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Summary Fifteen published randomised trials comparing adjuvant chemotherapy with no chemotherapy in
soft-tissue sarcoma (STS) were identified (1546 patients). A qualitative review and a meta-analysis of this
published literature were performed. With the qualitative review it was not possible to synthesise the
apparently conflicting results of individual trials. The meta-analysis of the published data suggests an
improvement in survival at 2 years (OR = 0.73, 95% CI = 0.53-0.99, P = 0.044) and at 5 years (OR = 0.59,
95% CI = 0.45-0.78, P = 0.0002) in favour of chemotherapy. However, the assumptions and approximations
required to conduct this quantitative summary demand that the results are interpreted with caution. The only
reliable means of assessing the current evidence on whether adjuvant chemotherapy has a role in the treatment
of patients with STS, is to collect, check and reanalyse individual patients data (IPD) from each trial centrally,
and formally combine the results in a stratified time-to-event analysis. Such an IPD analysis is currently being
undertaken by an international collaborative group.
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Soft-tissue sarcomas (STS) are tumours of mesenchymal
origin arising throughout the body which in total account for
only 1% of all malignancies (Pinedo and Verweij, 1986).
Approximately 90% of all STS patients present with appar-
ently localised masses and no clinical evidence of metastasis
(Rosenberg et al., 1983). Where anatomically possible, initial
treatment usually involves radical surgery (Souhami, 1986),
although good control of the primary tumour can also be
achieved by conservative surgery in conjunction with
radiotherapy (Mazanet and Antman, 1991). Despite good
local control, around 50% of patients with high-grade
tumours will die from metastatic disease (Delaney et al.,
1991). Thus, there has been interest in the potential of
adjuvant chemotherapy to control micrometastases and imp-
rove survival.
A number of randomised clinical trials have compared

local surgical treatment (with or without radiotherapy) fol-
lowed by adjuvant chemotherapy with local treatment alone.
As in many other areas of cancer research, these trials have
not been large enough to demonstrate moderate treatment
effects with reliability. Almost all have involved fewer than
250 patients, although one trial conducted by the European
Organization for Research and Treatment into Cancer has
recruited 468 patients (Bramwell et al., 1994). Thus, these
trials are unlikely to produce conventionally significant
results, and could easily be interpreted as 'negative trials'. A
more appropriate interpretation would be to consider them
as being inconclusive trials.
Although individual trials may have insufficient numbers

of patients to detect moderate survival benefits, 'combining'
the results of these trials might indicate whether adjuvant
chemotherapy is likely to be beneficial in the treatment of
STS. This paper therefore reviews qualitatively, then quan-
titatively, the results of all published randomised trials of
adjuvant chemotherapy in STS.

Materials and methods

Published randomised trials of chemotherapy in STS were
identified using the Medline and Cancerlit databases and by
examining the reference lists of already identified trials,
review articles and books.

Correspondence: JF Tierney
Received 17 June 1994; revised 3 April 1995; accepted 4 April 1995

Trials that randomised adult patients with localised, resec-
table STS to receive either adjuvant chemotherapy or no
chemotherapy following local treatment were eligible for inc-
lusion in the meta-analysis, provided that the treatment com-
parison was unconfounded. Also, trials were required to have
used a randomisation method which precluded prior
knowledge of treatment assignment and to have taken place
between 1 January 1970 and 31 December 1992.
Of 20 potentially eligible trials, four were excluded because

they were non-adjuvant trials that randomised patients with
advanced disease only (Schoenfeld et al., 1982; Pinedo et al.,
1984; Baker et al., 1987; Borden et al., 1990) and one because
all patients received induction chemotherapy before ran-
domisation (Eilber et al., 1988). Relevant details and results
were extracted from most recent publications of the 15
remaining trials and collated to form the basis of the
qualitative review and meta-analysis.
For the meta-analysis, 2 year and 5 year survival rates

were taken from the most recent publication for each trial
(except in one instance where they were taken from an earlier
publication) and analysed using the methods described below
(Stewart, 1992). If the 2 year and 5 year survival figures were
not quoted, they were estimated from the published survival
curves and the numbers at risk reduced, where appropriate,
to allow for immature follow-up (Stewart and Parmar, 1993).
This technique, which assumes proportional hazards, stan-
dardises the relative results of trials with differing lengths of
follow-up. Additionally, the survival rates at maximum
follow-up were extracted from those publications that
reported it. For each trial, the odds ratio (OR) was cal-
culated from the number of patients at risk and the observed
number of deaths on each arm.

OR = exp[(Ot- Et/VJ
where Ot is the observed number of deaths in the treatment
arm, Et is the expected number of deaths in the treatment
arm under the hypothesis of no difference and V is the
variance and Nt(Ot + 0c)

N

V=Et(l-NtIN)(N- Ot - 0

N-I
where 0c is the observed number of deaths on control, Nt is
the total number of patients randomised to receive treatment
and N is the total number of patients randomised.
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Confidence intervals for each odds ratio were calculated

using the expression exp [(O° - E,)/V ± T/IV V, where y takes
the values 1.96 and 2.58 for the 95% and 99% intervals
respectively. The overall odds ratio, combined across all
trials, was calculated as follows (Early Breast Cancer
Trialists' Collaborative Group, 1990):

Overall OR=exp [(Z(04-E ))/1VI
where the summation is across all trials. The overall 95%
confidence intervals were calculated as exp [Z(O t-Et)/11V+
1.96/V-I V.

In the main text of this paper and in Table I, the total
number of patients randomised are presented. However, the
calculated odds ratios are based on fewer patients, because
some trials report on a defined subset of patients only or
exclude patients from their analysis. Furthermore, as men-
tioned above, the number of patients at risk are adjusted to
allow for censoring.

Results

Fifteen eligible randomised trials comparing adjuvant
chemotherapy with no adjuvant chemotherapy in localised
STS were identified. These trials, initiated between 1973 and
1983, recruited a total of 1546 patients. Summaries of each
trial, including the drug regimens used, sites treated, grades
of disease and number of patients randomised, are given in
Table I.

Chemotherapy regimen

All 15 trials used doxorubicin either as a single agent (seven
trials, 770 patients) or in combination (eight trials, 776
patients) probably because it has been observed to be one of
the most active single agents in advanced disease (Pinedo and
Verweij, 1986). Those trials which used combination
chemotherapy included doxorubicin and cyclophosphamide
plus one or more of vincristine, methotrexate, dactinomycin
and dacarbazine. The total dose of doxorubicin, whether
given as a single agent or in combination, varied between 360
and 550 mg m-2, except in one instance where the dose was
200 mg m-2 (Edmonson et al., 1985). In two trials (Antman
et al., 1984; Picci et al., 1988), a subset of patients in both
arms received induction chemotherapy before being ran-
domised to adjuvant chemotherapy, accounting for 14 and 29
patients respectively.

Surgery
In all trials, patients underwent either radical or conservative
surgery. If the latter, local resection was generally followed
by radiotherapy. In those studies reporting it, the delay
between primary treatment and the start of chemotherapy
was between 1 week and 4 months.

Tumour site

Most trials included a variety of primary sites with two trials
(Chang et al., 1988; Picci et al., 1988; 269 patients) restricted
to extremities alone. The most recent reports of a further two
trials presented survival information only for extremity
patients (Benjamin et al., 1987; Baker, 1988). Across all
trials, the extremities were the main tumour sites accounting
for more than half of all patients randomised. The remaining
tumour sites were head and neck, breast, trunk, ret-
roperitoneum and uterus, other sarcoma sites rarely being
included.

Status of the disease
Patients with metastatic disease were ineligible for inclusion
in all trials except one (Edmonson et al., 1984), although, in
another, metastases were found in some patients after ran-
domisation (AlvegArd et al., 1989). However, many trials
included both patients with primary and locally recurrent
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disease (Antman et al., 1984; Edmonson et al., 1985; Ben-
jamin et al., 1987; Bramwell et al., 1988; Chang et al.,
1988).

Histological grade
Histological grade was not reported for the uterine trials
(Omura et al., 1985; Piver et al., 1988). Two trials included
patients with all histological grades (Edmonson et al., 1985;
Lerner et al., 1987) and one entered patients with all but very
low-grade sarcomas (Bramwell et al., 1994). Most of the
remaining trials concentrated on patients with intermediate
and high-grade sarcomas (Antman et al., 1984; Glenn et al.,
1985a,b; Benjamin et al., 1987; Baker, 1988; Chang et al.,
1988; Kinsella et al., 1988; Ravaud et al., 1990) or high-grade
sarcomas only (Picci et al., 1988; Alvegard et al., 1989).

Endpoints
All trials reported principally on the end points of survival
and disease-free survival, although some also reported on
local and distant recurrence.

Results of individual trials

Table I gives the reported 2 and 5 year survival for each
individual trial. It can be seen from this table, which also
provides a brief summary of the conclusions of individual
trials, that a number of different, and apparently contradic-
tory, conclusions have been reached.

Qualititative summary of results

Fifteen randomised trials assessed doxorubicin-based
adjuvant chemotherapy, following surgery, in localised, resec-
table STS. Two trials reported a significant reduction in local
recurrence with adjuvant chemotherapy (Chang et al., 1988;
Ravaud et al., 1990) and one trial reported a significant
improvement in metastasis-free survival (Ravaud et al.,
1990). Altogether, 5 of the 15 trials reported some form of

significant improvement in the disease-free survival at the
conventional level (0.05), four using combination
chemotherapy (Benjamin et al., 1987; Chang et al., 1988;
Ravaud et al., 1990; Bramwell et al., 1994) and one using
single-agent doxorubicin (Picci et al., 1988). However, only
two trials reported conventionally significant improvements
in overall survival (Picci et al., 1988; Ravaud et al.,
1990).
From a qualitative review of this published information, it

is therefore very difficult to assess whether adjuvant
chemotherapy does or does not have a role in the treatment
of STS.

Quantitative summary of the results

The disease-free survival rates were not combined to produce
an overall OR, because this is a more subjective and
therefore a less reliable end point from overall survival. More
importantly perhaps, as complete definitions of disease-free
survival were not given in most of the trial reports, it is
difficult to assess the practical importance of this end point
with the available data.

Figure 1 displays the ORs and their confidence intervals
for 2 year survival, calculated for each of the 13 trials with
available data. Two trials are not shown on this figure. The
first (Kinsella et al., 1988) because it did not report the
results of the eight patients randomised and the second (Ben-
jamin et al., 1987) because it did not provide estimates of 2
year survival.
Few deaths had occurred at 2 years, and for most trials the

confidence intervals are wide and cross the equivalence line.
The estimated odds ratios for individual trials lie on both
sides of this line. This variability is further reflected in the
test for heterogeneity (X2 = 23.75, d.f. = 12, P = 0.022), which
may in part be explained by the extreme OR estimate and
narrow confidence intervals of the Bergonie trial (Ravaud et
al., 1990). However, it is difficult to pinpoint sources of
heterogeneity with this type of data.
Combining the results of the individual trials gives an

overall odds ratio of 0.73 [95% confidence interval

Odds
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* 0.43 (0.02-7.54)
* 0.41 (0.05-3.47)
* 0.21 (0.02-2.10)
* 0.81 (0.31-2.12)

0.29 (0.05-1.48)
* 0.59 (0.08-4.42)
* 0.36 (0.03-5.10)
* 0.73 (0.10-5.13)

2.31 (0.25-21.09)
10.87 (0.59-1.04)

0 1.03 (0.03-2.22)
0.11 (0.02-0.58)

0.73 (0.53-0.99)

0.0 0.5 1.0 1.5 2.0
Chemo better No chemo better

Figure 1 Meta-analysis, at 2 years, of published randomised trials of adjuvant chemotherapy for soft-tissue sarcoma. The odds

ratio (OR) for each trial is represented by the centre square on each bar, the size of which is directly proportional to the amount of

information available in the trial. The inner and outer limits of the bar indicate the 95% and 99% confidence intervals respectively.
The line drawn through the OR value of 1.0 indicates no difference between the two treatment arms. An OR to the left of this

equivalence line suggests an advantage for chemotherapy, whereas an OR lying to the right suggests an advantage for no

chemotherapy. If a confidence interval crosses this line then the results for that trial did not reach significance at the 0.01 level.
Finally, the black diamond at the base of the plot gives the overall odds ratio (across all trials) and the extremes of the diamond

give the 95% confidence interval.

No. events/no. entered
Chemo Nochemo O-E VarianceReference

GOG
Roswell
DF/MGH
ECOG
SSG
Rizzoli
IGSC
Mayo
NCI 1
NCI 2
NCI 3
EORTC
Bergonie

18l75
1/8
2/17
2/13
17/87
2/31
5/17
1/30
4/37
5/16
4/8

25/145
1/30

19/81
3/11
5/19
2/13
19/82
10/42
5/12
3/31
4/28
2/13
0/7

29/172
11/27

0.21
-0.68
-1.31
-1.96
-1.53
-3.10
-0.86
-0.97
-0.55
1.14
1.87
0.30

-5.32

7.09
0.81
1.45
1.25
7.12
2.48
1.65
0.95
1.75
1.36
0.78

11.15
2.40

Total 87/514 115/535 -12.8 40.25



(CI) = 0.53-0.99] in favour of chemotherapy (P = 0.044).
This suggests that the use of adjuvant chemotherapy gives a
27% reduction in the risk of death at 2 years (95%
CI = 1-47%), which translates into an absolute benefit of
5% (95% CI = 0.2-9%), improving survival from 76% to
81%. However, it is probably clinically inappropriate to
focus only on a result based on this relatively short period of
follow-up.
The results of the analysis at 5 years are given in Figure 2.

Estimates of 5 year survival were not available for four trials
(Antman et al., 1984; Glenn et al., 1985b; Baker et al., 1988;
Kinsella et al., 1988). At this stage, all the ORs for the
individual trials lie to the left of the equivalence line and the
CIs are generally narrower, reflecting the increased number
of deaths recorded by this time point. There is no gross
statistical heterogeneity across trials (X2= 10.54, d.f. = 10,
P = 0.394). The overall 5 year OR of 0.59 (95%
CI = 0.45-0.78) is a more reliable estimate of the treatment
effect and is again in favour of chemotherapy (P = 0.0002).
This suggests a 41% reduction in the risk of death (95%
CI = 22-55%) at 5 years. This corresponds to a 12% (95%
CI = 6-17%) improvement in absolute survival at 5 years,
increasing survival from 57% to 69%.
The OR calculated using the total number of observed

deaths in the ten trials that reported it (Antman et al., 1984;
Glenn et al., 1985a,b; Omura et al., 1985; Lerner et al., 1987;
Baker et al., 1988; Picci et al., 1988; Piver et al., 1988;
Ravaud et al., 1990; Bramwell et al., 1994) is 0.61 (95%
CI = 0.46-0.82, P = 0.003), which is very similar to that
calculated at 5 years. This analysis suggests that the overall
odds of dying are reduced by 39% (95% CI = 18-54%) for
those patients who are treated with chemotherapy.
Although the results at 2 and 5 years and using the total

number of deaths are promising, they should be interpreted
with caution because the analyses are subject to a number of
possible biases and problems, which are discussed below.

Discussion

This paper aimed to assess the role of adjuvant
chemotherapy in soft-tissue sarcoma, by reviewing all pub-
lished trials which have randomised patients to receive
adjuvant chemotherapy or no adjuvant chemotherapy follow-
ing surgery (± radiotherapy). Unfortunately, it has not been
possible through either a qualitative or quantitative review of
the literature to resolve this issue completely satisfactorily.
The qualitative review suffers from the difficulties inherent

in trying to review a number of apparently equivocal or

Adjuvant chemotherapy for soft-tissue sarcoma
JF Tierney et al O

473
conflicting trials and no firm conclusions can be drawn.
Previous reviews of the literature (Delaney et al., 1991;
Mazanet and Antman, 1991; Elias, 1993; Mertens and
Bramwell, 1993; Zalupski, 1993a) have been similarly inconc-
lusive.

Despite being more objective and authoritative and pro-
ducing an encouraging result, the meta-analysis based on
data extracted from the literature suffers from a number of
possible biases. For example, publication bias, inappropriate
patient exclusions, variable follow-up times and a fixed time
point analysis can all lead to an overestimate of the size of
the treatment effect and its significance compared with that
obtained with the individual patient data (Stewart and Par-
mar, 1993). Furthermore, the principal analyses we have been
able to perform were based on estimated 2 year and 5 year
survival figures. Such analyses take no account of the relative
pattern of survival before 2 years, between 2 and 5 years and
after the 5 year time point and, thus, give little indication of
the overall survival experience on the two treatments. A more
detailed analysis over many different time periods was not
possible, as the information required could not be adequately
extracted from the trial publications.

Using the overall numbers of deaths in each trial to cal-
culate an OR can also be problematic and was the method
used in another meta-analysis of the published results (Jones
et al., 1991). Not all trial publications report the overall
number of deaths, and the length of follow-up varies con-
siderably among those that do. Therefore, the calculated OR
for each trial is based on a different point in time. This may
be appropriate if death ratios remain constant over time (the
hazards are proportional), but not, for example, if survival
curves converge or even diverge after some years. As this
may well be the case with chemotherapy in STS, it is not
altogether clear how to interpret this type of analysis.
Another similar meta-analysis of the published literature

(Zalupski et al., 1993b) used an alternative method (logistic
regression) to combine overall survival rates, but concen-
trated on trials including STS of the extremities. Again there
was a strong indication of treatment benefit in terms of
survival. However, despite trying to control for the estimated
sample size and length of follow-up in each trial, other
potential sources of bias such as publication bias, patient
exclusions, censoring and the use of single time point
estimates of survival still exist. Therefore, this result must
also be regarded with caution.
Our experience in undertaking this meta-analysis based on

published data reflects that of other workers carrying out
similar projects in different disease sites. They concluded that
it was not possible to perform meta-analyses of the literature

No. events/no. entered
Chemo Nochemo O-E Variance

29/67
3/8
3/7

21/60
3/23
5/20
3/26
7/39
4/12

46/145
4/26

39/72
7/11
3/6

22/57
10/30
9/23
7/27
11/28
4/10

64/172
14/23

-3.78
-1.21
-0.23
-1.05
-2.64
-1.51
-1.91
-3.48
-0.36
-4.32
-5.55

8.74
1.22
0.87
6.85
2.46
2.40
2.07
3.25
1.32

17.88
2.90

Total 128/433 190/459 -26.0 49.96

Odds ratio

0.65 (0.27-1.55)
I' D * 0.37 (0.04-3.83)
I' * 0.77 (0.05-12.20)

0.86 (0.32-2.30)
*' I 0.34 (0.07-1.77)
I t3 * 0.53 (0.10-2.82)

* 0.40 (0.07-2.39)
IIt- 0.34 (0.08-1.44)

I I * 0.76 (0.08-7.16)
0.79 (0.43-1.45)

I' i I 0.15 (0.03-0.67)

*_ 0.59 (0.45-0.78)

0.0 0.5 1.0 1.5 2.0
Chemo better No chemo better

Figure 2 Meta-analysis, at 5 years, of published randomised trials of adjuvant chemotherapy for soft-tissue sarcoma.

Reference

GOG
Roswell
ECOG
SSG
Rizzoli
MDAH
Mayo
NCI 1
NCI 2
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to address specific questions in lung (Nicolucci et al., 1989)
and ovarian (Marsoni et al., 1990) cancer because of the
poor quality of data retrieved from the publications and the
subsequent assumptions required to perform the analyses.

In addition, this type of meta-analysis based on published
data does not allow the investigation of whether any
observed effect is consistent across different subgroups, for
example disease sites or histological types. Similarly, the issue
of whether polychemotherapy and single-agent chemotherapy
are equally effective could not be examined. These additional
questions can only be investigated in a meta-analysis of
individual patient data. Likewise, by collecting data for each
patient, those subsets of patients that received neoadjuvant
chemotherapy (Antman et al., 1984; Picci et al., 1988) could
be excluded from the analysis.

There may be sufficient evidence from completed ran-
domised trials to assess whether chemotherapy does or does
not improve the survival of patients with STS. Unfor-
tunately, it has not been possible to synthesise satisfactorily
the results of individual trials on the basis of the information

given in the literature in either a qualitative or a quantitative
manner. The more objective, but nevertheless flawed, meta-
analysis of the published data does provide evidence to sug-
gest that chemotherapy may improve the survival of patients
with this disease. However, the only reliable means of
confirming this preliminary result is to collect individual data
on all patients randomised, in all eligible trials and to com-
bine the results of these trials through an appropriate time-
to-event analysis, stratified by trial. We have therefore
initiated an international collaborative meta-analysis to col-
lect these data. Both unpublished and published trials will be
sought by electronic database searching, hand searching of
relevant journals, review article bibliographies, meeting
abstracts and trial registers and by contacting experts in the
field. Furthermore, using time-to-event data from all patients
randomised in intention-to-treat analyses will allow us to
explore whether any effect of adjuvant chemotherapy is con-
sistent across disease sites, histological types and grades of
disease and with tumour size and the extent of resection.
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