63% in nine trials of an anthracycline combined with ifosfamide at doses >7.5 g/m?/cycle and
median survivals ranging from 13 months to 24 months (19,21,23-27).

Patel et al included a subset of patients with primary STS of extremity origin, in whom
the objective response rate was 80%; 52% of patients with metastatic disease responded (19).
Steward et al (13), used a similar regimen to the high-dose arm in the randomized trial by Le
Cesne et al described above (17) but observed a higher response rate than that seen in the
RCT. In the phase Il dose-escalation trial reported by Saeter et al (28), no significant correlation
was found between tumour response and mean dose level (Spearman coefficient 0.129,
p=0.24). The trial by Buesa et al (29) differed from the other phase Il trials in two ways. That
study investigated dose-intensive single-agent ifosfamide, and GM-CSF was administered only
to patients who experienced one episode of neutropenic fever or had no hematologic recovery
by day 28. Sixty percent of patients received GM-CSF.
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One randomized phase Il trial reported by Worden et al (22) was identified, in addition to
the single-arm studies summarized in Table 3. Eighty-six patients were enrolled, 82 were
randomized, and 79 were evaluated in that study comparing standard-dose ifosfamide (6 g/m?)
or high-dose ifosfamide (12 g/m?), both given in combination with doxorubicin (60 mg/m?) and
G-CSF. Patients were stratified for localized (n=52) versus metastatic disease (N=27) prior to
randomization. Two- and three-year overall survival rates were higher for the standard-dose
arm than for the high-dose arm (73% versus [vs.] 57% and 52% vs. 49%, respectively).
Statistical significance was not reached in those differences (relative hazard ratio [HR] of death
for the high-dose arm compared to the standard-dose arm was 1.39, 95% confidence interval
[CI], 0.70 to 2.77, p=0.34). One-year disease-free survival was 55% for the high-dose arm and
52% for the standard-dose arm (HR 1.08, 95% ClI, 0.56 to 2.09, p=0.81).

Among 27 patients with metastatic disease, two-year overall survival was 46% for both
the high-dose and standard-dose arms (HR 1.18, 95% CI, 0.44 to 3.14). However, the one-year
disease-free survival rate for that group of patients was higher for the high-dose arm (29%) than
for the standard-dose arm (15%). Among 52 patients with localized disease, two-year overall
survival was 64% for the high-dose arm and 88% for the standard-dose arm (HR 1.64, 95% ClI,
0.62 to 4.31). One-year disease-free survival was 65% for the high-dose arm and 75% for the
standard-dose arm.
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Study # pts entered Dose-intensive regimen Growth Median Response
Author, Year # pts eligible (+mesna) factor survival Rate®
(Ref) # pts evaluable (daily dose) (months) (CR+PR)
Steward 111 doxorubicin 75 ng/m2 GM-CSF
’ 104 ifosfamide 5 g/m 250 pg/m? 15 45%
1993 (13) 104 every 3 weeks d2-15
Patel, 1997 NR doxorubicin  75-90 mg/mz G-CSF
(19) NR ifosfamide 10 g/m? 5 ug/kg NR 63%
[abstract] 79 every 3 weeks from d5
N 14 doxorubicin 20 mg/m?/d, d1-3 G-CSF
1998 (20) 14 ifosfamide 2.5 g/m%d, d1-5 5 ug/kg NR 50%
14 every 3 weeks d7-14
50 doxorubicin 30 mg/m°/d, d1-3 G.CSE
Maurel, 2004 o every 2 weeks 5 i K 13 38%¢
21 ifosfamide ~ 12.5 g/m?, over 5d Hg/Kg 0
=) 53 every 3 weeks x 3" d4-13
- doxorubicin 50mg£m2, d1i G.CSE
Lin, 1999 ifosfamide 2 g/m/d, d1-5 B
(23) 35 DTIC 250 mg/m?/d, d1-5 2 1g kg 15 46%
35 every 3 weeks dé-19
doxorubicin 75 mgzlm2 X6
ifosfamide 6 g/m G-CSF
Schlemmer, 55 ) dose NR
2004  (24) 55 followed by: ~ 129/m~  NR 23 36%
[abstract] 55 ifosfamide 1.2 mg/m’
etoposide 1.2 mg/m PBSCR®
carboplatin
Deckert, 40 liposomal- 100 mg/m® G-CSE
2004 (25) 35 daunorubicin 5 g/m?, over 24 hours dose NR 16 31%
[abstract] 29 ifosfamide every 4 weeks
chard 46 epirubicin 45 mg/rrz12/d, d2,3 G-CSE
Tgé% ?ZrG)t' 46 ifosfamide 2.5 g/m?/d, d1-5 5 pglkg o4 5206
46 every 3 weeks d6-15
I 39 epirubicin 55 mg/m“/d, d1,2 G-CSF
. 39 ifosfamide 2.5 g/m?/d, d1-4 200 ug 19 59%
LeRRlen) 39 every 3 weeks d6-12
107 etoposide’ 600 mg/m®, over3d  G.CSE
Saeter, 1997 92 ifosfamide’ 1.5 g/m%/d, d1-3 5 uglkg 19 41%
(28) 86 every 3 weeks da-15
48 ifosfamide 14 g/m® GM-CSF?
(lege)sa' 1998 47 over 6d 5 pg/kg 19 38%
45 every 4 weeks d7-16

Notes: CR — complete response, stimulating factor, d — day(s), DTIC — dacarbazine, G-CSF — granulocyte colony GM-CSF —
granulocyte macrophage colony stimulating factor, NR — not reported, PBSCR — peripheral blood stem cell rescue, PR — partial
response, pts — patients, Ref — reference.
2 (# partial responses + # complete responses) /# evaluable patients.
ifosfamide administration began two weeks after the third doxorubicin cycle.
© G-CSF was given 24 hours after doxorubicin.
d response rate calculated after completion of entire therapy (doxorubicin and ifosfamide).

¢ peripheral blood stem cells were collected after 4 cycles of doxorubicin/ifosfamide.

"doses for each drug were increased 10% in the next course up to a maximum of 140% of the baseline dose if patient had adequate
hematological activity.
9to 60% of patients.
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Dose Escalation (Phase I) Trials

Five phase | trials of dose-intensive chemotherapy with ifosfamide and an anthracycline
are summarized in Table 4 (30-34). Those studies were designed to determine the MTD of
epirubicin given with a fixed dose of ifosfamide (30), ifosfamide given as a continuous infusion
with a fixed dose of an anthracycline (31-33), or increasing doses for the MAID regimen (34).
MTD was the dose at which a substantial number of patients suffered dose-limiting toxicity. At
the MTD, dose reductions were required because of serious hematologic toxicity, mucositis,
neutropenic fever, vomiting and fatigue, and nephrotoxicity, which were observed in all the trials
(30-34). Although not a primary study objective, tumour response was also reported.

Table 4. Phase | trials of dose-intensive chemotherapy.

Study # entered Response
Author, Year Treatment # evaluable Maximum tolerated dose Rate*
(Ref) (CR+PR)
three doses of epirubicin:
Frustaci, 50, 60, 70 mg/m%day, 2 d o epirubicin 70 mg/m?/d
1997 (30) . . , 37 with ) 54%
ifosfamide 1.8 g/m“/day, 5 d ifosfamide 1.8 g/m“/d
GM-CSF 5 ug/kg/d
two dozses of ifosfamide: ,

Frustaci ﬁr)@” S ifosfamide 10.5 g/m’ 0
1999 (31) 25 with ) 28%
epirubicin 60 mg/m?/day, 2 d epirubicin 60 g/m*/d

G-CSF 300 pg/d
six doses of ifosfamide:2
8,9, 10, 12, 13, 15 g/m~, . . 2
De Pas, continuous infusion, d 1-12 35 :va?tifamlde 112 gl 530
2002 (32) 30 - 2
doxorubicin 75 mg/m?, d 8 doxorubicin 75 mg/m
G-CSF 300 pg/d
five doses of ifosfamide:
8, 10, 12, 14, 16 g/m?,
Bokemeyer, continuous infusion, d 1-4 18 iqufamide 16 g/m2
1007 (33) - ) 15 with , 50%
oxorubicin 75 mg/m*, d 1 doxorubicin 75 mg/m
G-CSF 5 ug/kg/d
peripheral blood stem cells
Six MAID regimens:
standard, +25%, +45%, +65%, MAID+45%:
Chevreau, +85%, +100%, d 1-3 16 doxorubicin 30 mg/m?d 5304
1999 (34) 15 dacarbazine 500 mg/m?/d 0
two doses of G-CSF-: ifosfamide 3 g/m?/d

5 or 10 ug/kg/d

Notes: d — day(s), CR — complete response, stimulating factor, G-CSF — granulocyte colony stimulating factor, GM-CSF —
granulocyte macrophage colony stimulating factor, MAID — mesna-Adriamycin (doxorubicin)-ifosfamide-dacarbazine, PR — partial
response, Ref — reference.

* (# partial responses + # complete responses) /# evaluable patients.
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Adverse Effects

Toxicity data, summarized in Table 5, was available for both phase Il trials (17,18) and
all phase Il trials (13,19-29).

The randomized trial by Le Cesne et al (17) observed a higher rate of thrombocytopenia
with high-dose chemotherapy compared to standard-dose, but no p-value was reported. More
patients receiving the high-dose regimen experienced infections compared to those receiving
standard-dose chemotherapy (16.6% vs. 4.6%; p=0.0004). There were two toxicity-related
deaths due to kidney failure and septic shock in the high-dose arm and one death due to septic
shock in the standard-dose arm. The incidence of grade 3/4 asthenia was significantly higher in
the high dose arm (16% vs. 4.5%; p=0.0005), as was grade 3/4 stomatitis (13% vs. 4%;
p=0.008).

Important differences between regimens in the incidence of adverse events were
observed in the randomized trial by Bui et al (18). There were five toxicity-related deaths in the
MAID+25% arm, but causes of death were not reported in the abstract. The rate of grade 4
thrombocytopenia was significantly higher with intensified MAID, compared with standard-dose
MAID (p=0.0001). The incidence of febrile neutropenia was higher with MAID+25%, but the
difference was not statistically significant (66% vs. 54% with standard-dose MAID).

Experience in the phase Il trials was similar. As might be expected, hematologic toxicity
including thrombocytopenia and neutropenia, was commonly observed. In addition, febrile
neutropenic rates ranged between 14% and 35% (13,20,21,26). Despite this, it is of interest that
only four treatment-related deaths among 585 participants were reported (13,19,29).
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Table 5. Clinical trials of dose-intensive chemotherapy: Percentage of patients with adverse effects.

Study

Grade 3/4

Chemotherapy Grade 3/4 hematological Neuro- Cardiac Renal # toxic
Author, Year Regimen (+ mesna) toxicit nausea/ toxicit toxicit toxicit death
(Ref) g y vomiting y y y eatns
Phase Ill trials
dox neutropenia 92 1
. : 10 NR NR 1
Le i ggi thrombocytopenia 8 (G2/3)
2000 (17) . neutropenia 90 2
ifos . 13 NR NR 2
GM-CSF thrombocytopenia 50 (G2/3)
Bui, 1998 MAID thrombocytopenia®(G4) 21 NR NR NR NR
(18) MAID+25% .a
[abstract] G-CSE thrombocytopenia®(G4) 64 NR NR NR NR
Phase Il trials
. 3
Steward dox+ ifos 30 1
’ NR 0 (1 G4, 2
1993 (13) GM-CSF (G3) 2G1/2) (G2)
Patel, 1997 .
(19) g‘_”é;gos NR 14 NR ((314) NR 1
[abstract]
De Pas, 1998 dox + ifos neutropenia 87 0 4 NR 0 0
(20) G-CSF thrombocytopenia 39 (G4)
neutropenia 46 o o o
Maurel, 2004 dox + ifos” thrombocytopenia 24 149 g¢ ot 0 0
(21) G-CSF anemia® 13°
anemia® 2g¢ (G3/4) (G3/4) (G2)
dox anemia 23
. leukopenia 49 0 5
2‘25,: neutropenia 49 NR (G3/4) IR (<20mL/min) 0
Worden, thrombocytopenia 15
2005 (22) dox anemia 58
. leukopenia 88 10 3 g
gO_SC':SF neutropenia 88 MR (G3/4) iR (<20mL/min) >
thrombocytopenia 63
Lin, 1999 dox + ifos + DTIC
(23) G-CSE platelets 6 14 NR NR NR 0
Schlemmer, dox + ifos + G-CSF; G4 hematological
2004 (24) then PBSCR followed toxicit 9 38 NR NR NR NR 0
[abstract] by: ifos + etop + carbo Y
Deckert, 2004  I-daun + ifos . e 4.8° 3
(25) [abstract] G-CSF neutropenic fever 9 0 (G2) 0 (1 pY) NR
. - leukopenia 100 20 2
?gé%hérg; (eﬁl(;s';os thrombocytopenia 50 NR (9% (reversible (6117/2) 0
neutropenic fever 37 G3/4) arrhythmia)
Palumbo, epi + ifos leukoneutropenia 33 13 0 3 13 0
1999 (27) G-CSF thrombocytopenia 0 (G1) (G1)
£, f leukopenia 67
SRS L8980 B N thrombocytopenia 33 NR 1 NR 0 0
(28) G-CSF )
neutropenic fever 19
. leucopenia (G4) 76
Buesa, 1998 ifos . 33 60
(29) GM-CSF thrombocy_topenla (G9) 17 30 (G3) NR (G1) 1
neutropenic fever 48
Notes: carbo — carboplatin, dox — doxorubicin, DTIC — dacarbazine, epi — epirubicin, etop — etoposide, G — grade, G-CSF —

granulocyte-colony stimulating factor, GM-CSF — granulocyte macrophage-colony stimulating factor, ifos — ifosfamide, I-daun —
liposomal daunorubicin, MAID — mesna-Adriamycin (doxorubicin)-ifosfamide-dacarbazine, NR — not reported, PBSCR — peripheral
blood stem cell rescue.

2 Difference between MAID compared to MAID+25% is statistically significant, p<0.0001.
b Ifosfamide was administered two weeks after the last cycle of doxorubicin.

For 57 patients that received doxorubicin.

For 47 patients that received ifosfamide.

Percent of 115 cycles administered.

Patients received escalating doses (+10% per course) of etoposide and ifosfamide.

- o Q o

9 These were early deaths.
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DISCUSSION

To date, in patients with metastatic or unresectable soft tissue sarcoma, only two RCTs
have been conducted to determine if dose-intensive chemotherapy with growth factor support or
autologous bone marrow/stem cell transplantation improves survival, response or time-to-
progression, compared to standard-dose chemotherapy in the first-line treatment setting. Only
one RCT of 314 patients reported data on all three outcomes of interest, with no significant
differences in overall survival or response rate between the two treatment groups (17). One-
year progression-free survival was significantly longer in the high-dose chemotherapy arm
compared to the standard-dose chemotherapy arm (28% vs. 20%, respectively; log-rank
p=0.03). The other RCT by Bui et al (18) has only been published in abstract form. In that
study, no benefit in response rate was observed, and overall survival was not reported. One
randomized phase |l trial reported by Worden et al (22) examined the role of high-dose
ifosfamide specifically. In that trial, no statistically significant improvements in overall or
disease-free survival were observed between the high- and standard-dose chemotherapy arms.
Although a number of small phase Il trials have reported response rates of 31%-63% with
overall median survival ranging from 13 months to 24 months, it is clear that this experience
was not replicated in the RCTs.

Although none of the trials examined evaluated potentially myeloablative regimens
similar to those utilized in other settings, such as hematological malignancies, it is quite clear
that even modest dose escalations beyond standard-dose chemotherapy are associated with
increased hematologic toxicity. Treatment-related deaths were also more common in the high-
dose arms (seven deaths) than in the standard-dose arms (one death) in both phase Il trials.

ONGOING TRIALS

The National Cancer Institute was searched during the development of this document,
and no ongoing randomized trials of dose-intensive chemotherapy with growth factor or
autologous bone marrow/stem cell transplant support in advanced or metastatic adult soft tissue
sarcoma were identified. (Searched 2002 to May 2005)

CONCLUSIONS

Although one of the randomized trials reported that, at one year, progression-free
survival was significantly longer in the high-dose chemotherapy arm, this systematic review has
been unable to discern any consistent benefits in patients with metastatic unresectable soft
tissue sarcoma when doses higher than standard-dose chemotherapy are employed in this
setting. Future research in patients with inoperable locally advanced or metastatic soft tissue
sarcoma should focus on the identification of novel compounds or combinations that improve
the response rate or survival of those patients. If high-dose chemotherapy with growth factor
support or autologous bone marrow/stem cell transplantation is to be pursued, potentially
myeloablative combinations similar to those used in hematological malignancies should be
compared to conventional approaches. Outcomes should include survival, response, response
duration, symptom control, and quality of life.
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