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Summary. One hundred and seventy-one patients with
advanced soft tissue sarcoma entered a randomized cross-
over phase II study comparing cyclophosphamide
(CYCLO) with a new analogue, ifosfamide (IFOS), both
administered as 24 h iv. infusions every 3 weeks. The
doses used were CYCLO 1.5 g/m? and IFOS 5 g/m?, with
provision for dose escalation. All patients received mesna
400 mg/m? as an i.v. bolus 4 hourly x 9 doses, commen-
cing at the start of the oxazophosphorine infusion. Patients
who had received previous chemotherapy were eligible
provided this did not include a classical alkylating agent.
There were 22 patients who were ineligible, and response
could not be evaluated in 12 additional patients. TFOS
produced two complete and ten partial remissions, for an
overall response rate of 18%. CYCLO was significantly
(P = 0.04) less active, producing one complete and five
partial remissions, an overall response rate of 9%. Stabili-
zation of disease was similar in both arms (27% and 24%
respectively), but fewer patients showed progression on
IFOS. The response rate was higher (20% vs 5%) for pa-
tients who had not received previous chemotherapy, and
also for female compared with male patients (21% vs 5%).
When only patients who had not received previous chemo-
therapy were considered, the respective response rates for
IFOS and CYCLO were 24% and 15%. There were no re-
sponses in previously treated patients receiving CYCLO.
There were four partial responses in 33 patients crossing
from CYCLO to IFOS, but no responses in 18 patients re-
ceiving CYCLO after IFOS. Leucopenia was significantly
more pronounced (P = 0.0004) with CYCLO, both after
the first course and throughout treatment, although the in-
cidence of severe infections, 6%, was the same in both
arms. Nausea and vomiting were more severe with IFOS
(P = 0.022), but other toxicities were mild. Grade 1 or 2
bladder (haematuria) or renal (rise in serum creatinine)
toxicity was slightly more frequent with IFOS (7 vs 3 pa-
tients) and was a reason for stopping treatment for one pa-
tient in each arm. Three episodes of mild to moderate
drowsiness after IFOS were reported, but no severe ence-
phalopathy. A higher response rate with less myelosup-
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pression suggests that IFOS may have advantages over
CYCLO in combination with such active agents as adria-
mycin.

Introduction

Despite encouraging early results, there has been little re-
cent progress in the development of chemotherapy for
advanced soft tissue sarcomas in aduits. Adriamycin,
identified as an active agent in the early 1970s [5, 18], is the
backbone of all effective combination regimens [2—4, 7-9,
18], but despite extensive testing of more than 30 agents
[2-4, 7-9], no other drug has confirmed single-agent ac-
tivity of greater than 20%. Response rates for combination
chemotherapy are in the range of 30%-50%, but complete
durable remissions are rare [2—-4, 7-9, 18].

On the basis of its significant activity in childhood
rhabdomyosarcoma [5], cyclophosphamide (CYCLO) has
frequently been incorporated into combination chemo-
therapy for advanced adult sarcomas, although single-
agent data in this context are scarce. Ifosfamide (IFOS) is
an analogue of CYCLO, introduced in 1977, which has
significant activity in a wide range of tumour types [6]. The
frequent occurrence of haemorrhagic cystitis and occa-
sional renal failure dampened enthusiasm, outside Ger-
many, for the use of this drug. Interest has been rekindled
by the development of mesna (sodium 2 mercapto-ethane-
sulphonate), a thiol compound which detoxifies the oxaza-
phosphorine metabolite acrolein [12, 19, 20].

In light of early favourable reports in the German liter-
ature [13-15], investigators at the Royal Marsden Hospital
[21] undertook a phase II study of IFOS 5-8 g/m? every 3
weeks, using a 24 h infusion schedule. They reported an
overall response rate of 38% in 42 evaluable patients.
Equally exciting results (overall response 50%) were ob-
served in a smaller series of 16 patients treated in Man-
chester [11]. The purpose of the present study conducted
by the Soft Tissue and Bone Sarcoma Group of the
EORTC was to confirm these results in a larger series of
patients and determine whether IFOS was more active
than the parent compound CYCLO. Additional aims were
to generate single-agent data for CYCLO and evaluate the
relative toxicities of the two analogues.

Patients and methods

Between October 1982 and May 1984, 171 patients were
entered from 18 participating centres. Copenhagen, Milan,
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Fig. 1. Treatment regimens, both given as 24 h infusions with
Mesna 400 mg/m? i.v. bolus 4 hourly x 9

Manchester, Birmingham and Amsterdam contributed
60% of the total patients accrued. The treatment regimens
are shown in Fig. 1. Eligibility criteria included histologi-
cally proven soft tissue sarcoma, inoperable locally ad-
vanced or metastatic disease which had progressed in the
last 2 months and was measurable, age 15 years or above
and adequate haematological, hepatic and renal (serum
creatinine < 0.15 mmol/1) function. All patients gave in-
formed consent. Reasons for exclusion were performance
status lower than 2 (WHO), severe concomitant illness or
CNS metastases, radiotherapy at any time to the sole in-
dex lesion or chemotherapy within the past 4 weeks, and a
history of other cancer. Patients who had received prior
chemotherapy were eligible, provided they had not re-
ceived a classical alkylating agent (excluding DTIC).

A total of 136 patients were considered to be evaluable,
68 in each arm. Reasons for exclusion are shown in
Table 1. Patient characteristics are described in Table 2.
Patients were evenly distributed between the two arms
with respect to age, performance status, prior chemother-
apy or radiotherapy and presence of distant metastases.
However, there were more female patients in the IFOS
group (59%) than in the CYCLO group (44%). There was a
history of previous chemotherapy in 56 patients, 67% of
whom had received only one drug (usually an anthracyc-
line) and only 12.5% of whom had received three or more
drugs. Of 22 receiving CYCLO and 18 receiving IFOS, 3
and 5, respectively, had responded to prior chemotherapy.
On pathological review, leiomyosarcoma, was the com-
monest histological subtype (26%), with a wide range of
other cell types.

The criteria used for asessing response and toxicity are
those defined by the WHO [22].

Results

The overall results are summarized in Table 3. IFOS pro-
duced two complete remissions (CR) and ten partial remis-
sions (PR), giving an overall response rate of 18%, com-
pared with 1 CR and 5 PR with CYCLO, for an overall re-
sponse rate of 9% (P = 0.04). Preliminary data show that
the duration of response ranged from 1 to 18 months for
IFOS and 2 to 5 months for CYCLO.

The response rate was higher — 20% vs 4% — for patients
who had not received prior chemotherapy (Table 4). In ad-
dition, female patients achieved remission significantly
more often than male patients (21% vs 5%). Among the pa-
tients who had not received previous chemotherapy, the
respective response rates for IFOS and CYCLO were 24%
and 15% (Table 5). There were no responses in previously
treated patients receiving CYCLO. Higher response rates

Table 1. Reasons for exclusion

Ineligible 22 Non evaluable 12
Pathology 8 Early death 7
Prior alkylator 4 Refusal 2
Not measurable 5 Wrong treatment 2
No data 3 Lost to follow-up 1
Raised creatinine 2

Table 2. Patient characteristics

CYCLO IFOS
Mean age 48 years 50 years
Sex female 44% 59%
Previous XRT 31% 32%
Previous chemotherapy 43% 40%
Metastases 91% 91%
PS0-1 75% 79%
Table 3. Overall response
Response CYCLO IFOS
CR 1 2
PR 5 10
NC 24 27
PD 38 29
Total 68 68
Overall response 9% 18%
95% CI 2%—16% 9% ~27%
Ptrend 0.04

were evident in females patients in both IFOS and
CYCLO arms (Table 5), but only in the CYCLO arm was
this difference significant (P = 0.03). There was no rela-
tionship between response rate and performance status.
The effects of the crossover to the other analogue after fai-
lure of initial chemotherapy was evaluated in 51 patients.
There were 4PR in 33 patients crossing from CYCLO to
IFOS, and no responses in 18 patients receiving CYCLO
after IFOS.

An intriguing finding (Table 4) was that patients treat-
ed in Great Britain seemed to have a higher response rate
(27% vs 9%; P = 0.08) than those treated in other Euro-
pean countries. Britain entered 22% of the evaluable pa-
tients. A number of prognostic factors were examined.
More patients in Britain received escalated doses of che-
motherapy, particularly in the CYCLO arm. Despite this,
white cell count nadirs were lower (data not shown) for
patients treated on the Continent, probably reflecting a
more extensively pretreated population. However, British
patients had lower performance statuses at entry. There
was no difference in extent of disease according to coun-
try.

The difference in response rate according to country
was only apparent in the IFOS arm and disappeared if on-
ly patients who had received no previous chemotherapy
were considered (Table 6). Britain entered slightly more fe-
male patients and 87% had not received previous chemo-
therapy, compared with 51% for the rest of Europe. Thus,
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Table 4. Response according to prior chemotherapy, institution and sex

Response Prior chemo Institution Sex
No Yes GB C Male Female
CR 2 i 1 2 1 2
PR 14 1 7 8 2 13
NC 25 26 9 42 26 25
PD 39 28 13 54 37 30
Total 80 56 30 106 66 70
Overall response 20% 4% 27% 9% 5% 21%
95% CI 10-28% 0-9% 11-42% 3-14% 0-10% 11-30%
P trend 0.16 0.08 0.01
GB, Great Britain; C, Continent (rest of Europe)
Table 5. Response by treatment related to prior chemotherapy Table 8. Other toxicities, 145 Evaluable patients
and sex
WHO Toxicity
Response rate %
0 1 2 3 4
CYCLO IFOS C/1 C/1 C/1 C/1 C/1
Prior chemo Yes 0 7 Nausea, vomiting? 7/1 31729 22725 11/17  0/1
No 15 24 Renal, bladder 70/66 1/3 1/4
Infection 65/63 3/5 3/4 1/1
0 11
Sex v 20 » Cerebral 72/10 02 0/1
No prior chemotherapy — Men 56% C/1, cyclophosphamide/ifosfamide
Women 61%

Table 6. Response by treatment related to institution and prior
chemotherapy

Response rate %

CYCLO IFOS
Institution GB 14 38
(all pts) C 7 12
Institution GB 17 36
(no prior chemotherapy) C 15 19
No prior chemotherapy GB 87%
C 51%
Female sex GB 63%
C 48%
GB, Great Britain; C, Continent (rest of Europe)
Table 7. Leucopenia all courses (77% Evaluable)
WBC NADIR x 10°/1
<1.0 <20 <3.0 <4.0 >4.0  Total
CYCLO 10 23 13 5 2 53
IFOS 3 14 19 10 7 53

Pfor trend 0.004 CYCLO more leucopenia

the higher response rate according to country would seem
to be a spurious finding.

The median number of courses per patient was 2.5
(range 1-12) for CYCLO and 3.0 (range 1-15) for IFOS.
Similar proportions of courses, 16% and 10%, were modifi-

Three patients left the
study because of toxicity: CYCLO

IFOS

leucopenia, bladder
renal

a Ptrend 0.022; IFOS more nausea, vomiting

ed in both arms because of toxicity. Leucopenia was signi-
ficantly more pronounced with CYCLO (Table 7), both af-
ter the first course and throughout treatment. This was
most marked in patients who had received previous che-
motherapy. Serious infections occurred in approximately
6% of patients, with no difference between the two drugs.
IFOS appeared to have a cumulative effect on the white
cell count. This was not true of CYCLO, probably because
early leucopenia led to dose reductions. In the CYCLO
arm there was one death due to infection during drug-in-
duced leucopenia. Thrombocytopenia was rare.

Although there was provision for dose escalation if the
nadir white count was above 2.0 x 10°/1, only 18% of such
patients actually had an appropriate increase in dose. Sur-
prisingly, as CYCLO was more myelosuppressive, dose es-
calation was performed in this arm for a larger proportion
(25%) of patients.

IFOS caused significantly more nausea and vomiting
than CYCLO (Table 8). Grade 1 or 2 renal and/or bladder
toxicity occurred in seven patients receiving IFOS, com-
pared with three receiving CYCLO, and was a reason for
stopping treatment for one patient in each arm. Three
episodes of mild to moderate drowsiness with IFOS were
reported, but no severe encephalopathy. Alopecia was
seen in all patients receiving more than one course of ei-
ther analogue.

Discussion

Response rates for IFOS in adult soft tissue sarcomas have
ranged from 22% to 67% [l, 6, 11, 13—15, 21] in other
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published studies, most of which have included patients
previously treated with chemotherapy. The overall re-
sponse rate in this study was 18%, but in patients not pre-
viously exposed to chemotherapy it was 26%, a result
which is in the same range as our previous results with
adriamycin [10, 17]. The dose actually administered in this
study was lower than in two other recent phase IT trials [1,
21], and this, together with the potential heterogeneity of
the patient populations with sarcoma, may account for the
lower remission rate.

CYCLO has marginal activity in previously untreated
patients, perhaps comparable with that of DTIC. Its use in
combination cannot be recommended, in view of the
marked myelosuppression associated with modest activity.
In contrast, IFOS was significantly more active in all pa-
tients and produced remissions in previously treated pa-
tients, including those resistant to CYCLO. Although this
suggests a lack of cross-resistance, at least in one direction,
a dose-response effect cannot be excluded, as the dose of
IFOS was 3.3 times that of CYCLO. The mild myelosup-
pression associated with the dose of IFOS used in this
study would permit its use in combination with myelosup-
pressive agents, such as adriamycin, without modification.

Although nausea and vomiting were more severe with

IFOS than with CYCLO, these side-effects rarely limit the .

use of a cytotoxic agent and are largely alleviated by mod-
ern antiemetic regimens. Alopecia was universal with both
drugs. The urothelial damage produced by IFOS has been
largely obviated by the use of mesna. In a few cases, hae-
maturia could be linked to omission of one or more doses
of Mesna, and in our current study we are exploring the
use of higher doses of mesna given by continuous infusion.
Irreversible renal failure was not seen in this study.

Although encephalopathy is a well-recognized compli-
cation of IFOS therapy [6, 16], only 3 episodes of drowsi-
ness in 68 patients were observed in this study. This con-
trasts with an incidence of 26% in the study of Antman et
al. [1], in which higher doses of IFOS, 8-10 g/m?, were
used.

In summary, ifosfamide is an active drug in adult soft
tissue sarcomas, which has moderate and manageable toxi-
city. With the use of mesna, bladder and renal toxicity are
minimal and are no longer dose-limiting. Combinations of
adriamycin and IFOS are of considerable interest, and the
relatively mild myelosuppression observed in this study
suggests that minimal compromise of single-agent doses
will be necessary. The EORTC Sarcoma Group is current-
ly exploring this area.
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