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Introducción	  

§  <	  1%	  de	  todos	  los	  tumores	  malignos	  

§  	  Derivan	  del	  tejido	  mesenquimal	  

§  Extremidades	  >	  	  tronco	  >	  retroperitoneo	  >	  cabeza	  

y	  cuello	  >	  viscerales	  

§  >	  50	  subIpos	  diferentes	  
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Introducción	  

§  Cirugía	  R0	  +/-‐	  RT	  
§  	  40%	  desarrollan	  metástasis	  	  
	  

¿Quimioterapia	  
complemetaria?	  
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High grade is associated with increased STS-
specific mortality 
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MD Anderson CC series

GRADO	  
A T3 category may be added to the AJCC 

STS staging system?
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TAMAÑO	  

valor de p = 0,91 para la comparación entre los grupos > 10-15 y > 15 cm. Con
permiso de: Maki RG y cols. Ann Surg Oncol. 2013 20(11):3377-3383.

CONTINUE

Figura 2.10.  Supervivencia especí�ca a la enfermedad, tumor primario de alto

grado en las extremidades, según el tamaño y la profundidad. MSKCC 1/7/1982-

31/5/2013 n = 1.808.

En la 8ª edición del AJCC Staging Manual (Manual de estadi�cación del AJCC) se eliminó la

profundidad como factor de estrati�cación, debido a su menor papel en la recidiva en

PROFUNDIDAD	  

Por lo que se re�ere a la supervivencia especí�ca a la enfermedad (�gura 2.2), resulta claro

que en las lesiones retroperitoneales se asocia a una prevalencia similar de recidiva local,

mientras que en las lesiones viscerales la causa de la muerte es la enfermedad sistémica, al ser

la recidiva local relativamente poco frecuente. Esto subraya la importancia de las bases de

datos prospectivas a largo plazo para determinar algunos aspectos de la biología y el curso de

la enfermedad.

Figura 2.2  Supervivencia especí�ca a la enfermedad para todos los sarcomas en
adultos, según la localización. MSKCC 1/7/1982-31/5/2013 n = 10.000.

LOCALIZACIÓN	  

Factores	  
de	  riesgo	  
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ü  Bajo	  reclutamiento	  

ü  Sin	  selección	  por	  factores	  de	  riesgo	  

ü  MúlIples	  histologías	  

ü  Dosis	  de	  Doxorribicina	  infraterapéuIcas	  

ü  Fármacos	  de	  baja	  acIvidad	  en	  sarcomas	  	  

ü  Tiempo	  prolongado	  desde	  la	  cirugía	  
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Adjuvant chemotherapy for localised resectable soft-tissue
sarcoma of adults: meta-analysis of individual data

Sarcoma Meta-analysis Collaboration*

THE LANCET

Introduction
Soft-tissue sarcomas are rare and complex tumours of
mesenchymal origin. Although most patients present
with apparently localised disease, which allows good
local control, about 50% die from subsequent
metastases.1 The reported activity of doxorubicin in this
disorder2–4 has led to much research on the use of
doxorubucin-based adjuvant chemotherapy. However,
because of difficulties in accruing patients, few trials
have been large enough to detect moderate treatment
effects reliably, and most have had equivocal results.
Many qualitative reviews of trial publications (eg,
McGrath et al,5 Mertens et al6) have failed to synthesise
these results reliably. Three meta-analyses of published
reports, one of which was restricted to sarcomas of the
extremities,7 have suggested that adjuvant chemotherapy
may prolong the local recurrence-free interval (local
RFI) and distant recurrence-free interval (distant RFI),8

recurrence-free survival,7,8 and overall survival.7–9

However, such analyses, based on results extracted from
published reports, are subject to several potential biases,
such as exclusion of unpublished trials, variable follow-
up, postrandomisation exclusions, and differing
definitions of endpoints.9

The most reliable way to assess the available evidence
and establish the size of any effect of adjuvant
chemotherapy is to collect individual data for all
patients randomised in all eligible trials, and to combine
the results of these trials in an appropriate intention-to-
treat analysis. This approach is the best for time-to-
event analyses. Follow-up can be brought up to date
and more flexible and detailed analyses, including
subgroup analyses, are possible. Such a meta-analysis
was therefore initiated by the UK Medical Research
Council Cancer Trials Office, Cambridge, in
collaboration with University College London Medical
School (London), Institut Curie (Paris), Hamilton
Regional Cancer Centre (Ontario), and the European
Organisation for Research and Treatment of Cancer
(EORTC; Brussels). Primarily, this meta-analysis aimed
to assess whether adjuvant chemotherapy improves
survival of patients with localised soft-tissue sarcoma
and to quantify any effect of chemotherapy on the
appearance of local and distant disease. It aimed also to
investigate whether certain groups of patients benefit
more, or less, from chemotherapy.

Patients and methods
The methods used were prespecified in a protocol (available
from the corresponding author on request).

Summary

Background Individually, randomised trials have not
shown conclusively whether adjuvant chemotherapy
benefits adult patients with localised resectable soft-
tissue sarcoma.

Methods A quantitative meta-analysis of updated data
from individual patients from all available randomised
trials was carried out to assess whether adjuvant
chemotherapy improves overall survival, recurrence-free
survival, and local and distant recurrence-free intervals
(RFI) and whether chemotherapy is differentially effective
in patients defined by age, sex, disease status at
randomisation, disease site, histology, grade, tumour
size, extent of resection, and use of radiotherapy.

Findings 1568 patients from 14 trials of doxorubicin-
based adjuvant chemotherapy were included (median
follow-up 9·4 years). Hazard ratios of 0·73 (95% CI
0·56–0·94, p=0·016) for local RFI, 0·70 (0·57–0·85,
p=0·0003) for distant RFI, and 0·75 (0·64–0·87,
p=0·0001) for overall recurrence-free survival, correspond
to absolute benefits from adjuvant chemotherapy of
6% (95% CI 1–10), 10% (5–15), and 10% (5–15),
respectively, at 10 years. For overall survival, the hazard
ratio of 0·89 (0·76–1·03) was not significant (p=0·12),
but represents an absolute benefit of 4% (1–9) at 10
years. These results were not affected by prespecified
changes in the groups of patients analysed. There was no
consistent evidence that the relative effect of adjuvant
chemotherapy differed for any subgroup of patients for
any endpoint. However, the best evidence of an effect of
adjuvant chemotherapy for survival was seen in patients
with sarcomas of the extremities.

Interpretation The meta-analysis provides evidence that
adjuvant doxorubicin-based chemotherapy significantly
improves the time to local and distant recurrence and
overall recurrence-free survival. There is a trend towards
improved overall survival.

Lancet 1997; 350: 1647–54
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Figure 1: Meta-analysis of effects of adjuvant chemotherapy versus control
Squares represent hazard ratios; area is proportional to amount of information available in trial; bars=95% CI (inner limit) and 99% CI (outer limit).
Diamonds=overall hazard ratios for results of all trials combined; extremes of diamond give 95% CI. Trial group abbreviations as in table 1.
O–E=observed–expected. RFS=recurrence-free survival

RFS	  

Lancet.	  1997	  Dec	  6;350(9092):1647-‐54	  

HR	  (95%	  IC)	   Absolute	  
benefit	  

Local	  RFS	   0,73	   6%	  

Distant	  RFS	   0,70	   10%	  

Global	  RFS	   0,75	   10%	  

N=1568	  
14	  estudios	  
-‐  6	  adriamicina	  en	  monoterapia	  
-‐  8	  adriamicina	  en	  combinación	  (1	  con	  

ifosfamida)	  	  
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there was a differential effect of adjuvant chemotherapy
in patients with large, high-grade tumours of the
extremity compared with others and also across patients
defined by tumour size greater or less than 8 cm.
However, fewer data were available for these definitions
(60% and 56%, respectively), and for both overall
survival and overall recurrence-free survival the relative
effect of chemotherapy was similar. (Figures and results
not shown are available from the corresponding author
on request.)

Discussion
This meta-analysis provides the most reliable, up-to-
date, and comprehensive summary of the average effect
of adjuvant chemotherapy for localised soft-tissue
sarcoma.

We found good evidence that adjuvant doxorubicin-
based chemotherapy improves the time to local and
distant recurrence and overall recurrence-free survival
with a trend towards improved overall survival. In each
case, estimates of the effect of adjuvant chemotherapy
were not affected by the exclusion of quite large
numbers of patients. Furthermore, the effect of adjuvant
chemotherapy on overall survival was not affected by
whether doxorubicin was given alone or in combination
with other drugs or by whether deaths from all causes or
only soft-tissue sarcoma deaths were considered.

Several hypotheses could explain why the impact of

adjuvant chemotherapy appears less for overall survival
than for other endpoints. On relapse, patients may
receive effective salvage therapy that improves survival.
When relapse is treated by local therapy, in particular
thoracotomy for lung metastases, differences in rates of
recurrence between treatment and control groups could
affect our estimates. When this is modelled on the
assumption that thoracotomy is offered equally and is
effective on both groups, the impact on estimates of
survival is negligible (details available on request). By
contrast, the use of chemotherapy on relapse is probably
more common and perhaps more effective in the control
group (since tumours previously exposed to adjuvant
chemotherapy may be drug resistant), and survival for
relapsed patients would therefore be proportionately
greater. Therefore, as for many adjuvant trials, the
comparison becomes one of immediate versus deferred
chemotherapy. Another possibility is that adjuvant
chemotherapy genuinely has no effect on overall survival
(either as adjuvant or second-line treatment), but does
have an effect on recurrence of local and distant disease.
Alternatively, adverse effects of adjuvant chemotherapy
on overall survival could mask underlying survival
benefits. However, when only sarcoma deaths were
analysed, thus excluding serious late and early toxic
effects of doxorubicin, the estimate of the treatment
effect was similar to the main results, suggesting that
this hypothesis is not correct.

The analyses did not provide consistent evidence that

1652 Vol 350 • December 6, 1997

Figure 3: Effect of adjuvant chemotherapy on overall survival by subgroup 
Format as figure 1; squares represent overall hazard ratio for each subgroup when results of all
trials are combined.
Age class (interaction !2 [2 df] 2·32, p=0·31; trend !2 [1 df] 0·02, p=0·88), sex (interaction !2

[1 df] 3·86, p=0·049), disease status at randomisation (interaction !2 [1 df] 1·36, p=0·24),
disease site (interaction !2 [3 df] 1·96, p=0·58), histology (interaction !2 [4 df] 1·91, p=0·75),
grade (interaction !2 [1 df] 0·001, p=0·97), tumour size class (interaction !2 [2 df] 1·81,
p=0·40; trend !2 [1 df] 0·002, p=0·96), extent of resection (interaction !2 [1 df] 0·02, p=0·88),
and use of radiotherapy (interaction !2 [1 df] 0·71, p=0·40).
MFH=malignant fibrous histiocytoma.

OS	  

Lancet.	  1997	  Dec	  6;350(9092):1647-‐54	  

HR	  0.8	  (p=0.029),	  beneficio	  absoluto	  del	  7%	  a	  los	  10	  años	  	  
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group (since tumours previously exposed to adjuvant
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Format as figure 1; squares represent overall hazard ratio for each subgroup when results of all
trials are combined.
Age class (interaction !2 [2 df] 2·32, p=0·31; trend !2 [1 df] 0·02, p=0·88), sex (interaction !2
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MFH=malignant fibrous histiocytoma.

OS	  

Lancet.	  1997	  Dec	  6;350(9092):1647-‐54	  

ü  Beneficio	  en	  supervivencia	  global	  en	  sarcomas	  
de	  extremidades	  y	  tronco	  
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Ensayos	  de	  segunda	  generación.	  Década	  90’s	  

ü  Esquemas	  basados	  en	  antraciclinas	  –	  ifosfamida	  

ü  Empleo	  de	  factor	  esImulante	  de	  colonias	  

ü  Restricción	  en	  los	  criterios	  de	  inclusión	  
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Adjuvant Chemotherapy for Adul t Sof t Tissue Sarcomas of
the Extremit ies and Girdles : Resul ts of the I ta l ian

Randomized Cooperat i ve Tria l

By Sergio Frustaci, Franco Gherlinzoni, Antonino De Paoli, Marco Bonetti, Alberto Azzarelli, Alessandro Comandone,
Patrizia Olmi, Angela Buonadonna, Giovanni Pignatti, Enza Barbieri, Gaetano Apice, Hassan Zmerly,

Diego Serraino, and Piero Picci

Purpose: Adjuvant chemotherapy for soft tissue sar-
coma is controversial because previous trials reported
conflicting results. The present study was designed with
restricted selection criteria and high dose-intensities of
the two most active chemotherapeutic agents.

Patients and Methods: Patients between 18 and 65
years of age with grade 3 to 4 spindle-cell sarcomas
(primary diameter > 5 cm or any size recurrent tumor) in
extremities or girdles were eligible. Stratification was by
primary versus recurrent tumors and by tumor diameter
greater than or equal to 10 cm versus less than 10 cm.
One hundred four patients were randomized, 51 to the
control group and 53 to the treatment group (five cycles of
4'-epidoxorubicin 60 mg/m2 days 1 and 2 and ifosf-
amide 1.8 g/m2 days 1 through 5, with hydration,
mesna, and granulocyte colony-stimulating factor).

Results: After a median follow-up of 59 months, 60
patients had relapsed and 48 died (28 and 20 in the

treatment arm and 32 and 28 in the control arm,
respectively). The median disease-free survival (DFS)
was 48 months in the treatment group and 16 months
in the control group (P ! .04); and the median overall
survival (OS) was 75 months for treated and 46 months
for untreated patients (P ! .03). For OS, the absolute
benefit deriving from chemotherapy was 13% at 2
years and increased to 19% at 4 years (P ! .04).

Conclusion: Intensified adjuvant chemotherapy had
a positive impact on the DFS and OS of patients with
high-risk extremity soft tissue sarcomas at a median
follow-up of 59 months. Therefore, our data favor an
intensified treatment in similar cases. Although cure is
still difficult to achieve, a significant delay in death is
worthwhile, also considering the short duration of
treatment and the absence of toxic deaths.

J Clin Oncol 19:1238-1247. © 2001 by American
Society of Clinical Oncology.

SOFT TISSUE sarcomas represent less than 1% of all
malignant tumors and derive from the mesenchymal

tissues present in the whole human body. However, the vast
majorities arise from the extra-osseous and subcutaneous
soft tissue of the limbs.1,2 Their natural history is partially
known and clinical decisions rely on a few simple and

well-recognized prognostic factors such as size, grading,
and location.3

The treatment of limb sarcomas mainly relies on a
combined-modality approach, after the demonstration that
pre- or postoperative radiation and conservative surgery led
to local control in a high proportion of patients.4 In fact,
limb-sparing procedures allow an 85% to 90% local dis-
ease-free survival (DFS) rate and demolitive surgery now
represents only 5% to 10% of the operations in comparison
with the 50% survival rate of the 1960s to 1970s.5

Nevertheless, a great proportion of high-risk soft tissue
sarcoma patients develop distant metastases during their
lives.6 In the early 1960s, this clinical behaviour prompted
the introduction of adjuvant chemotherapy trials with the
aim of increasing DFS and possibly overall survival (OS).
The first generation of randomized adjuvant trials have
recently been reviewed and a meta-analysis performed on
the basis of updated patient records.7 The main findings
were statistical evidence in favor of chemotherapy for local,
metastasis, and overall DFS (P ! .016, .0003, and .0001,
respectively) and a trend towards increased OS (P ! .12).
However, in the subgroup of extremity sarcomas, OS was
also statistically increased after chemotherapy (P ! .029).
A second generation of randomized, control-based, adju-

vant trials started in the early 1990s. Their main differences,
compared with the previous studies, are the introduction of
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CRIERIOS	  DE	  INCLUSIÓN	  
-‐  Extremidad	  y	  tronco	  
-‐  Primario	  ≥	  5	  cm	  
-‐  Profundos	  
-‐  Alto	  grado	  
-‐  Histología	  

Overall, patients in the treatment arm had an indication of
reduction in the risk of local recurrence (P ! .07). (Fig 3).
Four patients had local relapses simultaneously with metas-
tasis (one patient in the control arm and three in the
treatment arm), and another three patients developed a local
relapse as the second relapse after a distant metastasis (two
patients in the treatment arm and one patient in the control
arm). Taking into account the overall local relapse rate (all
local events observed), 11 patients in the control group and
nine in the treatment group experienced local failure. The
distribution between the different local treatment modalities
(radical surgery, surgery and postoperative radiation ther-
apy, and preoperative radiation therapy and surgery) was
respectively, two of 16 patients, seven of 20, and two of 15
for the control group and three of 20 patients, six of 24, and
zero of nine for the treatment group.

Metastasis-Free Survival

As the first event, a total of 47 distant relapses were
observed (22 single distant events in the control group and

21 in the treatment group; one synchronous distant and local
event in the control group and three in the treatment group
Table 4). The estimated cumulative incidence function at 2
years was 28% for the control arm and 45% for the
treatment arm (P ! .08); at 4 years it was 44% and 45%,
respectively (P ! .94). (Table 5). Overall, the difference in
distant relapses as the first event between the two arms was
not significant (P ! .48; Fig 3). Six additional patients (four

Fig 2. DFS by treatment.

Table 4. First and Second Events by Treatment Group

No. of Events

Control Treatment Total

First events 32 28 60
Local 9 4 13
Distant only 22 21 43
Distant " local 1 3 4

Second events* 5 4 9
Local 1 2 3
Distant 4 2 6

*Local for patients with already distant metastases; distant for patients with
already local relapse.

Table 5. Outcome Results

Outcome Chemotherapy Control P

Overall DFS
No. of events 28 32
2-year, % 72 (6) 45 (7) .003
4-year, % 50 (7) 37 (7) .19
HR (95% CI) 0.59 (0.36-0.99) .04

Local relapse cumulative incidence
No. of events 4 9
2-year, % 0 (0) 10 (4) .02
4-year, % 6 (3) 17 (6) .09

.07
Distant relapse* cumulative incidence

No. of events 24 23
2-year, % 28 (6) 45 (7) .08
4-year, % 44 (7) 45 (7) .94

.48
OS

No. of deaths 20 27†
2-year, % 85 (5) 72 (6) .10
4-year, % 69 (6) 50 (7) .04
HR (95% CI) 0.52 (0.29-0.93) .03

NOTE. Numbers in parentheses are SE.
*With or without simultaneous local relapse.
†One patient who died disease-free (in the control arm) was censored in the

computation of OS; the total number of deaths was 28.

Fig 3. Cumulative incidence function estimates. Abbreviations: LF, local
first event; DF, distant first event.
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in the control arm and two in the treatment arm) had a
distant metastasis as a second relapse after a local relapse.

OS

There were a total of 48 deaths, 20 in the treated group
and 28 in the control group; forty-seven deaths were disease
related. Patients died from uncontrolled metastatic disease.
One patient in the control group died without evidence of
disease at 28 months and was considered as censored for
overall survival. The median survival time was higher among
patients who underwent adjuvant therapy (75 months), com-
pared with untreated patients (46 months) (Fig 4). The reduc-
tion in risk in favor of treated patients was statistically
significant (HR, 0.52; 95% CI, 0.29 to 0.93; P ! .03). The
absolute improvement deriving from chemotherapy was 13%
at 2 years (85% and 72% in the treatment and control arms,
respectively; P ! .10), and the improvement increased to 19%
at 4 years (69% and 50%; P ! .04) (Table 5).

DISCUSSION

Adjuvant treatment of localized soft tissue sarcomas is
controversial because no sufficient and convincing data are
available. The preliminary data of previous studies were
sometimes positive for DFS and OS,15-19 but further anal-
yses, made after an adequate follow-up time, indicated a
disappearance of the positive effect of chemotherapy on
OS20,21 and, in some cases, worse results.22 However, the
recently published meta-analysis,7 involving 1,568 patients,
showed a statistically significant benefit for treated patients
of 6%, 10%, and 10% for local, metastatic, and overall DFS,
respectively, and a favorable (but not statistically signifi-
cant) trend in OS (4%), after a median of 9.4 years of
follow-up. Furthermore, in the subgroup of 886 patients

affected by extremity sarcomas, the difference in OS be-
tween treated and untreated patients was significant (P !
.029), and the absolute benefit after 10 years increased to 7%.
Furthermore, a number of other points about the first-

generation studies evaluated by the meta-analysis should be
discussed. First, the selection criteria were different between
studies, reflecting the different times at which the studies were
activated (1973 to 1990). In fact, disease stages, tumor sizes,
and grading varied greatly.23 Second, eight studies made use of
a polychemotherapy including an anthracycline, vincristine,
cyclophosphamide, and dacarbazine, but only the first is active
in soft tissue sarcomas, the others probably increased toxicity.
Third, six studies used doxorubicin as a single agent at doses
ranging from 60 to 90 mg/m2 per cycle (total doses of 420 to
540 mg/m2), whereas the per cycle and total doxorubicin doses
in the polychemotherapy studies were 50 to 90 mg/m2 and 200
to 550 mg/m2, respectively, indicating possible underdosing of
the principal active agent.
Although these first-generation trials are no longer the

gold standards, the meta-analysis did reveal a number of
elements that suggested a positive role of adjuvant chemo-
therapy. Furthermore, these studies did not use IFO, which
is now recognized as an active agent in this disease.24-26 In
addition to the inclusion of IFO, the recent introduction of
hematopoietic growth factors has allowed an increase in the
doses and dose-intensity without negatively affecting pa-
tient safety. These developments created new interest in the
use of dose-intensification for advanced disease27-31 and the
planning of new trials of adjuvant treatment.
The early 1990s saw the activation of a number of

second-generation protocols throughout the world, which,
although they were planned independently, were extraordi-
narily similar in terms of their selection criteria, chemother-
apeutic regimens, and use of growth factors.
The regimen used in the present study represents the

highest dose-intensity ever tried in an adjuvant setting for
soft tissue sarcomas. It is directly derived from consecutive
phase I-II dose-intensification trials carried out at the Centro
di Riferimento Oncologico of Aviano.27,31 The epirubicin
dose level of 60 mg/m2 " 2 days represents the step before
the maximum-tolerated dose established in those trials (70
mg/m2 epirubicin " 2 days) when given in combination
with fixed full doses of ifosfamide (1.8 g/m2/d " 5 days) in
advanced cases of soft tissue sarcoma. This maximum-
tolerated dose gave 13 responses of 13 assessable patients,
but induced relevant toxicities.31 Therefore, in the present
study, the age of the patients was limited to 65 years, the
number of cycles was limited to five, and a predefined dose
reduction scheme was established to reduce the dose of
anthracycline depending on the level of leukopenia reached
during the previous cycle.

Fig 4. OS by treatment
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DFS	   OS	  

DFS:	  48	  vs	  16	  m.	  
(HR,	  0.59;	  95%	  CI,	  0.36	  to	  0.99;	  P	   ︎	  .04)	  	  

DFS:	  75	  vs	  46	  m.	  
(HR,	  0.52;	  95%	  CI,	  0.29	  to	  0.93;	  P	   ︎	  .03)	  

EPIRRUBICINA	  60	  mg/m2	  días	  1-‐2	  +	  IFOSFAMIDA	  1,8	  mg/m2	  días	  1-‐5	  c/21	  días,	  x	  5	  ciclos	  

N=104	  
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Abstract
Ifosfamide and anthracyclines are the only active agents
in advanced soft tissue sarcomas. Doxorubicin was al-
ways used in sarcomas, whereas ifosfamide was reintro-
duced in the clinic after the discovery of mesna which
prevents its typical dose-limiting toxicity: hemorrhagic
cystitis. In the adjuvant setting, doxorubicin was used
alone or in combination in the first-generation trials,
whereas its parent compounds epirubicin and ifosfam-
ide were employed in the second-generation adjuvant

trials, which started in the early 90s. Other relevant
aspects of the second-generation trials are the use of the
hematopoietic growth factors and the increase of the
dose intensity, the introduction of more restrictive selec-
tion criteria and the use of the two most active agents,
ifosfamide and anthracyclines. Only the Italian coopera-
tive trial has been concluded, and the results reported
and updated. After a median follow-up of 89.6 months
(range 56–119), the intention-to-treat analysis still re-
veals a difference in overall survival which, however, is
not statistically significant. However, the 5-year overall
survival estimate, which is a reasonable end point for the
survival analysis of adjuvant treatment in soft tissue sar-
comas, was 66.0 and 46.1% for the treatment and the
control groups, respectively (p = 0.04).

Copyright © 2003 S. Karger AG, Basel

Introduction

Soft tissue sarcomas represent less than 1% of all
malignant tumors and derive from the mesenchymal tis-
sues present in the whole human body. However, the vast
majority arise from the extraosseous and subcutaneous
soft tissue of the limbs [1, 2]. Their natural history is par-
tially known and clinical decisions rely on a few, simple
and well-recognized prognostic factors such as size, grad-

The Italian Sarcoma Group and the participating centers include:
Istituto Ortopedico Rizzoli, Bologna; Centro di Riferimento Oncologi-
co di Aviano (Pordenone); Divisione di Radioterapia, Università di
Firenze; Istituto di Radioterapia, Università di Bologna; Unità Opera-
tiva di Oncologia Medica, Ospedale di Gradenigo; Torino, Unità
Operativa di Oncologia Medica, Istituto Europeo di Oncologia, Mila-
no; Unità Operativa di Oncologia Medica B, Istituto Pascale, Napoli;
Unità Operativa di Chirurgia Muscolo-scheletrica, Istituto Nazionale
Tumori, Milano; Unità Operativa di Oncologia Ortopedica, Ospedale
Civile, Brescia; Unità Operativa di Oncologia Medica, Istituto S. Raf-
faele, Milano; Unità Operativa di Oncologia Medica, Ospedale Civile,
Reggio Emilia; Medical Oncology Division, Ljubliana, Slovenia.
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Fig. 1. Overall survival of 104 randomized patients.

ment group and 29/51 (56.9%) patients in the control
group have died. For alive or censored patients (1 non-
disease-related death in the control group), 24 (45.3%)
and 19 (37.2%) did not relapse in the treatment and con-
trol groups, respectively. Only 1 new event has occurred
since the previous published analysis (September 1999).
On the whole, the median disease-free survival was 47.2%
for treated patients and 16.0% for the control group; p =
0.09. The overall survival was not reached in the treat-
ment group and was 48.6% in the control group (p = 0.07)
(fig. 1).

Compared with published data, the overall disease-free
survival and overall survival are not statistically different
any more. However, the differences in median time to
progression (31.2 months), median survival (not reached
versus 48.6 months), and survival at 4 years (69.8 vs.
52.2%) still suggest an advantage for the treatment group,
also considering that 7 patients randomized to adjuvant
chemotherapy never started the treatment. Moreover, the
5-year overall survival estimate, which is a reasonable end
point for the survival analysis of adjuvant treatment in
soft tissue sarcomas, was 66.0 and 46.1% for the treat-
ment and the control groups, respectively (p = 0.04).

Subgroup Analyses
Subgroup analysis of a given study is not always statis-

tically indicated, particularly when it is a small one. How-
ever, from a clinical point of view, besides the intent-to-
treat analysis, other aspects could be discussed to further
clarify the study results. In particular, we considered effi-
cacy of chemotherapy, dose intensity and post-relapse
survival.

Fig. 2. Overall survival in patients initiating adjuvant chemotherapy
versus control.

Efficacy of Chemotherapy
As reported, 7 patients (13%) in the treatment group

never started chemotherapy: 4 withdrew from the study
after having signed the informed consent and 3 patients
developed lung metastases before starting the first cycle.
Excluding these 7 patients, the difference in disease-free
survival between the treatment and control groups
reached the borderline value of p = 0.059, whereas overall
survival again was statistically significant (p = 0.038)
(fig. 2).

Dose Intensity
As clearly stated in the original article, our chemother-

apy program was quite toxic and delay or reduction in the
total administered dose was frequently applied. However,
the average median relative dose intensity (DI) of the pro-
gram was 83.3% (range 37.4–107.0%), and 63% of the
cycles were given at a DI of 680 and 48% at a DI of
690%. The analysis of overall survival for patients
receiving a DI 685% or less indicates again a trend in
favor of an aggressive chemotherapy approach (fig. 3).

Post-Relapse Survival
At the time of the last analysis, 29 and 32 patients in

the treatment and control groups, respectively, had re-
lapsed and 22 and 29 had died. The analysis of post-
relapse survival is useful to observe survival differences
between patients already pre-treated with the two active
agents or untreated until relapse. Figure 4 indicates again
that pre-treatment in the adjuvant setting is at least not
detrimental for the subsequent survival.

D
ow

nl
oa

de
d 

by
: 

H
os

pi
ta

l U
ni

v.
 L

a 
Pa

z 
   

   
   

   
   

   
   

   
   

   
   

94
.2

3.
85

.9
0 

- 1
1/

14
/2

01
6 

6:
55

:4
8 

PM

OS	  PER	  PROTOCOL	  	  

Ifosfamide in the Adjuvant Therapy of
Soft Tissue Sarcomas

Oncology 2003;65(suppl 2):80–84 83

Fig. 1. Overall survival of 104 randomized patients.

ment group and 29/51 (56.9%) patients in the control
group have died. For alive or censored patients (1 non-
disease-related death in the control group), 24 (45.3%)
and 19 (37.2%) did not relapse in the treatment and con-
trol groups, respectively. Only 1 new event has occurred
since the previous published analysis (September 1999).
On the whole, the median disease-free survival was 47.2%
for treated patients and 16.0% for the control group; p =
0.09. The overall survival was not reached in the treat-
ment group and was 48.6% in the control group (p = 0.07)
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Compared with published data, the overall disease-free
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any more. However, the differences in median time to
progression (31.2 months), median survival (not reached
versus 48.6 months), and survival at 4 years (69.8 vs.
52.2%) still suggest an advantage for the treatment group,
also considering that 7 patients randomized to adjuvant
chemotherapy never started the treatment. Moreover, the
5-year overall survival estimate, which is a reasonable end
point for the survival analysis of adjuvant treatment in
soft tissue sarcomas, was 66.0 and 46.1% for the treat-
ment and the control groups, respectively (p = 0.04).

Subgroup Analyses
Subgroup analysis of a given study is not always statis-

tically indicated, particularly when it is a small one. How-
ever, from a clinical point of view, besides the intent-to-
treat analysis, other aspects could be discussed to further
clarify the study results. In particular, we considered effi-
cacy of chemotherapy, dose intensity and post-relapse
survival.
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Efficacy of Chemotherapy
As reported, 7 patients (13%) in the treatment group

never started chemotherapy: 4 withdrew from the study
after having signed the informed consent and 3 patients
developed lung metastases before starting the first cycle.
Excluding these 7 patients, the difference in disease-free
survival between the treatment and control groups
reached the borderline value of p = 0.059, whereas overall
survival again was statistically significant (p = 0.038)
(fig. 2).

Dose Intensity
As clearly stated in the original article, our chemother-

apy program was quite toxic and delay or reduction in the
total administered dose was frequently applied. However,
the average median relative dose intensity (DI) of the pro-
gram was 83.3% (range 37.4–107.0%), and 63% of the
cycles were given at a DI of 680 and 48% at a DI of
690%. The analysis of overall survival for patients
receiving a DI 685% or less indicates again a trend in
favor of an aggressive chemotherapy approach (fig. 3).

Post-Relapse Survival
At the time of the last analysis, 29 and 32 patients in

the treatment and control groups, respectively, had re-
lapsed and 22 and 29 had died. The analysis of post-
relapse survival is useful to observe survival differences
between patients already pre-treated with the two active
agents or untreated until relapse. Figure 4 indicates again
that pre-treatment in the adjuvant setting is at least not
detrimental for the subsequent survival.
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Relapse-free survival did not diff er between treatment 
groups (HR 0·91 [95% CI 0·67–1·22], p=0·51; fi gure 2B). 
Median relapse-free survival was 6·50 years (95% CI 
3·34–not reached) for the control group and 7·55 years 
(3·89–11·17) for the chemotherapy group, with 5-year 
relapse-free survival rate of 52·9% (45·3–60·0) for the 
control group and 54·9% (47·2–62·0) for the chemo-
therapy group. At 5 years, the cumulative locoregional 
relapse rate was 23·7% (17·1–30·3) in the control group 
and 18·9% (12·8–25·1) in the chemo therapy group 
(fi gure 2C). Adjuvant chemotherapy is postulated to 
reduce distant metastases but the cumulative incidence 
of metastases was 35% in both groups (fi gure 2D).

178 (51%) of 351 patients had relapsed or died by the 
time of analysis, 91 (52%) in the control group and 
87 (50%) in the chemotherapy group. Of the 141 (40%) 
patients who died (73 in the control group and 68 in the 
chemotherapy group), 116 (82%) died due to disease 
progression (table 5). No imbalance was noted in deaths 
due to infection, cardiovascular disease, pulmonary 
emboli, or second malignancies between treatment 

groups. 167 (48%) of 351 patients had relapsed by the 
time of analysis, 26 (7%) with locoregional recurrence 
only, 89 patients (25%) with distant metastases, and 
52 (15%) with both (appendix). Common sites of 
metastases were lung (90, 64%, of 141 patients), 
subcutaneous or soft-tissue (28, 20%), bone (17, 12%), 
liver (12, 9%), and brain (eight, 6%), with similar 
patterns in both groups. Second malignancies were 
diagnosed in nine (5%) of 176 patients in the control 
group and seven (4%) of 175 patients assigned to the 
chemotherapy group. 

We did all analyses on the intention-to-treat 
population, but to investigate whether the inclusion of 
the ineligible patients and those who did not receive the 
planned chemotherapy might bias the results, we also 
analysed patients treated as per protocol. This analysis 
showed that overall survival did not diff er between 
treatment groups (HR 0·83 [95% CI 0·57–1·20], 
p=0·31; appendix), nor did relapse-free survival in the 
per-protocol population (HR 0·83 [0·60–1·16], p=0·28; 
appendix).

Tumour site
Limb
Trunk
Central
Test for heterogeneity df=2; p>0·1

Tumour size
<5 cm
5–9 cm
≥10 cm
Test for heterogeneity df=2; p>0·1

Local grade
II
III
Test for heterogeneity df=1; p>0·1

Post-operation radiotherapy
No
Yes
Test for heterogeneity df=1; p>0·1

Isolated limb perfusion
No
Yes
Test for heterogeneity df=1; p>0·1

Total

 
 45/118
 8/24
 15/33

 10/41
 26/70
 32/64

 24/71
 44/104

 12/33
 56/142

 24/91
 3/6

 68/175 (40%)
 

0·84 (0·56–1·26)
1·29 (0·47–3·55)
1·13 (0·54–2·36)

1·56 (0·60–4·05)
1·12 (0·61–2·03)
0·81 (0·52–1·26)

1·06 (0·59–1·89)
0·89 (0·59–1·33)

0·89 (0·42–1·90)
0·96 (0·66–1·38)

0·65 (0·39–1·09)
0·28 (0·08–1·02)

0·94 (0·68–1·31)

 
 52/118
 7/27
 14/31

 8/44
 18/54
 47/78

 22/69
 51/107

 15/37
 58/139

 34/92
 7/8

 73/176 (41%)
 

 –4·1
 0·9
 0·9

 1·9
 1·2
 –4·1

 0·6
 –2·8

 –0·8
 –1·2

 –6·2
 –2·9

 –2·1

24
 3·7
 7·1

 4·2
 10·8
 19·6

 11·5
 23·6

 6·7
 28·2

 14·5
 2·3

 35·1

Adjuvant Control O–E Variance     
Events/patients   Statistics    HR (95% CI)

Favours adjuvant
4·01·00·5 2·00·25

Favours observation

Treatment effect p>0·1

Figure 3: Eff ects of adjuvant chemotherapy on overall survival for patients with diff erent baseline prognostic factors
O–E=observed minus expected.
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Adjuvant chemotherapy with doxorubicin, ifosfamide, and 
lenograstim for resected soft-tissue sarcoma (EORTC 62931): 
a multicentre randomised controlled trial
Penella J Woll, Peter Reichardt, Axel Le Cesne, Sylvie Bonvalot, Alberto Azzarelli†, Harald J Hoekstra, Michael Leahy, Frits Van Coevorden, 
Jaap Verweij, Pancras C W Hogendoorn, Monia Ouali, Sandrine Marreaud, Vivien H C Bramwell, Peter Hohenberger, for the EORTC Soft Tissue and 
Bone Sarcoma Group and the NCIC Clinical Trials Group Sarcoma Disease Site Committee

Summary
Background The eff ect of adjuvant chemotherapy on survival for resected soft-tissue sarcoma remains unknown. 
We investigated the eff ect of intensive adjuvant chemotherapy on survival in patients after resection of high-risk 
soft-tissue sarcomas. 

Methods In this multicentre randomised trial, patients with macroscopically resected, Trojani grade II–III soft-tissue 
sarcomas at any site, no metastases, performance status lower than 2 and aged between 16 and 70 years were eligible 
within 4 weeks of defi nitive surgery. Patients were randomly assigned to receive adjuvant chemotherapy or no 
chemotherapy (control group). Randomisation was done with a minimisation technique, stratifi ed by hospital, site 
of primary tumour, tumour size, planned radiotherapy, and isolated limb perfusion therapy. Chemotherapy consisted 
of fi ve cycles of doxorubicin 75 mg/m², ifosfamide 5 g/m², and lenograstim every 3 weeks. Patients in both groups 
received radiotherapy if the resection was marginal or the tumour recurrent. The primary endpoint was overall 
survival and analyses were done by intention to treat. The fi nal results are presented. This trial is registered with 
ClinicalTrials.gov, NCT00002641.

Findings Between February, 1995, and December, 2003, 351 patients were randomly assigned to the adjuvant 
chemotherapy group (175 patients) or to the control group (176). 258 (73%) of 351 patients received radiotherapy, 
129 in each group. Overall survival did not diff er signifi cantly between groups (hazard ratio [HR] 0·94 [95% CI 
0·68–1·31], p=0·72) nor did relapse-free survival (HR 0·91 [0·67–1·22], p=0·51). 5-year overall survival rate was 
66·5% (58·8–73·0) in the chemotherapy group and 67·8% (60·3–74·2) in the control group. Chemotherapy was 
well tolerated, with 130 (80%) of 163 patients who started it completing all fi ve cycles. 16 (10%) patients had grade 3 
or 4 fever or infection, but no deaths due to toxic eff ects were recorded. 

Interpretation Adjuvant chemotherapy with doxorubicin and ifosfamide in resected soft-tissue sarcoma showed no 
benefi t in relapse-free survival or overall survival. Future studies should focus on patients with larger, grade III, and 
extremity sarcomas.

Funding European Organisation for Research and Treatment of Cancer, Rhone-Poulenc-Rorer.

Introduction
Soft-tissue sarcomas are a heterogeneous group of tumours 
that make up less than 1% of malignancies.1 They are 
particularly challenging to treat because they can develop 
anywhere in the body and because more than 50 diff erent 
histological subtypes exist. The treat ment of choice for 
localised disease is surgery combined with radiotherapy. 
The most important determinants of survival after resection 
are tumour size, grade, and depth.2 The use of adjuvant 
chemotherapy to improve survival rates in high-grade soft-
tissue sarcoma has been of substantial interest.

The largest randomised trial of adjuvant chemotherapy 
for resected soft-tissue sarcoma was undertaken by the 
European Organization for Research and Treatment of 
Cancer (EORTC) Soft tissue and Bone Sarcoma Group 
between 1977 and 1988. This trial3 included 468 patients and 
showed signifi cant improvements in local disease control 
and 7-year relapse-free survival with chemo therapy, but no 

signifi cant eff ect on the development of metastases or 
overall survival. It included patients with both high-grade 
and low-grade tumours. However, the chemotherapy 
regimen used in that study3 (cyclo phosphamide, vincristine, 
doxorubicin, and dacarbazine [CYVADIC]) seems 
suboptimum by modern standards. In the advanced 
disease setting, we showed that dose-intensive chemo-
therapy with doxorubicin, ifosfamide, and molgramostim 
achieved high response rates.4 We therefore undertook a 
randomised trial of this cytotoxic regimen in the adjuvant 
setting.

Methods
Patients
For this multicentre, randomised controlled trial, we 
recruited patients from 36 sarcoma treatment centres in 
12 European countries and Canada between February, 
1995, and December, 2003. Eligible patients had 
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Relapse-free survival did not diff er between treatment 
groups (HR 0·91 [95% CI 0·67–1·22], p=0·51; fi gure 2B). 
Median relapse-free survival was 6·50 years (95% CI 
3·34–not reached) for the control group and 7·55 years 
(3·89–11·17) for the chemotherapy group, with 5-year 
relapse-free survival rate of 52·9% (45·3–60·0) for the 
control group and 54·9% (47·2–62·0) for the chemo-
therapy group. At 5 years, the cumulative locoregional 
relapse rate was 23·7% (17·1–30·3) in the control group 
and 18·9% (12·8–25·1) in the chemo therapy group 
(fi gure 2C). Adjuvant chemotherapy is postulated to 
reduce distant metastases but the cumulative incidence 
of metastases was 35% in both groups (fi gure 2D).

178 (51%) of 351 patients had relapsed or died by the 
time of analysis, 91 (52%) in the control group and 
87 (50%) in the chemotherapy group. Of the 141 (40%) 
patients who died (73 in the control group and 68 in the 
chemotherapy group), 116 (82%) died due to disease 
progression (table 5). No imbalance was noted in deaths 
due to infection, cardiovascular disease, pulmonary 
emboli, or second malignancies between treatment 

groups. 167 (48%) of 351 patients had relapsed by the 
time of analysis, 26 (7%) with locoregional recurrence 
only, 89 patients (25%) with distant metastases, and 
52 (15%) with both (appendix). Common sites of 
metastases were lung (90, 64%, of 141 patients), 
subcutaneous or soft-tissue (28, 20%), bone (17, 12%), 
liver (12, 9%), and brain (eight, 6%), with similar 
patterns in both groups. Second malignancies were 
diagnosed in nine (5%) of 176 patients in the control 
group and seven (4%) of 175 patients assigned to the 
chemotherapy group. 

We did all analyses on the intention-to-treat 
population, but to investigate whether the inclusion of 
the ineligible patients and those who did not receive the 
planned chemotherapy might bias the results, we also 
analysed patients treated as per protocol. This analysis 
showed that overall survival did not diff er between 
treatment groups (HR 0·83 [95% CI 0·57–1·20], 
p=0·31; appendix), nor did relapse-free survival in the 
per-protocol population (HR 0·83 [0·60–1·16], p=0·28; 
appendix).
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O–E=observed minus expected.
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Summary
Background The eff ect of adjuvant chemotherapy on survival for resected soft-tissue sarcoma remains unknown. 
We investigated the eff ect of intensive adjuvant chemotherapy on survival in patients after resection of high-risk 
soft-tissue sarcomas. 

Methods In this multicentre randomised trial, patients with macroscopically resected, Trojani grade II–III soft-tissue 
sarcomas at any site, no metastases, performance status lower than 2 and aged between 16 and 70 years were eligible 
within 4 weeks of defi nitive surgery. Patients were randomly assigned to receive adjuvant chemotherapy or no 
chemotherapy (control group). Randomisation was done with a minimisation technique, stratifi ed by hospital, site 
of primary tumour, tumour size, planned radiotherapy, and isolated limb perfusion therapy. Chemotherapy consisted 
of fi ve cycles of doxorubicin 75 mg/m², ifosfamide 5 g/m², and lenograstim every 3 weeks. Patients in both groups 
received radiotherapy if the resection was marginal or the tumour recurrent. The primary endpoint was overall 
survival and analyses were done by intention to treat. The fi nal results are presented. This trial is registered with 
ClinicalTrials.gov, NCT00002641.

Findings Between February, 1995, and December, 2003, 351 patients were randomly assigned to the adjuvant 
chemotherapy group (175 patients) or to the control group (176). 258 (73%) of 351 patients received radiotherapy, 
129 in each group. Overall survival did not diff er signifi cantly between groups (hazard ratio [HR] 0·94 [95% CI 
0·68–1·31], p=0·72) nor did relapse-free survival (HR 0·91 [0·67–1·22], p=0·51). 5-year overall survival rate was 
66·5% (58·8–73·0) in the chemotherapy group and 67·8% (60·3–74·2) in the control group. Chemotherapy was 
well tolerated, with 130 (80%) of 163 patients who started it completing all fi ve cycles. 16 (10%) patients had grade 3 
or 4 fever or infection, but no deaths due to toxic eff ects were recorded. 

Interpretation Adjuvant chemotherapy with doxorubicin and ifosfamide in resected soft-tissue sarcoma showed no 
benefi t in relapse-free survival or overall survival. Future studies should focus on patients with larger, grade III, and 
extremity sarcomas.

Funding European Organisation for Research and Treatment of Cancer, Rhone-Poulenc-Rorer.

Introduction
Soft-tissue sarcomas are a heterogeneous group of tumours 
that make up less than 1% of malignancies.1 They are 
particularly challenging to treat because they can develop 
anywhere in the body and because more than 50 diff erent 
histological subtypes exist. The treat ment of choice for 
localised disease is surgery combined with radiotherapy. 
The most important determinants of survival after resection 
are tumour size, grade, and depth.2 The use of adjuvant 
chemotherapy to improve survival rates in high-grade soft-
tissue sarcoma has been of substantial interest.

The largest randomised trial of adjuvant chemotherapy 
for resected soft-tissue sarcoma was undertaken by the 
European Organization for Research and Treatment of 
Cancer (EORTC) Soft tissue and Bone Sarcoma Group 
between 1977 and 1988. This trial3 included 468 patients and 
showed signifi cant improvements in local disease control 
and 7-year relapse-free survival with chemo therapy, but no 

signifi cant eff ect on the development of metastases or 
overall survival. It included patients with both high-grade 
and low-grade tumours. However, the chemotherapy 
regimen used in that study3 (cyclo phosphamide, vincristine, 
doxorubicin, and dacarbazine [CYVADIC]) seems 
suboptimum by modern standards. In the advanced 
disease setting, we showed that dose-intensive chemo-
therapy with doxorubicin, ifosfamide, and molgramostim 
achieved high response rates.4 We therefore undertook a 
randomised trial of this cytotoxic regimen in the adjuvant 
setting.

Methods
Patients
For this multicentre, randomised controlled trial, we 
recruited patients from 36 sarcoma treatment centres in 
12 European countries and Canada between February, 
1995, and December, 2003. Eligible patients had 
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Relapse-free survival did not diff er between treatment 
groups (HR 0·91 [95% CI 0·67–1·22], p=0·51; fi gure 2B). 
Median relapse-free survival was 6·50 years (95% CI 
3·34–not reached) for the control group and 7·55 years 
(3·89–11·17) for the chemotherapy group, with 5-year 
relapse-free survival rate of 52·9% (45·3–60·0) for the 
control group and 54·9% (47·2–62·0) for the chemo-
therapy group. At 5 years, the cumulative locoregional 
relapse rate was 23·7% (17·1–30·3) in the control group 
and 18·9% (12·8–25·1) in the chemo therapy group 
(fi gure 2C). Adjuvant chemotherapy is postulated to 
reduce distant metastases but the cumulative incidence 
of metastases was 35% in both groups (fi gure 2D).

178 (51%) of 351 patients had relapsed or died by the 
time of analysis, 91 (52%) in the control group and 
87 (50%) in the chemotherapy group. Of the 141 (40%) 
patients who died (73 in the control group and 68 in the 
chemotherapy group), 116 (82%) died due to disease 
progression (table 5). No imbalance was noted in deaths 
due to infection, cardiovascular disease, pulmonary 
emboli, or second malignancies between treatment 

groups. 167 (48%) of 351 patients had relapsed by the 
time of analysis, 26 (7%) with locoregional recurrence 
only, 89 patients (25%) with distant metastases, and 
52 (15%) with both (appendix). Common sites of 
metastases were lung (90, 64%, of 141 patients), 
subcutaneous or soft-tissue (28, 20%), bone (17, 12%), 
liver (12, 9%), and brain (eight, 6%), with similar 
patterns in both groups. Second malignancies were 
diagnosed in nine (5%) of 176 patients in the control 
group and seven (4%) of 175 patients assigned to the 
chemotherapy group. 

We did all analyses on the intention-to-treat 
population, but to investigate whether the inclusion of 
the ineligible patients and those who did not receive the 
planned chemotherapy might bias the results, we also 
analysed patients treated as per protocol. This analysis 
showed that overall survival did not diff er between 
treatment groups (HR 0·83 [95% CI 0·57–1·20], 
p=0·31; appendix), nor did relapse-free survival in the 
per-protocol population (HR 0·83 [0·60–1·16], p=0·28; 
appendix).
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BACKGROUND. The use of adjuvant chemotherapy to treat adults with localized

resectable soft-tissue sarcoma remains controversial. The objective of this sys-

tematic review was to update the 1997 meta-analysis of randomized controlled

trials (RCTs) to reassess the efficacy of doxorubicin-based chemotherapy with

respect to recurrence and survival.

METHODS. A comprehensive literature search was performed to identify RCTs of

adjuvant chemotherapy for adult patients diagnosed with localized resectable

soft-tissue sarcoma. Two reviewers independently assessed eligibility and quality

of the studies using a modified version of the Detsky Quality Scale. The outcome

measures were local, distant, and overall recurrence and survival calculated

through the fixed effect or random effect model.

RESULTS. Four new eligible trials were identified allowing for a total of 18 trials

representing 1953 patients to be included in the analysis. The odds ratios (OR)

for local recurrence was 0.73 (95% confidence interval [CI] 0.56-0.94; P 5 .02) in

favor of chemotherapy. For distant and overall recurrence the OR was 0.67 (95%

CI 0.56-0.82; P 5 .0001) in favor of chemotherapy. In terms of survival, doxorubi-

cin alone had an OR of 0.84 (95% CI, 0.68-1.03; P 5 .09), which as not statistically

significant. However, the OR for doxorubicin combined with ifosfamide was 0.56

(95% CI, 0.36-0.85; P 5 .01) in favor of chemotherapy.

CONCLUSIONS. This updated meta-analysis confirms the marginal efficacy of

chemotherapy in localized resectable soft-tissue sarcoma with respect to local re-

currence, distant recurrence, overall recurrence, and overall survival. These bene-

fits are further improved with the addition of ifosfamide to doxorubicin-based

regimens, but must be weighed against associated toxicities. Cancer

2008;113:573–81. ! 2008 American Cancer Society.

KEYWORDS: chemotherapy, soft tissue, sarcoma, adjuvant, meta-analysis, rando-
mized controlled trial, localized, resectable.

S arcomas of the soft tissue are a heterogeneous group of malig-
nant tumors of mesenchymal origin that originate in connective

tissue. Local control with wide surgical resection with or without ad-
juvant radiation has a success rate of close to 90%.1-4 However,
approximately 40% to 50% of patients with a large (>5 cm), deep,
high-grade soft-tissue sarcoma eventually develop distant metasta-
ses, primarily in the lung.5,6 In these instances the potential for cure
drastically decreases and the 5-year survival ranges from 25% to
30% in spite of aggressive surgical management of metastases.7-9

The role of adjuvant therapy, in the form of doxorubicin-based
chemotherapy, remains controversial in the setting of localized re-
sectable soft-tissue sarcoma. Randomized controlled trials (RCTs)
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TABLE 2
Relative Risks and 95% Confidence Intervals for Local Recurrence, Distant Recurrence, Overall Recurrence, and Survival

Local recurrence Distant recurrence Overall recurrence Survival

Treatment RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Doxorubicin 0.75 0.56-1.01 0.69 0.56-0.86 0.69 0.56-0.86 0.84 0.68-1.03
Doxorubicin with ifosfamide 0.66 0.39-1.12 0.61 0.41-0.92 0.61 0.41-0.92 0.56 0.36-0.85
Combined 0.73 0.56-0.94 0.67 0.56-0.82 0.67 0.56-0.82 0.77 0.64-0.93

RR indicates relative risk, 95% CI, 95% confidence interval.

TABLE 3
Absolute Risk Reductions and 95% Confidence Intervals for Local Recurrence, Distant Recurrence, Overall Recurrence, and Survival

Local recurrence Distant recurrence Overall recurrence Survival

Treatment ARR 95% CI ARR 95% CI ARR 95% CI ARR 95% CI

Doxorubicin 3% 1%-7% 9% 4%-14% 9% 4%-14% 5% 6%-21%
Doxorubicin with ifosfamide 5% 1%-12% 10% 1%-19% 12% 3%-21% 11% 3%-19%
Combined 4% 0%-7% 9% 5%-14% 10% 5%-15% 6% 2%-11%

ARR indicates absolute risk reduction, 95% CI, 95% confidence interval.

FIGURE 2. Odds ratios of local recurrence by type of chemotherapy regimen. Forest plot for odds ratios risk of local recurrence by type of chemotherapy
regimen. Type I indicates adjuvant doxorubicin-based chemotherapy. Type II indicates adjuvant doxorubicin-based chemotherapy in combination with ifosfamide.

Combined results are also provided.
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depends on individual patient factors and che-
motherapeutic risks.

The patient populations across the various stu-
dies were heterogeneous with respect to specific
soft-tissue sarcoma pathologic subtype as well as tu-
mor location. Patient randomization normally con-
trols for this, but can be an issue in meta-analyses,
particularly in rare disease states such as soft-tissue
sarcoma. We performed tests for heterogeneity
between studies for all endpoints and did not find
significant heterogeneity for any of the analyses,
indicating the appropriateness of data pooling for
these studies.26

The SMAC study included subgroup analyses
and concluded that the effects of chemotherapy in
reducing the risk of recurrence and death were most
significant in extremity sarcomas. The current study
did not include these analyses, as individual data
points were not available. However, subgroup analy-
ses are currently not recommended in meta-analyses
unless the subgroup stratification was part of the ori-
ginal study design for all studies included. In addi-

tion, subgroup analysis in the current study would
lead to small subgroups and increase the risk of
flawed conclusions generated by chance alone.

There is accumulating evidence from retrospec-
tive studies and trials involving advanced disease
that synovial sarcoma may have better clinical
response to systemic therapies than other soft-tissue
sarcoma subtypes.24,27,28 Whether this is related to
tumor biology, location, or younger peak incidence
and better compliance with chemotherapeutic regi-
mens is unknown. The current study could not
assess the efficacy of chemotherapy in this subgroup
given the absence of individual data points, whereas
the subgroup analysis of 155 synovial sarcomas in
the SMAC study did not show a statistical improve-
ment in survival with adjuvant chemotherapy (OR
0.85, 95% CI 0.53, 1.35). It is possible that with the
addition of ifosfamide in the recent trials greater effi-
cacy could be identified.

The ability of the current study to build on the
results of the SMAC study and narrow the confidence
intervals would enable physicians to fully appreciate

FIGURE 5. Hazard ratios of survival by type of chemotherapy regimen. Forest plot for hazard ratios of survival by type of chemotherapy regimen. Type I indi-
cates adjuvant doxorubicin-based chemotherapy. Type II indicates adjuvant doxorubicin-based chemotherapy in combination with ifosfamide. Combined results

are also provided.
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A B S T R A C T

Purpose
A previous randomized clinical trial by the Italian Sarcoma Group (ISG) had shown a survival benefit
of adjuvant chemotherapy (CT) in high-risk extremity soft tissue sarcoma (STS). However, the
dose-intensity of the last two cycles was suboptimal. We then undertook a multicentric
international phase III study to compare three and five cycles of the same CT.

Patients and Methods
Patients were randomly assigned either to receive three cycles of preoperative CT with epirubicin
120 mg/m2 and ifosfamide 9 g/m2 and granulocyte colony-stimulating factor (arm A) or to receive
the same three cycles of preoperative CT followed by two further cycles of postoperative CT (arm
B). Noninferiority of the primary end point, overall survival (OS), was assessed by the CI of the
hazard ratio (HR; arm A/arm B) obtained from the Cox model.

Results
Between January 2002 and April 2007, 328 patients were recruited (164 patients in each arm). At
a median follow-up of 63 months (interquartile range, 49 to 77 months), 100 deaths were
recorded, 49 in arm A and 51 in arm B. Five-year OS probability was 0.70 for the entire group of
patients (0.68 in arm A and 0.71 in arm B). The HR of arm A versus arm B was 1.00 (90% CI, 0.72
to 1.39).

Conclusion
In this population of patients with high-risk localized STS, three cycles of full-dose preoperative
CT were not inferior to five cycles. The outcome compares favorably with the expected
survival of patients with high-risk STS and was superimposable on the CT arm of the previous
ISG trial.

J Clin Oncol 30:850-856. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Standard treatment of localized high-risk soft tissue
sarcoma (STS) of the extremities and trunk wall
consists of surgery and radiation therapy (RT).1,2 RT
can be delivered either postoperatively3,4 or preop-
eratively.5 Adjuvant chemotherapy (CT) is not stan-
dard treatment, but clinical practice guidelines
encompass it as an option in high-risk patients.1,2

This is a result of the heterogeneous outcome of
several clinical trials. A meta-analysis showed a sta-
tistically significant, albeit limited, benefit for adju-
vant CT,6 but a preliminarily reported large clinical
trial of the European Organisation for Research and
Treatment of Cancer Soft Tissue and Bone Sarcoma

Group was not included.7 However, the previous
trial of the Italian Sarcoma Group (ISG) was
closed in advance because of the early observation
of a substantial survival benefit in favor of the CT
arm.8 This trial was marked by the selection of a
high-risk patient population and the use of a full-
dose anthracycline plus ifosfamide regimen. The
limited number of enrolled patients was the main
cause for the loss of statistical significance on a
longer follow-up.9

An observation of the previous ISG trial was
that the dose-intensity of the last two cycles of CT
had dropped. A hypothesis could then be that the
first three cycles were the most significant to the
final outcome.
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between the logarithm of hazard and their values was found to be
appropriate. Univariable and multivariable analyses showed that his-
tologic subtype and tumor size were significantly associated with OS
(Appendix Table A5, online only, and Table 3).

In the whole series, the 5-year survival predicted in our series by
the Memorial Sloan-Kettering Cancer Center nomogram17 was
62.7% (95% CI, 54.1% to 71.0%); the observed survival was 69.7%
(95% CI, 64.6% to 75.3%). When restricted to the extremities subset,
the 5-year survival predicted by the Milan nomogram18 was 56.6%
(95% CI, 49.6% to 63.4%) versus the observed survival of 68.6% (95%
CI, 63.2% to 74.5%). These two comparisons are shown in Figures 4A
and 4B.

DISCUSSION

In this randomized clinical trial, 328 patients with localized high-risk
STS of the extremities and trunk wall had 5-year OS and recurrence-
free survival rates averaging 70% and 60%, respectively, with no dif-

ferenceregardingwhetherpatientsreceivedthreeorfivecyclesoffull-dose
CT with anthracyclines plus ifosfamide (Fig 2). The ITT analysis shows
that three cycles of full-dose CT were not inferior to five cycles. Per-
protocol analysis confirmed these results. Three cycles were given preop-
eratively in all patients, with concomitant RT given in half. The outcome
wascomparable to thatof theCTarmof theprevious ISGtrial,whichwas
carried out in a similar patient population using the same chemother-
apeutic regimen. The outcome compared favorably with predictions
from both the Memorial Sloan-Kettering Cancer Center18 and Milan
prognostic nomograms,19 although these nomograms are based on
nontrial series (Figs 4A and 4B).

Adjuvant, or neoadjuvant, CT is not viewed as a standard therapy
in current treatment of localized STS. However, an updated meta-
analysis6 of randomized trials showed a statistically significant advan-
tage in terms of both recurrence-free survival and OS. In addition to
excluding a major, negative, unpublished trial, this meta-analysis was
not based on individual data. However, it included all published ran-
domized trials, many of which were biased against CT inasmuch as
they used doxorubicin-based regimens, without ifosfamide. The ben-
efit was limited but similar to the benefit suggested by the comparison
we made between our results and predictions from the currently
available prognostic nomograms (Figs 4A and 4B).

In the end, current clinical practice guidelines1,2 foresee CT as an
option when the patient risk is substantial, as in our population. This
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Table 3. Multivariable Cox Regression Analysis on Overall Survival:
Final Model

Variables HR 95% CI Wald P !

Histologic subtype
Leiomyosarcoma v MFH/UPS !

spindle cell sarcoma NOS 3.17 1.80 to 5.59 " .01
Synovial sarcoma v MFH/UPS !

spindle cell sarcoma NOS 2.05 1.16 to 3.63 .01
Other v MFH/UPS ! spindle cell

sarcoma NOS 1.39 0.79 to 2.43 .25
Tumor size (continuous) 1.06 1.02 to 1.10 " .01

Abbreviations: HR, hazard ratio; MFH, malignant fibrous histiocytoma; NOS,
not otherwise specified; UPS, undifferentiated pleomorphic sarcoma.

!P value associated with the Wald statistic.
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that three cycles of full-dose CT were not inferior to five cycles. Per-
protocol analysis confirmed these results. Three cycles were given preop-
eratively in all patients, with concomitant RT given in half. The outcome
wascomparable to thatof theCTarmof theprevious ISGtrial,whichwas
carried out in a similar patient population using the same chemother-
apeutic regimen. The outcome compared favorably with predictions
from both the Memorial Sloan-Kettering Cancer Center18 and Milan
prognostic nomograms,19 although these nomograms are based on
nontrial series (Figs 4A and 4B).

Adjuvant, or neoadjuvant, CT is not viewed as a standard therapy
in current treatment of localized STS. However, an updated meta-
analysis6 of randomized trials showed a statistically significant advan-
tage in terms of both recurrence-free survival and OS. In addition to
excluding a major, negative, unpublished trial, this meta-analysis was
not based on individual data. However, it included all published ran-
domized trials, many of which were biased against CT inasmuch as
they used doxorubicin-based regimens, without ifosfamide. The ben-
efit was limited but similar to the benefit suggested by the comparison
we made between our results and predictions from the currently
available prognostic nomograms (Figs 4A and 4B).

In the end, current clinical practice guidelines1,2 foresee CT as an
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Table 3. Multivariable Cox Regression Analysis on Overall Survival:
Final Model

Variables HR 95% CI Wald P !

Histologic subtype
Leiomyosarcoma v MFH/UPS !

spindle cell sarcoma NOS 3.17 1.80 to 5.59 " .01
Synovial sarcoma v MFH/UPS !

spindle cell sarcoma NOS 2.05 1.16 to 3.63 .01
Other v MFH/UPS ! spindle cell

sarcoma NOS 1.39 0.79 to 2.43 .25
Tumor size (continuous) 1.06 1.02 to 1.10 " .01

Abbreviations: HR, hazard ratio; MFH, malignant fibrous histiocytoma; NOS,
not otherwise specified; UPS, undifferentiated pleomorphic sarcoma.
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Short, full-dose adjuvant chemotherapy (CT) in high-risk
adult soft tissue sarcomas (STS): long-term follow-up of
a randomized clinical trial from the Italian Sarcoma
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Background: To report on long-term results of a phase 3 trial comparing three versus five cycles of adjuvant chemo-
therapy (CT) with full-dose epirubicin+ifosfamide in high-risk soft tissue sarcomas (STS).
Methods: Patients (pts) were randomized to receive three preoperative cycles of epirubicin 120 mg/m2 and ifosfamide
9 g/m2 (Arm A) or to receive the same three preoperative cycles plus two postoperative cycles (Arm B). Radiotherapy
could be either delivered in the preoperative or in the postoperative setting. Non-inferiority of the primary end point, OS,
was assessed by the confidence interval of the hazard ratio (HR; Arm A/Arm B) derived from Cox model.
Results: Between January 2002 and April 2007, 164 pts were assigned to arm A and 164 to arm B. At a median follow-up
(FU) of 117 months (IQ range 103–135 months), 123 deaths were recorded: 58 in Arm A and 65 in Arm B. Ten-year OS was
61% for the entire group of patients: 64% in Arm A and 59% in Arm B. The intention-to-treat analysis confirmed that three
cycles were not inferior to five cycles (one-sided 95% upper confidence limit was 1.24). A per protocol analysis was consistent
with these results. Pts with leiomyosarcoma and undifferentiated pleomorphic sarcoma (UPS) had the lowest, and the highest
response rates, respectively. Consistently, Leiomyosarcoma and UPS had the worse and the best prognosis, respectively.
Conclusions: At a longer FU, the non-inferiority of three cycles of a full-dose conventional CT in comparison to five is con-
firmed. Response to therapy is also confirmed to be associated with better survival. This regimen is currently tested within an
ongoing international trial against three cycles of a neoadjuvant histology-tailored CT (ClinicalTrials.gov Identifier:
NCT01710176).
Key words: sarcoma, soft tissue sarcoma, adjuvant chemotherapy, response, quality of surgery, survival

introduction
Standard treatment of localized high-risk soft tissue sarcoma
(STS) of the extremities and trunk wall consists of surgery and

radiation therapy (RT) [1, 2]. Adjuvant chemotherapy (CT) is
not standard treatment, but clinical practice guidelines encom-
pass it as an option in high-risk patients.
An Italian Sarcoma Group (ISG) randomized study had

demonstrated a survival benefit with five cycles of adjuvant CT
with full-dose epirubicin+ifosfamide in high-risk STS of the ex-
tremities versus nil [3]. The limited number of enrolled patients
was the main cause for the loss of statistical significance on a
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resulted in two curves that were superimposable even at 10
years, and the upper 90% CI interval on their difference at 10
years was 1.23 when compared with 1.39 at 5 years.
Notwithstanding the width of the accepted CI, these results
suggest that the two treatments appear to be equal. This is re-
assuring in light of the subsequent international Italian,
Spanish, French, and Polish study (ClinicalTrials.gov Identifier:
NCT01710176) comparing the use of three cycles of

anthracycline-ifosfamide as the standard arm against a hist-
ology-tailored regimen. The results of this study are anticipated
soon.
In spite of a median FU period twice that of the original

report, only six new distant recurrences were observed—three in
both arms—confirming that disease recurrence tends to occur
early in this population of high-risk patients. Patients who
survive without evidence of disease for 5 years or longer are very
likely to be cured. This seems not to be influenced by the use of
CT, in contrast to what has been suggested in previous studies.
While it has been hypothesized that the benefit of adjuvant CT
consists of a delay of distant recurrence and possibly death, we
demonstrate here that events after 5 years of FU are rare and
therefore any potential benefit of adjuvant CT is maintained
over a long period of time, and may in fact represent cure.
Patients who responded to CT had better early oncologic out-

comes than those who did not, and this effect was sustained over
a longer FU period. This association between response to CT
and outcome was better assessed by the use of Choi criteria
compared with RECIST, as Choi criteria more accurately predict
pathologic response, as already shown in a subgroup of patients
who entered this trial [9]. This association cannot contribute to
the debate about the long-lasting issue of the efficacy of adjuvant
CT in STS. Nevertheless, one may well speculate that if there
were no effect, there should not be any correlation between
tumor response and outcome. However, detecting some associ-
ation, as we did, does not necessarily indicate that adjuvant CT
is effective (due to the potential selection bias which could
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Figure 2. Ten-year probability of OS from random assignment (A) and freedom from progression (B) according to study arm. Ten-year cumulative incidence
of local recurrence and distant metastases overall (C) and according to study arm (D).

Table 1 Overall survival from surgery: multivariate Cox analysis −
Final model

Variables HR (95% CI) Wald
P-value

LRT
P-value

Histological subtype
Leiomyosarcoma versus
mfh/ups+spin. cell sar. Nosa

2.510 (1.507–4.180) <0.001

Synovial sarcoma versus
mfh/ups+spin. cell sar. Nosa

1.677 (1.013–2.777) 0.044 0.005

Others versus mfh/ups
+spin. cell sar. Nosa

1.183 (0.723–1.937) 0.504

Size (continous) 1.064 (1.033–1.095) <0.001 <0.001

aReference category.
HR, hazard ratio estimated by multivariate Cox regression model; 95%
CI, 95% confidence interval; Wald P-value, P-value associated to the
Wald χ2 statistic; LRT P-value, P-value associated to the LRT χ2 statistic.
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resulted in two curves that were superimposable even at 10
years, and the upper 90% CI interval on their difference at 10
years was 1.23 when compared with 1.39 at 5 years.
Notwithstanding the width of the accepted CI, these results
suggest that the two treatments appear to be equal. This is re-
assuring in light of the subsequent international Italian,
Spanish, French, and Polish study (ClinicalTrials.gov Identifier:
NCT01710176) comparing the use of three cycles of

anthracycline-ifosfamide as the standard arm against a hist-
ology-tailored regimen. The results of this study are anticipated
soon.
In spite of a median FU period twice that of the original

report, only six new distant recurrences were observed—three in
both arms—confirming that disease recurrence tends to occur
early in this population of high-risk patients. Patients who
survive without evidence of disease for 5 years or longer are very
likely to be cured. This seems not to be influenced by the use of
CT, in contrast to what has been suggested in previous studies.
While it has been hypothesized that the benefit of adjuvant CT
consists of a delay of distant recurrence and possibly death, we
demonstrate here that events after 5 years of FU are rare and
therefore any potential benefit of adjuvant CT is maintained
over a long period of time, and may in fact represent cure.
Patients who responded to CT had better early oncologic out-

comes than those who did not, and this effect was sustained over
a longer FU period. This association between response to CT
and outcome was better assessed by the use of Choi criteria
compared with RECIST, as Choi criteria more accurately predict
pathologic response, as already shown in a subgroup of patients
who entered this trial [9]. This association cannot contribute to
the debate about the long-lasting issue of the efficacy of adjuvant
CT in STS. Nevertheless, one may well speculate that if there
were no effect, there should not be any correlation between
tumor response and outcome. However, detecting some associ-
ation, as we did, does not necessarily indicate that adjuvant CT
is effective (due to the potential selection bias which could
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Figure 2. Ten-year probability of OS from random assignment (A) and freedom from progression (B) according to study arm. Ten-year cumulative incidence
of local recurrence and distant metastases overall (C) and according to study arm (D).

Table 1 Overall survival from surgery: multivariate Cox analysis −
Final model

Variables HR (95% CI) Wald
P-value

LRT
P-value

Histological subtype
Leiomyosarcoma versus
mfh/ups+spin. cell sar. Nosa

2.510 (1.507–4.180) <0.001

Synovial sarcoma versus
mfh/ups+spin. cell sar. Nosa

1.677 (1.013–2.777) 0.044 0.005

Others versus mfh/ups
+spin. cell sar. Nosa

1.183 (0.723–1.937) 0.504

Size (continous) 1.064 (1.033–1.095) <0.001 <0.001

aReference category.
HR, hazard ratio estimated by multivariate Cox regression model; 95%
CI, 95% confidence interval; Wald P-value, P-value associated to the
Wald χ2 statistic; LRT P-value, P-value associated to the LRT χ2 statistic.
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-‐  Median	  follow	  up	  117	  months	  from	  randomizaIon	  and	  114	  from	  surgery	  
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ü  Beneficio	  en	  supervivencia	  global	  en	  sarcomas	  de	  
extremidades	  y	  tronco	  
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High-Grade Soft-Tissue
Sarcomas: Tumor Response
Assessment—Pilot Study to Assess
the Correlation between Radiologic
and Pathologic Response by Using
RECIST and Choi Criteria1

Silvia Stacchiotti, MD
Paola Collini, MD
Antonella Messina, MD
Carlo Morosi, MD
Marta Barisella, MD
Rossella Bertulli, MD
Claudio Piovesan, MD
Palma Dileo, MD
Valter Torri, MD
Alessandro Gronchi, MD
Paolo Giovanni Casali, MD

Purpose: To compare radiologic response as defined according to
both Response Evaluation Criteria in Solid Tumors
(RECIST) and the new Choi criteria recently proposed for
gastrointestinal stromal tumors with pathologic response in
high-grade soft-tissue sarcomas (STSs) treated with preoper-
ative chemotherapy and radiation therapy.

Materials and
Methods:

The institutional ethical committee approved the trial in
which patients were enrolled. Signed informed consent was
obtained. Thirty-seven patients (21 men, 16 women; mean
age, 44.2 years) enrolled in a collaborative randomized trial
on preoperative chemotherapy and radiation therapy in lo-
calized high-risk STS at a single institution were selected for
this retrospective analysis. Tumor response to preoperative
treatment was assessed by using both RECIST and Choi
criteria at computed tomography (CT) and was adapted to be
used at magnetic resonance (MR) imaging. Pathologic re-
sponse was assessed as either good or very good. Sensitivity,
specificity, and predictive value of RECIST and Choi criteria
were calculated with pathologic response as the reference
standard and were reported with 95% confidence intervals.

Results: For 28 patients without synovial sarcomas, sensitivity of
RECIST versus adapted Choi criteria was 32.0% versus
88.0% for good response and 41.2% versus 82.4% for very
good response, respectively; specificity for pathologic re-
sponse was 100% versus 100% for not a good response and
90.9% versus 27.3% for not a very good response, respec-
tively. In synovial sarcoma, the nontreatment-related neo-
plastic cystic component of the tumor was a major obstacle
for both RECIST and Choi criteria.

Conclusion: In STS treated with chemotherapy and radiation therapy, tu-
mor size may be insufficient to render actual tumor response.
Tumor attenuation at CT or tumor contrast material enhance-
ment at MR imaging may complement tumor size, thus making
Choi criteria more predictive of pathologic response.

! RSNA, 2009

Supplemental material: http://radiology.rsnajnls.org/cgi
/content/full/2512081403/DC1
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found in two cases, and both were very
good responses. In these two patients,
there was a partial response according
to adapted Choi and RECIST criteria. In
all cases of partial response according
to RECIST and adapted Choi criteria
without a pathologic response, there
was no tissue response (ie, no contrast
enhancement decrease) in the solid
component of the tumor (Fig 3).

Discussion

The response of solid tumors to medical
therapies has long been evaluated on
the basis of tumor size. In spite of the
effort made by the radiologists to im-
prove response assessment with new
techniques (28,29), the standard tumor
response criteria in clinical trials are
still based only on tumor size. Several
criteria have been used (eg, World
Health Organization, Eastern Coopera-
tive Oncology Group, Southwest Oncol-

ogy Group, RECIST) (1–5). By and
large, the criteria are equivalent, inas-
much as a 50% reduction in an area
(World Health Organization, Eastern
Cooperative Oncology Group, South-
west Oncology Group) is tantamount to
a 30% reduction in a single diameter
(RECIST). More recently, the appropri-
ateness of such criteria has been chal-
lenged with regard to the tumor re-
sponse of GISTs to imatinib (16–22).
This has been observed also in other
tumors (30–32). In GISTs, new re-
sponse assessment criteria proposed by
Haesun Choi, incorporating not only tu-
mor size but also changes in tumor at-
tenuation after contrast enhancement
on CT scans, were shown to predict
prognosis better than RECIST criteria.

It has always been difficult to dem-
onstrate partial response to therapy at
imaging in many advanced solid tumors
(10–15). Molecular-targeted therapies
give rise to a different antitumor effect

and highlight the limitations of size cri-
teria in the assessment of tumor re-
sponse to these agents. These problems
in tumor response assessment may ap-
ply also to cytotoxic chemotherapy. This
prompted us to apply Choi criteria in
this study. Indeed, these preliminary
data show that this may be worthwhile.

In our study of localized, high-risk
STSs treated with preoperative chemora-
diation therapy, radiologic changes in tu-
mor size as defined according to RECIST
criteria were less sensitive than those
of adapted Choi criteria in predicting
pathologic tumor response; sensitivity
was 32.0% versus 88.0% for good re-
sponse, respectively, and 41.2% ver-
sus 82.4% for very good response, re-
spectively. With respect to specificity,
adapted Choi criteria tended to over-
rate the response only if we used the
criterion of less than 10% residual vi-
able tumor cells (ie, a very good re-
sponse) as the reference standard for

Table 5

Diagnostic Performance of Imaging Criteria in Identifying Treatment Response in Patients with STS

A: Sensitivity for Response

Response

Sensitivity (%)
Partial Response according to
RECIST Criteria 95% Confidence Interval

Partial Response according to
Choi Criteria 95% Confidence Interval

Pathologic good response (n ! 25 ) 32 (8/25) 14.9, 53.5 88 (22/25) 68.8, 97.5
Pathologic very good response (n ! 17) 41.2 (7/17) 18.4, 67.1 82.4 (14/17) 56.6, 96.2

B: Specificity for No Response
Specificity (%)

Response
No Response according to
RECIST Criteria

95% Confidence
Interval

No Response according to
Choi Criteria 95% Confidence Interval

Pathologic not a good response (n ! 3) 100 (3/3) 29.2, 100 100 (3/3) 29.2, 100
Pathologic not a very good response (n ! 11) 90.9 (10/11) 58.7, 99.8 27.3 (3/11) 6, 61

C: Predictive Value of Radiologic Response
Positive Predictive Value (%)

Response Pathologic Good Response
95% Confidence
Interval

Pathologic Very Good
Response 95% Confidence Interval

Partial response according to RECIST criteria
(n ! 8) 100 (8/8) 63.1, 100 87.5 (7/8) 47.3, 99.7

Partial response according to Choi criteria (n ! 22) 100 (22/22) 84.6, 100 63.6 (14/22) 40.7, 82.8
D: Predictive Value of Radiologic No Response

Negative Predictive Value (%)

Response
Pathologic Not a Good
Response

95% Confidence
Interval

Pathologic Not a Very Good
Response 95% Confidence Interval

No response according to RECIST criteria (n ! 20) 15 (3/20) 3.2, 37.9 60 (12/20) 36.1, 80.9
No response according to Choi criteria (n ! 6) 50 (3/6) 11.8, 88.2 100 (6/6) 54.1, 100

Note.—Numbers in parentheses were used to calculate percentages.
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and histology were significantly predictive for both OS
(Fig. 2B, 2C and 2D) and FFP.

Patients who received preoperative chemotherapy
alone (113 patients)

Among the 113 patients who received chemotherapy
alone, the 5-year probability of OS and FFP was 0.65 (95%
CI, 0.55-0.74) and 0.51 (95% CI, 0.41-0.60), respectively.
Recurrent disease was observed in 53 patients, whereas 39
patients died after randomization. Among the 53 patients
who relapsed after randomization, 11 developed a local
recurrence, whereas 42 had metastases as the primary event
either alone or concurrent with local recurrence. In univari-
ate Cox analysis (Table 2), RECIST were not associated
with the 2 clinical outcomes. Conversely, Choi criteria
maintained their predictive role for both OS and FFP,
whereas histology was weakly associated only with OS.

Patients who received preoperative
chemotherapy alone and were evaluable by
both RECIST and Choi criteria (69 patients)

Population features

An unsatisfactory level of agreement between the 2
diagnostic criteria was observed with a jw statistic value of
0.46 (95% CI, 0.28-0.63). Overall, the probability of OS
and FFP in this subset of patients was 0.67 (95% CI,
0.56-0.79) and 0.56 (95% CI, 0.44-0.69), respectively.
Recurrent disease developed in 29 patients, and 24
patients died after randomization. Among the 29 patients
who relapsed after randomization, 6 developed a local re-
currence, whereas 23 had distant metastases as the primary
event either alone or concurrent with local recurrence.
The frequency distribution of the variable histology in
this subset was: 1) undifferentiated pleomorphic sarcoma
and spindle cell sarcoma not otherwise specified, n ¼ 29

Figure 2. The 5-year probability of overall survival is illustrated after randomization (A) for the overall series and according to (B)
Response Evaluation Criteria in Solid Tumors (RECIST), (B) Choi criteria, and (D) histology. PD indicates progressive disease; PR,
partial response; SD, stable disease; MFH/UPS, malignant fibrous histiocytoma/undifferentiated pleomorphic sarcoma; NOS, not
otherwise specified.
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Tumor Response Assessment by Modified Choi Criteria in
Localized High-Risk Soft Tissue Sarcoma Treated With

Chemotherapy

Silvia Stacchiotti, MD1; Paolo Verderio, PhD2; Antonella Messina, MD3; Carlo Morosi, MD3; Paola Collini, MD4;

Antonio Llombart-Bosch, MD5; Javier Martin, MD6; Alessandro Comandone, MD7; Jurado Cruz, MD8;

Andrea Ferraro, MD9; Giovanni Grignani, MD10; Sara Pizzamiglio, MSc2; Vittorio Quagliuolo, MD11; Piero Picci, MD12;

Sergio Frustaci, MD13; Angelo Paolo Dei Tos, MD14; Paolo G. Casali, MD1; and Alessandro Gronchi, MD15

BACKGROUND. The objective of this study was to compare the prognostic relevance of Response Evaluation Criteria in Solid Tumors

(RECIST) versus Choi criteria for the assessment of response in patients with high-risk soft tissue sarcoma of the extremities or trunk

wall who received preoperative chemotherapy with or without radiotherapy in a phase 3 trial. METHODS. Patients received 3 cycles of

preoperative epirubicin þ ifosfamide with or without radiotherapy. The diagnostic concordance between RECIST and Choi criteria and

their correlation with overall survival (OS) and freedom from progression (FFP) were evaluated in a univariate Cox regression model.

RESULTS. In 243 of 321 eligible patients, RECIST, Choi criteria, and histology were predictive for OS and FFP. In the subgroup of

69 patients who received chemotherapy alone and were evaluable by both RECIST and Choi criteria, Choi criteria were associated

significantly with OS and FFP, whereas RECIST predicted only FFP, and the pattern of agreement observed between the 2 criteria

was unsatisfactory. On a dichotomous scale, comparing objective response (complete and partial responses) and lack of

response (stable and progressive disease) to preoperative chemotherapy according to RECIST and Choi criteria, only Choi criteria

were predictive of OS and FFP, and fair agreement between RECIST and Choi criteria was observed. When lack of progression and

progression were compared (complete and partial responses þ stable disease vs progressive disease), both assessment criteria were

significantly predictive of OS and FFP, and there was substantial agreement between the 2 criteria. CONCLUSIONS. Response to

chemotherapy with or without radiotherapy was associated with a better outcome in patients with high-risk soft tissue sarcoma. Choi

criteria were better predictors than RECIST in patients who received preoperative chemotherapy alone. Cancer 2012;000:000–000.

VC 2012 American Cancer Society.

KEYWORDS: sarcoma, response assessment, Response Evaluation Criteria in Solid Tumors, Choi criteria, chemotherapy, prognosis,
outcome.

INTRODUCTION
Response Evaluation Criteria in Solid Tumors (RECIST) are based on tumor size.1,2 This is an added value in terms of
their reliability (reproducibility), because size is relatively easy to measure. However, the introduction of molecular-tar-
geted therapies has emphasized the limitations of RECIST in terms of their validity, because tumor response may be non-
dimensional, especially in an early phase.3-21 In these patients, tumor response is marked by changes in the tumor
radiologic aspect and in its functional imaging.

Attempts to establish new response criteria have been undertaken. Choi criteria were conceived to assess tumor
response in patients with advanced gastrointestinal stromal tumors who received treatment with imatinib, and the criteria
were evaluated by computed tomography (CT) scans and were validated based on progression-free survival (PFS).22,23 It
is noteworthy that pathologic responses without any decrease in size were reported even in patients with solid tumors who
received cytotoxic chemotherapy. Patients with myxoid liposarcoma who received trabectedin24,25 and patients with os-
teosarcoma who received chemotherapy26-28 are examples among sarcomas.
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Quality of surgery and neoadjuvant combined therapy
in the ISG-GEIS trial on soft tissue sarcomas of limbs
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Background: To explore correlation between the quality of surgery and outcome in high-risk soft tissue sarcoma
(STS) patients treated within a phase III randomized trial.
Patients and Methods: In the trial, all patients received three cycles of preoperative chemotherapy (CT) with
epirubicin 120 mg/m2 and ifosfamide 9 g/m2 and were randomly assigned to receive two further postoperative cycles.
Radiotherapy (RT) could be delivered in the preoperative or postoperative setting. The association between surgical
margins and overall survival (OS) was studied in a univariate and multivariate fashion.
Results: Two hundred and fifty-two patients completed the whole treatment and were operated conservatively. At a
median follow-up of 60 months (IQR, 45–74 months), the 5-year OS was 0.73, even in patients with positive and
negative margins. The 5-year cumulative incidence (CI) of local recurrence (LR) in patients with positive and negative
microscopic margins was 0.17 (standard error, SE, 0.08) and 0.03 (SE, 0.01), respectively. In the subgroup of patients
receiving combined preoperative CT–RT and with positive surgical margins, the CI of LR was 0.
Conclusions: In this setting of high-risk STS treated by preoperative CT or CT–RT, the negative impact of positive
margins on the outcome was limited. When close margins can be anticipated preoperative CT–RT may be a reasonable
option to maximize the chance of cure.
Key words: chemotherapy, local recurrence, radiation therapy, sarcoma, surgical margins, survival

introduction
The quality of surgical margins is critical in soft tissue sarcoma
(STS) management. Several reports have consistently shown
this to be one of the strongest prognosticators of local outcome
[1–7]. Moreover, there is an association between local failure
and distant spread, though the causative role of the former is
still debated [8, 9].
Adjuvant therapies [chemotherapy (CT) and/or

radiotherapy (RT)] have been shown in few prospective
[10–13] and several retrospective series [1–7, 14, 15] to
partially offset the negative impact of positive surgical

margins on the outcome. In most series, they were delivered
postoperatively.
High-risk STS may be challenging surgically, and optimal

margins may be hardly achievable in a number of cases, while
paying attention to function sparing as well.
We recently reported the results of a prospective trial on

neoadjuvant CT in the extremity and trunk wall high-risk
STS [16]. All patients received three cycles of preoperative
full-dose CT, being randomly assigned between receiving
only these three courses and also two additional ones
postoperatively. One half of the patients also received
concurrent preoperative RT, according to local investigator’s
decision. The trial showed that the addition of two
postoperative cycles of the same preoperative CT did not
influence the outcome.

*Correspondence to: Dr A. Gronchi, Department of Surgery, Fondazione IRCCS Istituto
Nazionale dei Tumori, via Venezian 1, Milano 20133, Italy. Tel: +39 0223903234;
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MRP1 Overexpression Determines Poor Prognosis in
Prospectively Treated Patients with Localized High-Risk
Soft Tissue Sarcoma of Limbs and Trunk Wall: An
ISG/GEIS Study

Javier Martin-Broto1, Antonio M. Gutierrez2, Rafael F. Ramos3, Jos!e A. Lopez-Guerrero4, Stefano Ferrari5,
Silvia Stacchiotti6, Piero Picci5, Silvia Calabuig2, Paola Collini7, Marco Gambarotti8, Silvia Bague9,
Angelo P. Dei Tos10, Elena Palassini6, Pablo Luna1, Josefina Cruz11, Ricardo Cubedo12,
Javier Martinez-Trufero13, Andres Poveda14, Paolo G. Casali6, Antonio Fernandez-Serra4,
Antonio Lopez-Pousa15, and Alessandro Gronchi16

Abstract
Patients with localized high-risk soft tissue sarcomas (STS) of the limbs and trunk wall still have a

considerable metastatic recurrence rate of more than 50%, in spite of adjuvant chemotherapy. This drug-

ceiling effect of chemotherapy in sarcoma setting could be explained, at least partially, by multidrug

resistance (MDR) mechanisms. The aim of this study was to ascertain whether mRNA and protein

expression of ABCB1 (P-glycoprotein), ABCC1 (MRP1), and GSTA1 (glutathione S-transferase pi) was

prognostic in localized high-risk STS. Immunohistochemistry and reverse transcriptase-PCR studies were

performed from biopsies at the time of diagnosis. Patients of this series were prospectively enrolled into a

phase III trial that compared three versus five cycles of epirubicin plus ifosfamide. The series of 102

patients found 41 events of recurrence and 37 of death with a median follow-up of 68 months. In

univariate analysis, variables with a statistically significant relationship with relapse-free survival (RFS)

were: MRP1 expression (5-year RFS rate of 23% in positive cases and 63% in negative cases, P ¼ 0.029),

histology (5-year RFS rate of 74% in undifferentiated pleomorphic sarcoma and 43% in synovial sarcoma,

P ¼ 0.028), and ABCC1 expression (5-year RFS rate of 33% in overexpression and 65% in downregulation,

P ¼ 0.012). Combined ABCC1/MRP1 was the only independent prognostic factor for both RFS (HR ¼
2.704, P ¼ 0.005) and overall survival (HR ¼ 2.208, P ¼ 0.029). ABCC1/MRP1 expression shows robust

prognostic relevance in patients with localized high-risk STS treated with anthracycline-based chemo-

therapy, which is the standard front line treatment in STS. This finding deserves attention as it points to a

new targetable protein in STS. Mol Cancer Ther; 13(1); 249–59. !2013 AACR.

Introduction
It seems difficult to improve the clinical impact of the

most active chemotherapy as upfront treatment in soft
tissue sarcomas (STS); this impact seems to be limited, as it
has a narrow range of efficacy. Schemes with anthracy-
clines and ifosfamide at adequate doses are those most
widely used as first line treatments, especially where a
greater shrinkage of lesions may lead to an improvement
in long-term results (1, 2). Yet the most optimistic expec-
tancy of the above combination with respect to response
rate is less than 30%, and as regards progression-free
survival, it is less than 8 months, according to phase III
trials in advanced disease (3). These results have barely
been improved upon in the last 2 decades, in spite of
some evidence of dose–response relationship for both
drugs (4). There is thus a convincing argument that a
drug-ceiling effect does exist for the most active chemo-
therapy in STS. This threshold of activity could be
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(11–13, 30, 31). As far as MRP1 is concerned, the available
data about immunostaining in STS is by far lesser in
quantity and positive cases have ranged from 43% to

52%, this latter value found in a synovial sarcoma series
(12, 13, 29). Published reports on GST-p immunostaining
in STS are even scarcer, with positivity in around half of
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Figure 2. Kaplan–Meier curves for RFS (A–E) according to: A, histologic type grouping; B, protein MRP1 expression; C and D, RNA ABCC1 gen (MRP1)
expression distributed by quartiles; E, combined ABCC1/MRP1 information and Kaplan–Meier curve for OS (F) according to combined ABCC1/MRP1
information.
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(11–13, 30, 31). As far as MRP1 is concerned, the available
data about immunostaining in STS is by far lesser in
quantity and positive cases have ranged from 43% to

52%, this latter value found in a synovial sarcoma series
(12, 13, 29). Published reports on GST-p immunostaining
in STS are even scarcer, with positivity in around half of
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§  SLP	  IHQ	  MRP1:	  23%	  MRP1(+)	  vs	  63%	  MRP1(-‐)	  (p=	  0.029)	  

§  SLP	  PCR	  ABCC1	  (expresión	  superior	  o	  inferior	  al	  valor	  
medio):	  47%	  ABCC1	  é	  vs	  67%	  	  ABCC1	  ê	  (P	  =	  0.06).	  	  

§  PCR	  ABCC1	  (distribución	  por	  cuarIles):	  4°	  cuarIl	  
presentan	  peor	  pronósIco	  en	  SLR	  y	  SG	  

Variable	  combinada	  ABCC1	  (4°cuarIl)/MRP1(IHQ)	  	  

Mol	  Cancer	  Ther.	  2014	  Jan;13(1):249-‐59	  
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Histotype-tailored neoadjuvant chemotherapy versus 
standard chemotherapy in patients with high-risk soft-tissue 
sarcomas (ISG-STS 1001): an international, open-label, 
randomised, controlled, phase 3, multicentre trial
Alessandro Gronchi, Stefano Ferrari, Vittorio Quagliuolo, Javier Martin Broto, Antonio Lopez Pousa, Giovanni Grignani, Umberto Basso, 
Jean-Yves Blay, Oscar Tendero, Robert Diaz Beveridge, Virginia Ferraresi, Iwona Lugowska, Domenico Franco Merlo, Valeria Fontana, 
Emanuela Marchesi, Davide Maria Donati, Elena Palassini, Emanuela Palmerini, Rita De Sanctis, Carlo Morosi, Silvia Stacchiotti, Silvia Bagué, 
Jean Michelle Coindre, Angelo Paolo Dei Tos, Piero Picci, Paolo Bruzzi, Paolo Giovanni Casali

Summary
Background Previous trials from our group suggested an overall survival benefit with five cycles of adjuvant full-dose 
epirubicin plus ifosfamide in localised high-risk soft-tissue sarcoma of the extremities or trunk wall, and no difference 
in overall survival benefit between three cycles versus five cycles of the same neoadjuvant regimen. We aimed to show 
the superiority of the neoadjuvant administration of histotype-tailored regimen to standard chemotherapy.

Methods For this international, open-label, randomised, controlled, phase 3, multicentre trial, patients were enrolled 
from 32 hospitals in Italy, Spain, France, and Poland. Eligible patients were aged 18 years or older with localised, 
high-risk (high malignancy grade, 5 cm or longer in diameter, and deeply located according to the investing fascia), 
soft-tissue sarcoma of the extremities or trunk wall and belonging to one of five histological subtypes: high-grade 
myxoid liposarcoma, leiomyosarcoma, synovial sarcoma, malignant peripheral nerve sheath tumour, and 
undifferentiated pleomorphic sarcoma. Patients were randomly assigned (1:1) to receive three cycles of full-dose 
standard chemotherapy (epirubicin 60 mg/m² per day [short infusion, days 1 and 2] plus ifosfamide 3 g/m² per day 
[days 1, 2, and 3], repeated every 21 days) or histotype-tailored chemotherapy: for high-grade myxoid liposarcoma, 
trabectedin 1·3 mg/m² via 24-h continuous infusion, repeated every 21 days; for leiomyosarcoma, gemcitabine 
1800 mg/m² on day 1 intravenously over 180 min plus dacarbazine 500 mg/m² on day 1 intravenously over 20 min, 
repeated every 14 days; for synovial sarcoma, high-dose ifosfamide 14 g/m², given over 14 days via an external 
infusion pump, every 28 days; for malignant peripheral nerve sheath tumour, intravenous etoposide 150 mg/m² 
per day (days 1, 2, and 3) plus intravenous ifosfamide 3 g/m² per day (days 1, 2, and 3), repeated every 21 days; and 
for undifferentiated pleomorphic sarcoma, gemcitabine 900 mg/m² on days 1 and 8 intravenously over 90 min plus 
docetaxel 75 mg/m² on day 8 intravenously over 1 h, repeated every 21 days. Randomisation was stratified by 
administration of preoperative radiotherapy and by country of enrolment. Computer-generated random lists were 
prepared by use of permuted balanced blocks of size 4 and 6 in random sequence. An internet-based randomisation 
system ensured concealment of the treatment assignment until the patient had been registered into the system. No 
masking of treatment assignments was done. The primary endpoint was disease-free survival. The primary and 
safety analyses were planned in the intention-to-treat population. We did yearly futility analyses on an intention-to-
treat basis. The study was registered with ClinicalTrials.gov, number NCT01710176, and with the European Union 
Drug Regulating Authorities Clinical Trials, number EUDRACT 2010–023484–17, and is closed to patient entry.

Findings Between May 19, 2011, and May 13, 2016, 287 patients were randomly assigned to a group (145 to standard 
chemotherapy and 142 to histotype-tailored chemotherapy), all of whom, except one patient assigned to standard 
chemotherapy, were included in the efficacy analysis (97 [34%] with undifferentiated pleomorphic sarcoma; 64 [22%] 
with high-grade myxoid liposarcoma; 70 [24%] with synovial sarcoma; 27 [9%] with malignant peripheral nerve sheath 
tumour; and 28 [10%] with leiomyosarcoma). At the third futility analysis, with a median follow-up of 12·3 months 
(IQR 2·75–28·20), the projected disease-free survival at 46 months was 62% (95% CI 48–77) in the standard 
chemotherapy group and 38% (22–55) in the histotype-tailored chemotherapy group (stratified log-rank p=0·004; 
hazard ratio 2·00, 95% CI 1·22–3·26; p=0·006). The most common grade 3 or higher adverse events in the standard 
chemotherapy group (n=125) were neutropenia (107 [86%]), anaemia (24 [19%]), and thrombocytopenia (21 [17%]); the 
most common grade 3 or higher adverse event in the histotype-tailored chemotherapy group (n=114) was neutropenia 
(30 [26%]). No treatment-related deaths were reported in both groups. In agreement with the Independent Data 
Monitoring Committee, the study was closed to patient entry after the third futility analysis.

Interpretation In a population of patients with high-risk soft-tissue sarcoma, we did not show any benefit of a 
neoadjuvant histotype-tailored chemotherapy regimen over the standard chemotherapy regimen. The benefit seen 

Liposarcoma	  mixoide	  de	  alto	  grado	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Trabectedina	  

Leiomiosarcoma	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Gemcitabina-‐	  Dacarbazina	  

Sarcoma	  Sinovial	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Ifosfamida	  

Tumor	  maligno	  de	  la	  vaina	  del	  nervio	  periférico	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Etoposido-‐	  Ifosfamida	  

Sarcoma	  Pleomórfico	  Indiferenciado	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Gemcitabina	  -‐	  Docetaxel	  

x3	  
EPI	  120	  mg/m2	  -‐	  IFOS	  9g/m2	   CIRUGIA	  

QT	  HistoIpo-‐dirigida	  	   CIRUGIA	  
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after treatment, and 16 distant metastases after treatment) 
and 45 in the histotype-tailored chemotherapy group 
(eight local progression during treatment, six local 
recurrences after treatment, two distant metastases 
during treatment, and 29 distant metastases after 
treatment). Disease-free survival at 46 months was 62% 
(95% CI 48–77) in the standard chemotherapy group and 
38% (22–55) in the histotype-tailored chemotherapy 
group (stratified log-rank p=0·004; HR 2·00, 95% CI 
1·22–3·26; p=0·006; figure 2).

The ratio between the incidence of events in the two 
groups from the study start to the second interim analysis 
(1·61, 95% CI 0·86–3·04) was similar to the ratio 
recorded from the second to the third interim futility 
analysis (1·95, 0·89–4·25).

These results contrasted sharply with the estimated 
minimum clinically worthwhile effect given in the study 
protocol (ie, HR 0·667). Under the assumption that in 
the remaining part of the study the underlying HR was 
that assumed in the study design, conditional power 
estimates suggested that the study had a residual power 
of 12% to detect a significant effect at its projected 
conclusion. In agreement with the recommendation of 
the IDMC, the study was then closed to recruitment in 
advance for futility.23

21 deaths were reported in the two study groups: six in 
the standard chemotherapy group and 15 in the histotype-
tailored chemotherapy group. All patients died of disease, 
but one in the histotype-tailored chemotherapy group had 
a cardiovascular event. Overall survival at 46 months was 
89% (95% CI 78–99) in the standard chemotherapy group 
and 64% (27–100) in the histotype-tailored chemotherapy 
group (log-rank p=0·033; HR 2·687, 95% CI 1·104–6·940; 
p=0·034; figure 2).

We confirmed the assumption of proportionality by 
testing scaled Schoenfeld residuals’ correlation with 
survival time. We found no violation of the assumption 
for disease-free survival (p=0·89) or overall survival 
(p=0·84).24

Among 286 patients randomly assigned, one (<1%) died 
in the context of loco-regional inoperable disease (standard 
chemotherapy), 22 (8%) developed local progression or 
recurrence, and 47 (16%) developed distant metastases 
(two in the histotype-tailored chemotherapy group during 
the neoadjuvant treatment, before surgery). Local failure-
free survival at 46 months was 86% (95% CI 74–97) in the 
standard chemotherapy group and 85% (77–92) in the 
histotype-tailored chemotherapy group (HR 1·990, 
95% CI 0·833–4·757; p=0·11; figure 3). Distant metastases-
free survival at 46 months was 74% (95% CI 59–88) in the 
standard chemotherapy group and 45% (26–65) in the 
histotype-tailored chemotherapy group (HR 2·147, 
95% CI 1·172–3·930; p=0·011; figure 3).

In the exploratory subgroup analyses according to 
histology, the difference in disease-free survival favouring 
standard chemotherapy was consistently seen in all strata, 
with the exception of high-grade myxoid liposarcoma, in 

which disease-free survival in the two groups were similar 
(HR 1·03, 95% CI 0·24–4·39; figure 4).

All patients that received at least one cycle of the 
assigned treatment with available toxicity data were 
included in the analyses of toxicity, which equate to 
125 (87%) of 144 patients in the standard chemotherapy 
group and 114 (80%) of 142 patients in the histotype-
tailored chemotherapy group. Haematological and non-
haematological toxicities were in line with results already 
reported for these regimens (tables 2, 3). No deaths due 
to toxicity were reported for any of the regimens. Among 
patients with available toxicity data, the treatment was 
completed in 108 (86%) of 125 patients in the standard 
chemotherapy group and 97 (85%) of 114 patients in the 
histotype-tailored chemotherapy group. Seven (6%) of 
125 patients in the standard chemotherapy group and 
four (4%) of 114 patients in the histotype-tailored 
chemotherapy group interrupted the treatment for 

Figure 3: Local failure-free survival and distant metastases-free survival at 46 months from randomisation
(A) Local failure-free survival. (B) Distant metastases-free survival. HR=hazard ratio.

Time to local progression (months)
483624120

Time to distant progression (months)
483624120

100

Lo
ca

l f
ai

lu
re

-fr
ee

 su
rv

iv
al

 (%
) 80

60

40

20

0

B
100

Di
st

an
t m

et
as

ta
se

s-
fre

e s
ur

vi
va

l (
%

)

80

60

40

20

0

A

Number at  risk
(number censored)

Standard
chemotherapy

Histotype-tailored
chemotherapy

144 (0)

142 (0)

9 (132)

9 (125)

37 (115)

28 (106)

63 (77)

57 (74)

0 (135)

1 (126)

Number at  risk
(number censored)

Standard
chemotherapy

Histotype-tailored
chemotherapy

144 (0)

142 (0)

9 (115)

9 (104)

37 (89)

28 (76)

63 (70)

57 (65)

0 (127)

1 (110)

Standard chemotherapy
Histotype-tailored chemotherapy
Censored
CensoredHR 1·990 (95% CI 0·833–4·575); p=0·11

HR 2·147 (95% CI 1·172–3·930); p=0·011

Articles

www.thelancet.com/oncology   Published online May 9, 2017   http://dx.doi.org/10.1016/S1470-2045(17)30334-0 7

after treatment, and 16 distant metastases after treatment) 
and 45 in the histotype-tailored chemotherapy group 
(eight local progression during treatment, six local 
recurrences after treatment, two distant metastases 
during treatment, and 29 distant metastases after 
treatment). Disease-free survival at 46 months was 62% 
(95% CI 48–77) in the standard chemotherapy group and 
38% (22–55) in the histotype-tailored chemotherapy 
group (stratified log-rank p=0·004; HR 2·00, 95% CI 
1·22–3·26; p=0·006; figure 2).

The ratio between the incidence of events in the two 
groups from the study start to the second interim analysis 
(1·61, 95% CI 0·86–3·04) was similar to the ratio 
recorded from the second to the third interim futility 
analysis (1·95, 0·89–4·25).

These results contrasted sharply with the estimated 
minimum clinically worthwhile effect given in the study 
protocol (ie, HR 0·667). Under the assumption that in 
the remaining part of the study the underlying HR was 
that assumed in the study design, conditional power 
estimates suggested that the study had a residual power 
of 12% to detect a significant effect at its projected 
conclusion. In agreement with the recommendation of 
the IDMC, the study was then closed to recruitment in 
advance for futility.23

21 deaths were reported in the two study groups: six in 
the standard chemotherapy group and 15 in the histotype-
tailored chemotherapy group. All patients died of disease, 
but one in the histotype-tailored chemotherapy group had 
a cardiovascular event. Overall survival at 46 months was 
89% (95% CI 78–99) in the standard chemotherapy group 
and 64% (27–100) in the histotype-tailored chemotherapy 
group (log-rank p=0·033; HR 2·687, 95% CI 1·104–6·940; 
p=0·034; figure 2).

We confirmed the assumption of proportionality by 
testing scaled Schoenfeld residuals’ correlation with 
survival time. We found no violation of the assumption 
for disease-free survival (p=0·89) or overall survival 
(p=0·84).24

Among 286 patients randomly assigned, one (<1%) died 
in the context of loco-regional inoperable disease (standard 
chemotherapy), 22 (8%) developed local progression or 
recurrence, and 47 (16%) developed distant metastases 
(two in the histotype-tailored chemotherapy group during 
the neoadjuvant treatment, before surgery). Local failure-
free survival at 46 months was 86% (95% CI 74–97) in the 
standard chemotherapy group and 85% (77–92) in the 
histotype-tailored chemotherapy group (HR 1·990, 
95% CI 0·833–4·757; p=0·11; figure 3). Distant metastases-
free survival at 46 months was 74% (95% CI 59–88) in the 
standard chemotherapy group and 45% (26–65) in the 
histotype-tailored chemotherapy group (HR 2·147, 
95% CI 1·172–3·930; p=0·011; figure 3).

In the exploratory subgroup analyses according to 
histology, the difference in disease-free survival favouring 
standard chemotherapy was consistently seen in all strata, 
with the exception of high-grade myxoid liposarcoma, in 

which disease-free survival in the two groups were similar 
(HR 1·03, 95% CI 0·24–4·39; figure 4).

All patients that received at least one cycle of the 
assigned treatment with available toxicity data were 
included in the analyses of toxicity, which equate to 
125 (87%) of 144 patients in the standard chemotherapy 
group and 114 (80%) of 142 patients in the histotype-
tailored chemotherapy group. Haematological and non-
haematological toxicities were in line with results already 
reported for these regimens (tables 2, 3). No deaths due 
to toxicity were reported for any of the regimens. Among 
patients with available toxicity data, the treatment was 
completed in 108 (86%) of 125 patients in the standard 
chemotherapy group and 97 (85%) of 114 patients in the 
histotype-tailored chemotherapy group. Seven (6%) of 
125 patients in the standard chemotherapy group and 
four (4%) of 114 patients in the histotype-tailored 
chemotherapy group interrupted the treatment for 

Figure 3: Local failure-free survival and distant metastases-free survival at 46 months from randomisation
(A) Local failure-free survival. (B) Distant metastases-free survival. HR=hazard ratio.
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toxicity. Dose reductions were necessary in 23 (18%) of 
125 patients in the standard chemotherapy group and in 
11 (10%) of 114 patients in the histotype-tailored 
chemotherapy group. The dose intensity per regimen is 
shown in table 4.

239 (84%) of 286 patients were assessable for RECIST 
objective response: 120 (83%) of 144 patients in 
the standard chemotherapy group and 119 (84%) of 
142 patients in the histotype-tailored chemotherapy 
group. 47 (16%) of 286 had no measurable disease at the 
time of the study entry: 24 (17%) of 144 patients in the 
standard chemotherapy group and 23 (16%) of 142 patients 
in the histotype-tailored chemotherapy group.

The histological subtypes of the 47 patients included in 
the study without measurable disease between standard 
chemotherapy (n=24) and histotype-tailored chemo-
therapy (n=23) were as follows: high-grade myxoid 
liposarcoma (n=7 [29%] vs n=6 [26%]); synovial sarcoma 
(n=5 [21%] vs n=5 [22%]); malignant peripheral nerve 
sheath tumour (n=4 [17%] vs n=5 [22%]); leiomyosarcoma 
(n=1 [4%] vs n=4 [17%]); undifferentiated pleomorphic 
sarcoma (n=7 [29%] vs n=3 [13%]).

Of 239 patients who were assessable for objective 
response, 189 (79%) had a local radiological review 
(100 [83%] of 120 patients in the standard chemotherapy 
group vs 89 [75%] of 119 in the histotype-tailored 
chemotherapy group). According to RECIST, no patients 
achieved a complete response. 26 (14%) of 189 patients 
obtained a partial response (16 [16%] of 100 patients in the 
standard chemotherapy group vs ten [11%] of 89 patients 
in the histotype-tailored chemotherapy group). 147 (78%) 
of 189 patients had stable disease (76 [76%] of 100 patients 
in the standard chemotherapy group vs 71 [80%] of 
89 patients in the histotype-tailored chemotherapy 
group). 16 (8%) of 189 patients had progressive disease 
(eight [8%] of 100 patients in the standard chemotherapy 
group vs eight [9%] of 89 patients in the histotype-tailored 
chemotherapy group). At the time of the third futility 
analysis, a central radiological review had not been done 
yet and so these data are not yet available.

A detailed report on pathological and radiological 
response evaluation by RECIST, modified Choi criteria, 
perfusion or diffusion MRI, and PET, and its correlation 
with outcome will be the subject of a separate report.

Discussion
This phase 3 trial in patients with localised high-risk soft-
tissue sarcoma of the extremities and trunk wall closed 
in advance, when 286 patients had been recruited, after a 
futility analysis showing that the histotype-tailored 
group performed significantly worse in both disease-
free survival and overall survival than the standard 
chemotherapy group.

No per-protocol analysis was done because practically 
all patients randomly assigned to a group started the 
assigned treatment protocol. Analyses after exclusion of 
two patients who were metastatic at diagnosis and 
mistakenly randomly assigned to histotype-tailored 
chemo therapy (figure 1) confirmed the results of the 
intention-to-treat analysis (data not shown).

The hypothesis that standard chemotherapy might 
prove more effective than the histotype-tailored chemo-
therapy was not considered in the statistical design of the 
study, which used a one-sided significance test to show 
the superiority of the experimental group. As a 
consequence, from the perspective of the efficacy of the 
standard chemotherapy, these results must be regarded 
as deriving from an unplanned interim superiority 
analysis. The study protocol has now been amended 
to switch from a one-sided to a two-sided statistical 
significance test for the final analysis.

Nonetheless, three considerations support the notion 
that the difference between standard and histotype-tailored 
chemotherapy seen in the study reflects the added value of 
neoadjuvant chemotherapy in patients with high-risk soft-
tissue sarcoma. First, the size of the effect in terms of 
disease-free survival and overall survival entails HRs as 
large as 2·00 for disease-free survival and 2·69 for overall 
survival. Second, the difference in disease-free survival was 

Standard chemotherapy (n=125) Histotype-tailored chemotherapy (n=114)

Grades 1 or 2 Grade 3 Grade 4 Grades 1 or 2 Grade 3 Grade 4

Anaemia 101 (81%) 21 (17%) 3 (2%) 113 (99%) 1 (1%) 0

Leucopenia 60 (48%) 13 (10%) 52 (42%) 98 (86%) 7 (6%) 9 (8%)

Neutropenia 50 (40%) 11 (9%) 64 (51%) 89 (78%) 8 (7%) 17 (15%)

Thrombocytopenia 104 (83%) 12 (10%) 9 (7%) 111 (97%) 2 (2%) 1 (1%)

Febrile neutropenia 93 (74%) 18 (14%) 14 (11%) 109 (96%) 4 (4%) 1 (1%)

Data are n (%).

Table 2: Haematological toxicity

Figure 4: Standard versus histotype-tailored chemotherapy in the five different histology subtypes
Hazard ratios of disease-free survival were estimated with binary logistic models.
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after treatment, and 16 distant metastases after treatment) 
and 45 in the histotype-tailored chemotherapy group 
(eight local progression during treatment, six local 
recurrences after treatment, two distant metastases 
during treatment, and 29 distant metastases after 
treatment). Disease-free survival at 46 months was 62% 
(95% CI 48–77) in the standard chemotherapy group and 
38% (22–55) in the histotype-tailored chemotherapy 
group (stratified log-rank p=0·004; HR 2·00, 95% CI 
1·22–3·26; p=0·006; figure 2).

The ratio between the incidence of events in the two 
groups from the study start to the second interim analysis 
(1·61, 95% CI 0·86–3·04) was similar to the ratio 
recorded from the second to the third interim futility 
analysis (1·95, 0·89–4·25).

These results contrasted sharply with the estimated 
minimum clinically worthwhile effect given in the study 
protocol (ie, HR 0·667). Under the assumption that in 
the remaining part of the study the underlying HR was 
that assumed in the study design, conditional power 
estimates suggested that the study had a residual power 
of 12% to detect a significant effect at its projected 
conclusion. In agreement with the recommendation of 
the IDMC, the study was then closed to recruitment in 
advance for futility.23

21 deaths were reported in the two study groups: six in 
the standard chemotherapy group and 15 in the histotype-
tailored chemotherapy group. All patients died of disease, 
but one in the histotype-tailored chemotherapy group had 
a cardiovascular event. Overall survival at 46 months was 
89% (95% CI 78–99) in the standard chemotherapy group 
and 64% (27–100) in the histotype-tailored chemotherapy 
group (log-rank p=0·033; HR 2·687, 95% CI 1·104–6·940; 
p=0·034; figure 2).

We confirmed the assumption of proportionality by 
testing scaled Schoenfeld residuals’ correlation with 
survival time. We found no violation of the assumption 
for disease-free survival (p=0·89) or overall survival 
(p=0·84).24

Among 286 patients randomly assigned, one (<1%) died 
in the context of loco-regional inoperable disease (standard 
chemotherapy), 22 (8%) developed local progression or 
recurrence, and 47 (16%) developed distant metastases 
(two in the histotype-tailored chemotherapy group during 
the neoadjuvant treatment, before surgery). Local failure-
free survival at 46 months was 86% (95% CI 74–97) in the 
standard chemotherapy group and 85% (77–92) in the 
histotype-tailored chemotherapy group (HR 1·990, 
95% CI 0·833–4·757; p=0·11; figure 3). Distant metastases-
free survival at 46 months was 74% (95% CI 59–88) in the 
standard chemotherapy group and 45% (26–65) in the 
histotype-tailored chemotherapy group (HR 2·147, 
95% CI 1·172–3·930; p=0·011; figure 3).

In the exploratory subgroup analyses according to 
histology, the difference in disease-free survival favouring 
standard chemotherapy was consistently seen in all strata, 
with the exception of high-grade myxoid liposarcoma, in 

which disease-free survival in the two groups were similar 
(HR 1·03, 95% CI 0·24–4·39; figure 4).

All patients that received at least one cycle of the 
assigned treatment with available toxicity data were 
included in the analyses of toxicity, which equate to 
125 (87%) of 144 patients in the standard chemotherapy 
group and 114 (80%) of 142 patients in the histotype-
tailored chemotherapy group. Haematological and non-
haematological toxicities were in line with results already 
reported for these regimens (tables 2, 3). No deaths due 
to toxicity were reported for any of the regimens. Among 
patients with available toxicity data, the treatment was 
completed in 108 (86%) of 125 patients in the standard 
chemotherapy group and 97 (85%) of 114 patients in the 
histotype-tailored chemotherapy group. Seven (6%) of 
125 patients in the standard chemotherapy group and 
four (4%) of 114 patients in the histotype-tailored 
chemotherapy group interrupted the treatment for 

Figure 3: Local failure-free survival and distant metastases-free survival at 46 months from randomisation
(A) Local failure-free survival. (B) Distant metastases-free survival. HR=hazard ratio.
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after treatment, and 16 distant metastases after treatment) 
and 45 in the histotype-tailored chemotherapy group 
(eight local progression during treatment, six local 
recurrences after treatment, two distant metastases 
during treatment, and 29 distant metastases after 
treatment). Disease-free survival at 46 months was 62% 
(95% CI 48–77) in the standard chemotherapy group and 
38% (22–55) in the histotype-tailored chemotherapy 
group (stratified log-rank p=0·004; HR 2·00, 95% CI 
1·22–3·26; p=0·006; figure 2).

The ratio between the incidence of events in the two 
groups from the study start to the second interim analysis 
(1·61, 95% CI 0·86–3·04) was similar to the ratio 
recorded from the second to the third interim futility 
analysis (1·95, 0·89–4·25).

These results contrasted sharply with the estimated 
minimum clinically worthwhile effect given in the study 
protocol (ie, HR 0·667). Under the assumption that in 
the remaining part of the study the underlying HR was 
that assumed in the study design, conditional power 
estimates suggested that the study had a residual power 
of 12% to detect a significant effect at its projected 
conclusion. In agreement with the recommendation of 
the IDMC, the study was then closed to recruitment in 
advance for futility.23

21 deaths were reported in the two study groups: six in 
the standard chemotherapy group and 15 in the histotype-
tailored chemotherapy group. All patients died of disease, 
but one in the histotype-tailored chemotherapy group had 
a cardiovascular event. Overall survival at 46 months was 
89% (95% CI 78–99) in the standard chemotherapy group 
and 64% (27–100) in the histotype-tailored chemotherapy 
group (log-rank p=0·033; HR 2·687, 95% CI 1·104–6·940; 
p=0·034; figure 2).

We confirmed the assumption of proportionality by 
testing scaled Schoenfeld residuals’ correlation with 
survival time. We found no violation of the assumption 
for disease-free survival (p=0·89) or overall survival 
(p=0·84).24

Among 286 patients randomly assigned, one (<1%) died 
in the context of loco-regional inoperable disease (standard 
chemotherapy), 22 (8%) developed local progression or 
recurrence, and 47 (16%) developed distant metastases 
(two in the histotype-tailored chemotherapy group during 
the neoadjuvant treatment, before surgery). Local failure-
free survival at 46 months was 86% (95% CI 74–97) in the 
standard chemotherapy group and 85% (77–92) in the 
histotype-tailored chemotherapy group (HR 1·990, 
95% CI 0·833–4·757; p=0·11; figure 3). Distant metastases-
free survival at 46 months was 74% (95% CI 59–88) in the 
standard chemotherapy group and 45% (26–65) in the 
histotype-tailored chemotherapy group (HR 2·147, 
95% CI 1·172–3·930; p=0·011; figure 3).

In the exploratory subgroup analyses according to 
histology, the difference in disease-free survival favouring 
standard chemotherapy was consistently seen in all strata, 
with the exception of high-grade myxoid liposarcoma, in 

which disease-free survival in the two groups were similar 
(HR 1·03, 95% CI 0·24–4·39; figure 4).

All patients that received at least one cycle of the 
assigned treatment with available toxicity data were 
included in the analyses of toxicity, which equate to 
125 (87%) of 144 patients in the standard chemotherapy 
group and 114 (80%) of 142 patients in the histotype-
tailored chemotherapy group. Haematological and non-
haematological toxicities were in line with results already 
reported for these regimens (tables 2, 3). No deaths due 
to toxicity were reported for any of the regimens. Among 
patients with available toxicity data, the treatment was 
completed in 108 (86%) of 125 patients in the standard 
chemotherapy group and 97 (85%) of 114 patients in the 
histotype-tailored chemotherapy group. Seven (6%) of 
125 patients in the standard chemotherapy group and 
four (4%) of 114 patients in the histotype-tailored 
chemotherapy group interrupted the treatment for 

Figure 3: Local failure-free survival and distant metastases-free survival at 46 months from randomisation
(A) Local failure-free survival. (B) Distant metastases-free survival. HR=hazard ratio.
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toxicity. Dose reductions were necessary in 23 (18%) of 
125 patients in the standard chemotherapy group and in 
11 (10%) of 114 patients in the histotype-tailored 
chemotherapy group. The dose intensity per regimen is 
shown in table 4.

239 (84%) of 286 patients were assessable for RECIST 
objective response: 120 (83%) of 144 patients in 
the standard chemotherapy group and 119 (84%) of 
142 patients in the histotype-tailored chemotherapy 
group. 47 (16%) of 286 had no measurable disease at the 
time of the study entry: 24 (17%) of 144 patients in the 
standard chemotherapy group and 23 (16%) of 142 patients 
in the histotype-tailored chemotherapy group.

The histological subtypes of the 47 patients included in 
the study without measurable disease between standard 
chemotherapy (n=24) and histotype-tailored chemo-
therapy (n=23) were as follows: high-grade myxoid 
liposarcoma (n=7 [29%] vs n=6 [26%]); synovial sarcoma 
(n=5 [21%] vs n=5 [22%]); malignant peripheral nerve 
sheath tumour (n=4 [17%] vs n=5 [22%]); leiomyosarcoma 
(n=1 [4%] vs n=4 [17%]); undifferentiated pleomorphic 
sarcoma (n=7 [29%] vs n=3 [13%]).

Of 239 patients who were assessable for objective 
response, 189 (79%) had a local radiological review 
(100 [83%] of 120 patients in the standard chemotherapy 
group vs 89 [75%] of 119 in the histotype-tailored 
chemotherapy group). According to RECIST, no patients 
achieved a complete response. 26 (14%) of 189 patients 
obtained a partial response (16 [16%] of 100 patients in the 
standard chemotherapy group vs ten [11%] of 89 patients 
in the histotype-tailored chemotherapy group). 147 (78%) 
of 189 patients had stable disease (76 [76%] of 100 patients 
in the standard chemotherapy group vs 71 [80%] of 
89 patients in the histotype-tailored chemotherapy 
group). 16 (8%) of 189 patients had progressive disease 
(eight [8%] of 100 patients in the standard chemotherapy 
group vs eight [9%] of 89 patients in the histotype-tailored 
chemotherapy group). At the time of the third futility 
analysis, a central radiological review had not been done 
yet and so these data are not yet available.

A detailed report on pathological and radiological 
response evaluation by RECIST, modified Choi criteria, 
perfusion or diffusion MRI, and PET, and its correlation 
with outcome will be the subject of a separate report.

Discussion
This phase 3 trial in patients with localised high-risk soft-
tissue sarcoma of the extremities and trunk wall closed 
in advance, when 286 patients had been recruited, after a 
futility analysis showing that the histotype-tailored 
group performed significantly worse in both disease-
free survival and overall survival than the standard 
chemotherapy group.

No per-protocol analysis was done because practically 
all patients randomly assigned to a group started the 
assigned treatment protocol. Analyses after exclusion of 
two patients who were metastatic at diagnosis and 
mistakenly randomly assigned to histotype-tailored 
chemo therapy (figure 1) confirmed the results of the 
intention-to-treat analysis (data not shown).

The hypothesis that standard chemotherapy might 
prove more effective than the histotype-tailored chemo-
therapy was not considered in the statistical design of the 
study, which used a one-sided significance test to show 
the superiority of the experimental group. As a 
consequence, from the perspective of the efficacy of the 
standard chemotherapy, these results must be regarded 
as deriving from an unplanned interim superiority 
analysis. The study protocol has now been amended 
to switch from a one-sided to a two-sided statistical 
significance test for the final analysis.

Nonetheless, three considerations support the notion 
that the difference between standard and histotype-tailored 
chemotherapy seen in the study reflects the added value of 
neoadjuvant chemotherapy in patients with high-risk soft-
tissue sarcoma. First, the size of the effect in terms of 
disease-free survival and overall survival entails HRs as 
large as 2·00 for disease-free survival and 2·69 for overall 
survival. Second, the difference in disease-free survival was 

Standard chemotherapy (n=125) Histotype-tailored chemotherapy (n=114)

Grades 1 or 2 Grade 3 Grade 4 Grades 1 or 2 Grade 3 Grade 4

Anaemia 101 (81%) 21 (17%) 3 (2%) 113 (99%) 1 (1%) 0

Leucopenia 60 (48%) 13 (10%) 52 (42%) 98 (86%) 7 (6%) 9 (8%)

Neutropenia 50 (40%) 11 (9%) 64 (51%) 89 (78%) 8 (7%) 17 (15%)

Thrombocytopenia 104 (83%) 12 (10%) 9 (7%) 111 (97%) 2 (2%) 1 (1%)

Febrile neutropenia 93 (74%) 18 (14%) 14 (11%) 109 (96%) 4 (4%) 1 (1%)

Data are n (%).

Table 2: Haematological toxicity

Figure 4: Standard versus histotype-tailored chemotherapy in the five different histology subtypes
Hazard ratios of disease-free survival were estimated with binary logistic models.
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q  esquemas??	  

q  histologías??	  
q  n°	  de	  ciclos???	  



Mejorando	  la	  Supervivencia	  en	  Pacientes	  con	  
Sarcoma	  de	  Partes	  Blandas	  

ü  Beneficio	  en	  supervivencia	  global	  en	  sarcomas	  de	  
extremidades	  y	  tronco	  

ü  Beneficio	  en	  supervivencia	  goblal	  para	  la	  combinación	  

de	  Antraciclina-‐Ifosfamida	  

ü  Tres	  ciclos	  son	  suficientes	  en	  neoadyuvancia	  y	  podría	  
serlo	  también	  en	  adyuvancia	  

Conclusiones…	  



Mejorando	  la	  Supervivencia	  en	  Pacientes	  con	  
Sarcoma	  de	  Partes	  Blandas	  

ü  Mejor	  correlación	  con	  respuesta	  patológico	  y	  supervivencia	  
de	  la	  respuesta	  radiológica	  por	  Choi	  que	  por	  RECIST	  

ü  Los	  márgenes	  microscópicos	  posiIvos	  postRT	  preoperatoria	  
no	  impactan	  en	  recurrencia	  ni	  supervivencia	  

ü  La	  variable	  combinada	  ABCC1	  (4°cuarIl)/MRP1(IHQ)	  podría	  
ser	  un	  factor	  pronósIco	  

Conclusiones…	  



Mejorando	  la	  Supervivencia	  en	  Pacientes	  con	  
Sarcoma	  de	  Partes	  Blandas	  

ü  Mejorar	  la	  selección	  de	  pacientes	  ?	  

ü  Añadir	  fármacos	  al	  esquema	  estándar	  (Olaratumab,…)?	  

ü  Nuevas	  opciones	  histoIpo-‐dirigidas	  ??	  

ü  ….	  

Futuro…	  



Gracias…	  


